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PREFACE 


This monograph represents an attempt to record in 
detail results of experimental and theoretical studies 
carried out in a unique, internationally collabora¬ 
tive effort to ascertain the chemical constitution of 
penicillin and to devise methods for its synthesis. 

The earliest work on the production of penicillin 
was carried out in Sir Howard Florey’s laboratory 
at Oxford, England, and the first chemical experi¬ 
ments on the nature of the antibiotic were also initi¬ 
ated in Oxford before there was any question of 
industrial cooperation. When that stage was 
reached the Therapeutic Research Corporation of 
Great Britain set up a Penicillin Sub-Committee of 
their Research Panel to deal with the production 
and chemistry of penicillin. The progress reports, 
rendered to this committee as occasion arose, were 
known as the ^*PEN” reports; those which have a 
direct bearing on the structure of penicillin are 
included as source material for this monograph. 
In general, the chemical information contained in 
these reports was not published in the scientific 
press, but was privately communicated to recog¬ 
nized workers in the field. 

In October 1942, the Ministry of Supply set up a 
General Penicillin Committee. It was then decided 
that the existing Penicillin Sub-Committee should 
be enlarged to include other interested workers, 
among whom were Imperial Chemical (Pharma¬ 
ceuticals) Ltd., and should continue its task of 
coordinating the work on production and purifica¬ 
tion of penicillin to the stage fit for clinical use, 
reporting to the General I’enicillin Committee. 
The name of the Sub-Committee was changed at 
this time to the Penicillin Producer’s Conference or, 
as it was briefly called, the Penicillin Conference. 
At the same time it was arranged that the unofficial 
Conference of Chemists, which had been set up 
under the chairmanship of the late Dr. F. L. Pyman, 
should continue its function of handling information 
on the chemistry and structure of penicillin; the 
reports of this Chemists' Conference were made 
•available to the Chairman of the General Penicillin 
Committee of the Ministry of Supply. 

By this time, experiments relating to the produc¬ 
tion of penicillin had been instituted in the labora¬ 
tories of certain American pharmaceutical manu¬ 
facturers (Merck & Co., Inc., E, R. Squibb an"* 
Sons, and subsequently Chas. Pfizer & Co., 
Inc.). The information secured by these firms was 
/communicated to the Committee on Medical 
Research and transmitted by it, via the Medical 


Research Council, to the Therapeutic Research 
Corporation, Imperial Chemical Industries, and 
various academic groups in Britain. 

In October 1943, when many of the structural 
features of the penicillin molecule were becoming 
clear, the problem of the synthesis became a press¬ 
ing one, and to handle this aspect the Medical 
Research Council set up a Committee for Penicillin 
Synthesis “to initiate, coordinate and make investi¬ 
gations on the synthesis of penicillin and analogues." 
The confidential reports which were issued and 
exchanged were known as the “CP5’’ reports. 

At the same time, the Committee on Medical 
Research of the Office of Scientific Research and 
Development in Washington, which had already 
undertaken the coordination of chemical work 
on penicillin in the United States, came to an agree¬ 
ment with the Medical Research Council for an 
exchange of information on anything which had 
a bearing on the problem of the synthesis of peni¬ 
cillin. A limited group (see below) of industrial 
and academic research organizations engaged, under 
contract with the Office of Scientific Research and 
Development, to collaborate in studies “in coeh 
nection with (i) the chemical structure of penicillin 
and (ii) the synthesis of penicillin or a therapeutic 
equivalent." In general, the American partici¬ 
pants filed progress reports at monthly intervals. 
These reports bear index letters showing the groups 
in which they originated, followed by a serial 
number. 

During the progress of the collaboration, copies 
of all reports were filed with American and British 
coordinators for distribution to the various partici¬ 
pants in both countries. However, during the 
first half of 1944 a considerable delay was incurred 
by the lapse of time necessary to complete the 
formal agreements at the Government level, and^ 
subsequently, in spite of every endeavor to secure 
prompt transmission, the time lag involved in the 
transatlantic exchange occasionally resulted in 
unwitting duplication of experimental effort. The 
dates on which reports were received arti indicated 
in the Appendix. 

When the confidential reports were written, it 
was never intended that they should be made avail¬ 
able in their original form to a wider circle of readers. 
They were essentially interim reports, jottings 
from laboratory note-books, hastily produced and 
circulated so that all engaged in the urgent co¬ 
operative effort could take immediate advantage 
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TABLE I 


Participating Group 

Abbreviation 

Index 

letter 

♦Boots Pure Drug Company, Ltd. 

Boots 


♦British Drug Houses, Ltd. 

B.D.H. 


CamI)ridgo University, Department of Chemistry ) 


Cum bridge University, Department of Colloid Science j 

Cambridge 


•Glaxo Laboratories, Ltd. 

Glaxo 


Imperial (liemic.al Industries, T,td. (.\lkali Division) \ 

Imperial Clicmical (Pharmaceuticals) Ltd. / 

I.C.L 


Imperial College of Science, London, Department of Organic Chemistry 

I.C.S. 


The London Hospital Medical Unit 

Ijondon Hosp. 


Manchester University, Department of Chemistry 

Manchester 


•May A Baker, Ltd. 

May A Baker 


National Institute for Medical Research, Hampstead, London 

N.I.M.R. 


Oxford University, Department of Crystallography \ 

Oxford University, Dyson Perrins Laboratory 1 

Oxford University, Sir William Dunn School of Pathology I 

Oxford 


Oxford University, Department of Physical Chemistry ) 

•Wellcome Foundation, Ltd. 

Wellcome 


Abbott Laboratories 

Abbott 

A 

U. S. Department of Agriculture, Northern Regional Research Laboratory 

N.R.R.L. 

C 

Cornell University Medical College, Department of Biochemistry 

Cornell Bioch. 

D 

Cornell University Medical College, Russell Sage Institute 

Cornell R.S. 

RS 

Cutter Laboratories 

Cutter 

Cu 

Federal Security Agency, Food and Drug Administration 

F.D.A. 

F 

Harvard University, Department of Chemistry 

Harvard 

Wo 

Heyden Chemical Corporation 

Heyden 

H 

University of Illinois, Department of Chemistry 

Illinois 

Cl 

Eli Lilly and Company 

Lilly 

L 

Merck A Co., Inc. 

University of Michigan, Department of Chemistry 

Merck 

M 

Mich. Chem. 

B 

University of Michigan, Department of Physics 

Mich. Phys. 

R 

National Bureau of Standards 

Bur. Stand. 

B8 

Parke, Davis and Company 

Parke-Davis 

PD 

Chas. Pfiser A Co., Inc. 

Pfizer 

P 

The Rockefeller Institute for Medical Research 

Rockefeller 

N 

Shell Development Company 

Shell 

Sh 

Squibb Institute for Medical Research 

Squibb 

S 

Stanford University, Department of Biology 

Stanford 

Be 

The Upjohn Company 

Upjohn 

U 

Winihrop Chemical Company, Inc. 

Winthrop 

W 


** Member* of the Therapeutic Research Corporation of Great Britain, Ltd. 


of any recorded gain in knowledge. The same 
consideration applies to speculations which were 
advanced as quickly as possible in the common 
interest. 

In Table I are listed the names of the individual 
participant groups, the abbreviations employed to 
designate these in the text of the monograph, and, 
in the case of the American participants, the prefix 
indicating group of origin. 

In addition to those listed in Table I, the following 
groups agreed to participate, but were not called 
upon for scientific contributions: 

Naval Medical Research Institute, Bethesda, 
Maryland 

Dr. B. E. Warren, Massachusetts Institute of 
Technology 

Dr. Frank C. Whitmore, Pennsylvania State 
College 


Shortly after the cessation of hostilities it was 
decided by the Office of Scientific Research and De¬ 
velopment and the Medical Research Council that 
the findings should be published in a monograph, 
rather than in the scientific press. This decision 
was reached on the following grounds: (a) The 
simultaneous release of all the data would throw an 
insupportable burden on the journals, (b) The ir¬ 
reversibility of the interdigitation of the researches 
of the collaborating groups made it impracticable to 
assign individual achievements to individual in¬ 
vestigators. In view of the probability that the 
monograph could not be completed prior to the 
dissolution of the Office of Scientific Research and 
Development, it was necessary to secure for the 
work the sponsorehip of a permanent organisation. 
This function was Undly undertaken by the Na¬ 
tional Academy of Sciences, under contract with the 
Office of Scientific Researdh and Developmant. 
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At a conference held early in 1946, attended by 
scientific representatives of the majority of the 
American participant groups and by two members 
of the British Commonwealth Scientific Office 
representing British participants, the plan for 
publication in monograph form was unanimously 
approved. The distribution of subject matter into 
monograph chapters was determined, and authors 
for these chapters were selected. These selections 
were made on the basis of special familiarity with 
the field and it was agreed that authors should 
regard themselves as impartial reporters of perti¬ 
nent information, irrespective of source. In gen¬ 
eral, the chapter topics were di.stributed according 
to organic chemical classification and physico¬ 
chemical techniques. 

Owing to the extreme importance of penicillin as 
a military weapon, all of the information secured 
during the period of active collaboration bore a 
high security classification. By January 1, 1946, 
all participants had been released from their obliga¬ 
tion to hold the information in secrecy, but they 
agreed to refrain from any independent publication 
that might, in the opinion of the Editorial Board, 
interfere with the plans for the monograph. How¬ 
ever, with the sanction of all participants a brief 
account of the principal findings had been published 


in Science and in Nature in December 1945. This 
was followed by similar publications in Science in 
November 1946, June 1947, and November 1947. 

Further steps were taken to make the declassified 
information available to persons especially inter¬ 
ested. A few sets of the progress reports were 
filed by the Medical Re.search Council in April 1947 
in selected scientific libraries in Britain, and in the 
United States similar sets were filed with the Patent 
Office in March 1946, and in the Office of Technical 
Services of the Department of Commerce in July 
1947. 

The Editorial Board owes much to the helpful 
advice and encouragement of Dr. A. N. Richards, 
Chairman of the Committee on Medical Research 
of the Office of Scientific Research and Develop¬ 
ment, and Dr. Harold King, Secretary of the 
Penicillin Synthesis Committee. Its labors w’ere 
lightened in no small measure by the assiduous co¬ 
operation of Mrs. Helen C. Moreland and Dr. A. H. 
Cook, who carried out the distribution of reports 
and other material necessary to the authors in their 
arduous task of preparing the various chapters. 
Inestimable aid in the revision of manuscript and 
proof was rendered by Mr. Herbert S. Bailey, Jr. of 
Princeton University Press. To all of these the 
Board expresses its sincere appreciation. 
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BRIEF HISTORY OF THE CHEMICAL STUDY OF PENICILLIN 

HANS T. CLARKE/ JOHN R, JOHNSON/ AND SIR ROBERT ROBINSON* 


During the decade following the discovery of 
penicillin (Fleming, Brit. J. Exp. Path.y 10y 226 
(1929)) relatively little information was secured as 
to its chemical nature. Fleming had reported it to 
be soluble in water and in alcohol, but insoluble in 
ether or chloroform, and that its thermal stability 
in solution was maximal at neutrality. Three 
years later Clutterbuck, Lovell, and Raistrick 
{Biochcm: J.y 26y 1907 (1932)) found that penicillin 
could be produced in a synthetic medium. They 
also showed that when solutions of penicillin at pH 
7.2 were extracted with ether, some of the anti¬ 
bacterial activity was transferred to the ether, but 
that when the process was carried out at pH 2, the 
extraction was almost complete. They likewise 
noted that the antibiotic extract was sensitive to 
oxidants and was readily inactivated by evaporation 
in acid and alkaline solution, but moderately stable 
at pH 5-6. 

After a further interval of three years Raistrick’s 
findings were confirmed, in general, by Reid {J. 
Baci.y 29y 215 (1935)), who found in addition that 
the activity was lost on dialysis and that penicillin 
was adsorbed on charcoal. 

In 1940 Chain, Florey, Gardner, Heatley, Jen¬ 
nings, Orr-Ewing, and Sanders {Lancety 239y 226 
(1940)) prepared penicillin in solid, though in¬ 
homogeneous, form and reported on its effectiveness 
in vivo against various pathogenic organisms. In 
the same year Abraham and Chain (Nature, 146, 837 
(1940)) described the preparation from B. coli of an 
enzyme, penicillinase, which inactivates penicillin. 
In 1941 Abraham, Chain, Fletcher, Gardner, 
Heatley, Jennings, and Florey (Lancet, 241, 177 
(1941)) published details of a procedure for the 
concentration of penicillin from culture fluid ob¬ 
tained with the use of Raistrick^s synthetic medium. 
This involved extraction from acid solution with 
organic liquids and further purification by chroma¬ 
tographic procedures. In this way there was 
secured (Cl^in, Nature, 143, 758 (1941); Biochem. 

S6, 4 (1943)) the barium salt of an acid which 
proved to be stable when absolutely dry or in 
organic solvents. 

In 1942 Abraham and Chain (Nature, 146, 328 

I Uoivacti^. 

• Oornell Opiviwlljy* 

« Oxford Uniirdt«(ty. 


(1942)), by further refinements of the process, 
succeeded in producing a barium salt with an 
activity of 450-500 U./mg. This product was 
later found to contain nitrogen (Abraham, Baker, 
Chain, Florey, Holiday, and Robinson, Nature, 149, 
356 (1942)), but the suggested provisional formula, 
C24H820ioN2Ba, was soon found to be incorrect. 
One impurity detected was barium furoate. The 
significance of the nitrogen content was indicated 
by its linear relation to antibiotic potency. On 
hydrolysis this substance yielded carbon dioxide, a 
volatile acid, and the crystalline salt of a base. 
The authors recognized that their material was not 
homogeneous, so that these data could not be inter¬ 
preted with certainty. It was also observed 
(Abraham and Chain, Brit. J. Exp. Path., 28, 103 
(1942)) that penicillin is inactivated by primary 
alcohols, by organic bases, and by various metallic 
salts, for example those of copper and zinc. 

The basic compound referred to above received 
the name penicillamine; it was shown (Abraham, 
Chain, Baker, and Robinson, Nature, 161, 107 
(1943)) to be a primary amine and to contain one 
strongly and one weakly acidic group. The 
hydrochloride was at first assigned the formula 
CeHn04N.HCl, and later C6Hn02SN-HCl. In so 
far as the Oxford work was concerned, the recogni¬ 
tion of sulfur in penicillin (see below) followed 
directly from the study of an oxidation product of 
penicillamine. The analytical results indicated the 
uptake of three oxygen atoms and thus suggested 
conversion of a thiol to a sulfonic acid. The signifi¬ 
cance of penicillamine as an integral part of penicil¬ 
lin became obvious when it was obtained from 
penicillin having an activity of 1,000 U./mg. on the 
Oxford scale of that date. 

In the meantime the study of penicillin was taken 
up in other laboratories. A product showing 
750 U./mg, was obtained at the Imperial College of 
Science, London (Catch, Cook, and Heilbron, 
Nature, 150, 633 (1942)), where it was observed 
that penicillin on degradation yielded a product 
which appeared to be an amino acid. The con¬ 
version of penicillin in acid solution into a crystal¬ 
line product termed penillic acid was recorded 
early in 1943 by chemists in the Wellcome Research 
Laboratories (Duffin and Smith, Nature, 161, 261 
(1943)). In the United States penicillin was 
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obtained in the form of a crude ammonium salt 
(Meyer, Hobby, Dawson, Schwenk, and Fleischer, 
Science, 96, 20 (1942)), which had an activity of 
240 U./mg. (Hobby, Meyer, Chaffee, and Dawson, 
J. BacL, 45, 66 (1942)), but no evidence was 
presented as to its chemical nature. 

On treatment \vith diazoalkanes penicillin con¬ 
centrates were found to yield esters which proved 
to be notably more stable than the salts. They 
showed little activity in vitro but were antibiotically 
active in vivo. The benzhydryl ester was split by 
catalytic hydrogenation with regeneration of in 
vitro activity (Meyer, Hobby, and Chaffee, Science, 
97, 205 (1943)). It was later shown that the 
methyl and ethyl esters could be hydrolyzed to ac¬ 
tive penicillins by treatment with sodium hydroxide 
or sodium bicarbonate solution (Merck, M.12b; 
Hickey, Science, /Of, 462 (1945)). 

By 1943 recognition of the potential military 
importance of penicillin had led to restriction of 
chemical information on the subject. Investiga¬ 
tion was continued with increasing intensity in both 
academic and industrial research laboratories, but, 
in general, the results were privately communicated 
to other recognized workers in the field rather than 
to the scientific press. This exchange of informa¬ 
tion on the chemistry of penicillin was effected in 
Britain at first through unofficial conferences of 
interested workers and later by those sponsored by 
the Ministry of Supply and the Medical Research 
Council. There were also special agreements be¬ 
tween certain pharmaceutical manufacturers in 
England and in the United States. Information 
secured by the American firms was subsequently 
communicated to the Committee on Medical Re¬ 
search and disseminated through it. A similar 
vDrocedure was followed in England, where the par- 
ipating groups reported to the Medical Research 
uncil. These two government agencies arranged 
the international exchange of information bear- 
i on the chemistry of penicillin. 

: !)uring the first half of 1943 progress in the 
jmical studies *was made principally in Britain, 
;\ere in addition to penicillamine, 2-pentenyl- 
lillic acid and 2-pentenylpenillamine were 
ated as conversion products of the impure 
parations then available. Experimental work 
I the United States was at first primarily directed 
wards problems of production and purification. 

! was found in the Northern Regional Research 
boratory and in the Merck and Squibb labora- 
j ries that chromatographic procedures, the eflScacy 
It* which had been demonstrated in Britain for the 
acentration of penicillins in the form of their free 
ids, could advantageously be applied to the more 
ibie sodiuim salts. The partition chromatography 
Martin and Synge was adapted for the purifica- 
>n and separation of the penicillins by chemists 
Imperial Chemical Industries, Ltd. In the sum- 
er of 1943 MacPhiHamy, Wintersteiner, and Ali- 


cino, of the Squibb group, succeeded (S.S) in 
crystallizing the sodium salt of benzylpenicillin. 
This important achievement, which made possible 
the accurate chemical study of the pure compound, 
immediately led to the recognition by the same 
investigators of sulfur as a constituent of the mole¬ 
cule. Coincidentally, the presence of sulfur in 
(impure) barium penicillin, as well as in penicil¬ 
lamine, penicillaminic acid, penillic acid and other 
well-defined derivatives of penicillin, was inde¬ 
pendently discovered by the chemists in Oxford 
(Abraham, Baker, Chain, and Robinson, PEN.88). 
Soon afterward the Oxford workers reported the 
crystallization of alkali metal salts of their 
penicillin. 

At about the same time it became clear that the 
penicillin which had been obtained in crystalline 
form in the United States was not identical with 
the penicillin with which the British investigators 
had been working. Among other differences be¬ 
tween the two was the far greater reluctance of the 
latter to crystallize. The chemical distinction 
between them was clearly brought to light during 
the middle of 1943 by observations in several 
quarters. One was the demonstration by Stodola, 
Wachtel, and Coghill, of the Northern Regional 
Research Laboratory, that the two varieties of 
penicillin give different, though analogous, crys¬ 
talline derivatives when the free acids of the 
respective penicillins are treated with benzylamine. 
The second observation w^as the demonstration in 
the Merck laboratories that the analytical data on 
crystalline penillic acids showed that there were at 
least two penicillins.* The American preparations 
had been found (Merck, Report for April throitgh 
July 194S) to yield phenylacetic acid on hydrolysis, 
whereas the antibiotic studied in Britain yielded 
2-hexenoic acid under similar conditions (Abraham, 
Chain, Baker, and Robinson, Report dated Navem^ 
ber 8, 1948). Very convincing evidence was also 
obtained by the chemists of Imperial Chemical 
Industries, Ltd., at an early stage of the develop¬ 
ment. The main constituents of their own penicillin 
and of Merck penicillin were chromatographically 
separated (Imperial Chemical Industries, Report 
dated August 4, 194S). This w^ later confirmed 
by direct comparison of the derived penillic acids 
{LC.L, .Report dated Nov^er 18, 194S). It 
appears that these reports had a limited circulation. 

On the other hand, penicillamine having the same 
configuration was obtained from both types. After 
some uncertainty as to its constitution (Abraham, 
Chain, Baker, and Robinson, PEN.88), penicil¬ 
lamine was recognized by the Oxford workers to be 
/5,/S-dimethylcysteine. This was demonstrated by 
chemical (Abraham, Chain, Baker, Comforth, 


* Systems of nomonoloture usHig Isttors (in Blstes) ond 

Ramon numsrsls.Cin Britain) were * 

the interests of clarity and uniformity, workers In the field fwly 

in 1946 on the, nomenolatore now in use, which involsee a oesigBaioiry 
prefia tush os *^hensyl/' 
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( bomforth, and Robinson, PEN.100) and crystal- 
ographic comparison with a synthetic sample 
Crowfoot and Low, PEN.101). Penicillamine had 
n the meantime been shown to yield thiazolidines 
on condensation with carbonyl compounds, and it 
was suspected that the same ring system was present 
in the penicillin molecule (Abraham, Chain, Baker, 
and Robinson, PEN.97). Grounds for this suspi¬ 
cion had been furnished by the observation (Abra¬ 
ham, Baker, Chain, and Robinson, PEN.91) that 
when the Oxford penicillin was decomposed by 
mercuric chloride it yielded a carbonyl compound, 
probably an aldehyde, as well as penicillamine. 
This aldehyde was characterized in the form of a 
crystalline 2,4-dinitrophonylhydrazone and a con¬ 
densation product with dimedone, and was shown 
to have the composition CsHiaOjN (Abraham, 
Chain, Baker, and Robinson, PEN.97). It was 
recognized as hexenoylaminoacetaldehyde and as 
the source of the glyoxal-osazoncs which were 
early obtained from mother liquors resulting after 
hydrolysis and separation of penicillamine. Mean¬ 
while the Imperial College of Science group 
(Bentley, Catch, Cook, Elvidge, Hall, and Ileilbron, 
PEE.99; 102; 105) had shown that the antibiotic 
studied in Britain could be reduced to a dihydro 
derivative which was biologically active and was 
recognized as a “natural” penicillin. It afforded 
n-caproic acid on hydrolysis. The position of the 
double bond in the hexenoic acid obtained from the 
unreduced antibiotic was determined at Oxford by 
permanganate oxidation to propionaldehyde. The 
Imperial College workers found that the penillo- 
aldehyde from their dihydropenicillin afforded a 
dinitrophenylhydrazone which could be further 
changed to the glyoxal osazone. They therefore 
suggested that the aldehyde was n-caproylamino- 
acetaldehyde. In both series the identity of the 
penilloaldehydes was confirmed by synthesis. 

Analogous conclusions and hypotheses were 
attained independently and simultaneously by 
American workers. The chemists in the Squibb 
Institute (Dutcher, MacPhillamy, Stavely, and 
Wintersteiner, S.Sa) and in the Merck labora¬ 
tories {M.l) produced evidence that the carbonyl 
compound secured by treatment of the American 
crystalline penicillin with mercuric chloride was 
phenylacetylaminoacetaldehyde. It wds, for exam¬ 
ple, found to be oxidized to phenaceturic acid. At 
the same time the Merck group demonstrated that 
when the product formed by the action of benzyl- 
amine upon benzylpenicillin was treated with mer¬ 
curic chloride and penicillamine was liberated, the 
benzylamine group remained in amide linkage in the 
residual portion of the molecule. A strictly analo¬ 
gous result was obtained with the methyl ester which 
resulted' from the action of methanol upon benzyl- 
penicillin. It was also shown by Boon, Carrington, 
and Freeman (CPSJ68) that the methyl ester of 
poatenyipcnicillin, cm treatment with mercuric 


chloride, yielded the methyl ester cf penicillamine. 
The identity of the acid group in penicillin with the 
carboxyl group of penicillamine was thus definitely 
established by two independent methods. 

In the recognition of degradation products of 
penicillin invaluable aid was rendered by X-ray 
crystallographic measurements. For instance, the 
2,4-dinitrophcnylhydrazone of the penillic aldehyde 
secured in Oxford was shown by this method (Crow¬ 
foot and Low, PEN.112) to be identical with the 
hydrazone prepared from synthetic 2 hexenoyl- 
aminoacefaldehyde (Abraham, Chain, Baker, and 
Robinson, PEN.111). 

On the basis of these and many other findings the 
Oxford workers proposed (Abraham, Chain, Baker, 
and Robinson, PEN.103) the thiazolidincoxazolone 

S 

C6H,C==NCH—CH ^C(CHa), 

I I I I 

O-CO Nil-CHCOOH 

formula as the simplest expression for their penicil¬ 
lin. An ex.actly corresponding formula w'as inde¬ 
pendently proposed by the Merck, Squibb, and 
Abbott groups for benzylpenicillin. However, the 
chemists in both the Oxford and the Merck labora¬ 
tories drew attention to the fact that the presence 
of a basic group, indicated by this structure, could 
not be detected in penicillin, and both proposed, as 
a possible alternative, the /3-lactam structure 

S 

/ \ 

C»H,CONHCH—CH C(CH,), 

I - I I 

CO—N-CHCOOH 

At this point it was hoped that, as the penicillins 
were relatively simple compounds, sjmthetic meth¬ 
ods for their production could be developed without 
much difficulty. The urgency of the need for large 
quantities of penicillin by the military forces made 
imperative the intensive exploration of this field on 
a wider front and on a basis of international col¬ 
laboration. At the instance of the Director of the 
Office of Scientific Research and Development and 
the Chairman of the Committee on Medical Re¬ 
search in Washington, and the Secretary of the 
Medical Research Council in London, the necessary 
diplomatic agreements were reached. The Ameri¬ 
can group of collaborators was enlarged by the 
inclusion of eight more industrial research labora¬ 
tories and ten academic laboratories. Contracts 
between these organizations and the governmental 
agencies were entered into, according to the terms 
of which each contractor imdertook to conduct 
experimental investigations in connection with tho 
chemical structure of penicillin and the synthesis of 
penicillin or a therapeutic equivalent. All con- 
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tractors undertook to report to their government 
all pertinent information available to them at that 
time and thereafter to furnish monthly progress 
reports.^ All of this information was transmitted as 
expeditiously as possible to each contractor in 
Britain and in the United States. In the United 
States the contracts, which began during December 
and January 1943-1944, remained in force until 
November 1, 1945, in the case of the industrial 
organizatious* and December 31, 1945, in the case 
of the academic institutions. In Britain, as already 
stated, the early collaboration was an informal by¬ 
product of a Penicillin Production Committee 
sponsored by the Ministry of Supply. On January 
1,1944, the Medical Research Council set up a Com¬ 
mittee on Penicillin Synthesis (CPS) under the 
chairmanship of Sir Robert Robinson, and this 
included representatives of the industrial groups, 
academic centers, and also of the Ministry of 
Supply. The regular exchange of British and 
American reports then began but there was delay 
in the first months so that much work was dupli¬ 
cated. Attention is drawn elsewhere to the more 
important consequences of this situation. 

The unrestricted exchange of current information 
at frequent intervals resulted in as close a collabora¬ 
tion as is possible among a widely distributed group 
of laboratory teams, but no attempt was made to 
avoid duplication oif effort in the various labora¬ 
tories. In consequence it is difficult or impossible, 
except in a relatively few specialized phases of the 
joint effort, to assign sole scientific credit for indi¬ 
vidual findings secured during the period covered by 
the contracts.^ In the outline that follows no 
attempt is made to do more than touch upon some 
of the more significant results. 

In the winter of 1943-J 944 an important problem 
was the confirmation and clarification of the struc¬ 
ture assigned to penicilloic acids, the primary 
product of the hydrolysis of penicillins. The major 
part of the light thrown on this problem was 
supplied by the Merck laboratories. The n (or 
''unnatural’') configuration of penicillamine was es¬ 
tablished by successive treatment with phenyl 
isocyanate and with Raney nickel catalyst, whereby 

* A complete file of these reporte haa been deposited with the IT. S. 
Department of Commeroe, Office of Technical Services, from whom 
reprodnetione of deiired portions can be obtained on request. Copies of 
these reports arh also filed in scientific libraries in Britain. 

« The Industrial participants in the ehemioal projects performed the 
•ttbiect work of their contracts without financial aid from their govern* 
ments. In both countries, however, grants in support of their work 
were made to the academic groups. 

* Shortly alter the contracts between OSRD and thp induetrial partici¬ 
pants had expired, a brief summary announcement of the principal 
findings was published in Science ( 10 $, 627 (1945)) and in Nature 
<156. 766 (1945)). At a oonferenoe. attended by scientific representa¬ 
tive of all the cooperating groupe, held on January 9. 1946. it was 
decided that detailed reports of the results secured under the eoUaborative 
program should, in general, be published in a monograph rather than in 
individual papers in the scientific press. However, provision was made 
lor the publication, in advance of the monograph, of papers which. In 
the opinion of the Editorial Board, would not eonfiiot with the plan. 
Several such articles have appeared. 

When the monograph was planned, it wae hoped that its writing 
eould be completed in six months; unfortunately this estimate proved 
unduly optimistic. 


the sulfur atom was replaced by hydre^sea; the 
product was identical with the phenylureido derii^a* 
tive of D-valine (Merck, M.l). 

As stated in Science (iOS, 6^7 (1945)), the consti¬ 
tution of the penaldic acid, with which penicillamine 
is combined in benzylpenicilloic acid, was estab¬ 
lished (Merck, M.l) by its conversion on cata¬ 
lytic hydrogenation into cyclohexylacetylalanine. 
Under less drastic conditions of hydrogenation 
corresponding derivatives of serine were obtained. 
As these amino acid derivatives were optically 
inactive, they yielded no information as to the 
configuration of that part of the penicilloic acid 
molecule. This information was secured only later 
when it was shown in the Merck laboratories 
(M.62) that under suitable conditions of hydrogena¬ 
tion derivatives of ii-alanine, which has the “nat¬ 
ural ’’ configuration possessed by the amino acids of 
proteins, were formed. 

Derivatives of penaldic acid were synthesized in 
several laboratories by the condensation of ethyl 
formate or orthoformate with esters of phenylacetyJ 
glycine, and when the products were condensed 
with synthetic n-penicillamine, esters of penicilloic 
acids were obtained. In a very complete study in 
the Merck laboratories (M.28), methyl esters of 
three of the four theoretically possible diastereo- 
isomers of the penicilloic acids derived from n-peni- 
cillamine were synthesized and it was shown that 
at least two of these were formed by the action of 
methanol upon benzylpenicillin. Somewhat later, 
esters of the fourth isomeric form of penicilloic acid 
were synthesized in the Squibb laboratories (S.33). 

It has already been mentioned that the conversion 
of penicillins into penillic acids contributed largely 
to the recognition of the existence of more than one 
variety of penicillin. The constitution of benzyl- 
penillic acid was confirmed by synthesis in two 
laboratories during 1944. An optically inactive 
monomethyl ester was prepared by Cook, Elvidge, 
and Heilbron iCPS.199) by condensing the methyl 
ester of phenylthioacetyldiethoxyalanine with nir 
penicillamine. The dimethyl ester of optically 
active penillic acid, identical with the product from 
benzylpenicillin, was synthesized by the Merck 
group {M. 49 ) by condensing the Schiff-base from 
N-formyl-a-formylglycine methyl ester and benzyl- 
amine with'the methyl ester of i>-penicillamme. 

Attempts, made in many laboratories, to produce 
penicillins by anhydrization of peni^oates, met 
with almost universal failure. It is worthy of 
note, however, that they did provide the ^t syn¬ 
thetic material possessing antibiotic activity even 
though the potencies were sme^ and not proved to 
be of penioillin type (Imperial Coll^ of Science, 
CPS.5). In the early stages of the resft^h, the 
oxazolone, or azlaotone, structure indicated above 
was that to which most attention WM pmd, but 
as the work progressed iaoreatins difi^ty wm 
e]q>erienoed in applying it to ti»e This 
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Was especially the case in connection with the 
physico-chemical investigations such as the electro¬ 
metric studies by Neuberger (CPS,5266) and 
many others, A number of structures which had 
bfeen proposed at the outset were excluded, during 
the first half of 1944, by the observation that 



Figure 1. Electron density projected on the h plane in the 
crystal structure of potassium benzylpenicillin. 


the penicillin molecule contains only one labile 
hydrogen atom other than that of the carboxyl 
group. This was indicated in the Abbott labora¬ 
tories by the action of Grignard reagent upon 
methyl benzylpenicillinate (A.4) and at Cornell 
University Medical College by equilibration of so¬ 
dium benzylpenicillinate with deuterium oxide 
(D,ll), The structural limitations thereby im¬ 
posed were met by the formulas set forth above, as 
well as by a tricyclic formula which had been 

S 

/ \ 

CO-CH—CH C(CH,)2 

O-^CR—N-CHCOOH 

proposed by several of the groups. 

Among these alternatives, the /S-lactam structure 
gradually gained increasing popularity. This for¬ 
mula received support from physico-chemical 
evidence* Infrared absorption spectra were studied 
principally by the Shell Development Company, 
Thompson of Oxford University, Sutherland of 
Caml^dge University, Randall and collaborators 
of the University of Michigan, Merck & Co., and 
at the RusseU Sage Institute of Comell University 


Medical College. An important result was the 
demonstration by the Shell Development Company 
of the presence in penicillins of a distinctive absorp¬ 
tion band which also appeared in three models con¬ 
taining a fused f?-lactam-thiazolidine structure, 
prepared in their laboratories. Also, other absorp- 





Figure 2. Electron density levels over the atoms of the 
/3-lactam ring derived from the three-dimensional Fourier 
synthesis for sodium benzylpenicillin. 

tion bands found in the spectrum of penicillin were 
considered to indicate the presence of a mono- 
substituted amide group. The models here show 
that the bands extend over a certain range and the 
penicillin band is on the margin of this range. Thus 
the amide group is perhaps present in a modified 
form. 

Thermochemical data secured by the National 
Bureau of Standards and interpreted by Wood¬ 
ward of Harvard University suggested the presence 
of a strained system in penicillin, comparable with 
that of authentic /S-lactams. More cogent still, the 
CNOS skeleton of the penicillin molecule was con¬ 
clusively demonstrated through the X-ray crystal¬ 
lographic analysis of sodium, potassium, and 
rubidium benzylpenicillins by Crowfoot and Low 
(Oxford University), and by Bunn and Turner- 
Jones (Imperial Chemical Industries, Ltd. (Alkali 
Division), Northwich). The existence of the 
/3-lactam ring was first shown clearly in electron 
density projections derived from all three salts in 
February and March of 1945. It was later fully 
confirmed by the evaluation of the electron density 
in three dimensions for the sodium and potassium 
salts alone (Figs. 1 and 2). The detailed arrange¬ 
ment of the atoms found in these salts determined 
not only the essential chemical formula but also 
the stereochemical relations between the different 
groups within the penicillin molecule (Fig. 3). 
X-ray spectrum determinations, made by Clark and 
his group at the University of Illinois, contributed 
greatly to our knowledge of the various penicillins 
and their derivatives. 

From the standpoint of organic chemistry, the 
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most convincing evidence was secured by a study 
carried out in the Merck laboratories (reports 
covering the period October 1944 to August 1945) 
of the action of Raney nickel catalyst upon sodium 
bcnzyipcnicillinate. Two products resulted; one 
was benzyldesthiopcnicillin, a monocarboxylic acid 



C 18 H 20 O 4 N 2 , which on hydrolysis yielded D-a- 
benzyldesthiopenicilloic acid, identical with the 
product of the action of Raney nickel catalyst on 
a-methyl D-a-benzylpenicilloate; the other was a 
monocarboxylic acid C 15 H 22 O 4 N 2 , identified with 
phenylacetyl-L-alanyl-D-valine. As sodium benzyl- 


throughout 1945 in the laboratories of Cornell 
University Medical College and the Squibb Insti¬ 
tute) of the interaction of thiocyanate and benzyl- 
penicillin, it was found that whereas aziactoncs in 
general yield 2 -thioh 3 "dantoins, penicillin does not 
do so, but resembles an authentic jS-Iactam, studied 
by the Merck group {M£S)y in yielding a thio- 
hydrouracil. Although the oxazolone and jS-lactam 
structures would give a common intermediate with 
thiocyanate, the results of this intricate investiga¬ 
tion maj" be considered to support the lactam struc¬ 
ture. The properties of the sulfur atom in penicillin 
were also found to accord with this hypothesis. 
Thus methyl bcnzyipcnicillinate affords a sulfont 
(c/. inter alia, Merck M.56; Winthrop, WA5) and 
a sulfoxide (Sykes and Todd, CPSMIfi). Hence 
penicillin behaves like an acylated thiazolidine 
(Ratner and Clarke, J. Am. Chem, Soc., S9f 200 
(1937)) in contrast to unacylatcd tliiazolidines, in 
which the ring is opened on oxidation. 

During the period in which the penicillin molecule 
was considered to contain the oxazolone (azlactone) 
ring, many attempts were made to synthesize peni¬ 
cillin-like compounds by condensing appropriate 
alkoxymethylene oxazolones with penicillamine. 
Experiments conducted in the Merck laboratories 
{MJ0)f showed that a trace of antibiotic activity 
corresponding to benzylpenicillin could be pro¬ 
duced by this general method. It was independ¬ 
ently* found in Oxford (Robinson, Abraham, Baker, 
Chain, and Robinson, CPS.S5) that a similar 
small degree of antibiotic activity was produced 
in a reaction designed to yield an artificial ^‘styryl- 


/ \ 

C,H,CH,CONHCH—CH C(CH,), 



C,H»CH,CONHCH—CH, CH(CH,)j 

L I I 

CO—N-CHCOOH 


C.HtCH,CONHCH 


CO—N- 

\ 


-CHCOOH 


CHi CH(Cn,), 

I I 

0,H NH—CH COOH 


\ 


\ 


\ 




C,H»CH,C0NHCHCH; CH(CH,)* 
CO—NH—CHCOOH 


C,H»CH,CONHCH- 

4- ioocH, 


-CH ^C(CH,), 
NH- AhCOOH 


penicillinate when similarly treated in the absence of 
Raney nickel catalyst underwent no loss of anti¬ 
biotic activity nor change in optical rotation, it may 
be assumed that these products were formed with- 
<mt intramolecular rearrangement. 

In studies (begun in October 1944 and carried on 


penicillin." The work was extended to other cases 
including propyl-, n-amyl-, benzyl- and phenyl- 
pemcillins and ^imilar antibiotic activity was 

• Owing to initial lag in ciroolatJon the report JIf JO, dated January 
1044, wae not received in London until July 7, 1044, and the Oxford 
report CF&Mt dated Mareh 07^ 1044, wae received in the United Statee 
only on June A, 1044. 
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obtained. The chemists of May and Baker, Ltd., 
also condensed 2-phcnyl-4-cthoxymethylcne oxazo- 
lone with DL-penicillainine in pyridine solution and 
obtained an antibiotic product (Barber and Slack, 
CPS40)> It was later shown by Abraham, Baker, 
Chain, and Robinson {CPS,648) that this activity 
was destroyed by penicillinase and it was therefore 
attributed to a compound of the penicillin type. 
The Cornell group had previously demonstrated 
{D.^7) that the mixture of the reaction products 
formed in the condensation of 2-benzyl-4-methoxy- 
mcthylcnc-5(4)-oxazolone with penicillamine ex¬ 
hibited the same quantitative relationships in its 
antibiotic activities toward a series of seven micro¬ 
organisms as did pure benzylpenicillin. Evidence 
strongly suggestive of identity was also secured by 
the Cornell workers, using the isotope dilution 
method {DM), 

Attempts to concentrate the antibiotically active 
product synthesized by the method described a 
year earlier by tine Merck group met with only 
partial success. Chromatographic procedures used 
by the Upjohn chemists {IJ,26; 27) and counter¬ 
current distribution technique used at Cornell 
{D,38) led at best to preparations containing less 
than 3% and 17% of penicillin, respectively.® 
Although this method of synthesis was based on 
the thiazolidine-oxazolone structural theory, it 
must be pointed out that a rational synthesis of the 
/3-lactam structure by way of the oxazolone is 
conceivable as the Hisult of intramolecular acylation. 

Concurrently with the studies of structure, the 
search for other penicillins was carried on in several 
laboratories. The principal accomplishments in 
this line of endeavor were the proof of the existence 
of p-hydroxybenzylpenicillin by the isolation of the 
corresponding penillic acid and related compounds 

* At this point the oontracte expired: the investigation, continued by 
menibem of the Cornell group ati an independent project, led to the isola* 
tion early in 1046 of synthetic benzylpenicillin in ciystalline form. An 
account of the background and results of this work, together with full 
references, was published in November 1946 at the request of the Eklit.orial 
Board of tliis monograph (du Vigiteaud, Carpenter, Uolley, Livermore, 
and Rachele, Science, 104 , 431 (1040j). 


in the Imperial College of Science (Catch, Cook, 
and Heilbron, CPS.23) followed by the isolation 
of the antibiotic itself in the Northern Regional 
Research Laboratory (C.P), of n-hcptylpenicillin in 
the Abbott Laboratories {AJS)^ of flavacidin 
(now thought to be n-amy Ipcnicillin) from A spergilivs 
flavus in the Squibb Institute for Medical Research 
(Fried, Koerber, and Wintersteincr, J, Biol. Chem., 
163y 341 (1946)), and the production at the Northern 
Regional Laboratory of halogenated penicillins and 
aryl azopenicillins by the action of halogens and of 
diazo compounds upon p-hydroxypenicillin (0.16), 
A development of great technical importance re¬ 
sulted from the observation, first recorded by the 
Northern Regional Research Laboratory {Report 
to the Committee on Medical Research, No. 16), that 
the addition of phcnylacctic acid and related com¬ 
pounds to media in which penicillin is elaborated 
in surface culture gives rise to increased yields 
of antibiotic products. Attempts to induce a 
similar effect with submerged cultures having 
failed, the chemists of the Lilly Research Lab¬ 
oratories, in an extensive survey, discovered 
{L.12) that the yields of penicillin could be raised 
by the addition of phenylacetyl derivatives of vari¬ 
ous L-amino acids. It was shown that a strain 
of P. notatum which had hitherto not been observed 
to produce any antibiotic but 2-pcntcnylpenicillin 
actually produced benzylpenicillin when grown in 
presence of phenylacctamide (Catch, Cook, and 
Heilbron, CPS.291). In presence of p-hydroxy- 
phenylacetic acid a yield of p-hydroxybenzyl¬ 
penicillin much higher than any isolated in previous 
fermentations was obtained. This was a clear 
indication of biosynthesis (Arnstein, Catch, Cook, 
and Heilbron, CPS.377). Extension of this princi¬ 
ple to analogous compounds, in which the benzyl 
group of the phenylacetamino acids was replaced by 
a wide variety of other groups, led to the production 
and isolation in pure crystalline form of many novel 
penicillins (Lilly, Reports covering the period April 
1944 to October 1945; cj. Science, 106, 503 (1947)). 
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A. CHEMICAL NATURE OF 
2-PENTENyLPENICILLIN^ 

Hiltorical Introduction. The purification of the 
crude extracts of penicillin which had been found to 

* By fiS. Abraham, W. Baker, E. Chain, and R. Robinson. 


act chemotherapeutically in mice (Chain, Florey, 
Gardner, Heatley, .lennings, Orr-Ewing, and San¬ 
ders, Lancetj 239^ 226 (1940)) was begun in the Sir 
William Dunn School of Pathology, O.Kford 
University, in 1940. By distribution of the 
active substance between solvents and by the use of 
chromatography, material was prepared in 1942 
wliich probably contained about 50% of penicillin. 
Owing to its impurity and the fact that it was 
erroneously stated by the micro-analysts to be 
sulphur-free, the analytical data obtained from 
this preparation had subsequently to be revised, 
but a number of essential points, such as the ap¬ 
pearance of new titratable groups on inactivation 
of penicillin with cold acid and alkali, and the 
liberation of carbon dioxide on hydrolysis at a higher 
temperature, were first established with such 
material (Abraham and Chain, Brit, J. Exp. Path., 
23, 103 (1942)). 

At this stage the present authors began their 
collaboration in the chemical study of penicillin, 
and the team so formed was lat(‘r joined by Dr. 
J. W. Cornforth and others. The investigation of 
the very small amount of material available for 
these studies, most of which was produced in the 
Sir William Dunn School of Pathology, was greatly 
facilitated by the X-ray crystallographic examina¬ 
tion of traces of crystalline degradation products, 
carried out by Miss D. Crowfoot and Miss B. Low. 

Chemical work was also then beginning in other 
laboratories. Meyer, Chaffee, Hobby, Dawson, 
Schwenk, and Fleischer {Science, 96, 20 (1942)) de¬ 
scribed a method of partial purification by dis¬ 
tribution of penicillin between solvents, and Catch, 
Cook, and Heilbron, of the Imperial College of 
Science, London, reported a considerable purifica¬ 
tion using chromatography (Nature 150, 633 (1942)). 

It was decided in Oxford that information about 
the structure of penicillin should be obtained by 
investigating the most active material then avail¬ 
able without awaiting the advent of the pure 
crystalline substance. Purified preparations of 
penicillin had been found to contain nitrogen 
(Abraham, Baker, Chain, Florey, Holiday, and 
Robinson, Nature, 1^9, 356 (1942)), and early in 
1943 part of the nitrogen was accounted for by the 
isolation of the amino acid penicillamine, the first 
crystalline degradation product to be obtained 
from the active substance (Abraham, Baker, Chain, 
and Robinson, Nature, 151, 107 (1943)). Not long 
afterwards Dufl5n and Smith of the Wellcome 
Foundation showed that a crystalline substance 
which they named penillic acid was formed when 
penicillin preparations were treated with dilute 
acid at room temperature {Nature, 151, 251 (1943)). 
This was the last finding to appear before the 
normal method of publication was replaced by 
the system of '*PEN'^ reports. 

In May 1943 it was reported from Oxford that 
when purified penicillin was inactivated in aqueous 
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solution at pH2 there was formed a substance which 
was very similar to penillic acid but which, accord¬ 
ing to X-ray crystallographic data, was not identical 
with it. This substance was later shown by Crow¬ 
foot, Low, and Schmidt (PEN.117) to be a crystal¬ 
line modification of the penillic acid which is 
obtained from 2-pentenylpenicillin when this is 
contaminated with small amounts of benzyl- 
penicillin. This acid was termed '^penicillinic 
acid,'* a name which has now been abandoned and 
used instead for the free acids of the penicillins. 
On hydrolysis with acid at 100® penillic acid, like 
purified penicillin, was shown to yield carbon 
dioxide and a solution from which penicillamine 
could be precipitated as a complex by the addition 
of mercuric chloride. At the same time it was 
found that when either acid-inactivated penicillin 
or penillic acid was treated with mercuric chloride, 
carbon dioxide was evolved and a new compound 
called penillamine was formed (Abraham, Baker, 
Chain, and Robinson, PEN.70). 

Up to this time it had been thought that the 
purest preparations of penicillin contained only 
C, H, 0 and N. The discovery that sulphur was 
also present, Avhich was made at Oxford in July 
1943 (and independently by American workers), 
enabled the correct formulas to be put forward 
for penillic acid (C14II20O4N2S) and penillamine 
(C 1 SH 20 O 2 N 2 S) and led at once to the realization 
that penillamine and penicillamine contained a free 
thiol group, while penicillin and penillic acid did not 
(Abraham, Baker, Chain, and Robinson, PEN.88; 
Duffin and Smith, PEN.90). 

By this time further progress had been made with 
the problem of purification, and the fact that penillic 
acid could be obtained in 75% yield from the most 
active preparations of the barium salt of penicillin 
obtained at Oxford was reason for believing that 
the barium salt was approaching a high degree of 
purity (Abraham, Baker, Chain, and Robinson, 
PEN.87). The barium salt of penicillin had been 
chiefly used in this work because, being almost 
nonhygroscopic, it was easier to manipulate than 
the very hygroscopic salts of the alkali metals. In 
August 1943, however, the Medical Research Coun¬ 
cil in London was informed that a sodium salt of 
penicillin had been crystallized by Wintersteiner 
and MacPhillamy in the United States, and it was 
then found that the sodium salt of the best Oxford 
material, although still contaminated with small 
amounts of impurities, crystallized spontaneously 
on exposure to moist air. This confirmed the 
conclusion, which had already been reached, that 
the process of purification was nearing completion, 
and the correct formula (Ci 4 HiQ 04 N 2 S) 2 Ba was 
put forward for the barium salt of the penicillin 
prepared in Oxford (Abraham, Baker, Chain, and 
Robinson, PEN.94). By that time sufficient in¬ 
formation had been received about the properties 
of the American penicillin to make it evident that 


this was similar to but not identical with the 
British substance. The British penicillin (now 
known as 2-pentenylpenicillin) was then referred 
to as Penicillin-I (or F) and the American (now 
known as benzylpenicillin) as Penicillin-II (or G). 

During the next months considerable progress 
was made at Oxford with the fundamental chem¬ 
istry of penicillin-I (2-pentenylpenicillin). The 
correct empirical formula for penicillamine was 
established as C 6 H 11 O 2 NS, and the fact that this 
substance reacted with acetone to form a thiazoli- 
dine showed that it was a 1,2-amino-thiol (Abra¬ 
ham, Baker, Chain, and Robinson, PEN.97). Its 
complete structure was shown by synthesis to be 
that of D-/3-thiolvaline (i3,/3-dimethylcysteine) (I) 
(Abraham, Baker, Chain, Cornforth, Cornforth, 
and Robinson, PEN.100). 


CH3 

I 

CHa—C—CII—CO2H 

I I 

SH NH2 

I 


After penicillamine and carbon dioxide had been 
identified as degradation products of 2-pcntenyl- 
penicillin, eight of the fourteen carbon atoms of 
the penicillin remained to be accounted for. 
These eight carbon atoms were shown to be present 
in an aldehyde, which was originally detected in the 
solution obtained on hydrolyzing penicillin or 
penillic acid with hot acid, but which was after¬ 
wards obtained in better yield, together with 
penicillamine and carbon dioxide, by treatment of 
penicillin with cold dilute alkali (whereby it was 
biologically inactivated), neutralizing and treat¬ 
ing the solution with aqueous mercuric chloride. 
This substance, now called 2-pentenylpenilloalde- 
hyde, had the formula C 8 H 18 O 2 N (Abraham, 
Baker, Chain, and Robinson, PEN.91; 97). From 
n-amylpenicillin, which was obtained on catalytic 
hydrogenation of 2-pentenylpenicillin, Cook and 
Heilbron and their colleagues subsequently isolated 
n-amylpenilloaldehyde (PEN.102). It was soon 
shown by investigations at Oxford and at the Im¬ 
perial College that 2-pentenylpenilloaIdehyde was 
/S, 7 -hexenoylaminoacetaldehyde and that n-amyl- 
penilloaldehyde was n-caproylaminoacetaldehyde 
(PEN.102; 103; 106; and 109). The correctness 
of these structures was confirmed at both centers 
by synthesis (PEN.109; 110; 111). 

CHsCHaCH^CHCHaCO-NH-CHaCHO 

n 


Thus by the end of 1943 2-pentenylpenicillin had 
been shown to undergo the following chemical 
changes: 
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pH 2 
isomerization 


Penillic acid 

CuHsoOiNjS 


2-PcntenylpeiiiciIlm 

Ci4H,«04N^ 


AT Acid 
100“ HgClj 


N acid 


J00“ HgCli 


dilute 

alkali 


HgCU 


Penillamine + CO* Penicillamine + Penilloaldehyde 

CisHjoOjNjS (CHj)*C—CHCOOH CsHsCONHCHjCHO 


[inactivation product] 


+ CO* 


SH NH* 


Of the degradation products which had been iso¬ 
lated, penicillamine and 2-pentenylpenilloaldchyde 
were characterized completely. In addition, the 
correct structure for 2-pentenylpenillic acid (III) 
was suggested at Oxford {PEN.103), and the struc¬ 
ture for 2-pentenyl penillamine (IV), which followed 
from that of the penillic acid, was put forward at 
the Imperial College of Science {PEN.100). 


CH, 

I 

CII,—C-CH—COOH 

I I 

S N 

\ / \ 

CII C—Ctll, 

I II 

HOOC—CH-N 

III 


CH, 


CH,—C- 

I 


-CH—COOH 


SH N 

/ \ 

CH C—CsH, 


structure (VII) were put forward at Oxford (one 
author dissenting) in October 1943 (Abraham, 
Baker, Chain, and. Robinson, PEN.103). The 
latter structure subsequently received strong sup¬ 
port from the X-ray investigations of Crowfoot and 
Low, and Bunn and Turner-Jones, fully described 
in Chapter XI. 


CH, 

I 

CH,—C-CH—COOH 

I I 

S Nil 

\ / 

CII 

I 

CH—CO 

\ 

o 

N==C^ 

I 

CsH, 

VI 


CHr-i 


CH, 

A— 


€H—COOH 


CH-N 

IV 


The substance formed when 2-pentenylpenicillin 
was inactivated with cold alkali had not been ob¬ 
tained in a crystalline state, but on the basis of 
some of its properties it was concluded that it 
contained the thiazolidine grouping (V) (Abraham, 
Baker, Chain,^^and Robinson, PEN.97), 



-CH—COOH 

I 

N— 




V 


Frwn the evidence then available the “thiazoli- 
dine-oxazolone” structure (VI) and the jS-lactam 


^ N 

\ / \ 

CH CO 

\ / 

CH 


I 

NHCOCsH, 

vn 


Further work bearing on these alternative struc¬ 
tures and on different formulas, suggested later 
by other workers, is described elsewhere in this 
monograph. 

It should be mentioned that the |3-lactam formula 
was advanced independently by Dr. Harold King 
in a private letter received early in 1944. 

2-Pentenylpenicillin. 

Elementary Composition (see also p. 23). 
2-Pentenylpenicillin as the free acid has the ele¬ 
mentary composition CmHjoOiNjS. The best fig- 
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ures supporting this formula were obtained from 
the analysis of a specimen of the pure crystalline 
sodium salt of 2-peiitenylpenicillin prepared in the 
laboratories of Imperial Chemical Industries Ltd. 
(Boon, Calam, and Carrington, CPS.81). The 
conclusion that 2-pentenylpenicilIin had the above 
composition was, however, drawn earlier by Abra¬ 
ham, Baker, Chain, and Robinson on the basis 
of analytical data for specimens of non-crystalline 
but highly purified preparations of the barium salt 
of penicillin, in conjunction with analytical data 
for penillic acid, the product obtained by ‘‘acid 
inactivation^^ of penicillin (Duffin and Smith, 
PEN.SI; Abraham, Baker, Chain, and Robinson, 
PEN.79). 

Optical Activity. 2-Pentenylpenicillin is 
strongly dextrorotatory (Abraham, Baker, Chain, 
and Robinson, Nature^ 151^ 107 (1943)), a fact which 
has been used in the purification studies for fol¬ 
lowing the degree of purification achieved (see p. 
23). The pure crystalline sodium salt of 2-pcn- 
tenylpenicillin has [a]o +305® (Boon, Calam, and 
Carrington, CPS.Sl). 

Ultkaviolet Absoiiption Spectrum. 2-Pen- 
tenylpenicillin has no characteristic absorption in 
the ultraviolet range (Holiday, PEN.89). 

Solubility. Free 2-pentenylpenicillin is soluble 
in ether or chloroform and in the common alcohols, 
ketones, and esters. It is sparingly soluble in 
hydrocarbons and in carbon tetrachloride (Abra¬ 
ham and Chain, Brit. J. Exp. Path., 28, 103 (1942)). 
The free acid is stable in organic solvents, even if 
these contain water, but is unstable in water alone 
except in the form of its salts in the pH range 
between 5 and 8. The alkali and alkaline earth 
salts of 2-pentenylpenicillin are extremely soluble 
in water. The non-crystalline sodium salt is 
hygroscopic when impure; but when crystalline and 
pure it does not take up moisture. Most of the 
heavy metal salts of 2-pentenylpenicillin are 
unstable, but the silver salt, which is fairly soluble 
in water, is stable in aqueous solution for at least 
twenty-four hours at room temperature if kept in 
the dark. No organic cation has been found w^hich 
forms water-insoluble salts with 2-pentenylpenicil- 
lin which are suitable for purification purposes or for 
resolution of synthetic racemates into their optical 
isomers. 

Stability. Between pH 5 and 8 sodium pen- * 
tenylpenicillin is stable in water at room tempera¬ 
ture for at least one week (see expt. part; also 
Carrington, I.C.I., CPS.2B) but aqueous solutions 
rapidly lose their antibacterial activity when kept 
at pH 2 or pH 10 at room temperature. The 
substance is biologically inactivated in neutral solu¬ 
tion by many heavy metal ions, such as those of 
magnesium, copper, lead, zinc, and cadmium. The 
inactivation of copper, zinc, and cadmium ions is 
more rapid than that by magnesium ions, which 
takes about twenty-four hours for completion. 


2-Pentenylpenicillin is also inactivated by am¬ 
monia, primary amines, and primary alcohols. 
Thus, when the sodium salt of the substance is 
dissolved in methyl alcohol all biological activity 
is lost after three hours incubation at 37® (Abraham 
and Chain, 1942). 2-Pen tenylpenicillin is rapidly 
inactivated by most oxidizing agents, such as 
hydrogen peroxide and permanganate; it is, how¬ 
ever, stable to iodine at neutral pH (Abraham and 
Chain, 1942; unpublished observations). 

Acid-Base Properties. Analysis of the puri¬ 
fied barium salt of 2-pentenylpenicillin (Abraham, 
Baker, Chain, and Robinson, PEN.79), measure¬ 
ments of the partition coefficient of this penicillin at 
different pIPs between water and an organic solvent 
(Imperial Chemical Industries Ltd., private com¬ 
munication), and electrometric titration (Oxford 
Avork, experimental part of this section p. 24; 
Neu})ergcr, CPS.266) have shown that 2-pcnteny)- 
penicillin is a monobasic acid with a pK of approxi¬ 
mately 2.9. Electrometric titrations indicate that 
no basic group, even of a very weak character, is 
present in the molecule. This is an important fact 
which has played a promincmt role in considerations 
regarding the chemical structure of penicillin. The 
fact that both nitrogen atoms are non-basic 
imposes strict limitations on the way in which 
these atoms can be incorporated in the molecule. 

Behaviour on Catalytic Hydrogenation. 
2-Pentenylpenicillin readily takes up one molecule 
of hydrogen in the presence of palladium or plati¬ 
num catalysts without loss of its antibacterial 
activity (Abraham and Chain, 1942; Catch, Cook, 
Hall, and Heilbron, PEN.98; Catch, Cook, Elvidge, 
Hall, and Heilbron, PEN.99). 

Changes in Acid-Base Properties and Solu¬ 
bility of 2-Pentenylpenicillin on Inactivation 
with Acid or Alkali. When 2-pentenylpenicillin 
is inactivated by acid or alkali its acid-base proper¬ 
ties undergo radical changes; in both cases one 
new acid group and one basic group are formed. 
The dissociation constant of the basic group of the 
acid-inactivation product differs from that of the 
basic group of the alkali-inactivation product, 
the former having a pK of 7.8, the latter a pK 
of 6.0 (Abraham and Chain, 1942; Neuberger, 
CPS.266). It was this difference in dissociation 
constants which first showed that the products of 
acid- and alkali-inactivation of penicillin were 
chemically different substances. In accordance 
with their ionic structure, the products of acid and 
alkaline inactivation are insoluble in non-polar 
organic solvents. 

Functional Derivatives. The only functional 
derivatives of 2-pentenylpenicillin which have been 
obtained are esters. The methyl ester can be 
prepared in the normal manner by the action of 
diazomethane on free penicillin in ethereal solution, 
or by the action of methyl iodide on the silver salt of 
the penicillin (Boon, Carrington, and Freeman, 
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CPS.28; Meyer, Hobby, and Chaffee, Science, 97, 
205 (1943)). 

2-Pentenylpenicillin is not affected by acylating 
agents such as ketene or acetic anhydride in pyridine 
(Abraham and Chain, 1942). 

Latent Labile C auboxyl Group. 2-Pentenyl- 
penicillin contains a latent carboxyl group which, 
after liberation by hydrol.ysis, is easily lost as car¬ 
bon dioxide. Thus, one molecule of carbon dioxide 
is formed when the penicillin is heated in acid 
aqueous solution for ten minutes at 80° (Abraham 
and Chain, 1942; Catch, Cook, and Ileilbron, 
PEN.83), and is also lilxiratcd when an aqueous 
solution of mercuric chloride is added to an aqueous 
solution of the '^alkali inactivated^^ penicillin or 
*'acid inactivated’^ penicillin which has been 
brought to pH 5 (Abraham, Raker, Chain, and 
Robinson, PEN.79; see also p. 31). The free 
carboxyl group in 2-p(uitenylp(ini(allin is not the 
source of this carbon dioxide because one molecule of 
carbon dioxide is evolved wlien mercurh; chloride 
is added to penicillin m(‘thyl ester (Boon, Carring¬ 
ton, and Freeman, CPSJS). The sit(‘ of the latent 
carboxyl which gives rise to th(‘ carbon dioxide has 
been established by the study of the product pro¬ 
duced by treatment of penicillin with methanol 
(Merck, M.l, 12). 

Isolation of the Two Main Degradation Products 
of 2-Pentenylpenicillin. Pen i ci llaxj in p:. Af t/er 
2-pentenylpenicillin has been heated for thirty 
minutes in N hydrochloric or sulphuric acid, one of 
the two nitrogens can be estimated liy the Van 
Slyke procedun^ for th(‘ determination of a-amino 
nitrogen, and the neutralized acid hydrolysate 
gives a strong blue-viol(‘t coloration with the nin- 
hydrin reagent. The amino acid responsible for 
the ninhydrin reaction and for the a-amino acid 
nitrogen can be isolated from the neutralized 
hydrolysate by precipitation with mercuric; chloride. 
After decomposition of the mercuric chloride com¬ 
plex with hydrogen sulphide, the amino acid, whicb 
has been termed penicillamine, is obtainc^d on 
careful evaporation in the form of a crystalline 
hydrochloride. Elementary analysis shows that 
this has the composition C 5 HiiC) 2 N 2 S*nCl; it is 
thus the sulphur containing moiety of the penicil¬ 
lin molecule. Penicillamine gives a strong purple 
coloration with alkaline sodium nitroprusside and 
a transient deep blue coloration with ferric chloride, 
indicating the presence of a free thiol group. All 
its nitrogen reacts as a-amino acid nitrogen in the 
Van Slyke procedure. The fact that it condenses 
readily with ketones has already been mentioned. 
Thus, if penicillamine hydrochloride is dissolved in 
warm acetone and the solution evaporated to dry¬ 
ness, a crystalline product C 8 Hi 602 NS-HCl is ob¬ 
tained which gives no color tests for free SH and 
sJoes not react like an a-amino acid with nitrous 
acid in the Van Slyke determination. On heating 
this substance with dilute acid for a short time ace¬ 


tone is evolved and penicillamine hydrochloride 
is regenerated. In the reaction with acetone the S 
and N atoms of penicillamine are therefore incor¬ 
porated in a thiazolidine ring. The condensation 

I I 

—C-CHCOOH —C- CRCOO] 1 

II II 

SH NHsIICl S NHHCl 

\ / 

CO c 

/ \ / \ 

CH3 CH3 CH3 CH3 

product can bo decomposed easily by mercuric 
chloride, as by acid hydrolysis; fission with mercuric 
chloride is a chara(;teristic reaction of thiazolidines. 

The thiazolidine formed from penicillamine and 
acetone is strongly dextrorotatory, having [ajj) 
-f 94°, whereas penicillamine itself has only a very 
small rotation whose value depends on the pH of the 
solution (see also Cornell Bioch., D.I 4 ). Since 
penicillamine closely resembled D-cysteine in its 
oi)ti(;al bediaviour, it was concluded that penicil¬ 
lamine has the ‘binnatural” D-configuration (Abra- 
liam. Baker, (^hain, Cornforth, (vornforth, and 
Robinson, PEN.100). This was proved conclu¬ 
sively by the conversion of the phenylcarbamyl 
derivative of penicillamine to n-valine phenylureide 
by desulphurization with Raney nickel (Merck, 

M. 1, 4). Further support for the D-configuration of 
natural peni(;illamine was obtained later by the 
Cornell group {D.14)- 

The electrometric titration curve of penicillamine 
shows that it possesses three ionizable centers, cor¬ 
responding to the carboxyl group (pK 1.8) the 
a-amino group (pK 7.9) and the thiol group 
(pK 10.4). 

On treating penicillamine with bromine water, 
the thiol group is oxidized to a sulphonic acid 
group and a crystalline compound called penicill- 
aminic add is obtained. When it was first isolated 
penicillaminic acid was analyzed only for C, H, and 

N. The fact that it appeared to have an unreason¬ 
ably high oxygen content which could not be ex¬ 
plained by the presence of water of crystallization, 
led to the suspicion that it also contained S in an 
SOsH group and was instrumental in the discovery 
that S was present in the penicillin molecule 
(Abraham, Baker, Chain, and Robinson, PEN.88). 
Analyses of penicillaminic acid agree with the 
formula C 5 HuGfiN 2 S. All its nitrogen may be 
estimated as a-amino nitrogen by the Van Slyke 
method, and it gives a strong blue coloration with 
the ninhydrin reagent. On treatment with nitrous 
acid it yields desamino-penicillaminic acid CftHio- 
OeNS. The results of electrometric titration show 
that penicillaminic acid contains two acid centers 
corresponding to the carboxyl and sulphonic acid 
groups, and one basic center corresponding to the 
a-amino group, Penicillaminic acid gives no acetic 
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acid when oxidized under the conditions of Kuhn- 
Roth determination of C-methyl. 

On the basis of the above data only two structures 
(VIII and IX) were possible for penicillamine. 

CHg—CHa—Cn—(dl *-COOH 

I i 

VIII SIl NII 2 


ciia—c- -cdi-cooii 

I i 

IX STl NH 2 

A decision between these two formulas could be 
made from the results of the Kuhn-Roth C-methyl 
determination on penicillamine itself, which gave 
0.2 molecules of acetic acid. This appeared to 
exclude structure VIII, sin<;e a terminal C-methyl 
group should have given rise to almost one molecule 
of acetic acid on oxidation with chromic acid. On 
the other hand, gem-dimethyl groups are known to 
give only a fraction of a molecule of acetic acid under 
the conditions of the Kuhii-Roth method owing 
to the formation of acetone (Kuhn and Roth, Bcr,^ 
66 ^ 1273 (1933)), and it was therefore concluded that 
the structure of penicillamine corresponded to 
formula IX (Cornforth, addendum to PEN,01). 

The correctness of structure IX for penicillamine 
was proved by synthesis (PEN. 100). DL-Penicil- 
lamine was obtained by a method developed for the 
synthesis of jS-methylcysteine by Carter, Stevens, 
and Ney (J. BioL Chem.^ ISOj 247 (1941)). This 
consisted in the addition of benzyl mercaptan to the 
azlactone prepared from acetone and hippuric 
acid, hydrolysis of the product, and removal of the 
benzyl group from the resulting DL-S-benzyl- 
penicillamine by sodium in liquid ammonia. The 
nii-S-benzyl-N-formyl derivative was resolved into 
its optical isomers by crystallization of the brucine 
salt and the hydrolysis and debenzylation of these 
enantiomorphs furnishes n- and L-penicillamine. 
The experimental details are given in Chapter XVI. 

2 -PENTENyLPEmLLOALDEHYDE. During the early 
studies in Oxford it was noticed that a crystalline 
yellow 2,4-dinitrophenylhydrazone was obtained on 
addition of 2,4-dinitrophenylhydrazine to acid 
hydrolysates of penicillin preparations from which 
the penicillamine had been precipitated with mer¬ 
curic chloride. Only impure penicillin preparations 
were available at that time, but it was con¬ 
cluded that the substance reacting with 2,4-dinitro¬ 
phenylhydrazine w^as a constituent of the penicillin 
molecule because it could also be obtained from acid 
hydrolysates of crystalline penillic acid. The yield 
of this substance however was very small (about 
10%). Later {PEN.97) the Oxford workers found 
that the same carbonyl compound could be ob¬ 
tained in better yield from solutions which resulted 
when penicillin was first inactivated by alkali, 


then brought to neutrality, mercuric chloride 
added, and the resulting precipitate removed. 
Before the addition of mercuric chloride no free 
carbonyl compound could be detected, but after 
removal of the precipitate (which was found to be 
the mercuric chloride complex of penicillamine) the 
supernatant solution acquired strong reducing prop¬ 
erties and gave an abundant precipitate wdth 
2,4-dinitrophenylhydrazine. The carbonyl com¬ 
pound could also be extracted from water by con¬ 
tinuous extraction wdth ether, chloroform, or 
benzene. Because of the strong reducing properties 
of its solutions towards mercuric chloride and 
ammoniacal silver nitrate, it was concluded that 
this compound was an aldeliyde, a conclusion which 
w^as in agreement with the fact that it yielded 
a cr^'stalline derivative with dimedonc. This 
aldehyde was termed penilloaldchyde and is now 
known as 2-pentcnylpcnilloaldehyde. Elemen¬ 
tary analysis of the 2,4-dinitrophenylhydrazone 
showed that this had the composition C 2 dIio 05 N, 
from which the composition of the aldehyde com¬ 
ponent was calculated as ChHuOzN. 

Penilloaldchyde was thus derived from the por¬ 
tion of the penicillin molecule that contained the 
second of the two nitrogen atoms shown to be pres¬ 
ent by elementary analysis. This aldehyde liber¬ 
ates ammonia on prolonged acid hydrolysis and 
is the source of the ammonia which is obtained 
on hydrolysis of penicillin with strong acid. Penil- 
loaldehyde is very unstable towards both acid and 
alkali, and polymerizes easily under their influence. 

The constitution of pcnilloaldehyde was eluci¬ 
dated in the following manner. Oxidation of the 
aldehyde with silver oxide gave an acid CsHnOaN. 
After hydrolysis wdth 10% aqueous hydrochloric 
acid or 10% aqueous sodium hydroxide for seven 
hours at 100°, a large proportion of the nitrogen of 
this acid appeared in the form of a-amino acid 
nitrogen, detectable according to the method of Van 
Slyke, whereas no a-amino nitrogen could be found 
before hydrolysis. It was thus concluded that a 
peptide linkage was present in the acid CgHiaOaN. 
Now it was known at Oxford (private communica¬ 
tion) that American workers had isolated phenyl- 
acetic acid both from preparations of their penicillin 
and from crystalline derivatives thereof. Further¬ 
more the empirical composition of the American 
penicillin was known; analysis of its crystalline 
sodium salt, first obtained by MacPhillamy, 
Wintersteiner, and Alicino at the Squibb Institute 
for Medical Research {S.l; S; Sa)y had shown that 
it had the composition CieHi804N2S. In view of 
the fact that phenylacetic acid, an easily recogniza¬ 
ble compound, had never been encountered in the 
penicillin preparations made at Oxford, and also 
that the crystalline penillic acid obtained from the 
Oxford penicillin was a Cu and not a Cic compound, 
it was concluded that the American workers were 
dealing with a penicillin differing in chemical 
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composition from the Oxford penicillin. The fol¬ 
lowing argument from analogy was developed in 
August to September 1943. It was known that the 
American workers had isolated from their material 
a substance identical with the penicillamine 
(/5-thiolvaline) which had been described previously 
by Oxford workers. Consequently, if the American 
penicillin were built up in an analogous way to the 
British substance—from penicillamine, a labile 
carboxyl group, and a penilloaldehyde—the dif¬ 
ference between the two penicillins could only be in 
the penilloaldehyde fragment, and the American 
penicillin would yield a penilloaldehyde with the 
composition C 10 H 11 O 2 N. Assuming that this penil¬ 
loaldehyde contained phenylacetic acid and a pep¬ 
tide linkage (a linkage which had been found in the 
acid CsHisOaN derived from the Oxford penil¬ 
loaldehyde) its constitution could only be that of 
phenylacetylaminoacetaldehyde, CcHiCHiCONH- 
CH 2 CHO. On this basis the British penilloaldehyde 
(CsHisO-iN) could only be hexeno^daminoacetalde- 
hyde CaHjCONIICIIaCHO, and conscciuently its 
oxidation product would be hexenoylglycinc, C5H9- 
CONHCH 2 COOII. These considerations were put 
forward in PEN JOS (Abraham, Baker, Chain, and 
Robinson) and were verbally communicated to 
colleagues at an earlier date. Their validity was 
established when the Oxford workers succeeded in 
isolating glycine, in the form of its j^-naphthalene- 
sulphonyl derivative, from the products of hydroly¬ 
sis of the acid ChHuOsN (Abraham, Baker, Chain, 
and Robinson, PENJ09). Simultaneously the 
group at Imperial College (Bentley, Catch, Cook, 
Heilbron, Hall, and Elvidge, PEN JOS) obtained 
evidence for the structun* of penilloaldehyde by 
showing that its 2,4-dinitrophenylhydrazone yielded 
the osazone of glyoxal on warming with an excess of 
2,4-dinitrophenylhydrazine. Glyoxal osazone was 
one of the first crystalline products to be obtained 


Evidence as to the nature of the fatty acid radical 
in the penilloaldehyde was also obtained by this 
group (Bentley, Catch, Cook, Elvidge, Hall, and 
Heilbron, addendum to PENJ06) who isolated 
w-caproic acid in the form of its p-bromophenacyJ 
ester from the steam distillate of the products of 
acid hydrolysis of dihydropenilloaldehyde (obtained 
from 2-pentenylpcnicillin which had been hydro¬ 
genated to n-amylpenicillin). This proved that 
the hexenoyl radical (C&HoCO) in penilloaldehyde 
contained a straight carbon chain and left only the 
position of the double bond to be settled for the 
elucidation of the complete structure of the mole¬ 
cule. The position of this double bond was 
established by the Oxford workers, who obtained 
propionaldehyde by oxidation with dilute potassium 
permanganate of the acid CgHisOaN and also of 
penillic acid. This located the double bond in the 
iS, 7 -position of the hexenoyl radical and proved that 
penilloaldehyde was hexenoylaminoacetaldehyde 
{PENJ09). Crystallographic X-ray analysis by 
Crowfoot and Low showed that the hexenoic acid 
radical has the trari8 configuration {PENJ11), 
The penilloaldehyde (now known as 2-pentenyl- 
penilloaldchyde) was sjmthesizcd by treating amino- 
diethy lacetal with /?, 7 -hexenoyl chloride and isolated 
in the form of its 2,4-dinitrophenylhydrazone 
(Abraham, Baker, Chain, and Robinson, PENJ11), 

American reports received later in England 
showed that the penilloaldehyde derived from the 
American penicillin was in fact phcnylacetylamino- 
acetaldehyde (Merck, M.7, 5; S, 2; Squibb, S,Sa, 
6 ). 

With the isolation of penicillamine, 2-pentenyl- 
penilloaldehyde and one molecule of carbon dioxide 
all the atoms in 2-pentenylpenicillin had been ac¬ 
counted for, and it was evident that the hydrolytic 
cleavage of the molecule could be expressed by the 
following equation: 


C14H20O4N2S + H2O = CHa—C -CH-COOH + C6H9CONH CPI2 CHO -f CO2 

I I 

SH Nil, 


from penicillin preparations and from penillic 
acid by the Oxford workers. Since it was also 
obtained by heating the early samples of crude 
penicillamine with 2,4-dinitrophenylhydrazinc it 
was thought at first to be derived from the penicill¬ 
amine moiety of the penicillin molecule, but later 
investigations showed that pure penicillamine did 
not yield glyoxal and that this substance derived 
in fact from the penilloaldehyde moiety. From the 
easy formation of glyoxal from penilloaldehyde the 
Imperial College workers deduced that this alde¬ 
hyde was an acylated aminoacetaldchyde (Bentley, 
Catch, Cook, Heilbron, Hall, and Elvidge, PEN. 
102; Abraham, Baker, Chain, and Robinson, 


Isomerization of 2-Pentenylpenicillm by Acids. 

2-Pentenylpenilhc Acid. In form of the free 
acid 2-pentenylpenicillin rapidly loses its biological 
activity. The loss of antibacterial activity is 
accompanied by changes in acid-base properties 
and solubility, the reaction product having one 
basic and two acid centers, and in conformity with 
its zwitterionic nature being insoluble in non-polar 
solvents. The product of acid inactivation of 
penicillin was isolated in the crystalline state by 
Duffin and Smith {NaiurCy 151 y 251 (1943)). These 
authors noticed that the optical activity of their 
penicillin preparations increased during acid in¬ 
activation at pH 2, reaching a maximum when the 
biological inactivation was complete. On extract- 
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ing the aqueous solution of the acid-inactivated 
penicillin with ether, they found that the optical 
activity remained in the aqueous phase. By 
extraction of the aqueous phase with butanol and 
concentration of the butanol extract they obtained 
a strongly dextrorotatory crystalline substance 
to which they gave the name penillic acid. Though 
the yield of penillic acid was small, it was found to 
increase with increasing purity of the penicillin 
preparations used, and DufFin and Smith concluded 
that it was probably derived from penicillin. The 
Oxford workers isolated independently a strongly 
dextrorotatory crystalline substance from aqueous 
penicillin solution which had been inactivated at 
pH 2, by extraction of impurities with ether and 
concentration of the aqueous phase (Abraham, 
Baker, Chain, and Robinson, PEN.79). 

Elementary analysis showed that the penillic 
acid of Duffin and Smith and the product isolated 
by Abraham, Baker, Chain, and Robinson both 
had the composition C 14 H 20 O 4 N 2 S. However, since 
the Oxford product differed crystallographically 
from penillic acid it was at first considered to be an 
isomeric substance and was given the name ^‘pen- 
icillinic acid.'* Subsequent investigation showed 
that it consisted in fact mainly of 2 -pentenylpcnillic 
acid mixed with a small amount of benzylpenilli (5 
acid, which influenced its crystallographic be¬ 
haviour (Crowfoot and Low, PEN.117^ and private 
communication). 

In spite of the low yield in which ^^penicillinic 
acid^' was first obtained, there was strong evidence 
indicating that it was genuinely derived from peni¬ 
cillin. Thus it was formed from a substance very 
unstable to dilute acid, it accounted for most of 
the optical activity of the aqueous phase of acid- 
inactivated penicillin solutions after these had 
been extracted with ether, and it yielded the amino- 
acid, penicillamine, and carbon dioxide on heating 
in aqueous acid solution. Since the specific rota¬ 
tions of penicillin preparations, and also the amount 
of a-amino nitrogen and of carbon dioxide liberated 
on heating them in acid solution, ran roughly parallel 
with the biological activity of the preparations, it 
was considered probable that the optical activity 
and the formation of a-amino nitrogen and of carbon 
dioxide were properties associated with the penicil¬ 
lin molecule and not with impurities. Later pre¬ 
parations of penicillin obtained at Oxford yielded 
only penillic acid and this was finally isolated in 
yield as high as 76% from the most active prepara¬ 
tions available (Abraham, Baker, Chain, and 
Robinson, PEN.87). 

The importance of penillic acid lay in the fact that 
from its elementary composition deductions could 
be made about the elementary composition, of peni¬ 
cillin itself. Thus, it was very probable that the 
number of carbon atoms in 2 -pentenylpenicillin 
was the same as that in penillic acid, since it was 
not possible to detect the formation of any product 


containing one or two carbon atoms during the acid 
inactivation of penicillin. On the basis of the 
analytical data for penillic acid and for the purest 
preparations of penicillin available, it was therefore 
possible to arrive at a correct empirical formula for 
2-pentenylpenicillin long before this substance had 
been obtained in a completely pure state (Abraham, 
Baker, Chain, and Robinson, PEN.94). 

2-Pcntenylpenillic acid is insoluble in non-polar 
organic solvents, and is best recrystallized from a 
1:3 water-acetone mixture. The electrometric 
titration curve shows that it possesses a basic 
center, pK 7.8, and an acid group of pK 2.4; and 
since the substance gives strongly acid solutions in 
water, it must possess a second acid group, with a 
pK lower than 2.4, which is too strong to be 
titrated under the conditions used. The presence 
of these ionizable groups in penillic acid explains its 
solubility properties. 2-Pentenylpenillic acid has a 
characteristic ultraviolet absorption spectrum (Hol¬ 
iday, PEN.89). In N hydrochloric acid the 
substance shows a maximum at 2,300 A (Eiom.^’'" 
200) and at pH 3.3 a maximum at 2,380 A (Eiom.^^® 
192). 

When 2-pentenylpenillic acid is boiled in aqueous 
acid solution there is a rapid evolution of one mole 
of carbon dioxide; on addition of mercuric chloride 
to the decarboxylatod product the mercuric chloride 
complex of penicillamine is precipitated and the 
supernatant solution contains 2-pentenylpenillo- 
aldehyde. 

2 -Pentenylpknillamine. Penillic acid can be 
decarboxylated in the cold by the addition of 
mercuric chloride to its aqueous solution. Under 
these conditions a heavy precipitate of a mercuric 
chloride complex is obtained from which one mole¬ 
cule of carbon dioxide is rapidly evolved (Abraham, 
Baker, Chain, and Robinson, PEN.79). On de¬ 
composition of the precipitated complex with 
hydrogen sulphide the hydrochloride of a base is 
obtained. Elementary analysis shows that this 
base, which was named penillamine^ has the com¬ 
position Ci3H2o02NS*HC1 (PEN.79; Duffin and 
Smith, PEN.86). This penillamine is now known 
as 2-pentenylpenillamine. 

2-Pentenylpenillamine is laevorotatory, having 
[a] 6461 ^® —88® (PEN.86). The fall in optical rota¬ 
tion of penillic acid on addition of mercuric chloride 
can be followed if the reaction is carried out in 
methanol (PEN.86). 

Structure of 2-Pbntenylpenillic Acid and 
2 -Pentenylpenillamine. The constitution of 
penillamine became clear from a study of its chemi¬ 
cal properties, its relation to penillic acid, its 
behaviour on electrometric titration, and its 
degradation products. Penillamine, like penicill¬ 
amine, contains a free SH group, which is responsi¬ 
ble for the strong color reactions it gives with sodium 

• PenUiainine was at first cidied *'peaioiUinamine** sinoe ijt was o]rigi> 
nally obtained from'^penicillinio aoid/* 
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nitroprusside and ferric chloride. Electrometric 
titration shows that it contains three ionizable 
centers—a basic group of pK 7.1 (which is not an 
a-amino group), an acid group of pK 2.1, and a 
thiol group of pK 10.4. Oxidation of penillamine 
with bromine results in the formation of penicill- 
aminic acid, and on heating it with 2,4-dinitro- 
phenylhydrazine a precipitate is obtained which 
consists of the corresponding osazone of glyoxal. 
As the arrangement of the atoms in the penilloalde- 
hyde moiety is fixed, there is only one way to 
accommodate these experimental facts in a consti¬ 
tutional formula, which is shown in structure X 
(Bentley, Catch, Cook, Elvidge, Hall, and Heilbron, 
PEN.106). Penillamine was thus recognized as an 

(CH,)8C-CH—COOH 

n 

/ \ 

CH CCsH, 



X 


iminazole derivative. The fact that its structure 
could be deduced without much difficulty from the 
data given was helpful in deciding the probable 
formula for penillic acid. To construct a formula 
for penillic acid on the basis of the penillamine 
formula is largely a matter of placing in its proper 
position the labile carboxyl group that gives rise 
to carbon dioxide when penillic acid is treated with 
mercuric chloride or is heated in aqueous solution. 
The most likely position of this labile carboxyl group 
was in the /^-position to a potential aldehyde group. 
On this assumption, and taking into account the 
fact that penillic acid contained no free thiol 
group, the most probable structure that could be 
formulated (present authors, PEN.103) was clearly 
XI: 

(CH3)2C-CHCOOH 

I I 

S N 

\ / \ 

CH CC5H9 

COjH-CH-N 

XI 

In advancing this structure, the first occasion on 
which the iminazole hypothesis was adumbrated, 
the authors had in mind the above arguments relat¬ 
ing to penillamine as well as other relevant con¬ 
siderations known at that time. This structure, 
representing an iminazoline derivative, accords with 
all the known properties of penillic acid. It con¬ 
tains one basic and two acidic centers, and the 
sulphur atom is bound in a thiazolidine ring. On 
treating penillic acid with mercuric chloride this 
thiazolidine ring is opened with the liberation of a 
free SH group, and loss of carbon dioxide occurs 


simultaneously. The driving force is the tendency 
to form the stable aromatic iminazole ring system of 
penillamine. 

The formulas for penillic acid and penillamine 
were later shown to be correct by synthesis (Chapter 
VI). It should be noted that the above argument 
can be reversed, the formula of penillic acid being 
deduced from that of penicilloic acid; the formula of 
penillamine is a necessary further deduction. 

2-Pentenylisopenillic Acid. When 2-pen- 
tenyl penillic acid is treated with barium hydroxide 
solution at room, temperature there is a change in 
the ultraviolet absorption (Holiday, PEN.89), 
the rotation drops and an isomeric product is formed 
which has been isolated in the crystalline state and 
was given the name isopenillic acid (Abraham, 
Baker, Chain, and Robinson, CPS.ll). (This is 
now known as 2-pentcnylisopenillic acid.) This 
substance gives positive color tests for a free thiol 
group, and electrometric titration reveals the 
presence of two acid groups, one basic group, and a 
thiol group. In view of these properties the 
constitution XII was suggested for isopenillic acid: 

(CIl3)2C-CHCOOH 

I I 

SH N 

/ \ 

CH CCsH, 

II II 

CO 2 HC-N 

XII 

This structure was later proved to be correct by 
synthesis (Merck, M.50, 3). 

Inactivation of 2-Pentenylpenicillin by Alkali, the 
Enzyme Penicillinase and Methanol. Inactiva¬ 
tion BY Alkau. When sodium penicillin is kept at 
pH 10 for fifteen minutes all its biological activity 
is lost. The material becomes insoluble in organic 
solvents and electrometric titration reveals the 
formation of a basic center of pK 5.0, and a new 
acid center (Abraham and Chain, 1942; Abraham, 
Baker, Chain, and Robinson, CPS.^9). Although 
the new dibasic acid formed by alkaline inactivation 
of penicillin was not isolated in a crystalline state, 
evidence was obtained of its probable structure 
(Abraham, Baker, Chain, and Robinson, PEN.97). 
The solution of alkali-inactivated penicillin gives no 
color tests for free SH, it does not react with 
nitrous acid under the conditions of the Van Slyke 
method for determining a-amino nitrogen, and 
it gives no precipitate with 2,4-dinitrophenyl- 
hydrazine. When the neutralized solution is 
treated with mercuric chloride, a heavy white 
precipitate is formed immediately which, on decom¬ 
position with hydrogen sulphide, yields n-penicill- 
amine. The supernatant solution then gives 
an abundant precipitate on addition of 2,4-di- 
nitrophenylhydrazine. Shortly after the formation 
of the precipitate with mercuric chloride, evolution 
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of carbon dioxide sets in, and finally about one 
molecule of carbon dioxide per penicillin molecule is 
produced. From these facts it was deduced 
{PEN.97) that in alkali-inactivated penicillin the 
amino and thiol groups of penicillamine were 
linked as a part of a thiazolidine ring system with 
the aldehyde group of penilloaldehyde, and that the 
labile carboxyl group was situated in the /3-position 
to this carboxyl group. The structural formula 
XIII considered to express these facts in the correct 
manner was the following: 


(CH5)2C- 

S 


-CHCOOH 


\ / 
CH 


NH 


CHCOOH 


NUCOR 


XIII 


H = CbHs” 


from 2 -pentenylpenicillin and alcohols was ob¬ 
tained at Imperial Chemical Industries (Boon, 
Calam, Carrington, and Freeman, where 

it was found thaC the product of methanol inactiva¬ 
tion yields, on treatment with mercuric chloride, 
an aldehyde whose 2,4-dinitrophenylhydrazone 
appeared to be identical with the 2,4-dinitro¬ 
phenylhydrazone of methyl forraylhexenoylamino- 

(N02)2C6H3*NHN=CHCHNIIC0CbH» 

I 

CO2CII3 

acetate. The fact that only a very small amount 
of carbon dioxide was evolved on addition of mer¬ 
curic chloride to the methanol inactivation product 
indicated that the methyl alcohol had reacted with 
the latent carboxyl in the penicillin molecule to 
form an ester. 

The structure of the methanol inactivation 
product of 2 -pentenylpenicillin is thus undoubtedly 
that of an a-methyl penicilloate (XIV). 


Thiazolidines derived from cysteine had been 
described in the literature (Ratner and Clarke* 
J. Amer. Ghent, Soc.^ 59^ 200 (1937); Woodward 
and Schroeder, ibid., 1690; Schubert, J. Biol, 
Chem,, 114f 341 (1936)) and were known to be split 
easily by mercuric chloride into the carbonyl 
component and the thio-amino acid. The above 
structure for the product formed from penicillin 
on inactivation with alkali explained all its chemical 
and physico-chemical properties, such as the 
presence of two acidic groups and one weak basic 
group (Neuberger, CPS,266), and also its decom¬ 
position, by the action of mercuric chloride, into 
penicillamine, penilloaldehyde, and carbon dioxide. 

The Merck group have given the name penicil- 
loic acid to the product of alkaline inactivation of 
penicillin; using benzylpenicillin they have proved 
conclusively by degradation and synthesis that its 
structure is that of the above thiazolidine (R == 
C 6 H 5 CH 2 ) {MJ, 6 ). 

Action of Penicillinase. When 2-pentenyI- 
penicillin is inactivated by the enzyme penicillinase 
one new acid group and a basic group are formed. 
The reaction product behaves like penicilloic acid, 
being split into penicillamine, penilloaldehyde 
and one molecule of carbon dioxide by mercuric 
chloride. It was thus concluded that the enzyme 
penicillinase converts penicillin into penicilloic 
acid (Abraham, Baker, Chain, Duthie, and Robin¬ 
son, CPS,21). 

Action of Methanol. When sodium 2 -pen- 
tenylpenicillin is kept in methanol for a f^w hours, 
all biological activity is lost (Abraham and Chain, 
1942). The mechanism of the inactivation of 
benzylpenicillin by primary alcohols was elucidated 
by the Merck group who proved that a-esters of 
penicilloic acid were formed (M.I, 12 ). Evidence 
pointing to the formation of analogous products 


(CH3)2C-CTICOOn 

I I 

S NH 

\ / 

CH 

I 

(Ticoocria 

I 

NIICOCsHy 

XIV 

In agreement with this structure the dissociation 
constants of the ionizable groups in the methanol 
inactivation product were found to have values 
almost identical with those of the dissociation 
constants of synthetic a-ethyl n-amylpenicilloate 
(Abraham, Baker, Chain, and Robinson, CPS.29). 

Structural Considerations Relating to 2-Pentcnyl- 
penicillin. The degradation work on 2-pentenyl¬ 
penicillin at Oxford had shown that this substance 
could be broken down into three parts, the amino 
acid penicillamine, 3-hexenoylaminoacetaldehyde, 
and carbon dioxide. It was deduced by analogy 
that the American penicillin could be degraded to 
penicillamine, phenylacctylaminoacetaldehyde, and 
carbon dioxide. From the empirical formulae for 
2-pentenylpenicillin (CiJl 2 o 04 N 2 S) and benzyl¬ 
penicillin (CicHib 04 N 2 S) it was clear that the con¬ 
struction of a constitutional formula for the peni¬ 
cillin molecule was a matter of linking together the 
three breakdown products, with the elimination 
of two molecules of water, in a manner expressing 
appropriately the chemical and physico-chemical 
properties of penicillin. A large number of formally 
pdssible structures for the penicillin molecule could 
be derived in this way, but many of these were: 
considered unlikely as not being in accord with the 
known properties of penicillin. Complete struc¬ 
tural formulas for the penicillin molecule were 
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first proposed in October 1943 by the Oxford work¬ 
ers {PEN.103), who were guided by the following 
considerations of the chemical properties of penicil¬ 
lin known at that time. (1) Penicillin was a 
monobasic acid, but the two products obtained 
from it by acid and alkaline inactivation were 
dibasic acids; consequently one carboxyl group was 
present in a bound form in the penicillin molecule 
and was easily set free by hydrolysis under mild 
conditions. Although not definitely proved at that 
time it was thought probable (owing to the strength 
of the acid group in penicillin, and to the rapid 
evolution of carbon dioxide at 80° from penicillin 
methyl ester in dilute acid) that the labile carboxyl 
group was present in a bound form in the molecule 
and that the free carboxyl group belonged to the 
penicillamine moiety. (2) The electrometric titra¬ 
tion did not reveal the presence of any basic group, 
even of the weakest nature, in the penicillin mole¬ 
cule. Consequently both nitrogen atoms in the 
penicillin molecule had to be present in entirely 
non-basic forms. (3) In aqueous solution at pH 2 
penicillin was converted in good yield into the iso¬ 
meric penillic acid; the penicillin molecule had 
therefore the property of undergoing intramolecular 
rearrangement into an imidazoline derivative in a 
weakly acid medium. 

The main lines of the structure followed from the 
known constitutions of penicillamine and pent- 
enylpenilloaldehyde. There was no doubt, even at 
an early stage, that pentenylpenicillin was an 
anhydride of the related pcnicilloic acid of the struc¬ 
ture XV, the position of the labile carboxyl being 
indicated as 0- to a potential aldehyde group. 

MesC-CHCO 2 H 

I I 

S NH 

\ / 

CH 

I 

CIICO 2 H 

I 

NHCOC5H9 

XV 

ITiough we had no clear evidence as to the identity 
of the free carboxyl in penicillin, such indications as 
existed led to the right guess and the matter was 
soon determined beyond question by the researches 
of the I.C.I. and Merck groups, who proved that 
the penicillamine carboxyl is free in penicillin. As¬ 
suming this we were led first to the thiazolidine- 
oxazolone structure or to the j^-lactam constitution. 
In addition, one of us considered a third possibility, 
also a diamide, which was never mentioned again by 
the present authors. It must be emphasized that 
the paper in which these suggestions were made w as 
ftn interim report submitted when the general 
make-up of the penicillin molecule was first 
recognized* 

For a long time no formula was considered wholly 


satisfactory. Modifications of the thiazolidine- 
oxazolone structure were advanced (Abraham, 
Baker, Chain, and Robinson, CPS.33), but at¬ 
tempts to find models to harmonize this structure 
in its original form with the properties of penicillin 
were fruitless. On the other hand, the penicillin- 
penillic acid rearrangement remained an impedi¬ 
ment to the acceptance of the /3-lactam constitution. 
In 1944, however, decisive proof of the /3-lactam 
constitution was alTorded by the X-ray crystallo¬ 
graphic analysis by Crow foot and Rogers, and Bunn 
and Turner-Jones. This necessitated that the 
modification which had been considered for the 
thiazolidine-oxazolone structure should be extended 
to its limit and the outcome w-as a formula for 
cryvStalline salts of penicillin wdiich differed from the 
/3-lactam by the position of a proton (Robinson, 
CPS. 439 ). This subject is discussed further in 
Chapter XV. 

On the other hand, three of the group at Oxford 
advocated the simple /3-lactam structure, argu¬ 
ments in favour of wdiich had already been advanced 
at Oxford {PEN.103), by the Merck chemists 
(Chapters IV, IX) and by Woodward (Harvard, 
Wo.l). These vie\vs wrere recapitulated by three 
of us (Abraham, Baker, and Chain, CP8.554) and 
the following is the gist of the argument developed. 
The other of us (R. Robinson) is in agreement 
except as fully explained in Chapter XV. At 
the time when the tw^o main structures were sug¬ 
gested only a small number of thiazolidines w^ere 
knowm—a fenv derived from ej'^steine that had been 
described in the literature and a few’ derived from 
penicillamine that had been encountered during the 
degradation studies of penicillin, so that there was 
little direct evidence about the effect of substituents 
on the basic strength of the nitrogen in thiazolidine 
rings. But it was not easy to believe that any 
interspatial® influence which could occur in the 
thiazolidine-oxazolone structure w^ould be sufiScient 
to account for the non-basicity of penicillin. The 
pK of the imino group in the thiazolidine ring in the 
product of alkali inactivation of penicillin was 
known to be about 5. A shift of at least 3-4 units 
in the pK of this imino group would therefore have 
been necessary to weaken its basicity sufficiently 
for it to escape detection in the electrometric titra¬ 
tion of penicillin. There were several other 
properties of the penicillin molecule which appeared 
to be incompatible with the presence of a tliiazolid- 
ine ring possessing a non-acylatcd imino group. 
Thus, all thiazolidines with the imino group free 
reacted instantaneously with mercuric chloride, 
whereas penicillin w as much more stable towards 
this reagent. All thiazolidines with non-acylated 
imino groups could be acylated readily by treatment 
with acid chlorides in pyridine; penicillin however 
could not be acylated either under these conditions 

* The influence was never regarded as interspatial but always as a 
definite bond of unknown value. Following the X-iay d^nouemefit the 
bond was recognised as a full oo-valent bond in the oryatalline salts. R. R. 



22 


EARLIER INVESTIGATIONS ON 2-PENTENYLPENICILLIN 


or with ketene. According to the literature and to 
personal experience all thiazolidines with non- 
acylated imino groups reacted easily with iodine at 
neutral pH, whereas 2-pentenylpenicillin was found 
to be quite stable towards iodine. On the other 
hand, it was known that N-acylated thiazolidines 
behaved in these respects like penicillin; they 
possessed no basic group and did not react easily 
with mercuric chloride and iodine. Thus the 
chemical properties of penicillin, apart possibly 
from its rearrangement to penillic acid, are in 
agreement with the /3-lactam structure (which 
represents an N-acylated thiazolidine), but are not 
easy to reconcile with the ^Hhiazolidine-oxazolone^^ 
stmcture (containing a non-acylated thiazolidine 
ring), even if the possible effect of substituents on 
the basic strength of the imino group was taken into 
consideration, 

A third formula for penicillin, involving a tricyclic 
structure (XVI) was proposed by the Imperial Col- 
lege group (Bentley, Catch, Cook, Elvidge, Hall, 
and fleilbron, PEN.106), Though this structure 
offered a ready explanation for the formation of 
penillic acid from penicillin in dilute acid, since 
it contained the penillic acid skeleton preformed, it 
was not acceptable to the Oxford workers on general 
chemical grounds and because it did not offer a 
convincing explanation of the non-basic character of 
nitrogen atoms in the penicillin molecule. 


CH 

CH 


\ 

C 

/I 
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-CH-CO 


N 0 

\ / \ / 

C C—R 


HOOC—CH-NH 


XVI 


Other structures such as those proposed by the 
Lilly group iL.4) and by Stodola (NRRL, C.ll), as 
well as other experimental work on the various peni¬ 
cillin transformations and degradations, are matters 
falling outside the period dealt with in this chapter. 
It may be mentioned, how'ever, that the first S 3 m- 
thetical researches were initiated in September 
1943 and the preparation of ethoxymethylene- 
phenyloxazolone was announced simultaneously by 
chemists of May and Baker Ltd. and by the Oxford 
workers, at a colloquium held at Imperial College. 
The first reports of the similar independent Ameri¬ 
can work did not reach England, unfortunately, 
before mid-1944. 


EXPERIMENTAL' 

Material Used for the Degradatioa Studies. Most of the 
2-pentenylpenicillin used for the degradation studies at 
Oxford was prepared and purified in the Sir William Dunn 

^ Aa the work deacribed herein (SeoUon A) in a oonneoted fashion is 
that of the present authors, the references to their interim CP8 reports 
are in general omitted. 


School of Pathology by the methods described on p. 34. 
In addition to this material, small samples of partially 
purified penicillin were gratefully received from Imperial 
Chemical Industries Ltd., Glaxo Ltd., and Kemball, Bishop 
and Co., Ltd. The degradation studies were begun when 
material was obtained of about 60% purity and most of 
the investigations were carried out with specimens of 
penicillin having a degree of purity between 30 and 60%. 
Only a few hundred milligrams of nearly pure material 
(about 90% penicillin) became available during the course 
of the work. The decision to start the degradation studies 
with impure material naturally involved the risk that mis¬ 
leading information >vould be obtained through the isolation 
of products derived not from penicillin but from impurities. 
This risk was, however, considered relatively small in view 
of a number of observations which indicated the right course 
to be pursued. An important lead was obtained through the 
study of the chemical and physico-chemical changes occur¬ 
ring during the biological inactivation of preparations of 
penicillin by dilute acid. Very early in the degradation 
studies it was noticed that during this characteristic reaction 
the penicillin preparations underwent changes which re¬ 
sulted in a part of the material becoming non-ex tractable by 
ether or chloroform from the resulting aqueous acid solu¬ 
tions. Thus, after acid inactivation, the penicillin prepa¬ 
rations could be easily separated into two fractions with 
different solubilities. Despite the fact that in the case of 
the cruder preparations the weight of the ether-soluble 
fraction was equal to or even greater than that of the water- 
soluble fraction, it was decided to concentrate attention on 
the latter. This decision was taken because the water- 
soluble material had three properties which, in the view of 
the Oxford workers, indicated that it was derived from the 
penicillin molecule. These were its optical activity, the 
appearance of amino-nitrogen after acid hydrolysis, and 
the evolution of CO 2 after heating to 80° for a few minutes. 
During the purification studies these three factors were 
found to go roughly in parallel with the biological activity 
of the penicillin preparations, and successful use was made 
of the optical activity for predicting the assay values of 
fractions prior to biological test. The material remaining in 
the aqueous phase, after inactivation of penicillin by acid and 
extraction of the acid solution with ether, was responsible for 
practically all the optical activity of the product, and gave 
rise to over two-thirds of the total amount of amino-acid 
nitrogen and carbon dioxide produced on acid hydrolysis of 
the original penicillin preparation. The decision to work on 
the products obtained from the water-soluble fraction en¬ 
abled the Oxford workers to isolate all three components of 
the penicillin molecule and to elucidate their structure using 
mainly impure material. The very small amounts of highly 
purified penicillin preparations which were available were 
used exclusively for the purpose of checking the results of the 
degradation work carried out with cruder preparations, 
and for obtaining the best possible analytical figures for the 
elementary composition of 2-pentenylpenicillin. The identi¬ 
fication of breakdown products from different preparations 
was in many instances done by crystallographic X-ray 
methods, and a few crystals of the products frequently 
sufficed for this purpose. The crystallograpliic investi- 
gations were carried out by D. Crowfoot and B. Low, who 
were in close collaboration with the chemical workers at 
Oxford, and whose work greatly facilitated the degradation 
studies. 

Degree of Purity of Penicillin Preparations Obtained at 
Oxford. The purest preparations of barium penicillin ob¬ 
tained at Oxford (September 1943, PEN.BJO assayed at 
about 820-1,000 units per mg. in terms of the standard used 
there at that time. These preparations were not crystalline, 
but on converting them into the sodium salts by addition 
of the calculated amounts of sodium sulphate, these crystal¬ 
lized spontaneously in colorless needles. The first X-ray 
crystallographic measurements of 2-pentenylpenicilHn were 
obtained by Crowfoot and Low on these crystals {PENM). 
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At that time several groups of workers reported tliat their 
purest preparations of penicillin werehiologically much more 
active than the best Oxford material. No international 
standard of penicillin activity had then been fixed, and it 
is now difficult to correlate accurately the various figures for 
penicillin activity obtained in different laboratories with the 
purity of the preparations. There are certain chemical 
facts, however, which show beyond doubt that the best 
preparations of penicillin obtained at Oxford were of a high 
degree of purity. Thus the values for the nitrogen and sul¬ 
phur content and for the optical activity of the preparations, 
toward which there was evidence that impurities made 
relatively little contribution, indicated that they were 
about 90% pure. Furthermore, after inactivation of the 
material at pTI 2 and extraction of impurities by ether, 
crystalline penillic acid was obtained in a yield of 75%. The 
fact that lower assay values were obtained at Oxford than 
elsewhere was, therefore, due to diffenmc.es in the reference 
standards used at that time in different laboratories, and 
docs not refie(;t on the purity of the preparations. Tt is 
probable that the unit used at Oxford was about 30% higher 
than the present international unit. 

These considerations apply not only to the purest material 
prepared at Oxford but also to cruder samples obtained 
earlier during the purification work. Thus the preparations 
of barium penicillin described by Abraham and Chain (1942) 
as having an activity of 500 units per mg. were, according to 
their nitrogen content and optical rotation, about 50% pure. 
This would correspond to an activity of about 680 units in 
terms of the present international standard. 

Elementary Composition of 2-Pentenylpenicillin. The 
purest preparation of the barium salt of 2-pentenylpenicillin 
obtained at Oxford (about 90% pure, [ctId** 4*228®) had the 
following composition: C, 43.2; H, 5.3; N, 6.53; 8, 7.6; Ba, 
18.1. On the basis of these figures and taking into account 
the analytical figures for penillic acid and the probability 
that the presence of impurities in the penicillin preparation 
would result in low N and S values, the most likely empirical 
formula for 2-pentenylpenicillin appeared to be (CuHnr 
OaNj8)jBa (Calc: C, 44.3; H, 5.0; N, 7.38; S, 8.43; Ba, 18.1). 

A formula containing two additional hydrogen atoms 
((Ci 4 H 2 i 02 N 2 S)*Ba) could certainly not be excluded by the 
analytical figures (Calc.: C, 44,1; H, 55, N, 7.3; S, 8.4; 
Ba, 18.0), but this was considered improbable in view of the 
analytical figures for crystalline penillic acid (see page 24) 
which showed beyond doubt that this had the composition 
CuHjoOjNjS. A Ci 5 formula for penicillin, (CUH 21 O 4 - 
NjS) 2 Ba or (Ci 6 HM 04 N 2 S} 2 Ba, was considered unlikely 
because of the low barium content this would require (Calc.: 
17.4 or 17.3% for the C 16 compounds) and because penillic 
acid contained fourteen C atoms, and no compound with 
one C atom (e.g. formic acid, formaldehyde, or carbon 
dioxide) was liberated during the formation of penillic acid 
on acid-inactivation of penicillin. 

Nature of the Nitrogen Atoms in the Penicillin Molecide« 
Elementary analyses of all samples of the barium salt'of 
2-pentenylpenicillin prepared at Oxford which possessed an 
activity of over 500 units per mg. showed the presence of 
more than one nitrogen atom per equivalent of barium. 
The results of electrometric titrations and the chemical 
behaviour of all these samples showed the absence of any 
basic group in the active material; but after hydrolysis with 
dilute acid at 100®, over 50% of the total nitrogen could be 
estimated in the form of a-amino acid nitrogen by the Van 
Slyke procedure. (The following is a representative experi¬ 
ment: 10.5 mg. of a preparation of barium penicillin (total 
nitrogen content 3.8 (Dumas)), was heated in 1 ml. N 
hydrochloric acid in a sealed tube for one hour in a boiling 
water-bath, neutralized, and transferred to the Van Slyke 
apparatus. The determination of a-amino nitrogen showed 
that 2.25% of nitrogen (56.6% of the total nitrogen) was 
present in this form. Before hydrolysis with acid the prep¬ 
arations did not contain significant amounts of amino nitro¬ 


gen, nor was amino nitrogen formed in significant amounts 
on inactivation at pH 2 or pH 10. 

Another portion of the nitrogen in the penicillin molecule 
appeared in the form of ammonia after hydrolysis with acid 
or alkali at 100®. This is shown by the following experi¬ 
ment: Samples of approximately 2 mg. of barium penicillin 
(specimen containing N, 5.55%) were hydrolyzed in sealed 
tubes in 0.12 cc. of 0.5 N hydrochloric acid or 0.1 N sodium 
hydroxide for varying periods of time. The tubes containing 
alkali were cooled to 0® before opening and acidificjd im¬ 
mediately afterwards. The contents of the tubes were 
then transferred to the outer compartments of Conway 
dishes (Conway, Biochem. 29, 2755 (1935)). After 
making alkaline with a few drops of 30% sodium liydroxide, 
the ammonia was allowed to distil for two hours at 37® into 
a measunid amount of 0.05 N hydrochloric acid and the 
excess acid titrated with 0.01 N baryta. After two hoiirs^ 
hydrolysis with a(*id or alkali, approximately 20%; of the 
total nitrogen was found in the form of ammonia; after 
five hours this increased to 30% and after fifteen hours to 
40-50%,. 

Parallelism Between Biological Activity of Penicillin 
Preparations and the Amount of a-Amino N Produced on 
Acid Hydrolysis. The appt^arance of a-amino acid nitrogen 
after hydrolysis of penicillin preparations with acid at 100® 
was noticed very early during the degradation studios. The 
acid hydrolysates gave a strong blue coloration with the 
ninhydrin reagent, indicating the presence of an a-amino 
acid. This o-amino acid was the first crystalline breakdown 
product isolated from penicillin preparations and wa.s given 
the name penicillamine. At that time the penicillin prep¬ 
arations used for the degradation studies at Oxford were 
far from pure and it was important to obtain some evidence 
that penicillamine really represented a breakdown product of 
penicillin and not that of an impurity. An indication that 
penicillamino was derived from penicillin was obtained by 
estimations, from the intensity of the ninhydrin color, of the 
amount of amino nitrogen formed on hydrolysis of penicillin 
preparations of different activities with hot acid. 

Colorimetric Determination of Amino Nitrogen. Samples 
of 0.1 ml. of the unknown solution were heated with 0.3 ml. 
of N HCl and 0.3 ml. of water for fifteen minutes in a boiling 
water bath. After cooling, the solutions were extracted 
with an equal volume of ether and the ether extract dis¬ 
carded. The aqueous layer was transferred to a 6 cc. boiling 
tube. After addition of two drops of Neutral Red the 
solutions were neutralized with N NaOH. 1 ml. of JV/16 
phosphate buffer (pH 7) and 0.5 ml. of a 1% ninhydrin 
solution were added and the solution was heated for thirty 
minutes at 100®. After cooling to room temperature the 
blue color was extracted into 2 cc. of alcohol and the emulsion 
was centrifuged till clear. The extinction coefficients of the 
blue alcoholic extracts wore then measured in a “Spekker^^ 
photometer using a red filter. The results were expressed in 
terms of glycine a-amino nitrogen*’ by means of a calibra¬ 
tion curve relating the intensity of the ninhydrin color with 
concentration in the case of glycine. The values in the 
ordinate of Figure 1 are therefore not an accurate measure 
of the absolute amino-nitrogen content of the samples tested. 
The results of these colorimetric a-amino nitrogen de¬ 
terminations showed that there was a direct correlation 
between the biological activity of the penipillin prepara¬ 
tions and the amount of a-amino nitrogen found in the 
aqueous phase after they had been hydrolyzed by acid and 
extracted with ether. They were therefore in good agree¬ 
ment with the view that penicillamine was a product of 
hydrolysis of the penicillin molecule. 

Latent Labile Carboxyl Group in 2-Pentenylpenicillm* 
When 2-pentenylpenicillin was heated to 80° in acid solution, 
carbon dioxide was rapidly evolved. With preparations 
which were 50% pure, 1 mol, of carbon dioxide per barium 
atom was liberated under these conditions. As purer 
penicillin became available the amount of carbon dioxide 
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liberated on acid hydrolysis was found to increase until 
it reached finally nearly 2 mols. per barium atom. 

The carbon dioxide determinations were carried out as 
follows: samples of about 20 mg. of barium penicillin were 
placed in a short boiling tube which was connected through 
a reflux condenser to two small bubblers, each containing 



Figure 1. nehilioiiJ'luj/ hctwc'en iirlivity of preparation and 
amino-nitrogen formed on Iiydroly.'sLs, 


1.5 ml. of 0.1 N baryta solutions (Fig. 2); 2 ml. of carbon 
dioxidc-frce 2 .V hydrochloric acid were added to the penicil¬ 
lin and a current of nitrogen washed v^ith < niistic soda ^^a 3 
passed through the solution. The acid solution coc.tnining 
penicillin was then reflu.vcd for about Ibirty minutes. 
Barium carbonate was gradually precipitated in the bubblers 
and the excess of baryta x^as back titrated with 0.1 N 
hydrochloric acid, using phenolphthalcin as an irnlicator. 
The following figures were obtained in a representative 
experiment: 20.8 nig. of a spoeimen of barium p(*nicillin 
containing 5.6% N (about 78% pure) and 17.4% Ra were 
heated in 2 ml. N hydrocldoric acid. Rariiim enibonate 
started to precipitate in the bubblers soon after heating was 
begun. After thirty minutes back titration of the baryta 
showed that the carbonate formed corresponded to 0.933 ml. 
0.1 N hydroebloric acid, i.o., 1.82 mols. of carbon dioxide 
had been evolved per barium atom. 

Decarboxylation of penicillin occurs at room* temperature 
when it is inactivated with alkali and then treated with 
mercuric chloride solution. A purified preparation of barium 
penicillin (N, 6.5) developed 1.6 moles of carbon dioxide 
per barium atom under these conditions. 

Carbon dioxide iKS also produced when barium penicillin is 
heated in alkaline solution, but the amount formed is less 
than on acid hydrolysis. When 21.6 mg. of barium penicillin 
(Ba, 18.1; N, 6.53) w'ere refluxed for forty-five minutes in 
saturated baryta a precipitate of barium carbonate was 
formed from which 0.77 mol. of carbon dioxide per barium 
atom w as evolved on acidification. This determination was 
carried out in the apparatus described above. At the end of 
the hydrolysis the solution wa.s allow ed to cool t(» room tem¬ 
perature, 1 ml. of 20 % carbon dioxide-free hydrochloric 
acid was added rapidly through the condenser, and the 
carbon dioxide liberated w as carried into the baryta by a 
stream of nitrogen. The baryta was then back titrated 
with 0.1 N hydrochloric acid in llie usual manner. 

Acid-Base Properties of 2-Peiitenylpeniciilm. Methoo. 
Electrt)metric titrations of 2-pentenylpenicillin (and its 
degradation products) were carried out with a hydrogen 
electrode. Solutions were titrated in a small vessel with 
openings carrying a hydrogen electrode, a 1 ml. burette, a 
hydrogen exit, and a tube containing agar-gel saturated with 
potassium chJoritle which served as a bridge between the 
solution and a saturated calomel electrode. The cell w'as 
placed in a thermostat and during titrations on the alkaline 


side of neutrality the solutions were protected by soda-lime 
tubes. About 6 mg. of substance in an initial volume of 
1 ml. water was used for most series of measurements and the 
titrations were carried out with 0.1 Af acid or alkali. 

The apparatus was standardized by measuring the E.M.F. 
when the vessel carrying the hydrogen electrode contained 



0.1 N hydrochloric acid, the pH of this solution being taken 
as 1.090 (Scatchard, J. Arnvr, Chrm. Snc., ^7, 641 (1925)). 
^'he ‘‘blank’* corrections, which it was necessary to make? in 
calculating the amount of hydrogen ion or liydroxyl i(»n 
bound at a givcju pH by the substance titrated, were de¬ 
termined experiiiu'n tally. 

Titrations were not carried much below pH 2 or above 
pH II, since, under the conditions used, errors duo to the 
difficulty of making accurate blank corrections rapidly 
became large outside this range. Curves were plotted 
showing the variation with pH of hydrogen or liydroxyl ion 
“bound” by the substance titrated. The pK values given 
for ionizable groups correspond to the pH’s at the mid-points 
of the titration curves of these groups. 

Titration ok 2-Pkntenvli»eni(Tllin. The titration 
cun^e of a barium salt of 2-pcntenylpeuicillin (about 90% 
pure) at 0® is shown in Figure 3. The salt (pH 7.18) was 
first titrated with hydrochloric acid to pH 1.83 and the 
resulting acid solution then b,ack-titrated with NaOH to 
pH 11.17. Tlie facts that the curve was reversible in the 
acid range and that after the acid treatment there was no 
buffering in the range of pH 8 (due to the basic group of 
pcnillic acid) showed that the penicillin had not been changed 
to any significant extent during the titration ( Abraham and 
Chain, Brit. J. Exp. Path.^ 23^ 103 (1942)). The curve was 
in agreement with the conclusion that penicillin contained 
one acidic group of pK 2.9. No group other than this was 
detectable w ithin the pH range covered. 

2-Pentenylpenillic Acid. Preparation. Penicillin bar¬ 
ium salt (80-90% pure) was dissolved in water (10 mg. per 
ml.) and the barium removed as barium sulphate by the 
addition of the calculated amount of sulphuric acid. The 
supernatant solution (approx. pH 2 ) was kept at 37® for 
three hours after which it was biologically inactive. It 
was then extracted three times with one third of its volume 
of ether and the ether extracts discarded. Evaporation of 
the resulting aqueous solution in vacuo left a completely 
crystalline residue ( 75 % yield) which was recrystallized by 
dissolving in 70%. acetone at 60-60®, cooling, and concentrat¬ 
ing the solution by removing some of the acetone in vacuo. 
The 2-pentenylpenillic acid thus obtained formed glistening 
w hite plates, m.p. 165® (dec.). Elementary analysis showed 
that the penillic acid had the composition C 14 H 2 QO 4 NSS. 

Found: C, 53.97; H, 6.41; N, 8.63; S, 10.0 
Calc.: C, 63.8; H, 6.4; N, 9.0; 8,10.2 

2-Penteny!penillic acid in water has 4-530® 

(c •• 0.05%). In 0.6 N hydrochloric acid la]t>*® is 4465®. 
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After heating for one hour in 0.6 N hydrochloric acid the 
optical activity is completely lost. 

2-Pentenylpenillic acid has the solubility properties of a 
switterion; it is insoluble in non-polar organic solvents but 
soluble in water, aqueous alcohol, and aqueous acetone. 
The results of the electrometric titration of the penillic acid 


Formation op a Glyoxait-Obazonb on Heating 2-Pbn«- 
TENYLPENILUC ACXD WITH 2,4-DiNITROPHENYLHY1>RAZ1NB. 
On heating 2-pentenylpenillic acid with 2,4-dmitropheriyl- 
hydrazine in 2 hydrochloric acid in a boiling water«bath, a 
red crystalline precipitate was formed. This was recrystal- 
lized by dissolving it in pyridine and adding alcohol. It w as 



Equivalents found per Ba/2 

Figure 3. Titration of 2-pentcnylpcnicillin (0°). 


are in conformity with its solubility properties and are given 
in Figure 4. The titration was carried out by adding aque¬ 
ous sodium hydroxide to 2-pentenyIponiIlie acid (3.8 mg.) 
in water (I ml.) at 25®. The initial pH of the solution was 
2.34. The curve showed the presence of groups with pK 
values of 2.4 and 7.8. The solubility properties of penillic 
acid loft little doubt that the former group was acidic and the 
latter basic; hence to account for the strongly acid character 
of the substance it was necessary to assume the presence of a 
further a<;idic group with a pK of probably less than 2. The 
presence of these three groups was in agreement with the 
structure put forward for 2-pcntenyIpenillic acid (p. 19); 
the absence of a thiol group in the molecule was confirmed 
by the iailuro to find any group with pK higher than 7.6. 

The basic group in the imidazoline ring of 2-pcntenyl- 
pcnillie af*id is the group which is liberated during the 
titration of 2-pen teny I penicillin with acid at 25° (Abraham 
and Chain, 1942). 2-PcntenyIpenillic acid gives no colora¬ 
tion with ferric chlorhle. On boiling with ninhydrin a pur¬ 
ple color develops. The substance does not react with 
nitrous acid under the conditions of the Van Slyke determina¬ 
tion of «-iunino nitrogen, but after hydrolysis with 2 N 
acid for thirty minutes 50% of the total nitrogen is found to 
be present in th<5 form of o-amino-nitrogen. 

Decarboxylation, 2-PentcnylpcniUic arid is decar- 
boxyhited on heating in acid solution to 100® for 10 minutes, 
or by the addition of mercuric chloride soUitio?i to its 
aqueous soiiitii>n at room temperature. One molecule of 
carbon dioxide is liberated under these conditions. 



Groups bound per mole 

Figure 4. Titration of 2-pentcnylpenillic acid (25°). 


obtained as reddish-brown crystals (m.p. 318°, dec.), 
which gave a de^ep blue color with sodium hydroxide in 
alcohol. It was identified as glyoxal 2,4-dinitrophenyl- 
osazone by a mixed m.p. determination and by comparison 
of X-ray photographs of its crystals with those of an 
authentic specimen of this substance. 

Penicillamine. Preparation. 1. From Penillic Acid, 
Penillic acid was dissolved in hot 0.2 N sulphuric acid 
(100 mg. in 5 ml.) and the solution heated in a boiling water- 
bath for one hour. Carbon dioxide was evolved during the 
first ten minutes. After cooling, the solution was brought 
to pH 6'7 with finely powdered solid barium hydroxide 
and the barium sulphate removed by centrifuging and 
w'ashed with water. The solution gave a strong blue colora¬ 
tion with ninhydrin, but no coloration with ferric chloride 
or alkaline sodium riitroprusside. Saturated raorcuric chlo¬ 
ride solution was added to the supernatant solution until 
further addition i>roducod only a very faint. precipitate. 
After standing for thirty minutes the heavy white mercuric 
chloride complex was collected and washed well with water. 
It wns then suspended in water and decomposed by hydrogen 
sulphide. After removal of the mercuric sulphide the seda¬ 
tion, which gave a strong blue coloration with ferric chloride 
and a purple coloration with alkaline nilroprussidc, was 
evaporaletl to dryness in vacuo. The crystalline residue was 
penicillamine hydrochloride (yield approx. 50 mg.). 

2. From Alkali Inartivaled Prntcillin, The barium salt of 
2-pentcnylpcnicillin was inactivated by keeping in 0.2 N 
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baryta (30 mg. per ml.) at 37“ for one hour. The solution 
was then brought to pH 2 with sulphuric? acid and after 
removal of the barium sulphate was extracted three times 
with one third of its volume of ether. About one half of 
the total material went into the ether solution. The pU of 
the aqueous phase was adjusted to 6 and saturated nuu’curic 



Figure 5. Titration of penicillamine hydrochloride (25“). 


chloride solution was then added until no further precipitate 
was formed. Carbon dioxide was evolved after the addition 
of the mercuric chloride solution. The heavy white, 
mercuric chloride complex was washed with water, sus¬ 
pended in a small amount of water, and decomposed by 
hydrogen sulphide. The solution from the mercuric 
sulphide was evaporated to dryness in vacuo and left a 
homogeneous mass of needles which were identified crystal- 
lographically with penicillamine hydrochloride ^ (yield 
approx. 20 mg. from 100 mg. barium penicillin of activity 
about 1,000 U./mg.). 

Purification of Penicillamine through the Iso- 
PROPYLiDBNB DERIVATIVE. The preparations of penicil¬ 
lamine hydrochloride obtained in the above manner did not 
give very satisfactory analyses and it was found difficult to 
recrystallize them owing to their great solubility. During 
attempts to recrystallize penicillamine hydrochloride from 
acetone it was found that it condensed with this solvent, 
forming an isopropylidene derivative which readily crystal¬ 
lized from a hot acetone solution on cooling. 

Crude penicillamine hydrochloride (100 mg.) was dis¬ 
solved in hot acetone (10 c.c.) and any residue removed by 
centrifuging. The acetone solution was concentrated to 
1 ml. by boiling, one drop of concentrated hydrochloric acid 
was added and the solution allowed to cool. The hydro¬ 
chloride of the isopropylidene derivative of penicillamine 
(50 mg.) crystallized in colorless prisms, m.p. 198°, which 
were analyzed after air drying. 

Calc. CaHuOaNS, HO, HR 2 O 1 C, 41.2; H, 7.2; N, 6.0; 8,18.6 
Found: C, 39,8; H, 7.4; N, 6.7; 8,12.8 


This substance was strongly dextrorotatory, having 
Wi> +94° in aqueous solution (r =» 1 %). On heating for 
ten minutes at 100° in 0.1 V hydrochloric acid the rotation 
fell to zero and the resulting solution gave a strong blue 
coloration with ferric chloride. On evaporating this solu¬ 
tion to dryness in a vacuum there remained a homogeneous 
mas.s of white crystals. These were identified by X-ray 
crystallographic analysis as penicillamine hydrochloride. 
(Found in material dried at 5(i° in imcuo: (;, 31,2; H, 6.4 ; N, 
7.3; S, 16.3; Cl, 19.2. Calc. CrdluO^NS, HCl: C, 32.3; H, 
6.5; N, 7.5; )S, 17.3; CJ, 19.0.) 'Plie low suljdiur value is due 
to loss of a small amount of hydrogen sulphide during the 
drying. 

Color Ueactions; IIbuavioitu with Nituous Acid. 
Penicillamine hydrochloride gave a strong trarisieiii blue 
coloration with ferric chloride arnl a, deep red-violet colora¬ 
tion with sodium iiitroprussidc in alkaline solution; both 
color reactions* are characteristic? for free SIT. Witli the 
ninhydrin reagent a strong bliiish-p\irple color, extractable 
into amyl alcohol was obtained. In the Van Slyke determi¬ 
nation 4.6 iiig. of pcnicillainine hydrochloride (crude, N, 
Dumas, 6.7%) gave 0.295 mg. of «-ainino nitrogen (0.4%). 
The.se results showed that penicillamine was an of-amino 
acid containing a thiol group. 

Acid-Hase Properties. Figure 5 shows a titration 
curve of penicillamine hydrochloride (5.5 mg. in 1 ml. of 
water) at 25°, The curve revealed tlie presence of three 
ionizable groups per nitrogen atom, with pK A^alues of 
1.8, 7.9, atid 10.5; these corre.spond to the carboxyl, <^-amino 
and d-thiol groups of the molecule. The amino group of 
penicillamine (pK 7.9) is w'caker than the corresponding 
group of the simple tt-amino-acids owing to the elecdro- 
negative character of the sulphur atom. 

Synthesis of Penicillamine. Penicillamine was first 
synthesized by Abraham, Baker, Cornforth, Cornforth, and 
Robinson, {PEN.100^ Oct. 4, 1943) by a series of reactions 
involving tlie addition of benzyl mercaptan to 2-phenyl-4- 
isopropvlidene-oxazolonc. For experimental details see 
Chapter XVI. 

Oxidation of Penicillamine Hydrochloride with 
Bromine; Penicillaminic Acid. An aqueous solution of 
penicillamine hydrochloride decolorized bromine water 
instantaneously. Addition of excess bromine water and 
back titration with thiosulphate after addition of potassium 
iodide showed that the bromine absorbed corresponded to 
nearly three atoms of oxygen per penicillamine N atom. 
2.8 mg. of penicillamine hydrochloride (N, 6.1%) absorbed 
bromine corresponding to 0.665 ml. 0.1 N thiosulphate. 
This was 89% of the calculated amount of bromine (0.734. cc. 
of 0.1 N thiosulphate) corresponding to three oxygen atoms 
per penicillamine nitrogen atom. 

Penicillamine hydrochloride was dissolved in water, and 
bromine water was added until a faint yellow color persisted. 
The solution was then evaporated to dryness in vacuo leaving 
a crystalline residue, impurities were extracted with 
acetone and the residue crystallized from methyl alcohol. 
Well formed prisms were obtained which did not melt at 
325°. 

Calc. CftHuOftNS: C, 30.5; H, 5.6; N, 7.1 
Found: C, 30.9; H, 5.5; N, 6.5 

The substance was strongly acidic and was termed 
penicillaminic acid. It gave a strong blue coloration with 
ninhydrin, and all its nitrogen was estimated as cv-amino 
nitrogen by the Van Slyke method. It gave no color reac¬ 
tions for free SH with ferric chloride or sodium nitropruaside, 
and was undoubtedly the sulphonic acid derived from 
penicillamine, 

Penicillaminic acid (2.0 mg, in 1 ml, water) was titrated 
with 0.1 iV sodium hydroxide at 26°. The curve (Fig. 6) 
showed two ionizable groups with pK value of 2.1 and 8.7, 

• Simple mereaptans do not exhibit the ferric reaotion, hbwever; a 
eecond ooordinatini center appears to be required* 
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the former correspond in p: to an acidic ^roup and the latter 
to an «-ainino group. The presence of a second acid group 
(pK < 2) could be inferred from the strongly acidic char¬ 
acter of the substance. 1'hcse results were in agreement 
with an «-amino-carl)oxylic ^-su I phonic-acid structure for 
penicillaminic acid. The fact that the pK of the «-amino 
group of penicillaminic acid is nearly one unit higher than 
that of the corresponding group in penicillamine may be 
ascribed to the effect of the negative charge carried by the 
Bulphonic acid group in the former substance. 

Boiling penicillaminic acid with an aqueous suspension of 
freshly precipitated copper carbonate produec.d a copper 
salt which was obtained crystalline after filtering from llic 
excess of copper carbonate and concentrating the resulting 
solution to a small volume. The salt crystallized from water 
in deep blue prisms. 

Calc. Cu(OH)C6H,o 05NS: C, 21.7; II, 4.0; N, 5.1; Cu, 23.0 
Found: C, 23.6; H, 4.4; N, 5.4; Cu, 23.0 

C(CH,), Kuhn-Roth, 0.0 

Desamino-PENICILLAMINIC Acii). Pcnicillaminic acid 
(14 mg.) was dissolved in water (0.5 cc.) and silver nitrite 
(200 rng.) added. After addition of 1.14 cc. of hydrochloric 
acid (d, 1.17) to liberate nitrous acid, the mixture* was al¬ 
lowed to stand in the dark at room temperature for six 
hours. The silver chloride was then removed by centrifug¬ 
ing and the supernatant fluid and washings were evaporated 
to dryness in vacuo. The thick oily residue was dissolved in 
water and the pH adjusted to 7,2 with baryta. Evapora¬ 
tion of this solution gave a barium salt which crystallized 
from hot aqueous methyl alcohol in very fine needles (15 mg.). 

Calc. CfiHftOfcNSBa: C, 18.1; H, 2.4; Ba, 41.0 
Found: C, 17.8; II, 2.9; Ba, 38.4 

2-Peiitenylpenilloaldehyde. Preparation. /, From 
2-Penicnylpenillic Acid. 2-PontenyIpcniIlic acid (80 mg.) 
was heated in 0.2 N sulphuric acid (4 ml.) in a boiling water- 
bath for one hour. The sulphuric acid was removed as 
barium sulphate by bringing the solution to pH 6 with solid 
baryta. Addition of 2,4-diniirophenylhydrazine in 2 iV' 
hydrochloric acid to a sample of this solution gave only a 
very small precipitate. A saturated solution of mercuric 
chloride was then added until no further precipitate of the 
mercuric complex of penicillamine occurred. After removal 
of the precipitate in the centrifuge a solution of 2,4-dini- 
trophenylhydrazine in 2 N hydrochloric acid was added. A 
bulky pale-yellow crystalline precipitate was formed, which 
after washing and drying weighed 60 mg. The hydrazone 
was recrystailized from hot alcohol, forming pale yellow 
needles, m.p. 187-188®. 

S. From Alkali Inactivated Penicillin. Barium 2-pen- 
tenylpenicillinate (160 mg.) was dissolved in 0.2 N baryta 
(6.0 cc.) and kept at 37® for one hour. The solution 
was adjusted to pH 2 with sulphuric acid and, after removal 
of the barium sulphate, was extracted three times with 
one third of its volume of ether, the ether solutions being 
discarded. After adjusting the pH of the aqueous phase 
to 5.5 a saturated solution of mercuric chloride was added 
until no further precipitate was formed. The mercuric 
chloride complex (which gave penicillamine hydrochloride 
on decomposition with hydrogen sulphide, sec page 25) 
was removed in the centrifuge. The supernatant solution, 
which showed strongly reducing properties towards am- 
moniacal silver nitrate, gave an abundant yellow precipitate 
of a dinitrophenylhydrazone on addition of 2,4-dinitro- 
phenylhydrazine in 2 JSf hydrochloric acid. After recrystal¬ 
lization from alcohol the hydrazone (45 mg.) melted at 187® 

• and gave no depression in m.p. when mixed with the dini¬ 
trophenylhydrazone obtained from penillic acid. 

Calc. CuHirOiNe; C, 60.2; H, 6.1; N, 20.9; C—CHt, 4,46 
; Found; C, 49.9; H, 4.93; N, 19.3; C—CH,, 3.4 


On the basis of this analysis the empirical formula for 2-pr'u- 
tenylpenilloaldehyde is CylliaO^N. 

Dimedone Derivative of 2-PENTENYLi*ENiLLOALr)E- 
HTDE. An aqueous solution of 2-penienylpeniIloaI(l(^hydc 
was prepared from alkali inactivated penicillin as abovf*. 
To this was added a 10% solution of dimedouc (o.fi-di- 
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Figure 6. Titration of penicillaminic acid (25®). 


mcthylcyclohexane-l,3-dionc) in alcohol. A white volu¬ 
minous precipitate of the dimedone derivative of the 
penilloaldehyde was formed. After standing in the ice- 
chest for six hours this was collected and recrystailized 
from 30% aqueous alcohol, when its m.p. was 161-162®, 
The dimedone derivative was also prepared from 2-pentenyl- 
penilloaldehydo which had been extracted with ether from 
the aqueous solution obtained after decomposition of alkali- 
inactivated penicillin with mercuric chloride. After con¬ 
tinuous extraction of this solution for five hours, the ether 
was evaporated over a small volume of water and alcoholic 
dimedone was added to the resulting aqueous solution. 

Calc. CjiHuO^N: C, 69.1; H, 8.7; N, 3.4 
Found: C, 69.0; H, 8.5; N, 4.0 

The high value for nitrogen was found to be due to small 
amounts of methane formed during the combustion of 
dimedone. According to the analytical figures for its 
dimedone derivative, the empirical formula of 2-pentenyl- 
penilloaldehyde itself was CgHjjOaN, identical with that 
calculated from the analytical figures for its 2,4-dinitro- 
phenylhydrazone. 

Oxidation of 2-Pentbnylpbnilu)aldbhyde to the 
Acid, CsHuOaN. An aqueous solution of 2-pcntenyl- 
penilloaldehyde was prepared by hydrolysis of penillic acid 
with sulphuric acid as described above. After removal 
of the mercuric chloride complex of penicillamine the super¬ 
natant solution containing the penilloaldehyde was shaken 
with freshly precipitated silver carbonate at 37® for fifteen 
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minutes. The pH rose from loss than 2 to 6.5. Mercuric 
ions remaining in the solution were precipitated hydrogen 
sulphide and excess of the latter removed by a stream of air. 
The mercuric sulphide was removed in the centrifuge the pH 
of the resulting solution brought to 7 by addition of silver 
carbonate, and the silver chloride and excess silver carbon¬ 
ate removed. The aldehyde was then oxidized by stirring 
the solution at 70® with an excess of freshly precipitated 
silver oxide. The oxidation was continued until a sample of 
the solution gave no precipitation of the hydrazoue of 
penilloaldehydc with 2,4-dinitrophenylhydrazinc in N hydro¬ 
chloric acid (approximately two hours). The silver and 
silver oxide were removed by centrifuging and the silver 
ions in the solution were precipitated by addition of the 
exact amount of N hydrochloric acid. The supernatant 
solution was brought to pH 7.2 by addition of 0.2 N bar 3 da 
and was then evaporated to dryness in vacua from the frozen 
state (residue 85 mg.). The barium salt was extracted with 
hot alcohol and the small residue removed by centrifuging. 
The alcoholic solution was evaporated in vacuo and the 
residue dissolved in a small amount of warm water and 
centrifuged from a little insoluble material. On adding 
several volumes of acetone the barium salt of the acid 
CaHisOjN (45 mg.) crystallized in colorless plates m.p. 212®. 

Calc. (C 8 H, 20 ,N)aBa: C, 40.2; H, 5.03; N, 5.9; Ba, 28.7 
Found: C, 40.0; H, 5.59; N, 6 . 0 ; Ba, 29.4 

The free acid CsHiaOsN was obtained from a solution of the 
barium salt by acidification with hydrochloric acid, evapora¬ 
tion of the solution in vacuo, extraction with hot acetone, 
and evaporation of the acetone solution to dryness. The 
crystalline residue was recrystallized by dissolving in ether 
and adding light petroleum. It formed fine compact 
plates, m.p. 110 ®. 

Nature of the Nitrogen Atom in the Acid CaHiaOsN. 
The acid CgHnOaN was a monobasic acid which did not 
exhibit the properties of a zwitterion. Its nitrogen was 
completely non-basic. The acid could therefore be only a 
peptide or an amide. Only small amounts of ammonia were 
liberated on prolonged hydrolysis wdth 10 % hydrochloric 
acid or sodium hydroxide, but after this treatment, the 
solution gave a strong blue coloration with the ninhydrin 
reagent and a portion of the nitrogen appeared as a^-amino 
nitrogen. Thus, 2.6 mg, of the barium salt of the acid 
CsHitOsN hydrolyzed at 100° in a sealed tube in 0.5 ml. 10% 
sodium hydroxide for seven hours gave an amino-nitrogen 
figure of 3.84% (64% of the total nitrogen), while 2.6 mg. of 
the barium salt of the acid CgHuOaN after hydrolysis at 
100 ® in a sealed tube with 10 % hydrochloric acid had an 
amino-nitrogcii content of 2.8% (corresponding to 47.5% of 
the total nitrogen of the barium salt). 'I'hesc findings 
indicated that the nitrogen in the acid CiHuOiN formed 
part of a peptide linkage. 

Identification of the Amino Acid Formed on Hydrol- 
T818 OF THE AciD C»HijO«N AS Gi.YCiNB. The amino acid 
whose presence in hydrolysis of the acid CgHnOaN was 
indicated by the positive ninhydrin reaction and the cr-amino 
acid nitrogen detectable by the Van Slyke procedure, was 
identified as follows: 

The acid C«HiaO*N (24 mg.) was hydrolyzed in 1 ml. of 
10 % hydrochloric acid heated in a boiling water bath over¬ 
night and the solution w*as then extracted three times with 
half its volume of chloroform. On evaporation the chloro¬ 
form extract yielded an oil with an odor recalling that of 
coconuts. This neutralized only a very small amount of 
alkali in the cold, but much more at 100®. The oil therefore 
appeared to consist largely of a lactone. Evaporation of the 
aqueous phase remaining after the extraction with chloro¬ 
form yielded a crystalline residue which was identified as 
glycine hydrochloride by X-ray crystallographic methods 
(Crowfoot and Low, page 312). This was dissolved in 
0.2 ml. sodium hydroxide and shaken with 23 mg. of naph- 
thalene-2-sulphQnyl chloride in a small vibrator. After two 


hours, when the solution had become neutral, O.l ml. N 
sodium hydroxide was added and a further 0.1 ml. after 
another three hours. After five hours the alkaline solution 
was centrifuged, a small insoluble residue discarded and 
the solution acidified with two drops of 2 iV hydrochloric 
acid. The heavy cry.stalline precipitate w'as washed several 
times with water at the centrifuge and was then recrystal¬ 
lized from boiling water, discarding a small insoluble residue. 
The product melted at 149®. An authentic sample of naph- 
thalenc- 2 - 8 ulphonylglycine, which was prepared in the same 
manner had m.p. 150®. The mixed m.p. of the two samples 
w^as also 150®. 

Identification op the Acid CjjHuOaN wmi 3-Hexeno- 
YLGLYciNE. With the identification of glycine as the 
amino-acid component of the acid CsHisOaN, it became 
evident from its elementary composition and chemical 
properties that this substance was an acylated glycine whose 
acyl radical was that of an unsaturated fatty acid with six 
carbon atoms. It had been known for some time that 
2 -pcntcnylpenicilHn had an unsaturated side chain and took 
up one molecule of hydrogen on catal^iic hydrogenation 
(page 14; see also Chapter III). It w^as thus to be expected 
that the pcnilloaldehyde moiety in the penicillin molecule 
was responsible for the hydrogen uptake on catalytic hydro¬ 
genation, and this was proved by showing that the acid 
CsHisOaN took up one molecule of hydrogen on hydrogena¬ 
tion with palladium-charcoal catalyst (hydrogenation w^aa 
carried out on a micro scale in a Warburg apparatus). 

In view of the indication that a lactone was present 
in chloroform extracts of acid hydroIy.sates of the acid 
CsHijOaN (sec above), it seemed probable that the double 
bond in the hexenoic acid radical was either in the / 5 , 7 , or 
(less probably) in the 7,6 position from the carboxyl group. 
The formation of lactones by / 3,7 unsaturated fatty acids is 
well known (Linstead, J, Chem, Soc. 115 (1932)). 

Meanw'hile the Imperial College workers had isolated 
n-caproic acid from n-amylpcnilloaldehyde in the form of 
its p-bromophenacyl ester, thus show^ing that the hexenoic 
acid radical in 2 -pentenylpenilloaldchyde poasessed a 
straight carbon chain. Following this, the Oxford workers 
prepared the dihydro derivative (CgHuOaN) of the un¬ 
saturated acid CgHisOjN and showed that this product was 
identical with w-caproylglycine. 

Preparation of the Acid CgHigOsNr The barium salt 
of the acid CgHuOiN (20 mg.) was dissolved in water 
(1 ml.) in a small test tube and palladium-charcoal catalyst 
(10 mg.) added. Hydrogen was bubbled through the 
mixture for three hours. The catalyst was removed by 
centrifuging and the solution evaporated in vacuo^ leaving the 
crystalline barium salt of the acid CgHuOsN. This was 
identified with the barium salt of synthetic n-caproylglycino 
by X-ray crystallographic methods (Crowfoot and I^w, 
page 320). The free acid CsHigOgN was obtained by dis¬ 
solving the barium salt in water, acidifying with hydrochloric 
acid anil evaporating to dryness. The residue was extracted 
with hot acetone and the extracts evaporated, leaving a 
crystalline acid which was recrystallized by dissolving in 
ether and adding light-petroleum. Fine needles, m.p. 90®, 
appeared. On mixing with synthetic n-caproylglycine 
(m.p. 93®) the m.p. was 92®. 

Synthesis of n-CAPROYLOLYCiNB (with J. B. Jepson). 
n-Caproyl chloride was condensed with glycine in alkaline 
solution, and after acidification the product was extracted 
with ether. The n-caproylglycine separated from ether- 
ligroin in small colorless plates, m.p. 93-94®. 

Calc. C.HuO,N: C, 55.6; H, 8.7 
Found: 0, 55.6; H, 8.5 

Identification or Propionaldbhydb as an Oxidatioii 
Product or thb Acid CgHisOtN. After it had beca 
established that the fatty acid radical in the peptide acid 
CgHifOiN was a straight chain hexenoic acid, the only 
question remaining to be settled was the position of the 
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double bond. This was done by oxidation of the acid 
CsHiaOjN with cold aqueous potassium permanganate. 
Under these conditions propionaldehyde was formed, locat¬ 
ing the double bond in the position to the carboxyl Rroup. 

The barium salt of the acid CJIuOaN (12 mp;,) was dis¬ 
solved in 0.05 N sulphuric acid (50 ml.) and 0.01 N potas¬ 
sium permanganate was added in the cold (to form the 
glycol) iintil it was no longer instantaneously d(icoloriaed. 
The solution was then brought quickly to the boil and more 
permanganate was added drop by drop. An apparatus 
constructed for the determination of lactic acid (Lieb and 
Zacherl, Z. Physiol. Chem.^ 211 (1032)) was used for 
thi.s purpose. The volatile aldehyde formed was carried by a 
current of air through a condenser to a bubbler containing 
2,4-dinitrophenylhydrazine in 2 N hydrochloric acid. An 
orange prccititate of the hydrazone formed in the bubbler. 
After washing with water and drying it weighed 3.5 mg. 
It crystallized from alcohol in orange needles and after 
two recrystallizations melted at 154°. Mixed with pro- 
pionaldehyde 2.4-dinitrophenyldrazone (m p. 155-156°) it 
melted at 154-155°, but mi.xed with acetaldehyde 2,4-dini- 
trophenylhydrazone it gave a large depression of the melting- 
point. Oxidation of penillic acid was carried out in a 
similar manner. From 20 mg. of penillic acid 8 mg. of crude 
propionaldehyde 2,4-dinitrophenylhydrazone were obtained. 
This crystallized in orange needles from alcohol and melted 
at 154°. Mixed with authentic propionaldehyde 2,4-di- 
nitrophenylhydrazonc the m.p. was 154-155°. 

The degradation studies had thus shown conclusively 
that the acid CgHjsOjN was 3-hexenoylglycine, 

Synthesis of S-w-Hexenoylolycine (with L. J. Golds¬ 
worthy and J. B. Jcpson). 3-ri-Hexenoyl chloride was 
prepared from 3-n-hexenoic acid (Linstead, Noble, and 
Boorman, J. Chem. iSoc., 559 (1933)) and phosphorus tri¬ 
chloride (H mol.), by warming for half an hour at 50° 
and half an hour at 70°, decanting and distilling twice 
under diminished pressure (b.p. 47-48°/15 mm,). The 
acid chloride (1 mol.) was added with shaking at 5° to a 
solution of glycine (I mol.) in dilute aqueous sodium hydrox¬ 
ide (2 inols.). The mixture was acidified, concentrated 
under diminished pressure till much solid separated, ex¬ 
tracted with warm ether and the product (m.p, 111-113°) 
precipitated from the ether by addition of light petroleum 
(b.p. 00-80°). The hexciioylglycine was recrystallized 
by the addition of light petroleum to its solution in ether 
and then melted at 114°. 

Calc. CJIiaOaN: C, 56.2; H, 7.6; N, 8.2 
Found: C, 56.3; H, 7.5; N, 8.4 

Synthetic hcxcnoylglycine gave no depression of m.p, 
when mixed with the acid CgHuOaN (m.p. 110°) from peni¬ 
cillin. The identity of the two substances was confirmed by 
X-ray crystallographic analysis (Crowfoot and Ix>w, p. 320), 
which also showed that they had the imrw-configuration. 

Identification of 2-Pentenylpenilloaldehyde with 
3-n-HEXBNOYLAMiNOACBTALDBHYDE. With the identifica¬ 
tion of the acid, C«HnOiN as 3-n-hexenoylglycine it followed 
that 2-pentenylpenilloaldehydc (CgHiaOsN) was 3-n- 
hexenoylatninoacetaldehyde. The 2,4-dinitrophenylhydra- 
lone of this aldehyde was made synthetically and identified 
with that of the natural product by mixed melting-point and 
X-ray crystallographic analysis. 

Synthesis of 3-n-HBXBNOYLAMiNOACETALDEHYDB 2,4- 
Dinitrophenylhydeazonb (with L. J. Goldworthy). 3-n- 
Hexenoyl chloride (see above) (1 mol.) was added at 0° to 
a solution of amino-diethylacetal (I mol.) in dry pyridine. 
Alter half an hour at room temperature the mixture was 
diluted with water, extracted with ether, the extracts shaken 
four times with water and then shaken for thirty minutes 
with a solution of 2,4-dinitrophenylhydrazone in2 N hydro¬ 
chloric acid. The yellow precipitate was collected, washed, 
crystallized several times from aqueous acetic acid and from 
alcohol, and then formed thin yellow prisms, m.p. 191° 


(decomp.). When mixed with 2-pentenylpenilloaldehyde 
2,4 dinitrophenylhydrazone (m.p. 188°) it melted at 189- 
190°. 

Synthesis of n-CAPiiOYLAMiNOACETALDEHYDB 2,4-Di- 
NiTROPHENYLHYDRAZONE. w-Caproyl chl')ri(le was con¬ 
densed with amino diethylacetal in pyridine solution, tke 
acetal grouping hydrolyzed by acid and tlie product con¬ 
densed with 2,4-dinitrophcnylhydrazine. The hydrazone 
crystallized in yellow needles from alcoliol m.p, 185-186° 
(decomp.). 

Calc. CuHlO^Nj: C, 50.0; H, 5.7; N, 20.8 
Found: C, 50.2; H, 5.8; N, 20.4 

It was proved by X-ray crystallographical examination 
(Crowfoot and Low) to be identical with a specimen of the 
2,4-dinitrophenylhydrazonc of n-atnylpcnilloaldehyde pre¬ 
pared by Catch, Cook, Elvidge, Hall, and ITcilbron {PEN.90). 

2-Pentenylpeaillamine. Preparation. 2-Pen tenylpen- 
illic acid (44 mg.) was suspended in water and the pH 
brought to 6 with baryta when the acid conipletely dissolved. 
Saturated mercuric chloride solution was then added until 
no further precipitate was formed. Carbon dioxide (1 mol.) 
was evolved following the addition. The precipitate was 
separated at the centrifuge and waslied well with water. 
It was then suspended in water (5 ml.) and decomposed by 
hydrogen sulphide. After removal of the mercuric sulphide 
the supernatant solution was evaporated to dryness in a 
vacuum desiccator. The residue was penillamine hydro¬ 
chloride, obtained in the form of a homogeneous mass of 
fine needles (41 mg.). 

Calc. CuHioOaNaS HCl J^HaO: 

C, 49.8; H, 7.0; N, 8 9; Cl, 11.3 
Found: C, 49.6; H, 6.9; N, 8.8; Ci, 10.7 

The molecular weight of penillamine hydrochloride, deter¬ 
mined by crystallographic X-ray measurements, was 320 ± 
20 (Crowfoot and Low, p. 320); mol. wt. of (.\3H2o02N2S' 
HCl is 304.5. 

Reactions, 2-Pentenylpenillaminc hydrochloride gave 
a transient blue coloration with ferric chloride and a violet 
coloration with sodium nitroprusside and alkali. With the 
ninhydrin reagent a purple color was obtained, but no 
amino nitrogen could be detected by the action of nitrous 
acid under the conditions for the determination of «-amino 
nitrogen used by Van Slyke. 

Acid-Base Properties. The titration curve of 2-pen- 
tenylpenillaminc hydrochloride (4.2 mg. in 1 ml. water) at 
25° is given in Figure 7. The curve showed the presence of 
three ionizable groups with pK’s of 2.0, 7.2 and 10.4. From 
the solubility properties of penillamine, and the fact that 
the substance formed a hydrochloride, it could be inferred 
that the group of pK 2.0 was acidic and that of pK 7.2 
was basic. By analogy with penicillamine and in conformity 
w ith other evidence the group of pK 10.4 was undoubtedly 
a free thiol group. The acid-base properties of 2-pentenyl- 
penillamine were therefore in good agreement with the 
structure assigned to it (p. 19). which contained one free 
carboxyl group, one basic nitrogen atom in an imidazole ring, 
and one free thiol group. 

Stability of 2-Pbntenylpenillamine tow’ard Acid Hy¬ 
drolysis. 2-Pentenylpenillamine hydrochloride (46 mg.) 
was heated in 0.5 N sulphuric acid (2 ml.) at 100° for one 
hour. The pH of the cooled solution was brought to 6 with 
baryta, and after removal of the barium sulphate, mercuric 
chloride solution was added until no further precipitate 
formed. Decomposition of the precipitate in the usual 
manner and evaporation of the resulting solution to dryness 
in vacuo left a crystalline residue in the form of long needles. 
This was identified as unchanged penillamine hydrochloride 
by X-ray crystallographic measurements (Crowfoot and 
I^w). 

Calc. Ci,H,oO,NaS-HCl HH,0; C, 49.8; H, 7 0; N, 8.9 
Found: C, 48.9; H, 6.7; N, 8.5 
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Oxidation of 2-Pentenylpenillamine with Bromine. 
/. Formation of Penicilhinimic Acid. Penillamine hydro¬ 
chloride (4.7 nig.) was dissolved in a few drops of water and 
bromine water added until a faint yellow colour persisted. 
The bromine absorbed corresponded to approximately 6 
atDms of oxygen per molecule of penillamine. Kvaporation 
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Figure 7. Titration of 2-penteiiylpenillainine hydrochloride 
(25"). 

in a vacuum desiccator left a residue which partly crystal¬ 
lised (10 mg.). Non-crystalline impurities were extracted 
by acetone, leaving a white crystalline residue (2.4 mg.). 
The crystals were identified as penicillaminic acid by X-ray 
crystallographic measurements (Crowfoot and Low, p. 319). 

Formation of Glyoxal. Penillamine hydrochloride 
(9.4 mg.) was dissolved in a few drops of water and bromine 
water added in slight excess. After standing for ten minutes, 
excess of bromine was removed by a current of nitrogen. 
2,4-Pinitrophenylhydrazine in 2 A hydrochloric acid was 
then added, when an orange-red precipitate formed (5.7 rng.). 
This was extracted with boiling alcohol (2 ml.) and the 
residue crystallized by dissolving in pyridine and adding 
alcohol. It formed reddish-brown needles which gave 
a deep blue color on adding sodium hydroxide in alcohol. 
The substance melted with decomposition at 318". Mixed 
with glyoxal 2,4-dinitrophenylosazone (m.p. 318° decomp.) 
it melted at 318". 

S-BBNZYn-2-PENTENTLPENiLLAMiNE. The free thiol group 
in 2-pentenylpenillamine can be easily benzylated by 
benzyl chloride in liquid ammonia. Penillamine hydro¬ 
chloride (40 mg.) was dissolved in liquid ammonia (4 ml.) 
nnd small pieces of sodium added until the solution developed 
a permanent blue color. The blue coloration was discharged 
by the addition of a crystal of ammonium chloride, and 
benzyl chloride (0.015 ml.) was then added. The ammonia 


was allowed to evaporate, the residue taken up in water 
(1 nil.), and insoluble material separated by centrifuging. 
Excess of benzyl chloride was removed by shaking twice with 
ether (1 ml.) and the resulting solution brought to pH 4 by 
addition of N hydrochloric acid. A white crystalline preci¬ 
pitate formed wliich, after washing with a little water and 



drying, weighed 40 mg. The substance crystallized from 
hot water (7 ml.) in fine sharp-ended prisms, m.p. 128* 
(25 mg.). 

Calc. CjoHieOaNiS: C, 67.1; H, 7.3; N, 7.8 
Found: C, 67.4; H, 7.2; N, 7.41 

2-Pente]iyli8openilUc Acid. A solution of 2-pentenyl- 
penillic acid was kept in 0.2 N baryta overnight at 37". On 
acidification a crystalline product was precipitated which 
was recrystallized from 70 % acetone; it was obtained in fine 
six-sided plates, m.p. 195-196" (decomp.). Yield 25-30%. 

Calc. CuHto 04 N 2 S: C, 53.8; H, 6.4; N, 9.0; S, 10.3 
Found: C, 54.2; H, 6.7; N, 9.2; 8, 10.0 

2-PentenyliBopenillic acid is sparingly soluble in water, 
moderately soluble in N hydrochloric acid and freely soluble 
in aqueous alkalies. Isopenillic acid gives a transient blue 
coloration with ferric chloride and a red-violet coloration 
with sodium nitroprusside. Figure 8 shows the curve ob¬ 
tained by titrating 2-pentenylisopenillic acid (4.3 mg. in 
1 ml. water) with 0.1 N sodium hydroxide at 25". The 
initial pH of the solution was 2.93. Groups were titrated 
with pK values of 3.3, 6.4, and 10.2, which appeared to be 
an acid group, a basic group, and thiol group respectively. 
In addition it was necessary to assume the presence of a 
second acid group (pK < 3) to account for the acid character 
of free isopenillic acid. The acid-base properties were 
therefore in good agreement with the suggested structure for 
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the molecule (p. 19) which contained two carboxyl groups, 
a basic imidazole ring and a free thiol group. The presence 
of carboxyl group in the imidazole ring of isopcnillic acid 
accounted for the fact that the nitrogen in this ring (pK 6.4) 
was considerably less basic than the corresponding nitrogen 
of penillamine (pK 7.2). 

It may be noted that in the cases of penicillamine, penill¬ 
amine, and isopcnillic acid the finding that buffering oc¬ 
curred in the pH range 10-11 indicated the presence of a 
free thiol group. 

2 -Pcntenylisopenillic acid is precipitated by mercuric 
chloride and is recovered unchanged after decomposition of 
the precipitate with hydrogen sulphide. It is not decarb- 
oxylated by boiling with 0.1 A hydrochloric acid for one 
hour. 

Penicillamine Disulphide. (Unpublished work by Mrs. 
F. Philpot. Owing to an oversight the report containing 
this work was not sent to the CPS.) Other investigations 
on this topic are described in Chapters HI and XVI (see 
pp. 61, 469). 

Oxidation of Penicillamine by Air and by Iodine. 
DL- Penicillamine hydrochloride (97 mg.) was dissolved in 
water (2 ml.) and 0.6 ml. N sodium hydroxide added. A 
trace of ferric chloride was added and the solution shaken for 
four hours at 37°. Acetone was added to a final concentra¬ 
tion of 85% and the solution left 2-6 hours to crystallize. 
The crystals were washed twice with 85 % acetone, once with 
acetone alone and dried (yield 69 mg.). DL-Penicillamine 
hydrochloride was dissolved in water (2 ml.) and shaken 
with 160 mg. of iodine dissolved in chloroform. VTicn no 
further dccolorization of the iodine occurred, the aqueous 
layer was removed and the chloroform washed once with 
water. The solution was brought to pH 7 with sodium 
hydroxide. Acetone was added to a final concentration 
of 85% and the solution left to crystallize. The crystals 
were washed as above and dried (yield 99 mg.), m.p. 160° 
(decomp.). 


Calc. C 10 H 20 O 4 N 2 S 2 : C, 40.6; H, 6 . 8 ; N, 9.5; S, 21.6 
Found: C, 40.6; H, 7.1, N, 9.5; S, 19.8 

dl-Di-p-toluenbsulphonylpenicillamine Disulphide. 
DL-Penicillamine disulphide (187 mg.) was dissolved in water 
( 1.6 ml.). p-Toluenesulphonyl chloride (207 mg.) was added 
and the mixture shaken with additions of N sodium hydrox¬ 
ide to keep the pH above 7. The reaction required twelve 
to twenty-four hours for completion at room temperature. 
After the end of the reaction the solution was clarified by 
centrifuging, extracted twice with ether, and acidified with 
N hydrochloric acid. An oil was precipitated and it crys¬ 
tallized from acetic acid. It was recrystallized from this 
solvent, washed with water, and dried (yield 144 mg.), m.p. 
224-228°. 

Calc. C24H«0»N2S*: C, 47.6; H, 6.3; N, 4.64; S, 21,2 
Found: C, 48.3; H, 6.28; N; 4.75; S, 21.3 

Reduction op the Disuli>hide. In contrast to cystine, 
penicillamine disulphide is very soluble in water and gives 
no color reactions for a free thiol group after treatment with 
potassium cyanide, hydrogen sulphide, or tin and hydro¬ 
chloric acid at room temperature. Neither the DL-forra 
nor the optical antipodes of penicillamine disulphide were 
oxidized by the D-a-amino-acid oxidase in kidney, nor by the 
cystine oxidase of liver (Medes and Floyd, Biochem. *1 $6, 
269 (1942)). The effect of these enzymes was investigated in 
Warburg vessels in the usual manner. 

Methanol^-inactivation Product of 2-PentenylpeniciUin. 
A sample of the barium salt of 2-pentenylpenicillin (about 
75 % pure) was dissolved in methanol and the solution kept 
at 37° for three hours and then evaporated to dryness in 
mcm. The residue, which was biologically inactive, 
contained 0.6 OCHi per nitrogen atom. 

The methanol inactivation product ( 6.2 mg,. Ba salt in 
l.O ml, water) was titrated at 26° with hydrochloric acid. 


Another sample was titrated with sodium hydroxide and 
at the end of the alkaline titration was back-titrated with 
acid (Fig. 9). The acid titration showed the prescince 
of groups with pK of 3,9 and 1.8. The alkaline titration 
show^ed that there was no significant biiflcring betw^ecn pW 
7 and pH 11, but on further addition of alkali falling 



Figure 9. Methanol-inactivation product of 2-pentenyl- 
penicillin (25°). 


potentials indicated that the substance was undergoing 
hydrolysis and back-titration then showed the presence of a 
group with a pK of 6.0 and a second group with a pK of 2.7. 

The titration curv'e of a-ethyl amylpenicilJoate (XVII) 
synthesized by the method of the Imperial (•ollege group 
(PENAH) was practically identical with that of the metha¬ 
nol-inactivation product of 2 -pentenylpcnicillin (Fig. 10), 
The synthetic compound originally contained groups with 
pK values of -1.0 and 1.7. After treatment with alkali a 
group W’as found to be present with a pK of 5.1. 
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The close similarity in the acid-base properties of these 
tw'o substances could be taken as evidence of a similar 
structure and was thus in accordance with the formula given 
to the methanol inactivation product. There is little doubt 
that the group of pK 1.7 is the carboxyl of the penicillamine 
fragment of the molecule and that the nitrogen of the 
thiazolidine ring, whose basicity has been weakened by the 
electron-attracting powder of the C—0 in the ester grouping, 
is responsible for the pK value of 3.9 (Neuberger, CPS,266), 
When the ester is hydrolyzed to the corresponding acid this 
effect of the C —0 group is counteracted by that of the nega¬ 
tive charge on the new acidic center and the resulting increase 
in the basicity of the thiazolidine nitrogen atom leads to the 
appearance of a group of pK 5.0. The latter group is the one 
which was found to be liberated when 2 -pentenylpenicillin 
was inactivated directly with alkali (Abraham and Chain, 
1942). 

Inactivation of 2 -Penten 7 lpenicillin with Penicillinase 
(with E. S. Duthie). Penicillinase was prepared from filtered 
cultures of a gram-positive bacillus isolated from the air. 
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The filtrates were concentrated by pressure dialysis and the 
concentrated solutions freed from salts and other dialysable 
material by prolonged dialysis against distilled water at 0® 
(Duthie, BriL J. Exp Path,, 96 (1944)). 

Barium penicillin (36 mg., 1,300 IJ./mg.) dLssolved in 
water (5 ml.) was incubated at 37“ with 1 ml. of the enzyme 


ture. Apart from other details they differ funda- 
mentally in the transportation of the function of 
the free and bound carboxyl groups. This ap¬ 
peared to be a point that could be elucidated by 
experiment. 



(CH3)2C-S 


\ 


CII- 

-CH 

/ 

\ 

CH—NH 


CO—0 


N=-C—CbH, 


9 ( 11 ) 


COOH 


XVIII 


(CH3)2C-S 


\ 




CH—CHCOOH 


CH—N 

I \ 

CO C-NH 

\ /I 

O CbH9(11) 

XIX 


Groups bound 

Figure 10. Titration of synthetic a-ethylpenicilloate (25®). 

preparation (containing 8.2 mg. per ml.) for six hours. 
Acid was liberated and the pH of the solution, which was 
never allowed to fall below 5, w’as adjusted to 7 by the 
addition, from time to time, of a few drops of 0.1 N baryta 
solution. During the incubation period 0.75 cc. 0.1 N 
baryta (equivalent to about 0.75 equivalent per mole of 
penicillin) had to be added to keep the pH at neutrality. 
The solution was then cooled to 0®, adjusted to pH 2, and 
extracted three times with ether. On re-extraction of the 
ethcr-solublc material by aqueous baryta and evaporation 
to dryness of the water extract, 12 mg. of barium salt were 
obtained (30% of the total barium penicillin used), which 
had only a very small penicillin activity. The ether- 
extracted water solution was brought to pH 6 and concen¬ 
trated to about 3 cc. in a desiccator. On addition of 
mercuric chloride solution a voluminous precipitate, after 
decomposition with hydrogen sulphide, yielded a crystalline 
product which was identiheil cry.stallographically as peni¬ 
cillamine hydrochloride. The supernatant solution gave a 
voluminous yellow precipitate with 2.4-dinitrophenylhydra- 
sine, which was coilc(?ted and recrystallized from alcohol. 
It was idontihed crystallographlcaily a.s the dinitrophenyl- 
hydrazone of 2-pentenylpenilIoaldehydc. Before precipita¬ 
tion with mercuric, chloride the solution gave no precipitate 
on addition of 2,4-dinitrophcnylhydrazine. 

The behavior of the product formed in the enzyme reac¬ 
tion indicated that it was mainly 2-pcntcnylpenaldic acid. 


Having in mind the ready conversion of 2-pen- 
tenylpenillic acid to pentenyl penillamine by the 
action of atiueons mercuric chloride, a reaction 
formulated as XX —> XXI below, it seemed likely 
that the structures XVIII and XIX might differ 
fundamentally in their behaviour towards this 
reagent. 
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B. STRUCTURAL STUDIES ON 

2-PENTENYLPENICILLIN (PENICILLIN-I)* 

The Mercuric Chloride Degradation of Penicillin 
and its Methyl Ester (I.C.I., CPS.28), When the 
first complete sti natural formulas for 2*pentenyl- 
penicillin and its dihydro derivative were proposed, 
namely XVIII by the Oxford workers {PEN.103) 
and XIX by the Imperial College workers {PEN. 
106), it became necessary to seek evidence which 
would differentiate between these t 3 rpes of stmc- 

* By W« R. Boon, C. T. Calam, H. C. Carrington, and Q. G. Freeman. 


XXI 

Whereas XVm, after hydrolytic fission of the 
S—CH link of the thiazolidine nucleus, would give 
a structure which, under the mildly acidic condi¬ 
tions of the mercuric chloride treatment,' might 
undergo further breakdown, XIX would be more 
likely to give rise to a product of the penillamine 
type. 

When the action of aqueous mercuric chloride on 
2-pentenylpenicillin barium salt was investigated 
(pH 3-4), it was found that carbon dioxide was 
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evolved and a mercuric complex was precipitated. 
The reaction, both as to rate of evolution of carbon 
dioxide and rate of precipitation, was very much 
slower than the corresponding reaction with 
2-pentenylpenillic acid. 

The supernatant liquid, after removal of the 
mercury complex, was shown to contain 2-pentenyI- 
penilloaldehyde by precipitation of the 2,4-di- 
nitrophenylhydrazone. The mercury complex gave 
a thiol derivative which in its general properties 
resembled penicillamine but which was not ob¬ 
tained crystalline. 

It now seemed possible that the position of the 
free carboxyl group in 2-pentenylpenicillin could be 
determined by the action of mercuric chloride on 
a penicillin ester. The methyl ester, prepared by 
the action of diazomethanc on an ethereal solution of 
2-pentenylpenicillin (Meyer, Hobby, and Chaffee, 
Sciencef 97^ 205 (1943); Mer(‘.k, Report dated A iujust 
1943), was not obtained in a pure state; but while 
it was only weakly active in vitro^ its iii vivo anti¬ 
bacterial action was confirmed. With mercuric 
chloride in aqueous methanol it gave 2-pentenyl- 
penilloaldehyde, the crystalline methyl ester of 
penicillamine, and carbon dioxide. 

This evidence that the free carboxyl group in 
2-pentenylpenicillin is tiie one in the penicillamine 
fragment agrees with that put forward by the Amer¬ 
ican workers in the bcnzylpenicillin series from their 
work on the benzylamine derivative (Merck, M.l; 
2 ,) and all formulas (such as XIX) which do not 
conform to it must be excluded. 

The Methanol Inactivation of 2-Pentenyl* 
penicillin (I.C.I., CPS.4^), When salts of 2-pen¬ 
tenylpenicillin were dissolved in methanol and the 
solution was allowed to stand at room temperature, 
the biological activity was slowly destroyed. The 
rate of the methanol inactivation varied consider¬ 
ably with the purity of the penicillin used, the purer 
samples reacting more slowly. The reaction ap¬ 
peared to be catalyzed by impurities in the cruder 
penicillin. The methanol-inactivated product, un¬ 
like the penicillin methyl ester, had no biological 
activity in vivo against streptococcal infections 
in mice. The inactivation was accompanied by a 
fall in optical rotation, so that it was considered 
unlikely that the product belonged to the penillic 
acid series. Attempts to bring about a subsequent 
rise in rotation by submitting the product to 
the conditions of a penillic acid change were 
unsuccessful. 

The inactivated product, which was still a salt, 
could be separated from impurities in the original 
penicillin by a silica-phosphate buffer-ether chroma¬ 
togram (see Chapter V) on the free acid, but the 
recovery was not liigh. Attempts to crystallize the 
sodium salt were unsuccessful, but analyses of the 
amorphous salt at this stage indicated the possi¬ 
ble formula Ci 5 H 2806 N 8 SNa (i.e. addition of one 
n^olecule of methanol to the penicillin molecule). 


The product gave no coloration with either ferric 
chloride or sodium nitroprusside. 

On treatment in methanol solution with mercuric 
chloride, an aldehyde was formed which was 
isolated as the dinitrophcnylhydrazone. Analysis 
of this indicated that the aldehyde had the formula 
C 10 H 15 O 4 N, that is. 2 -pentenyIpenilloaldehyde with 
an additional carbomethoxy group. The dinitro- 
phenylhydrazone gave no depression of melting 
point on mixing with the 2,4-dinitrophenylhydra- 
zone of methyl a-formyl-3-hexenoyIaminoacetate 
(XXII). 

NO2 

I 

C*H :N NH<( ^ 

CHNHCOCHsCHiCHCsHs 

I 

COOCHa 

XXII 

In addition to the aldehyde, a small yield of 
penicillamine hydrochloride was obtained by de¬ 
composition of the precipitated mercury complex. 
Only a very small amount of carbon dioxide was 
evolved during the mercuric chloride reaction. 

These results are in accordance with the break¬ 
down of a lactone or analogous system by the 
methanol, with formation of an ester grouping at 
the labile carboxyl group of the penicillin structure. 

EXPERIMENTAL 

The Action of Mercuric Chloride on 2-Pentenylpenicillin. 
2-Pentenylpcnicillin barium salt (0.55 g., about 75% pure) 
in distilled water (50 cc.) was treated with 5% aqueous 
mercuric chloride (20 cc.) at room temperature, the mixture 
being agitated by a stream of nitrogen, and the carbon 
dioxide evolved being collected in OA N baryta. When the 
reaction had ceased’(l2 hours) a flocculent bulky precipitate 
had separated, and carbon dioxide equivalent to 16.55 ml. 
of 0.1 N baryta had been collected, corresponding to 76% 
of 1 molecule per molecule of penicillin. 

The mixture was centrifuged, giving a clear pale yellow 
supernatant solution and a yellow precipitate, which was 
washed several times with water until the washings gave 
only a trace of precipitate with 2.4-dinitrophonylhydra2ine 
in 2 N hydrochloric acid. The combined supernatant solu¬ 
tion and washings yielded 2-pentenylpenilloaldehyde 2,4- 
dinitrophenylhydrazone (0.181 g.) on addition of an excess 
of saturated 2,4-dinitrophcnylhydrnzinc in 2 N hydro¬ 
chloric acitl. The crude hydrazone rn<‘lted at 155®; it was 
purified chromatogrnphically in ehloroform-ethcr solution 
on an alumina column, and obtained as yellow needles, 
m.p. 185®. The mixed melting point with aiithontio 
2-pcntenylpenilloaldehyde2,4-diuitrophenylhydrazone, m.p. 
187® (prepared by the method of PEN.97) was 186®, X-Ray 
powder photographs obtained by W. T. Astbury and H. J. 
Woods confirmed the identity of these two specimens. 

The precipitate fraction was suspended in water (10 cc.) 
and the mercury removed as mercuric sulphide. The clear 
colorless supernatant solution was evaporated to dryness 
in vacuo at room temperature, giving an amorphous glassy 
solid. The product gave a positive thiol reaction with ferric 
chloride (dull blue) had +20® (in water) and appeared 

to consist predominantly of penicillamine hydrochloride. 
On treatment with acetone the product was freely soluble 
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in water and strongly acidic, a rise in rotation took place, 
and the thiol reaction became nt^galive. The thiol reaction 
was restored after one minute’s hydrolysis with dilute 
hydrochloric acid at lOO*". Neith<;r the penicillamine 
fraction nor its isopropylidene derivative was obtained 
crystalline. 

Methyl 2-Pentenylpeilicillinate. Barium 2-pentenylpeni¬ 
cillinate (0.428 g., about 70% pure) in cold aqueous solution 
was acidified to pH 2 and the free acid extracted into ether 
(40 cc.). The ethereal solution was dried over sodium 
sulphate, and treated with diazornethane (0.039 g.) in ether 
(8 cc.) at 0 ® (95% of the theoretical quantity). After ten 
minutes at 0 “ the reaction was complete, and the solution 
was concentrated to half volume in vacuo, and extracted 
three titnes with phosphate buffer of pH 7.0. The ethereal 
solution was dried and on evaporation gave the ester as 
a pale yellow oil (0.274 g.). \aW^ +186’=' (c =« O.lti in 
methanol). 

Calc. Ci 6 H« 04 N 2 S: OCH 3 , 9.5 
Found: OCH 3 , 9.1 

Dispersed in aqueous buffer the ester had an in vitro activity 
against B. subtilis of 15 U./rng., and it was highly active 
tn vivo against Str. pyogenes in mice. 

The Action of Mercuric Chloride on Methyl 2-Pentenyl- 
peniciUinate. The methyl ester (0.696 g.) in methanol 
(40 cc.) was treated with a solution of mercuric chloride 
(2 g.) in water (120 cc.). After twelve hours 71% of one 
molecule of carbon dioxide per molecule of penicillin ester 
had been evolved. (This was calculated on the assumption 
that the penicillin ester was 100 % pure, and really corre¬ 
sponds to a yield more closely approximating to 1 molecular 
equivalent.) The precipitate was centrifuged and then 
decomposed in aqueous suspension with hydrogen sulphide, 
and the aqueous solution gave on evaporation in vacuo, 
crude penicillamine methyl ester hydrochloride (0.198 g.). 
After purification by reprecipitation with mercuric chloride 
and liberation with hydrogen sulphide the ester hydro¬ 
chloride was obtained as long colorless needles m.p. 170-175®. 
Calc. CcHuOsNS HCJ: 

C, 36.1; H, 7.0; N, 7.0; S, 16.1; OCH,, 15.5 
Found: C, 35.3; H, 7.1; N, 7.3; S, 17.2; OCHj, 13.5 

The compound gave feeble thiol reaction with ferric chloride 
and sodium nitroprusside. On treatment with warm acetone 
the penicillamine methyl ester hydrochloride (0.015 g.) gave 
isopropylidenepenicillamine .methyl ester hydrochloride 
(0.013 g.), which was purified by sublimation in vac^w 
(90V6.2 X 10~< mm.). It had m.p. 140®. 

Calc. C.HitO*NS HC1: OCH*, 12.9 
Found: OCH*, 12.95 

The supernatant liquid from the first separation of the 
mercury complex, on addition of an excess of 2,4-dinitro- 
phenylhydrazine in 2 A hydrochloric acid gave 2 -pentenyl- 
penilioaldehyde 2,4-dinitrophenylhydraaone (m.p. 180®), 
purified by passage through an alumina column which was 
developed with chloroform-ether mixture. The pure yellow 
crystalline hydrazone had m.p. 187® and was identical with 
an authentic specimen. 

The Inactivation of Sodium 2-Pentenylpenicillinate in 
Methanol. The rate of the inactivation varied considerably 
with the purity of the sodium penicillin used, the purer 
material reacting more slowly. The behavior of two samples 
on inactivation at 37® is shown in the following table: 



Time (hrs.) 

Activity (U./mg.) 

l“lo 

Sample 1 . 

0 

1240 

264® 


48 

670 

182* 


96 

175 

162® 


164 

60 

114® 

Sample 2. 

0 

850 

132® 


7 

430 

100 ® 


23 

125 

66 ® 


Sodium 2 -pontenylpeiiicillinate (0.45 g., 1,120 U./mg.) 
was inactivated in. methanol. Aftc;r removal of the solvent 
the product was converted to the free acid and purified on 
a silica-phosphate buffer column (pH 6.3) using ether as the 
solvent. The product was isolated as the barium salt, a 
pale yellow powder (0.175 g.) with [a]D®* -*1-92° (c » 0,5 in 
water). (Found: N, 8.1; S, 8 . 2 ; OCH#, 7.8.) A second 
chromatograpliic treatment brought about no further purifi¬ 
cation, and the barium salt was converted to sodium salt, 
which was fractionally precipitated from acetone with ether. 
The product was not obtained crystalline, but a fraction had 
-f 159® (c — 0.3 in water). 

Calc. CuHaaO^NsSNa: N, 7.05; OCII#, 8.45 
Found: N, 7.1; OCH#, 8.1 

The Action of Mercuric Chloride on the Inactivated 
Product. The barium salt of methanol-inactivated 2 -pen¬ 
tenyl penicillin (0.608 g.) in absolute methanol (7 cc.) was 
treated with mercuric chloride (0.831 g.) in methanol (10 cc.) 
in a stream of nitrogen. There was an immediate cream- 
colored precipitate. Carbon dioxide, equivalent to 1.2 ml. 
0.1 A baryta (3.9% of 1 molecule per molecule of barium 
salt of inactivated penicillin) was evolved. A further pre¬ 
cipitate of mercuric chloride complex was obtained after 
removal of the methanol from the supernatant solution and 
addition of water (15 cc.). The combined precipitates were 
resuspended in water and the mercury removed as mercuric 
sulphide. The supernatant solution was evaporated to 
dryness in vacuo at room temperature and gave a small yield 
of colorle.s 8 needles arranged in rosettes. This product, 
which was not obtained in sufficient quantity for further 
purification, gave positive thiol reactions with ferric chloride 
and sodium nitroprusside and appeared to be penicillamine 
hydrochloride. 

The aqueous supernatant solution and washings were 
treated with an excess of 2 , 4 -dinitrophenylhydrazine in 2 A 
hydrochloric acid and gave a yellow precipitate of methyl 
2-pentenylpenaldate 2,4-dinitrophenylhydrazone (0.273 g.). 
The crude hydrazone (m.p. 133®) was crystallized from warm 
absolute ethanol and obtained as long yellow needles, 
m.p. 146®. 

Calc. CiaHibNbOt: C, 48.8; H, 4.8; N, 17.8; OCH,, 7.9 
Found: C, 48.7; H, 4.85; N, 17.6; OCH,, 7.3 

The 2,4-dinitrophenylhydrazone of methyl formyl-3- 
hexenoylaminoacetate (prepared by the formylation of 
methyl 3 -hexenoylammoacetate with methyl formate and 
sodium methoxide) had m.p. 148®. There wad no depres¬ 
sion in a mixed m.p. with methyl 2 -pontenylpenaldate 
2,4-dinitrophenylhydrazone. 

C. PRODUCTION AND PURIFICATION 
OF 2-PENTENYLPENICILLINio 

Production and Extraction Process. A medium* 
scale production unit was developed in 1942 and was 
in constant use until the end of the chemical de¬ 
gradation work. In this work surface culture 
methods were used throughout. The strain of 
Penicillium notatum employed initially for thp 
production of penicillin was a descendant of Flem¬ 
ing’s original strain and was obtained directly from 
Sir Alexander Fleming. This was later replaced by 
the strain NRRL 1279.B21 which was kindly 
placed at the disposal of the Oxford workers by 
Dr. R. D. Coghill. The culture medium consisted 
of the Czapek-Dox salt mixture, to which 4% glu¬ 
cose and 3% (by volume) of neutralized oom-steep 

By B. P. AbnOiam, B. Olizto. H. W. Blowy, and A. O. Sandaro. 
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liquor (supplied by Messrs. Watherspoon and Co., 
Paisley, Scotland) were added. The culture vessels 
were the modified Roux bottles, made from porce¬ 
lain as described by Abraham, Chain, Fbtcher, 
Florey, Gardner, Ileatley, and Jennings {Lancet^ 
241 , 177 (1941)). The medium in the vessels was 
seeded with a spore suspension made from agar 
slopes. About 500 vessels were set up each week 
and after five days when tlie penicillin present was 
at its maximum (about 15 U./cc.) the active fluid 
was harvested. After the mycelium had been 
removed by filtration the penicillin was extracted 
from the culture medium, in the form of its free 
acid, into an equal volume of amyl acetate, and 
then re-extracted into one-tenth of the volume of 
water by stirring the amyl acetate solution with a 
solution of aqueous sodium bicarbonate; this,pro¬ 
cedure was followed by a s(>(*oiid extraction of the 
free acid into an organic solvent, using an equal 
volume of chloroform, and finally by a second ex¬ 
traction of the penicillin into one-tenth of the 
volume of water, as its sodium salt, by adjusting 
the pll with sodium bicarbonate to a final value of 
about 7.5. For the transference of penicillin be¬ 
tween organic solvents and water an extraction 
plant was constructed. This plant, the first of its 
kind, depended on general principles which form the 
basis for the extraction of penicillin as it is now 
carried out on a commercial scale in many large 
plants all over the world. A short description of 
the Oxford plant may therefore be of some historical 
int(uest. 

Laboratory Large-scale Extraction Plant. The 

apparatus was originally designed for working with 
80 liter batches of metabolism fluid though later it 
was modified so that continuous operation was 
possible. Since it was practically impossible to get 
special apparatus made to order at the time when 
the plant was constructed, use was made of a 
motley assortment of daily, garden, and domestic 
plumbing fittings. 

The medium was first filtered to remove the 
mycelial mat and gross particles. It was then 
lifted by an ordinary garden fountain pump and 
allowed to percolate over the coils of a milk cooler. 
The cooler had two stages, the first part being cooled 
with tap water and the second by a refrigerant gas. 
The temperature of the outgoing culture fluid was 
usually about +4 to +6®. The chilled culture 
fluid then ran by gravity into four 10-gallon milk 
churns, each of which had previously been about 
half filled with 20 liters of amyl acetate. Twenty 
liters of brew were added to each churn. As soon as 
the first was full, the flow was diverted to the second, 
and so on. 

Each churn, when full, was acidified with hydro¬ 
chloric acid or sulphuric acid to bring the pH down 
to 2.0* While the acid was being run in, the con¬ 
tents were mixed with the ordinary perforated plate 
type of mixer supplied with the chum. 


After mixing, a tap at the bottom of the churn was 
opened and the contents pumped into a Sharpies 
Centrifuge Type 5. This broke the emulsion and 
delivered the amyl acetate containing the penicillin 
to another set of empty 12-gallon milk churns. 
The water phase was nin to waste. 

Each of these churns received a charge of 40 
liters of amyl acetates to which 4 liters of ta{) water 
were then added, followed by suflScient 8% sodium 
bicarbonate, d(?termined by a previous titration, 
to bring the pH to 7.4. Emulsions did not form at 
this stage and a few minutes settling was sufficient 
to permit the water to sink to the bottom after 
mixing. The water, now containing sodium peni¬ 
cillin, was withdrawn by suction from the bottom of 
the churn into an inverted 10-liter glass bottle which 
acted as a second separation funnel from which the 
watery extract was run off into suitable rec^eivers. 
Two further lots of 4 liters of tap water were mixed 
with the arnyl acetate remaining in the churn and 
then drawn off as the ‘^first^^ and ‘^second’' wash¬ 
ings, which were later pooled and passed through 
th(? plant again. This washing process was neces¬ 
sary as only about 60% of the penicillin present 
in the amyl acetate was removed in making the 
first extraction. 

After the two washings the amyl acetate was 
returned via a storage tank to the acidifying side of 
the plant. Periodically the amyl acetate in use 
became so charged with pigment that it had to be 
chemically cleaned by treatment with sodium 
hydroxide and then washed with water till the 
washings were neutral. At longer intervals the 
amyl acetate was redistilled under reduced pressure. 

When some experience had been gained it was 
possible to put through 160 liters at a single run, but 
after this the centrifuge had to be stopped and its 
bowl cleaned, as this always contained a thick 
deposit of precipitated material. 

A final model of this plant contained two centri¬ 
fuges in parallel so that a really continuous process 
could be employed. One further modification that 
was used successfully consisted in the precipitation 
of some of the substances in the culture fluid re¬ 
sponsible for forming emulsions, by the addition 
of tannic acid immediately before the process of 
acidification in the presence of amyl acetate. 

Plate I shows the battery of four churns used for 
the acidification stage. The inverted bottles above 
the churns were used to measure the volume of acid 
added. On the extreme right of the picture part of 
the milk cooler is seen. Plate II shows the neutral¬ 
izing side of the plant. The inverted aspirating 
bottles were used as separating funnels. The cen¬ 
trifuge was housed in the glass-sided compartment 
on the right of the picture. 

The aqueous solution from the first extraction 
process was next subjected to a similar process in 
which chloroform was used instead of amyl acetate. 
This solvent was selected because several of the 
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impurities which were readily soluble in amyl 
acetate were less soluble in chloroform, so that some 
purification of the penicillin was effected simulta¬ 
neously with its further concentration. 

Since chloroform, unlike amyl acetate, is heavier 
than water, a different apparatus had to be made 
for this process. Care was necessary to ensure 
that the toxic chloroform vapor did not escape into 
the room. The apparatus is shown in Plate III. 
The milk churn at the bottom was the chloroform 
reservoir from which the amount required for 
extraction was forced by (compressed air up a pipe 
leading to the upper churn. The chilled extract 
from the first stage was also pumped up into 
the top churn and the two fluids mixed well by an 
electric stirrer. During the mixing the required 
quantity of acid was added. The stirrer w^as then 
stopped and in a few minutes the liquids separated 
without centrifuging. The chloroform, now con¬ 
taining the penicillin in its acid form, w^as drawm 
off from the bottom of the churn through a glass 
tube into another sealed vessel, made of tinned 
sheet iron, placed below it. The watery phase 
was diverted, via an inspection bottle, to waste. 

The chloroform in the central vessel was then 
agitated with an electric stirrer and one-tenth of its 
volume of phosphate bulTer run in slowiy. On 
allowing the mixture to settle, the w^atery phase, 
now containing sodium penicillin, rose to the top 
and was removed by suction through an inverted 
glass U-tubc. This tube w’as manipulated from 
outside but the inner end could be seen through a 
glass window^ let into the front of the vessel. 

The chloroform w^as w'ashed in the same way as 
has been described in the case of amyl acetate, and 
was then returned to the reservoir for further use. 

Purification. The final aqueous solution ob¬ 
tained from the plant contained 1,()00“'2,000 U./cc. 
and material with an activity of lOO-lSO U./mg. 
This material was subjected to a purification pro¬ 
cedure which consisted in the chromatographic 
separation of the free acids dissolved in chloroform 
or ether, on a column of acid-neutralized alumina, 
followed by a reduction process with aluminum- 
amalgam in neutral aqueous solution and then 
by several ^'partition-chromatograms,^* with ether 
or chloroform as the moving solvent, on columns of 
silica-phosphate buffer. In the following, the 
course of a typical purification run is described: 

Penicillin in ethereal solution (5-10 million units) 
was purified chromatographically on alumina stand¬ 
ardized according to Brockmann, as described by 
Abraham and Chain {Brii, J, Exp, Paih.f 28, 103 
(1942)). The alkalinity of commercial alumina was 
found to cause losses of penicillin activity in this 
procedure, even though it w'as carried out at 4®. 
The alumina was therefore neutralized by suspend¬ 
ing in w'ater and adding 20% hydrochloric acid 
until the pH of the supernatant aqueous solution 
remained permanently at 6, after which it was 


filtered off and dried at 100® for forty-eight hours. 
The appearance of the column obtained with this 
alumina was similar to that described by Abraham 
and Chain (1942). The column was dissected 
under ultraviolet light and the light colored middle 
fraction eluted three times with phosphate buffer, 
the first time for thirty minutes, the second time 
for one hour and the third time overnight. The 
combined eluates were cooled in ice, adjusted to 
pH 2, and extracted three times with one-third of 
the volume of chloroform, the penicillin w^as then 
transferred from the eliloroform to one-fifth of its 
volume of water by bringing the pH to 7.0 with 
0.1 N sodium hydroxide, while still cooling in ice. 
After these procedures the yield was about 50-00% 
of the original activity and the dry sodium salt had 
an activity of 200-400 U./mg. 

The aqueous solution obtained at this stage was 
initially subjected to a n‘duction process with 
aluminum-amalgam (Abraham and Chain, 1942) 
which did not affect the penicillin, but changed the 
properties of impurities so that these behaved dif¬ 
ferently from the starting material on alumina 
columns, thus making possible a further purifica¬ 
tion by chromatography. After rc'duction the 
solution was cooled, brought to pH 2, again extracted 
with eliloroform, and the penicillin then trans¬ 
ferred back to water by the addition of 0.1 iV 
sodium hydroxide. A loss of 15-20% of the peni¬ 
cillin activity occurred during the reduction pro¬ 
cedure but the purity of the sodium salt was raised 
to 400-C00 U./mg. In the later stages of the work 
at Oxford, when purer starting material containing 
much less brown pigment became available, through 
changes in mold strain and culture medium, the 
reduction process was found to be unnec(‘ssary and 
was omitted. 

The next stage in the purification procedure con¬ 
sisted in partition chromatography on columns of 
silica gel containing phosphate buffer. This method 
of partition chromatography which was first de¬ 
scribed by Martin and Synge {Biochem, J., 35, 13 
(1941)), has extended considerably the scope of the 
chromatographic technique. 

The main problem to be solved in the purification 
of penicillin consisted in the separation of a number 
of acids with similar dissociation constants. Par¬ 
titioning these between organic solvents and water 
on columns of silica gel was limited by the stability 
range of penicillin in the aqueous phase, so that 
practically it was feasible only when the phase had 
a pH between 5 and 8. This meant that only 
penicillin which was mainly in the form of a salt 
could be partitioned successfully between water and 
organic solvents. Simple transfer experiments 
showed that there were significant differences in the 
partition coeflBcients, between organic solvents and 
water in the pH range 5-8, of the various acids 
accompanying penicillin as impurities. These indi¬ 
cated that the essential conditions for the successful 
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application of partition chromatography in this 
case were fulfilled. 

The first application of partition chromatography 
to the purification of penicillin was made by Catch, 
Cook and Heilbron {NaiurCj 150^ 633 (1942)). 
These authors percolated ethereal solutions of 
penicillin through silica-gel columns containing 
freshly precipitated barium carbonate and achieved 
considerable purification of their preparations, 
obtaining final products having an activity of 750 
U./cc. and higher. 

In 1942 Dr. Martin (personal communication) 
suggested to one of the Oxford workers that it might 
be advantageous to substitute phosphate buffer for 
the barium carbonate, since this possessed a 
greater buffering capacity and its pll could be 
varied within the stability range of penicillin, i.e. 
between 6 and 8. This suggestion was taken up at 
Oxford with ensuing success. At about the same 
time, the Oxford workers learned that a similar 
method of purification was being developed by the 
group at Imperial Cliemical Industries Ltd., but 
they were not informed about the experimental 
details of this method until a later date, and carried 
out their own investigations independently. The 
workers at Imperial Chemical Industries have de¬ 
scribed their method in detail in C/hapter V. The 
procedure finally adopt'd at Oxford for the puri¬ 
fication of 2-pentenylpeniciHin by partition chroma¬ 
tography was as follows: 

Silica was prepared from commercial water glass 
according to Gordon, Martin and Synge {liiochcrn, 
J., 57, 79 (1943)). The water glass was diluted 
with 3 volumes of tap-water and concentrated 
hydrochloric acid was slowly added with vigorous 
stirring, keeping the temperature below 60®, 
until the pH of the supernatant solution remained 
unchanged at 2. During the addition of hydro¬ 
chloric acid the solution set to an almost solid gel 
but became liquid again on further addition of 
hydrochloric acid. Vigorous stirring during the 
precipitation was essential. The precipitated silica 
was filtered on Buchner funnels, washed with dis¬ 
tilled water, and dried at 100® for twenty-four hours. 
It was then mixed with half its weight of saturated 
phosphate buffer pH 5.8. This silica-phosphate gel 
(450 gms.) was stirred with chloroform and the 
suspension poured into a tube about 00 cm. long 
and 5.8 cm. wide. The resulting column was 
allowed to settle in the ice-chest, and then a 


chloroform solution of penicillin (2-5 million units in 
500 cc. to 1 L), wliich had been purified by chroma¬ 
tography on alumina and by treatment with alu¬ 
minum-amalgam as described above, was carefully 
run in. The column was developed with chloro¬ 
form and fractions were collected as they percolated 
through the column. The penicillins are strongly 
dextro-rotatory, and it was found possible to deter¬ 
mine the penicillin content of the fractions with a 
sufficient degree of accuracy by measuring their 
optical activity. The optical activity was found 
to be almost exactly proportional to the biological 
assay value in the case of preparations having a 
degree of purity above 500 U./rng. The appear¬ 
ance of the fractions was as follows. The first 
fractions contained a great deal of yellow ])igment 
and no penicillin. Thisc were followed by a color- 
lc.‘^s fraction which also con tuned no activity. 
Then pale yellow fractions appeared containing the 
bulk of the penicillin (70-80%), and washing with 
chloroform was continued until the optical rotation 
of the fractions had become negligible. Some 
brown pigment remained in the column. The 
purest fractions, a.ssaying at 600-800 U./mg. of 
barium salt, w(‘rc combined and percolated through 
a .second silica-phosphate column of smaller size; 
the purest fractions collected from this second 
partition chromatogram were only very slightly 
colored and assayed betweim 800 and 1,000 U./mg. 
of bai'ium salt. The pc'nieillin was transferred to 
water by addition of alkali and then from the aque¬ 
ous solution into ether. The ethereal solution was 
subjected to further partition chromatography on a 
still smaller silie.a-gel-phosphate column prepared 
with ether in the same manner as that dejscribed 
above using chloroform. Percolates were collected 
and their optical activity determined after extrac¬ 
tion of samples with an equal volume of phosphate 
buffer. The purest fractions, after conversion into 
the barium salt, assayed at 1,000-1,300 U./mg., 
which corresponded to a purity of about 70-90%. 
The final yield was about 10-15% of the starting 
material. When the sodium salt, obtained from the 
barium salt by inetathetical reaction with sodium 
sulphate, was dried lyophilically and then exposed 
to air, it became deliquescent and after a few hours 
standing crystallized in long needles (Abraham, 
Baker, Chain, and Robinson, PEN:94; Crowfoot 
and Low, PEN,96). The examination of this ma¬ 
terial is described in section A of this chapter. 
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Introduction. The early attempts at Oxford and 
at Imperial College to degrade penicillin and eluci¬ 
date its chemistry were made on highly impure 
material. The method of purification in use at 
Imperial College was from time to time improved 
empirically; but only at a comparatively late stage 
in the investigations did it become clear that, 
whereas the Oxford workers had despite earlier 
doubts been examining substantially a penicillin 
(2-pentenylperiicillin) which contained a purely 
olefinic double-bond, the group at Imperial College 
were degrading a reduced but still active penicillin 
(n-amylpenicillin). It will therefore be useful to 
review first those experiments in which penicillin 
was treated with reducing agents and to watch 
the emergence of a dihydropenicillin-I. A con¬ 
centration procedure largely applied to n-amyl- 
penicillin is described, followed by a description of 
the degradation of this material and a summary of 
the state of synthetic work in December 1943. 

Early Experiments on Treatment of Penicillin 
with Reducing Agents. Use ok Aluminum Amal¬ 
gam. The use of tliis reducing agent was a feature 
of the original Oxford method of purification (Abra¬ 
ham and Chain, Brit, J. Exp, Path,, 23, 103 (1942)). 
It was not clear whether this treatment resulted in 
the reduction of the antibiotic, but it was certainly 
appreciated that the effect was due, at least in part, 
to the adsorption of the impurities on the alumina 
formed. An unambiguous answer to this question 
could not be given because of conflicting results and 
viewpoints at the time. Thus it was reported that 
solutions of all the salts investigated at the time 
(May 1942) were completely decolorized by alumi¬ 
num amalgam and all the activity of the original 
salt was found in the supernatant liquid. The 
colorless solutions showed maximum absorption at 
2,610 A and were optically inactive (Hems and 
Clayton, PEN,23), Although tests with crude cul¬ 
ture fluid were unsuccessful, yellow barium salts 
could alwa 3 rs be decolorized with aluminum amal¬ 
gam; 25-70% of the activity remained unadsorbed 
(as barium salt), none being recovered from the 
^umina. The recovery appeared to depend on the 
quality of aluminum used and the time of contact 
with the couple, poorer quality and slower reduc¬ 
tion decreasing the recovery (Catch, Cook, and 
Heilbron, PEN.24). Early experiments on chemi¬ 
cal chromatography of penicillin (Catch, Cook, and 
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Heilbron, PEN,28) always gave active fractions 
which gave a bright red color with nitric acid 
(d = L4), The color was transient and was not 
given with sulphuric acid—potassium nitrate, di¬ 
lute nitric acid, sulphuric acid—chromic acid, or 
potassium periodate. Its duration under selected 
conditions was approximately proportional to the 
activity. “Reduction” of such fractions with 
aluminum amalgam, best carried out without 
controlling the pH of the solution, gave material 
which no longer exhibited the color reaction with 
nitric acid {PEN,28), This fact, which might have 
been interpreted as a result of a chemical change, 
was later shown to be due to removal of a persistent 
impurity which was responsible for the color 
reaction. 

The reaction with nitric acid w^as later supplanted 
by a test in which a stable red color was given by 
penicillin preparations in acetic acid containing 5% 
of sulphuric acid. In all chromatographic separa¬ 
tions on silica-carbonate columns (see below) the 
two color reactions always indicated the point of 
maximal activity on the column unless considerable 
inactivation had taken place; the color w^as not 
given by the bulk of (concomitant pigments pro¬ 
duced by the mold. The reac.tion, like that with 
nitric acid, was not giv(‘n by pcmicillin which had 
been subjected to aluminum amalgam reduction 
(Catch, Cook, and Heilbron, PEN.48). Penicillin 
which had been submitted to “reduction” with 
aluminum amalgam was pure white, while that 
w^hich had been only chromatographed was very 
pale yellowy but both were unstable. ^ ^ Unreduced ” 
penicillin show^ed an absorption band at 2,050 A 
(Ew'^® about 390) and this band was unaffected 
on reduction (Catch, Cook, Hall, and Heilbron, 
PEN,54) • In America reduction (of relatively 
crude material, 500 U./mg., and presumably 
of benzylpenicillin) gave a product which was quite 
white after chromatographing, but spcctrographic 
evidence suggested that “penicillin” at this level of 
purity contained at least six substances and it was 
not surprising that it \vas impossible to say whether 
or not reduction of the active material was occur¬ 
ring (Chapter V). 

Miscellaneous Reducing Agents. There 
were early reports (e.g. Report of February 194^ from 
Glaxo Laboratories Ltd.) that sodium hydrosulphite 
slowly decolorized penicillin, but others were unable 
to confirm tliis. Some workers (I.C.I.) were able 
to effect a degree of purification of crude penicillin 
by treatment with sodium bisulphite. In buffered 
solutions penicillin could be reduced electrolytically 
to a colorless active solution using a mercury cathode, 
lead anode, and diaphragm. Decolorization 
without loss of activity also took place in an im- 
buffered solution without a diaphragm provided 
the current was kept very low (Hems and Clayton, 
PENJ7). The means of deciding whether these 


experiments led to reduction of penicillin itself 
were however not yet available. 

Catalytic Hydrogenation of Penicillin.- Re¬ 
sults of early work on the hydrogenation of 2-pen- 
tenylpenicillin were variable and constantly biassed 
by the view that any reduction was likely to have 
been concerned with impurities rather than the 
antibiotic itself. Thus the Oxford workers stated 
that “no catalytic reduction takes place under 
atmospheric x>ressure with various catalysts” al¬ 
though it was also reported (Abraham and Chain, 
Brit. J, Exp. Path.y 23^ 103 (1942)) at about the 
same time that with Adams catalyst about 0.8 rnol. 
H 2 per Ba atom was absorbcMl in 43^^ hours and that 
the reduced material was still active. With a 
palladium-charcoal catalyst there was no hydrogen 
uptake. Hydrogenation experiments were carried 
out in the Warburg apparatus (Al)raham and Chain, 
1942). Barium penicillin in methanol solution was 
reduced in presence of palladium-cliarcoal catalyst. 
The product was colorless and retained 10% of the 
original activity (Wellcome Foundation, PEN.11); 
but since penicillin was destroyed by mctlianol 
alone, this result was less significant than it might 
have been. The same report recorded that reduc¬ 
tion proceeded veiy slowly with platinum catalyst 
in phosphate buffer at pH 7.2. The product was 
still yellow and retained two-thirds of the original 
activity; reduction was possibly incomplete. On 
the other hand other workers on two occasions 
reduced aqueous solutions of penicillin catalytically 
vith Pt 02 giving colorless solutions which were still 
fairly active. Only small amounts of penicillin 
were used and no hydrogen uptake was observed or 
recordedit was thought that possibly the effect 
was due to adsorption of colored impurities and not 
to hydrogenation (Hems and Clayton, PEN.27). 

Other experiments with crude penicillin showed 
that with Adams catalyst it took up about 1.5 
mols. H 2 /mol. of penicillin (I.C.I., PEN.C2) 
w'hereas other preparations (Imperial College, 
PEN.C2; Catch, Cook, Hall, and Heilbron, PEN.83) 
showed a variable uptake (4-6 mols. H 2 /Ba atom) 
attributed to different impurities. The amount of 
catalyst was quite small, e.g., 1.09 g. of barium 
penicillin at about 900 U./mg. in 60 cc. of water were 
reduced with 20 mg. of Adams catalyst. Any color 
originally present was not completely removed and 
was often not appreciably reduced. That penicil¬ 
lin was itself undergoing reduction was evidenced 
by an increase in activity towards S. aureus; for 
example a preparation which originally contained 
900 U./mg. assayed at 1,400 U./mg. after hydrogen¬ 
ation (Catch, Cook, Elvidge, Hall, and Heilbron, 
PEN.99). Hydrogenation was also accompanied 
by a slight rise in optical activity. 

A difference between “native” penicillin and 
hydrogenated penicillin was also indicated by 
differential assays against S, aureus and B. subtilis 
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S. aureus 

B. suhlilis 

**Native'' penicillin. 

1.0 

1.75 

Hydrogenated penicillin. 

1.05 

1.30 



(Bentley, Catch, Cook, Elvidge, Hall, and Hcilbron, 
PEN. 105)^ and the difference became even plainer 
from degradation studies. 

Concentration and Extraction. When research 
upon penicillin was commenced at Imperial College 
in 1941, the starting material was derived from two 
sources, Glaxo Laboratories Ltd. and Wellcome 
Physiological Research Laboratories. Both labora¬ 
tories were growing P. notatum (the strains being 
derived from the original Fleming strain) in surface 
culture upon synthetic media, the penicillin being 
subsequently refined to some degree by adsorption 
on charcoal and elution by aqueous acetone. The 
first batch, produced in surface culture by strain 
NRRL 1249, which was examined proved abnormal 
in containing a large proportion of p-hydroxy- 
benzylpenicillin (Chapter V), and the following 
study is therefore based wholly on the earlier ma¬ 
terial supplemented by a small quantity grown at 
Imperial College. 

The Glaxo product available was rather variable 
and usually dark in color; it was a solution of crude 
sodium salt containing 30-200 U./mg. Later 
(1943), more concentrated solutions of sodium salt 
in water, or of the free acid in chloroform, contain¬ 
ing 20-26 mg./cc., became available. The smaller 
quantity of penicillin provided by the Wellcome 
Physiological Research Laboratories was a pale 
yellow solution of a barium salt containing 1-2 
mg./cc. and having an activity of 100-150 U./mg. 
Very little dried penicillin salt was available and the 
penicillin used in degradative studies amounted to 
only a fraction of a gram, so that its study was 
necessarily restricted. 

At the outset the methods of purification de¬ 
scribed by the Oxford workers (Chain, Florey, 
Gardner, Heatley, Jennings, Orr-Ewing, and 
Sanders, Lancet^ 2S9j 226 (1940); Abraham, Baker, 
Chain, Florey, Holiday, and Robinson, Nature, 
Hd, 356 (1942); Abraham and Chain, Brit. J, Exp. 
Path., fS, 103 (1942)) were tried, with disappointing 
results. Chromatography of ethereal solutions of 
crude penicillin over alumina resulted in large losses 
of activity with no valuable concentration. Treat¬ 
ment of preparations of various degrees of purity 
with amalgamated aluminum resulted in the forma¬ 
tion of colorless or nearly colorless supernatant 
solutions containing much of the original activity, 
but the weight of impurities removed was small 
and in general the process did little more than coun¬ 
terbalance the activity which was lost. Conse¬ 
quently other methods were sought. 

Bulk Adsorption of Impurities. The poten¬ 


tial advantages of a bulk method of treating large 
volumes of solutions (rather than a chromatographic 
one) were obvious, and after numerous experiments 
alumina appeared to be the most promising ma¬ 
terial. The slightly acid alumina (General Electric 
Company) obtained by heating ammonium alum 
proved to be especially suitable; this alumina, well 
washed with hot water, was added with stirring to 
an aqueous solution of barium penicillin obtained 
by extracting a chloroform solution with dilute 
baryta solution until the pH rose to 6.5-7.0. The 
amount of alumina to add was rather critical and 
could be estimated only by experiment with the 
actual batch to be treated. The following results 
were obtained in a typical experiment, in which 
portions (100 cc.) of barium penicillin, containing 
5 mg./cc., about 75 U./mg., were shaken with 
various amounts of the above (dried) alumina for 
five minutes at room temperature. 


Quantity 

of 

alumina 

(grams) 

.\ctivity in 
filtrate 

Activity in 
washings (same 
volume as 
original filtrate) 

Activity 

eluted 

from 

alumina 

with 

phos¬ 

phate 

buffer 

1 

100% (160 U./mg.) 

_ 


2 

100% (130 U./mg.) 

— 

— 

4 

100% (160 U./mg.) 

— 

— 

8 

50% (150 U./mg.) 

25% (200 U./mg.) 

— 

16 

60% (200 U./mg.) 

30% (270 U./mg.) 

12% 


Better results were obtained by using more dilute 
solutions (1 mg./cc.), but this made the already 
rather cumbersome process very clumsy to apply 
to large amounts of crude material. Attempts to 
work with more concentrated solutions gave much 
poorer results and led to erratic losses of activity. 
Alumina treatment seemed to remove preferentially 
the more highly pigmented impurities, but little 
gain in potency was attained. Considerable use 
was made, however, of the bulk adsorption method 
as a preliminary treatment for low-activity crude 
penicillin. 

Chromatography on Silica Gel-Alkalinb 
Earth Mixtures. Early in 1942 attempts were 
made to chromatograph solutions of penicillin in 
organic solvents upon mixtures of barium carbonate 
and neutral powdered silica-gel, these mixtures (in 
the proportion 1:26) being at first made up mechan¬ 
ically. A moderate degree of success was at once 
achieved, and the method was developed and 
extensively used for one and a half years. 

In its final form, neutral silica-gel, powdered to 
pass a 100-mesh sieve, was suspended in a solution of 
barium chloride whiie an equivalent solution of 
potassium carbonate was added with efficient stir- 
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ring. The amounts were usually adjusted to give a 
barium carbonate content of 2.5% of the dried 
silica, but higher concentrations were occasionally 
used. Calcium and strontium carbonate prepara¬ 
tions were also employed with success. The silica- 
carbonate mixture was washed with water and 
dried; it was usually again passed through the 
100-mesh sieve to ensure uniformity. The powder 
was packed dry into the columns, and a quantity 
of solvent first run through, followed by the solution 
of penicillin. The solvents generally used were 
ether and chloroform. Finally a further quantity 
of solvent was passed through the column, which 
was then extruded and dissected into zones, each 
zone being separately eluted with water or phos¬ 
phate buffer solution, the whole process being 
carried out at room temperature. Percolation of 
the solvent was hastened by slight suction. 

The appearance of the column, and the degree of 
separation achieved, were dependent upon the 
material submitted to the process. Under the 
best circumstances, a five- or sixfold increase in 
potency could regularly be obtained, 30-00% of 
the original being recovc^red in a single fraction. 
The remainder of the a(‘tivity was always recovered 
as less active fractions, the total recovery being 
almost quantitative. The appearance of the col¬ 
umns was often very striking, there being usually 
observed a dark brown zone of impurity at the top, 
an intermediate zone frequently showing a number 
of narrow yellow bands, and a broader prominent 
yellow band lower down. 1 n addition, much yellow 
impurity could be washed through by the solvent, 
sometimes as distinct weakly adsorbed yellow 
bands (Catch, Cook, and Heilbron, FEN.28). 



The most prominent yellow band was nearly coin¬ 
cident with, or just a little below, the zone of 
maximum penicillin concentration. Additional as¬ 
sistance in judging the position of the '‘penicillin 
band ’’ was given by a color reaction characteristic of 
this most prominent yellow band, but not given by 
the others with comparable intensity. The residue 
from evaporation of aqueous (phosphate-free) 
eluates of this zone, or more conveniently the dry 
silica powder itself, gave with concentrated nitric 
acid (or better, with a 5% solution of sulphuric acid 
in acetic acid) a bright cherry-red color, and rough 
estimation of the relative intensity of colors given 


under comparable conditions by various zones in 
the column was of great help in forecasting in what 
range of dilutions the biological assays should fall. 
In ultraviolet light the columns frequently dis- 
playrid striking bands of fluorescence, but experience 
led to little reliance upon these in attempting to 
locate the penicillin. Early columns very soon 
furnished material containing about 500 U./mg. 
and these figures were considerably surpassed 
(Catch, Cook, and Heilbron, FEN.28). 

Attempts to develop these columns, beyond the 
mere washing out of very weakly held impurities, 
were of small value, but the only solvents tried 
were ether, chloroform, and the like. It will be 
clear that the process in essence is a fractionation in 
which the stronger acids displace the weaker acids 
towards the lower part of the column. It would be 
expect(^d, on this view, that attempts to rechroma¬ 
tograph individual fractions would not give any 
considerable further concentration and that differ¬ 
ent batches of penicillin might differ in their 
behavior. In practice both of these phenomena 
were observed. Activities of 750-1,200 U./mg. 
were obtainable by this procedure (Duffin and 
Smith, Nature, 151, 250 (1943)). 

Chhomatoguaphy on Weakly Acid Alumina. 
Chromatography of an aciucous solution of the 
sodium or barium salt over a weakly acid alumina 
w'as much used as a final stage in purification, 
following the earlier work of the Wellcome Labora¬ 
tories (Pope and Stevens, PEN.65) and Glaxo 
Laboratories, Ltd. {FFJN.9). For this purpose the 
G.E.C. alumina was again very efficient, but slow 
in bulk operation because of its small particle 
size. Merck, or Spence “H^^ alumina, acidified 
to a permanent suspension pH 4.5 and washed with 
water, was generally satisfactory. The penicillin 
was applied in as small a volume of solution as 
possible (free from inorganic salts) and the column 
developed with water. There was no sharp band¬ 
ing, much inactive yellow pigment remained on the 
column, and the active fraction developed through 
was sometimes preceded and sometimes succeeded 
by less pure, more pigmented fractions. The best 
fraction normally showed a two- or threefold in¬ 
crease in potency and was usually very pale in 
color, being sometimes nearly colorless. The activ¬ 
ity varied from 1,000 to 1,400 U./mg. according to 
the quality of the starting material. There was 
still a marked ultraviolet absorption (maximum at 
2,000 A, Eiom.‘‘^® 260) and the concentrates were 
dextrorotatory ([a] 546 o +200®). Before the final 
alumina chromatogram the rotation was always 
much lower, and it was ascertained that the yellow 
pigment adsorbed on the alumina (which could be 
eluted by a phosphate buffer solution) was levoro- 
tatory. Such purified penicillin concentrates crys¬ 
tallized fairly readily when they were allowed to 
deliquesce and then slowly dried again (as described 
by Abraham, Baker, Chain, and Rohinson, PEN.94)- 
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But despite numerous attempts, it proved impossi¬ 
ble to reeiystallize them, or even to remove the 
mother liquor from the crystals (Catch, Cook, 
Hall, and Heilbron, PENM] 4S\ 53; 69; Catch, 
Cook, and Heilbron, Nature^ 150, 633 (1942)). 
These concentrates formed the starting point for 
hydrogenation experiments. A typical concentra¬ 
tion is described below. 

Degradation of n-Amylpenicillin. Many early 
experiments were concerned with the inactivation 
of penicillin and hydrogenated penicillin by moist 
ether and by warming with p-nitroanilinc. Owing 
to the relatively poor quality of the penicillins avail¬ 
able the products were of doubtful purity and their 
significance could hardly be appre(!iated at the time, 
though there is now little doubt that they were 
essentially derivatives of penicilloic acids. These 
experiments need not therefore be detailed here. 

Penillic Acids and Penillamines. Early in 
1943 the isolation of penillic acid (now termed 
2-pentenylpenillic acid) from acid-inactivated sur¬ 
face culture penicillin was reported by Duffin and 
Smith (Nature, 151, 251 (1943)). Some difficulty 
was experienced in repeating this preparation 
regularly with penicillin of different origins, since 
gummy products which inhibited crystallization 
were also obtained. From penicillin which had 
first been hydrogenated, on the other hand, acid- 
inactivation readily yielded a crystalline acid 
of the penillic type in amounts which corresponded 
to 40-~45% of the starting material (Catch, Cook, 
Elvidge, Hall, and Heilbron, PEN,99), Experi¬ 
ments have since shown that this yield is probably 
the maximum to be expected. 

Meanwhile, 2-pentenylpenillic acid had been 
characterized more fully (Duffin and Smith, 
PEN,81), and it was immediately obvious that 
the product obtained from hydrogenated penicillin 
was not identical with it (e.g. in m.p. and crystalline 
form). X-Ray examination also indicated the 
non-identity, but the nature of the structural dif¬ 
ference between the two acids remained obscure 
because catalytic reduction of penillic acid could not 
be effected, as was confirmed by Duffin and Smith 
(private communication). Furthermore, the new 
so-called *‘isopenillic acid” (now n-amylpenillic 
add) w^as hydrolyzed to penicillamine in theoretical 
yield and, at the same time, a carbonyl compound 
was formed, isolated as the 2,4-dinitrophenyI- 
hydrazone. Both these products seemed at first 
(Catch, Cook, Elvidge, Hall, and Heilbron, PEN,99) 
to be identical with the corresponding substances 
derived from unhydrogenated penicillin. When 
treated with aqueous methanolic mercuric chloride 
at room temperature the new penillic acid lost 1 
molecule of carbon dioxide and crystalline n-amyZ- 
perdllamine hydrochloride was recoveted. 

n-Amylpenillic acid and n-amylpenillamine hy¬ 
drochloride were assigned the empirical formulas 
Cx 4H2204N2S and Ci 8 H 2202 N 2 S*HCl respectively 


(Bentley, Catch, Cook, Elvidge, Hall, and Heilbron, 
PEN.99; 105), compared with C 14 H 20 O 4 N 28 and 
Ci 8 H 2 o 02 N 2 S‘HC 1 for penillic acid and penillamine 
hydrochloride derived directly from surface-culture 
penicillin (Duffin and Smith, PEN.81; 86; 90), 
These compounds were thus concluded to be di¬ 
hydroderivatives. Confirmation for this conclu¬ 
sion was obtained from further studies of the 
aldehyde fission products and additional evidence 
was provided by analysis of the sodium salt of the 
hydrogenated penicillin and by X-ray examination 
and comparison (Crowfoot, Low, and Schmidt, 
PEN. 117) of the crystals with those of the sodium 
salt of 2-pentenylpenicillin (Crowfoot and Low, 
PEN,96). That the amylpenicillin actually arose 
by catalytic reduction and was not originally 
present in the PeniciUium metabolism solutions was 
proved indisputably when 2 -pentenylpenillic acid 
was prepared from unhydrogenated Glaxo penicil¬ 
lin. It may be mentioned here that palladium on 
polyvinyl alcohol (Nord and Rampino, ,/. Amer. 
Chem. Soc., 63, 2745, 3268 (1941)) was a convenient 
alternative to Adams catalyst. Contact of p-hydr- 
oxybenzylpenicillin with palladium on polyvinyl 
alcohol resulted, however, in complete loss of 
antibiotic activity, though Adams catalyst had no 
such harmful effect (Catch, Cook, and Heilbron, 
CPS,33), 

n-Amylpenillic acid resembled 2 -pcntenylpenillic 
acid in general behavior and absorption spectrum. 
It differed from 2-pentenylpenillic acid in having 
a higher melting point, a lower rotatory value, and 
in crystallizing in an anhydrous form from water. 
X-Ray crystallographic examinations by Crowfoot 
(Oxford) confirmed its non-identity with the 
hitherto known penillic acids obtained from 
products of P. noiaium. It was however identified 
with a preparation isolated in very small quan¬ 
tity from the antibiotic, gigantic acid, produced by 
Aspergillus giganteus (Philpot, Nature, 152, 726 
(1943)), tliis being the first chemical indication of 
the production of penicillins by Aspergilli. The 
acid lost 1 molkmle of carbon dioxide on treating 
with methanolic mercuric chloride to give n-amyU 
penillamine as its hydrochloride, 

PenilloALDEHYDES. On hydrolysis vnih 0.1 N 
sulphuric acid at 100 ®, n-amylpenillic acid afforded 
1 molecule of carbon dioxide, penicillamine, and a 
carbonyl compound isolated as its dinitrophenyU 
hydrazone wliich indicated the formula CgHuOaN 
for the parent compound (Catch, Cook, Elvidge, 
Hall, and Heilbron, PEN,99), The carbonyl com¬ 
pound, which was not obtained in pure state, 
reduced permanganate, bromine water, ammoniacal 
silver nitrate, and Fehling^s solution—the latter 
rather difficultly. It had no observable basic 
properties. With Sohiff^s reagent only a white 
scanty precipitate was formed, but its aldehydic 
nature was conclusively proved by the isolation of a 
dimedon derivative C 24 H 87 O 5 N, m.p. 141-142®. 
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The same compound was also obtained from alkali 
hydrolysates of barium n-amylpenicilliii (Bentley, 
Catch, Cook, Elvidge, Hall, and Heilbron, PEN, 
110), The dinitrophenylhydrazones of 2-pentenyl- 
and this new n-amylpenilloaldehyde were very simi- 
lar. They had almost identical m.p.’s, and 
mixtures showed no depression in m.p. Their 
absorption spectra were practically identical (max¬ 
ima at 2,270, 2,550, 3,510 A; Eic«..'580, 515, 705 
respectively) from which it was clear that neither 
was an q:,/ 3 unsaturated derivative. n-Amylpenil- 
loaldehyde dinitrophenylhydrazone was examined 
by Crowfoot who concluded that it was crystallo- 
graphically very similar but not identical with the 
derivative of 2-pentenylpeniIloaldehyde. It was 
clear then that the difference between hydro¬ 
genated and unhydrogonated penicillin, and be¬ 
tween their various degradation products, resided in 
that portion of the molecule ultimately yielding the 
penilloaldehy des. 

When the 2,4-dinitrophenylhydrazone of 2-pen- 
tenylpenilloaldehyde or n-amylpenilloaldehyde was 
boiled with 2,4-dinitrophenylhydrazone in 2 N 
sulphuric acid, the color of the solid changed to 
orange-red and a cliaracteristic odor observed 
on hydrolyzing the parent penicillins was evolved. 
The changed solid was found to liave a high melting 
point and to be no longer soluble in ethanol. The 
material could, however, be crystallized from nitro¬ 
benzene, and it then formed scarlet transparent 
needles which melted at 320-330°. Comparison 
with an authentic specimen of glyoxal Ws-2,4- 
dmitrophenylhydj*azone indicated identity. 

The formation of glyoxal from penicillin prepara¬ 
tions had been reported much earlier by the Oxford 
workers (Abraham, Baker, Chain, and Robinson, 
PEN,67] 79) j but the demonstration of its forma¬ 
tion from the aldehyde fragment was of fresh 
significance. Glyoxal could hardly have arisen by 
fission of a C—C bond. Rather did its mode of 
formation suggest that the C 2 residue was attached 
by an easily hydrolyzed linkage and a peptide link 
(Bentley, Catch, Cook, Heilbron, Hall, and Elvidge, 
PEN.102) was suggested which would hydrolyze 
according to the scheme: 

R-CO-NHCH,-CHO — 

I 

R-COOH + NHa-CHs-CHO 

n m 

The fragment (III) could obviously give rise to 
glyoxal under the experimental conditions (Dakin 
and Dudley, J. Biol. Chem.j 15^ 136, 139 (1913)), 
and the acid (II) necessarily either CsHirCOOH or 
CfiHp^COOH, would be volatile in steam and 
. aocoimt for the characteristic odor. It remained to 
verify these hypotheses by investigating the fate of 
the penilloaldehyde nitrogen atom and by char¬ 


acterizing the steam-volatile substan(^(\ For th(^sc 
purposes, it w^as decided that dihydropenilloald(^- 
hyde might be the more suitable. 

From hydrogenated penicillin, therefore, a solu¬ 
tion of the aldehyde was prepared and portions v lue 
distilled with dilute sulphuric acid, alone, ana in 
the presence of 2,4-dinitrophenylhydrazine. Micro 
ammonia estimations were performed on the two 
hydrolysates and also on the original aldehyde 
solution, and the two distillates were titrated with 
standardized alkali. In the absence of 2,4-dinitro¬ 
phenylhydrazine the ammonia titre before hy¬ 
drolysis (representing either NH3 formed during 
inactivation of the penicillin or Nils present in the 
original penicillin solution) was rather greater than 
the titre after hydrolysis, a result possibly due to 
interaction of some of the original ammonia with the 
hydrolytic fragment, and there was no evidence 
of formation of ammonia on degradation. The 
hydrolysate did nevertheless contain amino-nitro¬ 
gen, as was evidenced by a very positive ninhydrin 
reaction, but attempts to obtain derivatives with 
picric or flavianic acids were unsuccessful. In 
presence of 2,4-dinitrophenylhj^drazinc, degradation 
of fragment III was naturally anticipated, and in¬ 
deed the formation of glyoxal 6is-2,4-dinitrophenyl- 
hydrazonc was observed once more, but the fate of 
the nitrogen could not be predicted with certainty. 
By analogy with the plienylosazone reaction of 
sugar chemistry, ammonia was likely to be pro¬ 
duced—two equivalents, in the present case, if 
the reaction were of similar type. Since the am¬ 
monia estimation performed on the amylpenilloalde- 
hyde solution had indicated the presence of a trace 
of ammoiiia, the 2,4-dinitrophcnylhydrazone which 
had been prepared was collected, washed vnth 
water and then hydrolyzed with fresh 2 N sulphuric 
acid containing dissolved 2,4-dinitrophenylhydra¬ 
zine. As far as could be ascertained, a quantity of 
ammonia of the order expected did arise during 
this hydrolysis. Titi'ation of the two distillates 
with alkali showed that in each case some acid had 
been collected, though an insufficient amount was 
obtained for its characterization on this first 
occasion. 

2-Pentenylpenicillin (720,000 units) was in¬ 
activated at pH 2, and the resulting penillic acid, 
after ether extraction, was slowly distilled with an 
excess of aqueous sulphuric acid. 0.89 mg. 
equivalent of an acid was collected in the distillate, 
a test-portion of which readily decolorizc^d alkaline 
permanganate. As had been expected, therefore, 
the acid was unsaturated, and on catalytic reduc¬ 
tion 0.5 mg. molar equivalent of hydrogen was 
absorbed rapidly. The solution gave a p-bromo- 
phenacyl ester in obviously good yield witli the 
same melting point as p-bromophenacyl n-caproate 
and a mixture with an authentic specimen was not 
depressed (Bentley, Catch, Cook, Elvidge, Hall, 
and Heilbron, PEN.106). Final confirmation of 
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identity was provided by X-ray crystallographic 
examination of the two esters (Crowfoot). 

Since it had been shown that the nitrogenous Cg 
aldehyde fragment of n-amylpenicillin could by 
hydrolysis be degraded into two nitrogen-free 
portions, glyoxal and n-caproic acid, it seemed that 
the C 2 portion could hardly have been attached 
to the Ce through anything but the nitrogen, as in 
proposed structure I, Thus it became practically 
certain that dihydropenilloaldehyde Avas n-capro- 
amidoacetaldchyde (IV) and that penilloaldehyde 
differed only in having a double linkage in the 
n-Cb chain (V). Accordingly, the acetal (VI) was 

CHs- (CHo)4 C()* Nil CHs CIlO 

IV 

C5H,C()i\nCll2CHO 

V 

OC 21 U 

/ 

CIl3(CH2)4CONHCIl2CH 

\ 

VI 


penillamine must also have been potentially though 
not actually hydrolyzable to the same fragments. 
In n-amylpenillamine the linkage between the 
potential penicillamine and penilloaldehyde resi¬ 
dues must have been wholly through the penicill¬ 
amine nitrogen atom, for the thiol grouping was 
free, whereas in w-amylpenillic acid there must have 
been an additional point of attachment to the 
sulphur atom. As all the oxygen atoms of n-amyl- 
penillic acid and n-amylpenillamine were accom¬ 
modated in carboxyl groups, both oxygen atoms of 
n-amylpenilloaldehyde must have been introduced 
during fission of the penillic acid. As there was 
little doubt of the presence of a thiazolidinc nucleus 
in the penillic acid, the genesis of the amide oxygen 
remained to be explained. It seemed that the ex¬ 
planation could only lie in the presence of a second 
ring in penillic acid. The nitrogen atom of penicill¬ 
amine must have been one member of the second 
ring and the nearest point of linkage was C', which 
eventually appeared as the amide carbon atom. 

The skeleton structure VII conformed with this 
requirement. Of the various possibilities for the 


synthesized by condensing n-caproamide with 
bromoacetal in the presence of finely divided 
metallic potassium (Bentley, Catch, Cook, Elvidge, 
Hall, and Heilbron, PEN JIG) and also by caproyl- 
ating aminoacetal (Abraham, Baker, Chain, and 
Robinson, PEN, 109) . 7i-Caproamidoacetaldehyde 
2,4-dinitrophenylhydrazone was completely identi¬ 
cal with n-amylpenilloaldehyde 2,4-dinitr()phenyl- 
hydrazonc of natural origin (X-ray examination, 
Crowfoot; Merck, M.2, 5). The .synthetic deriva¬ 
tive simulated the “natural’ compound exactly 
in yielding glyoxal 6i«-2,4-dinitrophenylhydrazonc. 
The dimedon derivative prepared from the acetal 
was also crystallographically identical with a dime¬ 
don derivative of dihydropenilloaldehyde, and a 
mixture showed an undepressed melting point. 

The Structures of Penicillin and Its More Com¬ 
plex Degradation Products. The elucidation of 
the structures of penicillamine and the penilloalde- 
hydes permitted more precise speculation on the 
structures of the penillamines, penillic acids, thiazol- 
idine degradation products, and penicillin itself. 
The present account refers more particularly to 
n-amylpenicillin though it was early realized that 
the arguments applied equally to other penicillins. 

The salient features of n-amylpenillamine and 
n-amylpenillic acid were: 

Penillamine: Thiol grouping, basic grouping, and 
one carboxyl accounting for all the oxygen 
present. 

Penillic Acid: No thiol or basic grouping, two car¬ 
boxyls, one of them labile as in penicillin, ac¬ 
counting for all the oxygen present. 

Since w-amylpenillic acid was hydrolyzable to 
penicillamine and n-amylpenilloaldehyde, 7i-amyl- 


C" S 

/ \ / \ 

N c c(cn3)2 


CftlliiC'" 


-N— 

VII 


-CHCOaH 


position of the second carboxyl of n-amylpenillic 
acid, that resulting from placing it at C" in VII 
afforded the most satisfactory picture of alternative 
fissions to penillamine and penicillamine (Bentley, 
Catch, Cook, Elvidge, Hall, and Heilbron, PEN, 
106). Thus when penillic acid was hydrolyzed with 
acid, the bond betw^een the penicillamine N and C' 
first broke, the whole system behaving as an 
amidinc with subsequent rupture of the thiazolidine 
ring (by hydrolysis in presence of HgCh) and 
decarboxylation. 

When penillic acid was treated with mercuric 
chloride, fission of the thiazolidine ring occurred 
first, the second ring now becoming stabilized as an 
iminazole through loss of carbon dioxide. 

The absorption band at 2,400 A in penillic acid 
suggested the presence of a double bond in conjuga¬ 
tion with carboxyl. Evidence on this point was 
secured by spectrophotometric studies of model 
compounds (Bentley, Catch, Cook, Elvidge, Hall, 
and Heilbron, PEN.US), 

n-Caproaldehyde was condensed Avith dinitro- 
tartaric acid and, ammonia both in ether and in 
aqueous solution (Bentley, Catch, Cook, Elvidge, 
Hall, and Heilbron, PEN,US). In the latter case 
an unidentified intermediate was obtained but both 
reactions eventually gave 2-*n^amyliminazoleAf5^ 
dicarhoxylic acidy which was decarboxylated to 
2^HxmyUminazole. The absorption characteristics 
of these and 2-benzyliininazole, and the correspond- 
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['ABLE I 


Compound 

i 

Xiw^K in A 

1 K. * ^ 

Imin.azol6-4,5-dicarboxylic acid. 

2,420 

2,400 

2,540 

490 

2-n-Amyliminazole-4,6-dicarboxy li c 
acid. 

400 

2-Bon 2yliminazolc-4,5-dicarboxy lie 
acid. 

325 

fi-Amylpenillic acid. 

2,400 

2,380 

2,1G0‘ 

2,150 

185 

n-Amylp acid. 

190 

Iminazole (ethanol). 

420 

Iminazole (ethanol -f- HCl). 

440 

2 - 11 -Amviiminazole. 

2,150^ 

2,190' 

400 

2-BcnzylimiTiazo1c. 

680 

Dihydroponillamine hydrochloride.. . 

2,180' 

250 


1 The figures for X:ngix. in the last four cases could hardly ho tJeter- 
minod with accuracy since they lie at the extreme of the photographic 
range and the emphasis is on the intemsity of absorption and absence of 
any band such as is present in tho acids. 

ing 4,5-dicarboxylic acids provided support for 
the formulation of penillamine as an iminazole and 
for the absorbing system —NiC CO-ill in penillic 
acid. Tlie iminazole acids were convenient as they 
could be regarded as containing this system in the 
form: 

C02HC:N 

; \ 

CHIl 

i / 

COjHChN 


The disappearance of stiong absorption at about 
2,400 A on decarboxylation was particularly 
noteworthy. The condensation between 2-/^f-amyl- 
iminazole or 2-ben zyliminazole and methyl a- 
bromo-/3,^^-dimcthylacrylate was examined with the 
object of obtaining methyl jS,/3-dimethyl-2-benzyl- 
iminazolylacrylate or a derivative, but without 
success (Chapter VI). These model compounds 
(PEN.US) thus amply confirmed the postulated 
absorbing systems, but many other models were 
prepared later (Chapter VI). 

Synthetic Studies. The formulas proposed for 
acids of the penillic type included a thiazolidine 
system, and tlie condensation between DL-penicill- 
amine and /^-(taproamidoacetaldehyde (or its 
acetal) was investigated as a model reaction. 
Production of 4-car6oa:i/-5,5-dimef/iy/-2-?i-caproamf- 
darneihyl-thiazoUdine (VIII) was effected by evapo¬ 
rating the components in dilute hj^-drochloric acid, 
or by warming in acetic acid and precipitating the 
product with ether. The cyclodehydration of this 
and similar thiazolidines (PENJIS) ultimately 
provided a route to penillamines, described in 
Chapter VI: 


S 

CJIiiCO-NH-CHr-CH ^C(CH,), 


NH- 

vni 


-CHCO,H 


CHO 


CsHnCONHCHCOsR 

IX 


S 

/ \ 

C^HuCONHCH-OH C(UH3)8 

1 I I 

COaR NH-CHCOjIl 

X 

Several attempts to obtain IX (11 = Ei), re¬ 
quired for insertion of the second carboxyl in the 
postulated position in the derived thiazolidines and 
in n-amylpenillic acid, by interaction of CHO- 
CHCl-CO^Et, caproamide, and potassium under 
various conditions gave only traces of carbonyl 
compound. Attention was therefore turned (Bent¬ 
ley, Catch, Cook, Elvidge, Hall, and Heilbron, 
PEN. 114 ) to tho formylation of caproylglycine 
ester with ethyl formate and sodium. A fairly 
good yield of an ester of the expected characteristics 
was obtained and the correctness of its formulation 
as IX (R = Et) appears below. The ester, charac¬ 
terized as its diniiropheaylhydrazoney was converted 
into i-carboxy~5,b-dimcthyl-2-caproamidocarbeilioxy- 
methylihiazolidine hydrochloride (X; R = Et). This 
was hydrolyzed with cold baryta to i-carboxy-dfS- 
dimetkyl-2-caproamidocarboxyme(hyl-lhiazolidm€ (X; 
R = ri), which broke down on treatment with 
mercuric chloride in methanol-water at room tem¬ 
perature, yielding carbon dioxide and the mercury 
complex of penicillamine, while the filtrate from 
this precipitate gave the diriitrophenylhydrazone of 
caproamidoacetaldehyde. Two important conclu¬ 
sions werc^ therefore to be noted from these first 
experiments with synthetic penaldates and penicil- 
loates which are parallel to the earlier analogous 
degradation of material from natural sources: 

1. The formation of caproamidoacetaldehyde con¬ 
firmed structure IX and others depending on it. 

2. The behavior of the above thiazolidine towards 
mercuric chloride exactly paralleled that of 
n-amylpenillic acid and one objection (based on 
the unusual lability of one of the carboxyl groups) 
to the proposed formula (PEN. 106) was thus 
invalidated. 

Incidentally, evidence that the two carboxyls 
of n-amylpenillic acid were primary or secondary 
was provided by esterification experiments. Ethan¬ 
ol (Fischer-Speier method) gave only an oil which 
was not acidic; esterification with diphenyldiazo- 
methane gave a small amount of unidentified crys¬ 
talline compound, m.p. 163®, but the bulk of the 
product was again a non-acidic gum. 

Model experiments on the cyclodehydration of 
the hydrochloride of tho simpler thiazolidine (X) 
by the action of hot acetic anhydride and anhydrous 
sodium acetate led to gross decomposition, as did 
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also l)ot phosphorus oxychloride. The free thiazoli- 
dine also underwent extensive decomposition on 
attemptt^d dehydration in high vacuum, although 
two unidentified crystalline products were obtained 
in small yield (PEN.114)^ 

In vie\v of these findings alternative routes to the 
desired bi- or tri-cyclic compounds were explored. 
As a model experiment ?\sepropylidene penicillamine 
was bcnzoylated to give A-carhoxy-Z-henzoyU2,2r 
5,5-tdram(’ihyUhiazolidive (XI; R = Ph). The lat¬ 
ter howxwer was more resistant to hydrolysis than 
the unbenzoylated (rompound, while reaction with 
aminoacetal failed to expel the f^apropylidcne 
residue and replace it by the aminoethyl chain, but 

S 

/ \ 

(CH3)2C C(CH3)2 


RCON-CHCO 2 H 

XI 

r —s~c(cii,h 1 

I 

PhCO NlI CII<X)2H 2 

XII 

gave only the aminoacetal salt. It w'as hoped to 
obtain the thiol corresponding to XI (R = Ph) by 
direct acylation of penicillamine, but benzoylation 
gave an imreactive product, presumably the di¬ 
benzoyl compound. Prior oxidation of penicil¬ 
lamine to the disulphide followed by benzoylation 
gave the sensitive dibenzoyl derivative (XII), but 
the reduction of this proved diflScult (PEN,114)* 


EXPERlMENTAL 


Preparation of n-Amylpenicillin. A Typical Concentra¬ 
tion of Penicillin on a Silica-Base Colunm. On Silica 
Gel—Barium Carbonate. A chloroform solution of crude 
penicillin (3.25 liters containing 40.6 g. and 5.3 X 10® units) 
was chromatographed on a standardized column of silica gel 
carrying 2.5% of barium carbonate? (preparation below), 
dry-packed, and washed first with chloroform (column size, 
4.5 cm. X ^ cm.); moderate suction w'as used. When com¬ 
plete (3J'^-4 hours), the column w'as washed with chloroform 
(500 cc.) and divided into sections, eacli of whi(*h was tested 
with 5% sulphuric acid in acetic acid as color reagent. The 
most active fraction was 20 cm. from the top of the column 
and coincided with that giving the strongest color reaction. 
The residual silica gel contained 0.70 X 10* units, which 
was discarded. The filtrate was inactive. 


Fraction 

(from top) j 

j 

Total units 

X 10* i 

u./mg. 

1, 10 cm. 

0.64 

200 

2. 2 cm. 

0.225 

210 

3. 2 cm. 

0.376 (7,6%) 

270 

4, 2 cm... 

0.60 (10%) 

420 

5. 4 cm. 

1,60 (29%) 

660 , 


Each fraction was eluted with 5% sodium phosphate 
buffer (pH 7.0). Some of the fractions tenaciously re¬ 
tained some yellow color and some activity (though the 


latter was contrary to the usual finding), and all the silica 
residues were therefore steeped overnight in 1% sodium 
bicarbonate which extracted a further 0.24 X 10® units. The 
total recovery of activity in this instance was thus 78%. 

The first fraction of the column contained much chloride, 
originating presumably as hydrogen chloride in the original 
chloroform solution. This may have been the reason for 
the rather poorer recovery than was usual at this stage. 

On Silica Gel—Strontium Carbonate. An aqueous 
solution of barium penicillin (1 liter; 300,000 units; 150 
U./mg.) was extracted with ether (2 X 500 (jc.) at pH 3.0 
in the usual Avay. The ethereal solution was chromato¬ 
graphed on a column (11 X 2.8 cm.) of silica-gcl carrying 
2.5% of strontium carbonate (preparation below), the 
column was washed with ether (300 cc.), allowed to dry, 
and cut into fractions as showm beIow^ The color reaction 
was again the cherry-red given by 5% sulphuric acid in 
acetic acid. 


Fraction 
(from top) 

Cblor 

Color reaction 

1. 2 cm. 

dark brown tailing off 

negative 

2. 3.5 (‘in. 

pale yellow 

weak positive 

3. 2 cm. 

yellow 

positive 

4. 2 cm. 

yellow 

negative 

5. 1.5 cm. 

yellow 

negative 


Fraction 2 w^as eluted with 2% phosphate buffer (final 
volume = 75 cc.) and fraction 3 was eluted similarly (52 cc.). 
The ether filtrate from tlu^ column was shaken with 2% 
phosphate bufTiu* and the aqueous solution used to elute 
fractions 1, 4, and 5 which were combined. The final 
volume of eluate was 500 cc. Recovery of activitv was 
99%. 


Fraction 

Volume Total 
(cc.) units 

u./mg. 
(as org. 
solid) 

Dry wt. 
(org. solid) 
(mg./cc.) 

2. 

75 108,000 

360 

4.0 

3. 

52 149,760 

609 

4.6 

1 4 - 4 4* 5 + filtrate. 

500 15,000 



Aqueous residue.... 

1,000 24,000 



Total. 

1 296,760 


1 


Preparation of Column. Silica gel (100 g.) graded to 
pass between 120*100 B.S.S. and washed until neutral w’as 
suspended in water (200 cc.) and barium chloride dihydrate 
(6.2 g.) dissolved in a little water. Barium carbonate was 
precipitated on the carrier by adding potassium carbonate 
(5 g.) in a little water. (These quantities were calculated 
to give a 5% deposit of barium carbonate on silica gel.) 
The suspension was then filtered and washed with water 
(500 cc.) when the pH of the suspension was 8.2*8.4. The 
i^ter-cake was then air-dried until it flowed evenly and 
packed into a column, the deposit being surmounted by a 
layer of silica gel alone. In other instances Hyflo Super-Cel 
was substituted for silica gel. 

Silica gel, graded and washed as previously described, 
(100 g.) was suspended in water (500 cc.) and a solution of 
strontium chloride (hexahydrate, 4.66 g.) in water (50 cc.) 
added. Strontium carbonate was then precipitated on to 
the siUca gel by adding potassium carbonate (2,5 g.) in water 
(60 cc.). These quantities were calculated to yield a d^osit 
of 2.5 % of strontium carinate on silica gel The product 
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was filtered, washed with water (1,000 cc.) (the suspension 
had then pH 7.4), and then dried at 115® for tlmMj hours. 
Before use it was rehydrated with 30 % of its weight of water 
and packed into columns as in previous examples. 

Chbomatoqraphy on Acid-wasiibd Alumina. Alumina 
(Merck's) was stirred with water and acidified to pH 4.0 with 
2 N sulphuric acid, then washed with distilled water until the 
pH of the washings was 4.5. The product was w et-packed 
into a chromatograph column (2.8 X 30 cm.). 

Fractions 2 and 3 from the first silica gel column above 
(0.60 X 10* units) were extracted into chloroform and 
reconverted to barium salt with 0.1 A baryta. Th(^ barium 
salt solution (200 cc.) was passed through the column (using 
a moderate vacuum) and the column tluiii washed wdth dis- 
tilletl water (450 cc.), portions of washings being collected. 
Each portion was adjusted to pH 7.0 and made up to 500 cc. 
with phosphate buffer. 


Fraction 

1'otal units 

U.A«g. 

1. 

375,000 (62%) , 
180,000 

28,000 

20,000 

1,070 

6.50 

2.. 

3. 

4. 

6 and ff... 



Total recovery was 0.00 X 10* units, or nearly theoretical. 
In this experiment the active fraction came through first, 
followed by inert pigment. 

The fractions 4 and 5 from the same silica gel column 
(2.0 X 10® units) w'ere chromatograplusd in the same w'ay 
(column 25 X 3.0 cm.). The barium salt solution (200 cc.) 
showed on test only 1.35 X 30® units. Fractions were taken 
as before. 


Fraction 

1 

Total units 

U./uig. 

1 

108,000 (8%) 

431 

2 

412,000 (30%) 

825 

3 

300,000 (22%) 

1,200 

4 

160,000 (12%) 

900 

5 

82,000 

— 

6 

80,000 



Total recovery was nearly 80% of the barium salt. In 
this experiment the active fraction was both preceded and 
succeeded by inactive yellow pigments. From both experi¬ 
ments a total of 1,250 mg. of penicillin, being approximately 
1,000 U./mg., was obtained. 

Figures for U./mg. and weights all refer to free penicillin, 
i.e. to solid extracted by organic solvents from acid solution. 

Some Properties of More Active Penicillin Concentrates. 
The following properties were established for Ba salt averag¬ 
ing about 1,000 U./mg., though for some experiments 
material of rather higher activity was used. For later deg- 
radative work it was the practice when commencing with 
material of comparatively poor quality (e.g, 50 U./mg.) 
to alternate chromatographic adsorption and treatment with 
alumina until the product contained about 1,000 U./mg, 
The best material obtained assayed at 1,400 U./mg. (as Ba 
salt); individual higher figures were disregarded. 

The material was almost colorless, the color reactions 
previously reported (cherry-red in nitric acid or in 5 % sul¬ 
phuric acid in acetic acid) and strong yellow color being 
due to contaminating pigment eventually absorbed in alu¬ 
mina. The active material was strongly dextrorotatory, 
(a]i4«0 +200®; the optical inactivity previously reported was 


also due to the same containinatirig pigment which was 
shown to be levorotatory. UltravioUjt absorption still 
showed a band at 2,6(K) A of considerable intensity (Kicm.^*''^ 
260). Succe8.sive analyses on clifferont samples gave the 
following figures: C, 45.3, 45.1, 44.9, 44.1; II, 4.9, 5.6, 5.6,5.5; 
N, 5.1, 5.2, 5.7, 5.0; Ba, 19.7, 19.8, 19.8, 19.4, but figures for 
other samples of about 1,800 IJ./ing. (Found: C, 44.1; iJ, 
7.65; N, 6.4, 6.6; Ba, 17.4) were similar to those found at 
Oxford. In successive (‘xperiments ))y boiling Ba salt for 
about an hour with 2 N suljihuric acid, the following (juanti- 
ties of carbon dioxide were obtaini'.d: 

3.800 mg. gave 0.310 mg. CO2 or 0.95 mol./atom Ba 

3.778 mg. gave 0.300 mg. CO2 or 0.02 mol./atom Ba 

3.238 mg. gave 0.279 mg. COj or 1,0 mol./atom Ba 

Hydrouenatioi^. (Catalytic hydrogenations of good 
quality Ba sails were carried out using Adams catalyst and 
w'ater as solvent. The actual uptake was variable and 
appeared to depend on the history of the (satalyst. It was 
however sometimes remarkably liigh and remarkably rapid 
and amounted to 4-6 mols. of hydrogen per atom of barium. 
Recovered material was more active than the original; 
thus in one case the final material contained 1,400 U./mg. 
compared with 900 units originally, and this seemed to be a 
real increase in activity, since 35 mg. were recovered out of 
36 mg. used for the hydrogenation. Analysis of recovered Ba 
salt showed the H-content to be increased but not U> the 
extent required by the introduction of 4 mols. of Hg (Found: 
C, 44.8; H, 6.1; N, 4.9; Ba, 19.7). Some of the reduction 
may thus have been reversible, but the faint yellow color of 
the penicillin remaiiKid tlirough the hydrogenation. The 
following was a typical experiment. Sodium penicillin 
(740,000 units) in water (2 lit(Ts) was extracted into chloro¬ 
form (2 liters, dry wt. 1.39 g.) and back into water (125 cc.) 
as barium salt (731,000 units) which was hydrogenated 
at atmospheric temperature and pressure* over Adams 
catalyst (50 mg.). 51 cc. was absorbed (after one hour) 

(5s 1.5 inoLs. assuming M = 312 and maximal activity =* 
1,600 U./mg.). The most active stable pn'parations of 
barium salt (1,100-1,400 U./mg.) had a composition cor¬ 
responding well with Cj4H2i04N2S‘,HBaTl20 after lyopbilic 
drying (e.g. Found: C, 43.0, 42.45, 43.0, 42.0; H, 6.0, 5.5, 6.1, 
5.8; N, 6.6, 6.4; S, 8.7; Ba, 17.4. Ci4H8a05N2S’HBa re¬ 
quires C, 42.0; H, 5.75; N. 7.0; S, 8.0; Ba, 17.2). Typical 
preparations were hydrolyzed by boiling with 2 N sulphuric 
acid for 3O-60 mins. For (example, 3.800 mg. of Ba salt 
gave 0.310 mg. of CO2, 3.778 mg. of a second Ba salt gave 
0.300 mg. of C'Oa; thesci figures correspond to about 0.75 mol. 
of CO2 per equivalent of Ha. The most active lyophilically 
dried products crystallized on exposure to moist air but were 
too soluble in solvents such as acetone to be recrystallized. 

Early Degrai>ations of n-AMYLPENiciLUN. Penicillin, 
hydrogenated or unhydrogenated, was repeatedly evapo¬ 
rated with ether in vacuo at room temp. It appeared to bo 
unimportant whether the ether was freed from peroxide, but 
as dry ether is difficult to maintain in peroxide-free condition, 
moist (ither freed from peroxide was usually used in these 
experiments. All the biological activity was eventually 
lost, although the loss was not as rapid as earlier reports 
from other laboratories might indicate. A pale yellow 
powder remained, now insoluble in ether and amounting to 
about 60% of ti\e original organic material. It melted 
indefinitely with evolution of carbon dioxide (0.54 mol./atom 
N), gave no ferric chloride color, and reduced alkaline 
permanganate. After eliminating carbon dioxide, the 
residue was still acidic and now gave a strong yellow ferric 
chloride color. Both the primary products gave positive 
ninhydrin reactions, but their aqueous solutions were 
strongly acid. Electrometric titration curves were prac¬ 
tically superposable giving an "(jquivalent'^ value of 250. 
There was no ‘‘hysteresis'^ effect on allowing the solutions to 
stand at extremes of the pH range. Optical activity was 
small, [a]646o +80®. A considerable amount of the nitrogen 
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was eliminated as ammonia on prolonged warming with 
dilute sulphuric acid, but the elimination was quantitatively 
very variable. 

The products could not be satisfactorily handled on 
silica-phosphate chromatographic columns made up in the 
Martin-Synge manner, presumably because of the strength 
of the acids and their slight soIubiJity in orpnic solvents. 
They showed the peculiarity of remaining quite insoluble in 
dry ether but partly dissolving on standing in moist ether. 
Their composition was comparatively constant (e.g. from 
amylpenicillin: C, 53.7, 54.9, 54.0; H, 7.4, 7.3, 7.0; N, 6.6, 
6.5, 7.1) and was independent of the activity of the original 
penicillin preparation. They lost 1 mol. of CO2/2N on heat¬ 
ing to 130-170'^ and contained 6 % of side-chain CIIj (Kuhn- 
Ilolh). Solutions in water were quite acid, but the solutions 
quickly underwent change. Thus contact with water at 
pH 3 for a few minutes followed by extraction with ether 
left in the aqueous phase an acid (A) which was obtained 
crystalline by extracting it with ethyl acetate or butanol. 

Calc. C,4H240«N2S: C, 48.3; H, 6.9; N, 8.0 
Calc. C^HaeOeNaS: C, 49.0; H, 7.4; N, 8.0 
Found; C, 48.3; H, 6.7; N, 7.55 

After drying at 100° in vacuo for one hour it lo.st only 1 mol. 
of water. 

Calc. C,4H«06N2S: C, 50.9; H, 6.7; N, 8.5 
Calc. CuHaiO.NaS: C, 50.6; H, 7.2; N, 8.4 
Found: C, 51.1; H, 7.0; N, 8.4 

The acid (A) gave an immediate precipitate with mercuric 
chloride unlike the original ether-insoluble acid; neither the 
original ether-insoluble product nor (A) contained any 
amino-N (Van Slyke), although both gave positive nin- 
hydrin reactions probably because of liberation of amino 
acid during boiling. Neither product gave any distinctive 
color with ferric chloride, although material recovered from 
(A) after precipitating with mercuric chloride gave a blue- 
green color. I'inally (A) gave 0.9 mol. of carbon dioxide on 
heating in the dry state to 130-175°. It lost variable 
amounts of its nitrogen (10-40%) on heating with N sul¬ 
phuric acid at 100° for three to five hours, and appreciable 
quantities of the nitrogen sublimed as an unidentified 
ammonium salt on dry heating. 

In the preparation of (A) from the original ether-insoluble 
acid, the rcsidiie eventually extracted into ether still con¬ 
tained nitrogen. 

Found: C, 56,2; H, 7.5; N, 4.9 

Since this fraction was not obtained crystalline and since it 
still evolved carbon dioxide on dry heating, it may be that 
longer contact with water at pll 3 might have converted 
all the nitrogenous constituent into (A). No volatile 
carbonyl compound or simple acid was found on converting 
the ether-insoluble acid into (A). 

Oxidation of n-AMYLpBNiciLLiN. and Its Products 
WITH Iodine. Penicillin preparations of 600, 1000, or 
1600 U./mg. took up only small quantities of iodine even 
after standing overnight at pH 5 at 0°. Small quantities of 
an acidic carbonyl compound were formed (dinitrophenyl- 
hydrazone, m.p. 198-200°. Found: C, 54.0, H, 5.8, N, 12.1. 
Calc. C„H.4(l4N4: C, 54.6, H, 5.7, N, 12.1) but since no 
biologtcttl activity was lost during the treatment with iodine, 
it was doubtful whether tins carbonyl compound had any 
significance. At room temperature reduction of iodine was 
very much more rapid, more than 3 inols. of iodine (assuming 
a mol. wt. of 500 for penicillin) being reduced overnight at 
pH 5. By contrast, products of degradation of amyl- 
penicillin took up iodine rapidly on titration at pH 5 (Catch, 
Cook, Hall, and Heilbron, PEN.83). 

n-AMTi.pBNii.Mc Acid. Barium penicillin (335 mg.), 
290,000 units, in water (50 cc.) was hydrogenated with 
Adams catalyst at room temi>erature. The optical rotation 


of the solution rose from lab'* +79° to +120^ On acidi¬ 
fying to pH 2 with dilute sulphuric acid and filtering, 
rose to +160°. The whole of the optical activity 
remained in the aqueous phase on extracting with ether 
(5 X 60 cc.), [ab'* +440°. The aqueous solution was 
extracted with butanol (10, 5, and 5 cc.), fab'* of extract 
+450°, and the aqueous residue was evaporated below 25°. 
The concentrate (2-3 cc.) was adjusted to pH 2 and evapo¬ 
rated in vacuo over calcium chloride, when n^amylpenillic 
acid crystallized in rosettes of needles, m.p. 1^-190° 
(56 mg.). Th(? butanol extract on evaporation gave 52 mg. 
of similar, though cruder, crystals (total yield, 45%). 

Barium penicillin (1,090 mg; 1 million units) in water 
(61 cc.), [ab^** +105°, was hydrogenated at 1 atmosphere 
with Adams catalyst (20 mg.). Hydrogenation was com¬ 
plete in one hour, the optical activity having increased 
by 14%, [ab** +120°. On acidifying to pH 2 with dilute 
sulphuric acid and filtering, the optical activity dropped 
slightly and remained constant after thirty minutes. The 
solution was evaporated in vacuo to 10 cc. after extracting 
with ether (4 X 100 cc.). On standing n-amylpenillic acid 
(109 mg.) crystallized. A furtlier 71 mg. wjis obtaincxl from 
the filtrate, the remainder (185 mg.) being gum. 

The acid could be crystallized from water, when it had 
m.p. 190° with evolution of ga.s. It crystallized anhydrous, 
3.691 mg. air-dried crystals weighing 3.690 mg. after one 
hour in vacuo at 100°, 475°. 

Calc. C14H22O4N2S: C, 53.0; H, 7.05; N, 8.9; S, 10.2 
Found: C, 53.6; H, 7.2; N, 8.9; S, 9.8 

Light absorption (in water) max. at 2,400 A, 185. 

n-AMYi.rFiViM.AMiNB HVDRocHi.ORiDB. A solution of 
n-amylpenillic acid (70 mg.) in water (10 cc.) was treated 
with excess of mercuric chloride solution. After one hour 
at room temperature the precipitate was collected and de¬ 
composed with hydrogen sulphide in the usual way. On 
evaporating the aqueous solution in vacuo^ the product 
(63 mg.) crystallized completely. n-A rnylpenillamine hydro^ 
chloride crystallized from a little water in radiating clumps 
of needles, m.p. 170° (decomp.), giving an indigo-blue color 
with aqueous ferric cldoride solution. It was anhydrous, for 
the air-dried material lost less than 1 % of its weight after 
one hour at 80° in vacuo. 

Calc. (’lalls^OijNoS: C, 50.9: H, 7.6; N, 9.1; Cl, 11.6; S, 10.45 
Found: C, 51.0; H, 7.6; N, 9.1; Cl, 11.6; S, 10.4 

Light absorption (in water) max. at 2,180 A, 250. 

Ac:ii) Hydrolysis of n-AMYiiPENiLUC Acid. The acid 
(50.4 ing.) was heated with 0.1 iV sulphuric acid (11 cc.) for 
one hour at 100°. aD*‘ (1 dcm.) dropped from +2.394° to 
+0.907°. The solution was brought to pH 5 with baryta, 
filtered, and the filtrate treated with aqueous mercuric 
chloride solution. The precipitate was collected (filtrate A) 
and decomposed with hydrogen sulphide. The aqueous 
solution obtained gave on evaporation in vacuo penicillamine 
hydrochloride (27 mg.). The filtrate (A) obtained from the 
precipitation of the mercury salt was freed from mercuric 
salts* by means of hydrogen sulphide, and 2,4-diaitrophenyl- 
hydrazine (35 mg.) in aqueous 2 N hydrochloric acid was 
added. The yellow dinitrophenylhydrazone (12.5 mg.) 
was collected after two hours. n-Amylpenilloaldehyde di- 
niirophenylhydratone had m.p. 183-185° crystallizing from 
ethanol. 

Calc. CuHjgOftN*: C, 49.8; H, 5.6; N, 20.75 
Found; C, 49.7; H, 5.7; N, 20.46 

Tliis corresponds to a carbonyl compound, CsHuOaN. 

Barium n-amylpeuiciliin (6.5 X 10® units) in excess baryta 
was warmed for one hour at 40-45°, cooled, and acidified 
to pH 2.0 with 2 N sulphuric acid. Barium sulphate 
was centrifuged and the clear liquid extracted with five 
60-cc. portions of aldchydc-froe ether, to remove pigments, 
0.2 N Barium hydroxide was added until the solution was at 
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pH 7.0, and after evaporation in vacuo to about 10 cc. (in a 
nitrogen atmosphere), barium sulphate was again centri¬ 
fuged. The clear solution was treated with 5% aqueous 
mercuric chloride solution (8 cc.), allowed to stand for one 
hour at room temperature and then warmed on a steam bath 
for a few minutes. Some frothing occurred (probably de¬ 
carboxylation) and a rather orange colored precipitate was 
formed. This was filtered, and the filtrate saturated with 
hydrogen sulphide. After removing mercuric sulphide, the 
filtrate was concentrated in vacuo (in a nitrogen atmosphere), 
and the solution again brought to pH 7.0. The aciueous 
solution of aldehyde was mixed with an equal volume (10 cc.) 
of dimedon reagent (I % dimcthyldihydroresorcinol in 
0.7% sodixim carbonate), filtered, hold overnight, and 
evaporated slowly over phosphorus pentoxide in vacuo. 
Small cubic crystals were formed, m.p. 128-130° (yield, 
110 mg.). After recrystallization from aqueous ethanol, the 
dimedon derivative of n-amylpenilloaldehyde formed rosettes of 
laths, m.p. 141-142*. 

Calc. CjiHjyOfiN: C, 68.75; II, 8.80; N, 3.35 
Found; C, 68.45; H, 8.85; N, 3.55 

(Bentley, Catch, Cook, Elvidge, Hall, and Hcilbrori, PEN, 

W^; 110), 

IIyduolysis of n-AMYLPEVTLLOALDEHYDE. PonicilUn in 
phosphate buffer (2 liters) (210,000 units) was hydrogenated 
in the presence of Adams catalyst (100 mg.). The penicillin 
wtis then extracted into chloroform (2 liters) (total dissolved 
solid, 1.3 g.), and back into water with baryta. An excess 
(4 X 20 cc.) of 0.2 N alkali was used to cause inactivation. 
Hydrolysis was carried out at 4ff"45° for one hour, and the 
hydrolysate was acidified to pH 2 with 2 N sulphuric acid 
and centrifuged. After ether-extraction (5 X), adjustment 
to pH 7,0 with sodium hydroxide and evaporation under 
reduced pressure, the solution was brought to pH 3 with 
2 N sulphuric acid. Pcnicillaininc was precipitated with 5 % 
aqueous mercuric chloride (15 cc.), and the mixture was 
centrifuged. The supernatant solution was decanted, satu¬ 
rated with hydrogen sulphide, and filtered. The filtrate 
was degassed and a portion tested for carbonyl reaction, a 
copious pale yellow 2,4-dinitrophenylhydrazone being 
obtained. The volume of the remaining amylpcnilloalde- 
hyde solution was 36 cc. Micro-ammonia estimation on a 
measured portion (1.00 cc.) revealed a total content of 
3.2 mg. of Nils. A portion (15 cc.) of the solution was 
distilled to half-bulk with 4 N sulphuric acid (15 cc.) and the 
distillate titrated. The titration showed the presence of an 
acid (14 mg. assuming a Co acid, M =*= 116) which was 
saturated and devoid of lactonic (jr carbonyl properties. 
The hydrolysate contained 0.56 mg. of ammonia (originally 
the volume of solution had contained 1.33 mg. of ammonia) 
and clearly none was formed during hydrolysis. The 
hydrolysate gave a positive ninhydrin reaction, but no char¬ 
acteristic picrate, flavianate, or other derivative could be 
obtained. 

The remaining solution of aldehyde (20 cc.) was treated 
with excess of a saturated solution (30 cc.) of 2,4-dinitro- 
phenylhydrazine in 2 sulphuric acid. The pale yellow 
fiocculent precipitate was collected after 45 minutes, washed 
with water, suspended in a further quantity of the reagent 
(30 cc.) and gently distilled until about 40 cc. of distillate 
had been collected. Water (30 cc.) was added during the 
operation. ITie pale yellow 2,4-dinitrophenylhydrazone did 
not dissolve, but the color changed to an orango-red, and 
glyoxal 5fs-2,4-dinitrophenylhydrazone was eventually col- 
lootod (about 20 mg.). The hydrolysate, filtered from the 
glyoxal osazone, was made up to 40 cc. with distilled water 
and micro-ammonia estimation were performed on 1-cc. 
portions, which contained 1.07 mg. of ammonia. The dis¬ 
tillate was found on titration to contain 8 mg. of saturated 
acid (C*, M - 116). 

CHAnAOTERIZATlON OF THE VOLATILE AciO. PoniciUin 
(720,000 units) in phosphated aqueous solution (3 liters), 


was extracted into chloroform (3 liters). The penicillin 
(1.74 g., 414 U./mg.) was then passed back into water by 
extracting the chloroform with 0.1 N sodium bicarbonate 
(6 X 20 cc.), and the combined, filtered extract inactivated 
at pll 2. After thirty minutes the solution was extracted 
with ether and the resultant almost colorless aqu(‘ou8 solu¬ 
tion rendered strongly acid with 16 N sulphuric acid (60 cc.) 
and distilled, water being added at the same rate as dist,illate 
was collected. Titration of the distillate indicated the 
presence of 0.89 millioquivalent of acid. Considerable buf¬ 
fering at pH 5.6 was noted. A test portion of the distillate 
decolorized alkaline permanganate readily. The rest of 
the neutral solution was hydrogenated at atmospheric 
pressure, using Adams catalyst (50 mg ); in ninety minutes 
the uptake was 11 cc. of hydrogen (about 0.5 mg. molar 
equivalent). The solution was filtered, evaporated to very 
small bulk under reduced pressure, and added to a solution of 
p-hrornophcnacyl bromide (125 mg.) in ethanol (1.25 cc.). 
After refluxing for three hours the solution was cooled 
in ice when the liquid set to a solid mass of shiny whit(» i)late- 
like crystals, m.p. 64°. On twice recrystallizing from 50% 
aqueous ethanol the m.p. rose to 68.5° and finally Ut 71°. 
No depression in melting point was observed when the sub¬ 
stance was mixed with an authentic specimen of p-brorno- 
phenacyl n-caproate, m.p. 72°. The identity was confirmed 
crystallographically. 

Synthetic Preparations. n-CAPiiOAMii>OACETAL (Bent¬ 
ley, Catch, Cook, Mvidge, Hall, and Hcilbron, PEN A10). 
n-C'aproyl chloride (16 g.) w^as slowly added to a solution of 
aminoaeetal (15 g.) in dry cilicr. A vigorous reactioti took 
j)lace and pearly plates of aminoaeetal hydrocldoride were 
deposited. When addition was complete, the mixture was 
filtered, shaken wdth saturated sodium bicarbonate solution, 
and the ether layer dried, evaporated, and the residual oil 
distilled. Material boiling below 150° was rejected, and 
n-caproamidoncetal was collecteil as a pale yellow, viscous 
oil, b.p. 155-160°/14 mm. 

Calc. CnHa&O^N: C, 62.3; H, 10.8 
Found: C, 62.1; H, 10.7 

After recrystallization from ethanol, n-caproamidoacelalde- 
hyde 2y4-4inilrophenylhydrazone formed yellow needles, 
m.p. 187°. 

Calc. CuHiBOftNs: C, 49.8; H, 5.6; N, 20.3 
Found: C, 49.8; H, 5.6; N, 20.9 

It showed no depression in melting point when mixed with a 
specimen of n-amylpcnilloaltlehydo 2,4-dinitrophcnylhydra- 
zone. Similarly, the dimedon derivative, stout tablets, 
m.p. 143-145°, showed no depression in melting point on 
admixture with the dimedon derivative previously described. 
The dinitrophenylhydrazone w^as also synthesized by Abra¬ 
ham, Baker, Chain, and Uobinson {PEN,109) in a similar 
manner. It formed yellow^ needles, m.p. 185-186° (de¬ 
comp.). 

Found: C, 50.2; H, 5.8; N, 20.4 

To a refluxing solution of n-caproamide (3 g.) in xylene 
(25 cc.) bromoacetal (5.2 g.) was added followed by small 
pieces of potassium metal (1 g.). After fifteen minutes a 
creamy-white solid had separated. The mixture wiis washed 
with water and fractionated. n-Caproamidoacctal w^as 
collected as a colorless viscous oil (2 g. or 33%), b.p. 139- 
150°/4 mni., affording derivatives identical wdth those ob¬ 
tained above. Slightly different procedures afforded rather 
lower yields. 

Penicillamine Derivatives. DL-lsopropylidcne peni¬ 
cillamine hydrochloride (100 rug.) was refluxed with acetic 
anhydride (2 cc.) and the solution evaporated in vacuo. The 
residue crystallized on rubbing with ether and was rocrystal- 
lized from the same solvent and from a mixture of ether and 
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light petroleum. 4-Carhoxy-’S-acetyl-2j2f6f54etramethylthi- 
azolidine formed rosettes of needles, m.p. 14S-149®. 

Calc. C,oHnO,NS: C, 52.0; H, 7.4; N, 6.1 
Found: C, 52.2; H, 7.5; N, 6.1 

Dj.-Penicillamme hydrochloride (100 mg.) and n-capro- 
amidoacctal (150 mg.) were warmed with 2 N hydrochloric 
acid (2 cc.) until the oily acetal just disappeared (about one 
minute) and the solution evaporated in vacuo over PaOs. 
4-Carboxy-5,f}-dimcthyl'-2-n-caproamidomethylihiazolidine hy¬ 
drochloride crystallized from a mixture of methanol and ethcjr 
as needles, m.p. 201° (dec.). 

Calc. CiaHa^OaNaSCl: C, 48.1; H, 7,7; N, 8.6 
PWid: C, 48.5; H, 7.8; N, 8.5 

The compound gave no color with ferric chloride unless the 
aqueous solution was first boiled for a few minutes. 

2-n-AMYLiMiNAZOLii; AND Relatrd Carboxylio Acids. 
Dinitrotartaric acid (from tartaric acid, 12.5 g.; Fargher and 
Pyman, J. Chem. Soc.y 116, 227 (1019)) in water (75 cc.) was 
treated with 0.880 ammonia (50 cc.) at lass than 0° and then 
with n-caproaldehyde (15 cc.) (Org. Syn., 16, 41 (1936)). 
Thc mixture was stirred for three hours at less than 0° and 
then allowed to stand overnight. Acidification with con¬ 
centrated hydrochloric acid (Congo Red) after adding a little 
ethanol afforded an intermediate (4.2 g.) which was recrys¬ 
tallized from ethanol when it had m.p. 246-247°. 

Calc. CioHuOiNa: C, 49.3; H, 7.0; N, 17.3; cquiv. val., 243 
Found: C, 49.1; H, 7.1; N, 16.7; equiv. val, 242 

Light absorption in ethanol was maximal at 3,590 A, 

445. Although this compound eliminated ammonia on dry 
heating or boiling with alkali it did not appear to be an acid 
ammonium salt of the dicarboxylic acid (below), since this 
and the benzyl analogue titrated (phenolphthalein) as 
monobasic acids. Crystallization of the intermediate from 
acetic acid afforded 2-n-amyliminazoleA,5-dicarboxylic acid 
in needles, m.p. 2f)0° (dec.). 

Calc. C,oHi 404N,: C, 53.1; H, 6.2; N, 12.4 
Found: C, 53.3; H, 6.1; N, 12.7 

The same acid was obtained by extracting dinitrotartaric 
acid (from tartaric acid, 50 g.) in ice-water (300 cc.) with 
ether (360 cc. in several portions), treating the stirred extract 
successively with saturated alcoholic ammonia (20 cc.), 
n-caproaldehyde (35 cc.) and more alcoholic ammonia 
(350 cc.) at 0° throughout. After keeping overnight, ether 
(200 cc.) was added and the whole extracted with water (500, 
100 cc.). Acidification of the aqueous solution gave the 
dicarboxylic acid (12.5 g.). 

The acid (4.9 g.) was melted over a free fiame and when 
decarboxylation was complete the residue was distilled. 
2-n-Amyliminazole (2.6 g., 87%) was collected at 117°/ 
16 mm. when it solidified; needhjs, m.p. 38°, 

Calc. CiHiiN*: C, 69.5; H, 10.2; N, 20.3 
Found: C, 69.6; H, 10.0; N, 20.2 

(Bentley, Catch, Cook, Elvidge, Hall, and Heilbron, 
PEN.llS,) 

N-n-CAPROTL-S-BENZYLPENiciLLAMiNB, S-Beuzylpeni- 
cillamine (2.39 g.) in ice-cold N/S sodium hydroxide (60 cc.) 
was shaken with n-caproyl chloride (1.36 g.). After the 
reaction, addition of 2 AT hydrochloric acid (10 cc.) precip¬ 
itated N-n-caproyl-S-benxylpenicillamine, It crystalliz^ 
from a mixture of chloroform and light petroleum in needles 
(yield, 2.3 g.), m.p. 131°. 

Calc. CiiH,TO,N8: C, 64.1; H, 8.0; N, 4.16 
Found: C, 64.1; H, 8.0; N, 4.2 


N-Phenylacktyl-S-benzylpenicii.laminb. This was 
obtained similarly; it formed needles, m.p. 103-104°, from 
a mixture of chloroform and light petroleum. 

Calc. CaoHwOaNS: C, 67.2; H, 6.4; N, 3,9 
Found; C, 67.5; H, 6.6; N, 3.8 

N-Caproyl-S-benzylpenicillamine (1 g.) was boiled for two 
ho\irs with phosphoric anhydride (2 g.) in benzene (25 cc.). 
The solution was filtered, evaporated, and the residue freed 
from benzyl mercaptan by washing with ether. a-n-Capro- 
amido-^,(i-dimcthylacrylic acid crystallized in shining plates, 
m.p. 102°, from chloroform. 

Calc. CiiHiftOaN: C, 62.0; 11, 8.9; N, 6.5 
Found: C, 62.1; H, 8.6; N, 6,3 

The same compound was obtained by heating the S-benzyl 
compound (1.1 g.), acetic anhydride (0.6 cc.), and anhydrous 
sodium acetate (0.8 g.) for three hours at 95-100°, adding 
water, and distilling the product in high vacuum. 

Ethyl n-CAPROAMiDOFOBMYLACETATE. Caproylglycino 
ethyl ester (12 g.) and ethyl formate (4.5 g.) were boiled with 
molecular sodium (1.4 g.) in benzene (80 cc.) for 2H hours. 
After standing overnight the sodio-compouud was decom- 
f^sed with water and acetic acid (7 cc.). The benzene solu¬ 
tion was washed with water and aqueous bicarbonate and 
finally distilled in vacuo. A low-boiling ester (ethyl caproate 
(?), 2.3 g.) and a high boiling fraction which solidified were 
rejected; ethyl n-caproarnldoformylacetate (3.5 g.) was col¬ 
lected as an oil at 155-160°/4 mm. 

Calc. CiiH,» 04N: N, 5.9 
Found: N, 5.8 

The 2,4-diniirophenylhydrazone was prepared from the rea¬ 
gents in cold 6 N hydrochloric acid, and formed yellow 
needles, m.p, 166-170°, from ethanol. 

Calc. C, 49.8; II, 5.6; N, 17.1 

Found: C, 49.71; H, 5.8; N, 16.9 

ot-Ethyl n-AMYLPKNiciLLOATE. The preceding formyl 
ester (0.7 g.) was warmed in acetic acid (3 cc.) with’penicill- 
amine hydrochloride (0.48 g.) and the clear solution diluted 
with ether. The 4-carboxy-h,6-dimethyU2-n-caproamidocarb- 
ethoxymethylihiazolidine . hydrochloride wliich precipitated 
was recrystallized from a mixture of methanol and ether 
when it had m.p. 167-168° with evolution of gas. 

Calc. CuHs^O^NaSCl: C, 48.4; H, 7,4; N, 7.1 
Found; C, 48.0; H, 7.6; N, 6.9 

The thiazolidine hydrochloride (200 mg.) was treated 
with baryta (3 equivalents) in water (4.5 cc.) for three days 
until the solution was practically neutral. Acidification to 
pH 2 and extraction with butanol gave hydrated 4t-carboxy- 
6,h-dimethyU2-n-caproamidocarbozymeikylthiazolidine which 
separated from methanol-ether and had m.p. 188-190° with 
evolution of gas. 

Calc. CmHmO^NjS^HHjO: C, 47.1; H, 7.6 
Found: C, 47.1; H, 8.1 

The acid (30 mg.) was treated in COt-free 20% methanol 
(6 CO.) with saturated aqueous mercuric chloride. There 
was an immediate precipitate and on sweeping the gases 
into standard baryta about 0,7 mol. of CO* was eolleoted. 
After collecting the penicillamine complex and removing 
mercuric salt from the filtrate, treatment of the latter with 
2,4-dinitrophenylhydrazine in cold 6 N hydrochloric acid 
gave the dinitrophenylhydrazone of caproamidoacetalde- 
hyde, m.p. and mixed m.p. with an authentic speoimen, 
185-187°. 

Isopropylidene pemoillamine hydrochloride (1 g.) in 
pyridine (20 cc.) was treated virith benzoyl chloride (0,62 g.). 
After five minutes the solution was evaporated in saetiOi &e 
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residue dissolved in chloroform, and pyridine hydrochloride 
precipitated with ether. The filtrate was evaporated and 
the solid crystallized from a mixture of ethyl acetate and light 
petroleum to give 4r-carboxy-Z-henzoyl-2,2j5,b-tetramethyl^ 
thiazolidine m.p. 191® (yield 0.9 g.). 

Calc. CuHlOiNS: C, 61.4; H, 6.5; N, 4.8 
Found: C, 61.2; H, 6.1; N, 4.9 

Warming this compound with excess of aininoacetal to 100® 
followed by treatment with ether gave only the aminoacetal 
salt crystallizing from methanol-ether in scintillating prisms, 
m.p. 162®. 


Calc. CjiHaiOiNjS: C, 59.2; H, 8.0; N, 6.6 
Found: C, 59.4; 11, 8.2, N, 6.7 

Penicillamine hydrochloride (0.8 g.) in water (10 cc.) 
containing sodium bicarbonate (1 g.) was oxidized titri- 
metrically with 0.2 N iodine, oxidation continuing very 
slowly after the theoretical amount had been used. 10% 
sodium carbonate solution (15 cc.) was added and the whole 
shaken with benzoyl chloride (0.8 g.). After ten minutes, 
acidification produced tlui dibenzoyl disulphide which sepa¬ 
rated from a mixture of ether and light petroleum as a pow¬ 
der, m.p. 100"* (dec.) (Rcntley, Catch, (Jook, Elvidge, Hall, 
and Heilbron, PEN. 114 ). 
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INTRODUCTION 

The collaborative research program on tlie chem¬ 
istry of penicillin under tlie auspices of the Office of 
Scientific Research and Development, whicli was 
carried out in numerous laboratories in the United 
States, was initiated in December, 1943. Prior to 
this date, however, considerable progress had been 
made on the isolation and structure of penicillin in 
several laboratories. Some of this research was also 
collaborative. 

In the eastern urea, the Merck and Squibb labora¬ 
tories collaborated and wore later joined by Pfizer. 
These three laboratories also exchanged progress 
reports with certain co-operating laboratories in 
Great Britain, including those constituting the 
Therapeutic Research Corporation. When the 
secrecy order was issued, reports were exchanged 
through the Committee of Medical Research of the 
Office of Scientific Research and Development. 

The Northern Regional Research Laboratory also 
reported the results of investigations upon the pro¬ 
duction and chemistry of penicillin. 

The Abbott, Lilly, Upjohn, and Parke-Davis 
laboratories collaborated in the mid western area 
and with Dr. H. E. Carter of the University of 
Illinois as consultant. 

The status of the structure studies on benzyl- 
penicillin in December 1943, or at the beginning of 
the over-all collaboration between American and 
British laboratories under the auspices of the Office 
of Scientific Research and Development in Wash¬ 
ington and the Medical Research Council in London, 
is reviewed in this chapter. 

DEGRADATION STUDIES ON SODIUM 
BENZYLPENICILLIN CONCENTRATES 
AND AMORPHOUS PREPARATIONS 

* Before the crystallization of the sodium salt of 
benzylpenicillin had been achieved (Chapter V), 


there was uncertainty as to the relative purity of 
chromatographic fractions when new and higher 
levels of potency were reached in the range of 
800-1,600 units/mg. Nevertheless, in the hope 
that degradation products of benzylpenicillin could 
be characterized, degradation experiments were 
carried out with such chromatographic fractions, 
some of which were later known to be quite pure. 
Several compounds were actually characterized as 
a result of such experiments. Subsequent studies 
with crystalline sodium benzylpenicillin established 
that some of the compounds were derived from 
benzylpenicillin and that one compound was 
extraneous. 

A concentrate of benzylpenicillin showing 1,050 
units/mg. was subjected to acid hydrolysis in a 
1:1 mixture of 4 N sulfuric, acid and ethanol at the 
reflux temperature (Merck, Report for November 
1942 to February pp. 5, G). Carbon dioxide 

was evolved for about thirty minutes. Steam 
distillation of the hydrolysate yielded unknown 
volatile acids; ether extraction of the hydrolysate 
yielded ciystalline material. Sublimation of the 
ci^stalline material at 30-40° in vacuo yielded a 
volatile component which was identified as phenyl- 
acetic acid and a residue which was ideiitilied as 
a-furoic acid. The ultraviolet absorption spectrum 
of the ciiide crystalline material indicated that 
approximately equal amounts of plienylacetic 
acid and a-furoic acid were present. After ether 
extraction, the acid solution was made alkaline and 
distilled. Ammonia was obtained and converted 
to the chloroplatinate for identification. The 
alkaline solution was freed of barium ions with sul¬ 
furic acid and concentrated to dryness. The 
residue was partially crystalline and gave a positive 
ninhydrin test, a blue color with ferric chloride 
solution, and a precipitate with phosphotungstic 
acid solution. These reactions were suggestive of 
the presence of an amino acid and were later 
recognized to be due to penicillamine. Benzoyla- 
tion of the crystalline residue by the Schotten- 
Baumann procedure gave a crystalline product 
which melted at 198-200°. According to subse¬ 
quent studies, this benzoylation product was 
probably a-benzamido-/3,^-dimethylacrylic acid. 
The synthetic compound has been reported to melt 
at 217° (dec.) (Ramage and Simonsen, /. Ckem. 
Soc,, 1935y 532), A product (m.p. 201°, M.W. 
165 ± 8) of the reaction between ketone and penicill¬ 
amine in baryta water was reported (Abraham, 
Chain, Baker and Robinson, Pen, 79; Crowfoot and 
Low, Pen,85), Apparently this compound was 
a-acetamido-/^,/3-dimethylacrylic acid, since the 
corresponding synthetic substance melted at 202- 
203° (Merck, Report for September 194Sy pp. 8, 9). 

When the acid inactivation of penicillin concen¬ 
trates and the formation of ‘‘penillic acid^' was 
described in England (Duffin and Smith, Nature^ 
Idly 251 (1943); Pen,81y 86y 90)y the acid inactiva- 
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tion conditions were applied to the penicillin concen¬ 
trates available in America (Merck, Report for 
April to July 19/fS^ pp. 4, 5). A solution of a 
concentrate of barium benzylpenicillin showing 472 
units/ing. yielded, aftc^r being allowed to stand at 
pH 2 for two hours at 37®, a crystalline acid (benzyl- 
penillic acid). After several recrystallizations from 
methanol-acetone, the arud melted constantly at 
180-187® and was highly dextrorotatory, 

+522®. A concentrate of benzylpenicillin showing 
1,000-1,200 units/mg. yielded an acid which melted 
constantly at 190-191® after recrystallization from 
water. Tt was finally found that this acid could be 
obtained from other benzylpenicillin concentrates 
showing activities between 253 and 1,650 units/mg. 
Since the yield of the acid was directly proportional 
to the activity of the concentrate, it was concluded 
that the acid (benzylpenillic acid) originated from 
benzylpenicillin and not from an impurity. 

Because of the inherent instability of this acid in 
hot solvents and its tendency to decarboxylate, 
there were variations in the microanalytical data for 
various samples. The acid was convei-tcd into a 
crystalline dimethyl ester by reaction with diazo¬ 
methane. It was believed that greater confidence 
might be placed in the microanalytical data for the 
ester and the derived molecular formula which was 
C18H22N2O6 (Merck, Report for April to July 1943^ 
pp. 4, 5). During this time, the crystallization of 
sodium benzylpenicillin and the presence of sulfur 
in the molecule was described (Squibb, Report of 
July 27f 1943), It was apparent then that the di¬ 
methyl ester C1SH22N2O6 was actually C18H22N2O4S 
(Merck, Reports for April to July 1943, pp. 4, 5, 
and September 1943, p. 7). On the basis of the 
microanalytical data on the dimethyl ester and on 
the acid itself, the formula of the acid was CuHir 
N204iS. This result constitiited the first definite 
evidence, as based on formulas, that the ^‘penillic, 
acids were different, since the acid obtained by 
Dufiin and Smith was found to have the formula 
CZ4H20N2O6 (later C14H20N2O4S) {Pm, 81), 

When the results of analyses of crystalline sodium 
benzylpenicillin were found to be in agreement with 
Ci6Hi7N204SNa (Chapter V), it became evident 
that this penicillin gave an isomeric ^^penillic acid.’’ 
Therefore, the penicillin precursor of the ^^penillic 
acidobtained by DufBn and Smith should have the 
formula C14H20N2O4S. The existence of at least 
two penicillins was therefore established, and the 
system of nomenclature using the letters G, F, etc., 
was introduced (Merck, M,l, 1). The name 
“penicillLn G*' is now replaced by benzylpenicillin, 
penicillin F'^ by A^-pentenylpenicillin, etc. 

Although some degradation products from peni¬ 
cillin concentrates were questionable as to source, 
pure benzylpenillic acid made from penicillin 
concentrates could be used without hesitation for 
degradation, since its relationship to a penicillin 
was very probable although unproven. Conse¬ 


quently, benzylpenillic acid was subjecte^d to sev¬ 
eral degradative reactions. 

When a. solution of benzylpenillic acid in 8% 
hydrochloric acid was refluxed, carbon dioxide 
equivalent to two-thirds of a mole was evolved. 
Ether extraction of the aqueous solution yielded 
material which gave phenylacetic acid on sublima¬ 
tion. The ether-extracted aqueous solution, on 
evaporation to dryness, yielded a residue which gave 
a positive ninhydrin test, a blue color with ferric 
chloride, and was precipitated by phosphotungstic 
acid. The presence of an amino acid was indicated 
as in the experiment described above on the acid 
hydrolysis of a penicillin concentrate (Merck, 
Report for April to July 1943, p. 6). 

When the crude amino acid from the hydrolysate 
of benzylpenillic acid was oxidized in aqueous 
solution with bromine, a crystalline product which 
melted above 340® was o))taine(l. This prodxict 
was found to have the formula CbHuNOsS and to 
give a positive ninhydrin reaction. It was also 
obtained by bromine oxidation of the amino acid 
fraction from “acid-inactivated’^ hydrolysates of 
benzylpenicillin concentrates (Merck, Report for 
April to July 1943, p. 6). This crystalline bromine 
oxidation product was shown later to be identical 
with penicillaminic acid (cf. following section on 
penicillamine). 

After an aqueous solution of benzylpenillic acjid 
had been heated at 100® for twelve hours, carbon 
dioxide equivalent to 95% of one mole was evolved. 
Continuous extraction of the aqueous solution 
with ether yielded a vvliite amorphous prcKluc,t 
which was an acid and showed [a]/) +47®. Early 
efforts on its crystallization failed. The analytical 
data for this acid were in agreement with the formula 
C15H20N2O8B. This acid was designated benzyl- 
penilloic acid (Merck, Report for April to July 
1943 , pp. 5, G; October 1943, p. 6). 

DEGRADATION STUDIES ON CRYSTALLINE 
SODIUM BENZYLPENICILLIN 

The crystallization of sodium benzylpenicillin 
was achieved in July 1943 (Squibb, Report of 
July 27,1943; see Chapter V). The use of the pure 
crystalline sodium salt instead of concentrates of 
unknown purity placed the structure investigations 
on a sound basis, and the research on the structure 
of benzylpenicillin was intensified. Nevertheless,^ 
the available quantities of the pure crystalline salt 
were definitely limited and most of the early reac¬ 
tions were conducted with micro or semi-micro 
amounts of materials. 

Ammonia, Carbon Dioxide, and Phenylacetic 
Acid. Sodium benzylpenicillin was subjected to 
various qualitative tests. No colored products 
were produced with the sodium salt and concen¬ 
trated sulfuric acid or ferric chloride solution. The. 
sodium salt reduced Tollen’s solution in the cold, 
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and treatment of the sodium salt with diazotized 
sulfanilic acid or 2>-nitroaniline produced colored 
solutions. Treatment of an alcoholic solution of 
the sodium salt with four equivalents of mercuric 
acetate produced mercurous acetate readily, and the 
solution showed an ultraviolet absorption spectrum 
which indicated that a system of conjugated double 
bonds had been produced. The preliminary experi¬ 
ments also indicated that the sulfur atom of benzyl- 
penicillin was present in the form of a thioether 
linkage (Squibb, Report for September to October 
ms, pp. 2, 3; S.l, 4). 

Benzylpenicillin, benzylpcnillic acid, 4-thiazoli- 
dinecarboxylic acid, cystine, and cysteine were 
tested for reducing properties with a Shaffer- 
Hartmann alkaline copper solution. 4-Thiazolidine- 
carboxylic acid, cystine, cysteine, and benzylpcnillic 
acid reacted with the equivalent of about one atom 
of oxygen per sulfur atom, and benzylpenicillin 
with about two atoms of oxygen. Tests were also 
made with periodic acid in dilute sulfuric acid. 
Cystine, cysteine, and 4-thiazolidinecarboxylic acid 
react/cd with about three atoms of oxygen per sulfur 
atom with the formation of cystcic acid. The 
utilization of somewhat more than three atoms of 
oxygen by 4-thiazolidinecarboxylic acid, bonzyl- 
peni(nllin, and benzylpcnillic acid indicated that in 
addition to the formation of a sulfonic acid group, 
oxidation of other groups occurred (Merck, Report 
for October p. 11). 

When sodium benzylpenicillin was dissolved in 
0.5 N sodium hydroxide and t he solut ion was al¬ 
lowed to stand at room temperature for twenty- 
four hours, there was no formation of ammonia. 
Acidification of the solution to pll 2 and extraction 
with petroleum ether yielded nothing, but extrac¬ 
tion with ether yielded 87 % of an a(!idic material. 
Since tliis acidic material contained S% nitrogen, it 
appeared that the benzylpenicillin molecule had 
not been degraded much in molecular weight by this 
alkali treatment. When this acidic material was 
dissolved in saturated barium hydroxide and the 
solution was heated at 100® for five hours, ammonia 
equivalent to 0.7 mole was evolved, collected, and 
identified by conversion to ammonium chloride. 
When this acidic material was dissolved in 5 A' 
sodium hydroxide and the solution was heated at 
100® for three hours, ammonia was evolved. * Acidi¬ 
fication of the hydrolysate to pH 2 caused copious 
evolution of hydrogen sulfide, and ether extraction 
yielded phenylacetic acid (62.5% yield) which 
was identified by melting point and analytical data 
(Squibb, Report for September to October 19Jf3, p. 5). 

A solution of sodium benzylpenicillin in 0.1 A 
sulfuric acid was refluxed for about three hours and 
found to yield carbon dioxide, collected as barium 
carbonate, equivalent to 0,83 mole. This acid 
hydrolysis yielded less than 10% of the ammonia 
calculated for one mole (Squibb, Report for Sepiemr 
ber io October 194S, p, 4). 


Thus the ammonia, carbon dioxide, and phenyl¬ 
acetic acid, which were originally obtained by 
hydrolyzing concentrates of penicillin, were estab¬ 
lished as degradation products by their formation 
from the pure crystalline sodium salt of benzyl- 
penicillin. However, it is now clear that the 
a-furoic acid, which was obtained from a hydrolysate 
of a penicillin concentrate, was not derived from 
benzylpenicillin. It is of interest in this connection 
that «-furoic acid was also isolated from an impure 
preparation of the penicillin produced by Aspergil-- 
lu8 flavus (McKee and MacPhillamy, Proc. Soc. 
Exp. Biol, and Med., 53, 247 (1943)). 

Other investigations also resulted in the char¬ 
acterization of carbon dioxide and phenylacetic 
acid as degradation products of the crystalline 
sodium salt of benzylpenicillin (Abbott, A./, I, 9). 

Penicillamine. The name penicillamine was in¬ 
troduced to describe a characteristic degradation 
product of penicillin which was obtained by 
hydrolyzing barium penicillin preparations of 
650-1,000 units/mg. which were available in Eng¬ 
land. It was first obtained crystalline as a hydro¬ 
chloride. Analysis gave a formula, CeHuNO^vHCl, 
which was later modified (Abraham, Chain, Baker, 
and Robinson, Nature, J51, 107 (1943)). 

The presence of an amino acid-like compound in 
hydrolyzates of amorphous sodium benzylpenicillin 
preparations was observed (Merck, Report for 
November 19/f:2 to February 19^3, pp. 5, 6). An 
impure sample of this amino acid, which was ob¬ 
tained from the hydrolyzute of benzylpcnillic acid, 
gave an oxidation product which was a sulfonic acid 
of the formula CrJlnNO^S (Merck, Report for 
April to July 19/^.3, p. (>). 

Degradation of crystalline sodium benzylpenicil¬ 
lin gave a ])roduct which was believed to bi^ an 
a-amino-|3-thio Ch, acid (Abbott, A.1, 2). 

Crystalline sodium benzylpenicillin was dis¬ 
solved in dilute sulfui’ic acid and the solution was 
heated for hydrolysis. After ether extrac-lion and 
neutralization, mercuric chloride was added to 
precipitate the amino acid-like degradation product. 
Decomposition of the mercury complex with hydro¬ 
gen sulfide and concentration of the filtrate to dry¬ 
ness left a crystalline residue of a dextro-rotatory 
amino acid hydi-ochloridc. The hygroscopic crys¬ 
talline hydrochloride gave a positive ninhydrin test, 
a blue color with ferric cliloride solution, and con¬ 
tained sulfur (Merck, Report for September 19J!fB, 
pp. 3, 4). The properties of this hydrochloride 
correspond with those of penicillamine which had 
been obtained from the degradation of A‘^-pentenyl- 
penicillin preparations (Abraham, Baker, Chain and 
Robinson, Pen. 79). 

Since the crystalline amino acid hydrochloride 
from sodium benzylpenicillin was hygroscopic and 
was available only in micro quantities, purifica¬ 
tion and analysis of the compound was not im¬ 
mediately attempted. Instead, the impure amino 
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acid hydrochloride was treated with Raney nickel 
catalyst in 70% ethanol for removal of the sulfur 
atom by hydrogenolysis. The nickel was washed 
with dilute alcoholic sodium hydroxide, and the 
eluate was treated with benzoyl chloride. A crystal¬ 
line benzoyl derivative was isolated which contained 
the amount of nitrogen refjuircd by formula 
C5HioN02(C6llr.CO-~). A benzoylated Cj, amino 
acid was anticipated, because the corresponding 
sulfonic acid had the composition CJInNO^S, as 
described above (Merck, Keportfor September 1943, 
p. 4). 

Th(' amino acid from sodium benzjdpenicillin was 
allowed to react with phenyl isocyanate; the product 
on recrystallization yielded a pure deri^'ative which 
melted at 174“ 17()° and had the composition C 19 H 21 - 
N 3 O 4 S. The composition of this derivative cor¬ 
responded with CftlliiNOiS for the amino acid and 
constituted completely successful characterization 
of this degradation product from benzylpcmicillin 
(Merck, Report for September 1943, p. 5). 

Sir Robert Robinson visitc d the M(‘rck and Squibb 
groups on August 30, 1943, and reported that struc¬ 
ture (I) was the most likely formula for the penicil¬ 
lamine which the Oxford group had obtained from 
A®-pcntcnylpcnicillin. On the basis of formula I, 

1IS-C(CII3)2 

I 

HaN-CH-COall 

I 

the above-mentioned benzoylated Cs amino acid, 
C 6 HioN 02 (C 6 H 6 CO*“), has structure II, and the 

CH(CIl3)2 II03SC(CH3)2 

C.HsCONHCHCOaH NIl 2 (^HCOjII 

II III 

sulfonic acid, CtllnNOsS, has structure III. 
C«H6NHC0SC(CII,)2 

CeHiNHCONH-iHCOsH 

IV 

Similarly, the phenyl isocyanate reaction product, 
C 10 II 21 N 3 O 4 S, has structure IV. Shortly after¬ 
wards, Sir Robert Robinson informed the Merck 
and Squibb groups of a cablegram which stated that 
the penicillamine from A*-pentenylpcnicillin was 
identical with dextrorotatory i 8 ,/?-dimethylcysteine 
(I) as evidenced by crystallographic techniques. 

The correctness of structure IV for the phenyl 
isocyanate derivative of the amino acid derived 
from bcnzylpenicillin was established when the 
derivative was compared and found to be identical 
with the product of reaction between phenyl 
isocyanate and synthetic penicillamine (Merck, 
Report for October 1943, pp. 1, 2; MJ, 6 ). The 
penicillamine was synthesized by a previously 
described procedure (Abraham, Baker, Chain, 
Cornforth, Cornforth and Robinson, ten.lOO). 


Therefore, the penicillamine (I) wliich is a deg¬ 
radation product of A^-pentenylpenicillin is also a 
degradation product of bcnzylpenicillin. 

It was evident that the configuration of penicill¬ 
amine would be established by the optical rotation 
of the hydrogenolysis product of the phenyl iso¬ 
cyanate derivative (IV). By reduction of the 
thiocarbamatc group, IV reacted with Raney nickel 
catalyst at room temperature in ethanol, yielding a 
crystalline product which mt'ltod at 142“144®. A 
mixture of this product and synthetic L-valine 
phenylurcidc (m.p. 143-145°) melted between 139 
and 160°. This melting point range for the mixture 
suggested (mantiomorphic forms. When a few 
ci-ystals of the hydrogenolysis product and L-valine 
phenylureide were recrystallized together, a crys¬ 
talline product was obtained which medted at 
10()“102°. DL- Valine phenylureide has been re¬ 
ported to melt at 103.5° (Slimmer, Ber,S5, 403 
(1902)). Thus, the hydrogenolysis product is 
D-valino phenylureide; penicillamine has the D-con- 
figuration and belongs to the “unnaturar^ s(‘ries 
of amino aedds (Merck, Report for October 1943, 
pp. E 2; il/./, 4). 

Observations on penicillamine from A--pcntenyl- 
penicillin leel to the statement: “By analejgy with 
known cysteine derivatives it is very pre)bable that 
the substance belongs to the unnatural D-series“ 
(Oxford University, Ren,100, 1 ; see Chapter II). 

Phenylacetylaminoacetaldehyde, Phenylacetyl- 
glycine, and Phenylacetamide. When sodium 
bcnzylpenicillin was dissolved in dilute sulfuric 
acid and the solution was refluxed for about three 
hours, carbon dioxide was evolved and the residual 
solution showed a weak fuchsin aldehyde test. 
Addition of mercuric chloride precipitated the 
penicillamine and left an aqueous solution which 
gave a strong fuchsin aldehyde test. The addition 
of 2,4-dinitrophenylhydrazine to the supernatant 
solution resulted in the immediate formation of a 
yellow dinitrophenylhydrazone. The yield of the 
hydrazone was 55% of the theoretical amount and 
after recrystallization it melted at 193-194° 
(decomp.) and had the composition CieHifiN^Os. 
The melting point (decomp.) of the hydrazone varies 
considerably with the technique of the determina¬ 
tion. A temperature of 203-203.5° has also been 
recorded for this determination. A strong odor of 
phenylacetic acid was detectable when a solution of 
this hydrazone in concentrated sulfuric acid was 
heated. It appeared probable that the aldehyde 
which gave the hydrazone was phenylacctylamino- 
acetaldehyde (V). The hydrazone was identical 

CeHfiCHjCONHCHjCHO 

V 

with a synthetic specimen of the 2,4-dinitrophenyl- 
hydrazone of phenylacetylaminoacetaldehyde. 

When the supernatant solution from the centri¬ 
fuged mercuric complex of penicillamine was 
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treated with alkaline silver oxide, oxidation of the 
aldehyde took place. Acidification and extraction 
yielded phenylacetic acid and an acid which melted 
at 142-144®. This acid and an authentic specimen 
of phenylacetylglycine (VI) were identical. 

CellsCHaCONHCHaCOaH CcHfiCHaCONHa 

VI VII 

In one experiment, an acid hydrolyzate of benzyl- 
penicillin was freed of penicillamine with mercuric 
ions, then mercuric ions with hydrogen sulfide, 
and concentrated to dryness. The residue was 
allowed to stand exposed to air for several days. 
Extraction of the residue with chloroform yielded 
two compounds which were separated by sublima¬ 
tion and crystallization. One was phenylacetyl- 
glvcine (VI) and the other was phenylacetarnide 
(VII). 

These three degradation products of benzyl- 
penicillin, namely phenylacetylaminoacetaldehyde, 
phenylacetylglycine, and phenylacetarnide, were 
characterized almost at the .same time in the Scjuibb 
and Merck Laboratories (Squibb, Report for Srptern- 
bet to October 19/^3^ p. 4; Merck, Report for October 
m3, pp. 2, 3). 

Selenium dehydrogenation of benzylpenicillin 
yield('d phenylacetarnide (VII), which was identified 
by melting point and analytical data, as the sole 
crystallizal)le product (Scjuibb, Report for September 
to October 1943, p. 5; aS./, 4). 

Hydrolysis of benzylpenicillin in saturated barium 
hydroxide solution at 100® for five hours gave 
phenylacetic acid and a second acid which was 
insoluble in methylcyclohexane. Recrystallization 
of the second acid yielded phenylacetylglycine (VI) 
(Abbott, A,If 9). 

Benzylpenilloic Acid. When an aqueous solution 
of benzylpenillic acid was heated, carbon dioxide 
was evolved and the optical rotation decreased 
markedly. When no further change in rotation was 
observed, the solution was lyophilized and the 
product was found to have a composition in agree¬ 
ment with C 16 H 20 N 2 O 8 S (Merck, Report for April to 
July 194Sy pp. 5, 6). This product was better 
isolated by ether extraction of the aqueous hydro¬ 
lyzate of benzylpenillic acid, and was obtained as a 
white amorphous powder in 98% yield. The 
analytical data on the compound when prepared in 
this manner were also in agreement with Ci 6 ll 2 (r 
N 2 O 3 S, and the product w^as designated benzyl¬ 
penilloic acid. The addition of mercuric chloride to 
an aqueous solution of benzylpenilloic acid yielded 
the insoluble mercuric mercaptide of penicillamine. 
The solution remaining after removal of the mercury 
gave the 2,4-dinitrophenylhydrazone of phenyl¬ 
acetylaminoacetaldehyde (V) when the hydrazine 
reagent was added. The yield of the hydrazone was 
73%. Benzylpenilloic acid could not be sublimed 
in vacuo without partial decomposition (Merck, 
Report for October 1943, pp. 6, 7). 


Sodium benzylpenicillin was dissolved in dilute 
sulfuric acid and the solution was refluxed for two 
hours. One mole of carbon dioxide was liberated 
and an acidic product was formed which wiis isolated 
by continuous extraction with ether. The acidic 
product could not be obtained crystalline either as 
such or in the form of salts or esters. The analytical 
composition C 15 H 20 N 2 O 3 S indicated that it was the 
same substance, benzylpenilloic acid, obtained by 
the hydroly.sis of benzylpenillic acid. When the 
hydrolysate of benzylpenicillin was treated directly 
with mercuric chloride, the mercuric mercaptide of 
penicillamine precipitated, and the filtrate gave a 
positive Schiff test for the presence of an aldehyde. 
The 2,4-dinitrophenylhydrazone of phenylacetyl¬ 
aminoacetaldehyde was isolated from this filtrate 
(Squibb, Report for September to October, 1943, 
pp. 4, 5). 

These degradations established the following two 
equations. Bvaizylpenicillin and bi'nzylpenillic acid, 
both of which may be repr(‘sent('d by VIII, react 
with water to form benzylpenilloic acid (IX) and 
carbon dioxide. 


Cicni8N204S + HoO C, JI.,n\203S + CO 2 

VIII IX 

Benzylpenilloic acid (IX) and water react in the 
presence of mercuric cliloride to form penicillamine 


U15II20N2O3S “f- H2O —► 

IX 

HS-C(CIl3)2 + NHCH 2 CIIO 

I I 

H2N C11CO2H cocii,.c,n 5 

I V 

(I) and phenylacetylaminoacetaldehyde (V). 
These results immediately led to the conclusion that 
benzylpenilloic acid had structure X (Merck, Report 
for October 194S, p. 9; Squibb, Report Jor September 
to October 1943, pp. 4,5). 

S 

C«H.CH*CONHCHjCH \(CH,), 

NH-in-COjH 

X 


Such thiazolidines were not unknown. But 3 Tal- 
dehyde, benzaldchyde, etc., had been found to react 
with L-cysteine to form the thiazolidines (XI) 
(Schubert, J. Biol. Chem., Ill, C71 (1935); 114 , 341 
(1930)), and 4-thiazolidinecarboxylic acid (XII) 


S 

RCH ^CH* 

I I 

NH-CHCOjH 

R = CH,(CH.)^, and C.H*— 

XI 
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/ \ 

CHj CH, 

I I 

NH-CHCOJI 

XII 

had been prepared from formaldelo'de and n-cys- 
leine (Ratner and Clarke, J. Am. Chern. Soc., 59, 
200 (1937)). 

Although benzylpenilloic acid could not be ob- 
lained crystalline at this stage of the investigation, 
L-cysteine and phenylacetylaminoacetaldehyde were 
found to react to give a crystalline thiazolidine 

S 

/ \ 

CeTHCHsCONHCHjCH CHj 

I I 

NH-CHCOall 

XIII 

s 

/ \ 

C.HsCHjCONHCHjCH C(CH 3)2 

CHaCON-in-COaH 

XIV 

derivative (XIII), The thiazolidine^ (XIII) and 
(XII) were found to l)e (doaved into cysteine and tlie 
corresponding aldehyde when treated with mercuric 
chloride solution (Merck, Report for October 
p. 10; Squibb, Report for September to October 104 S, 
pp. 4, 5; see Chapter XXV), 

Benzylpenilloic acid (X) was treated with acetic 
anhydride, and the acetyl derivative (XIV) which 
was obtained also failed to crystallize (Merck, Report 
for October 1948, p. 4; soc Chapter XVI11). 

Benzylpenicilloic Acid. It was observed that 
sodium benzylpenicillin reacted with soilium hy¬ 
droxide in aqueous solution at pll 12 and 25° to 
form the salt of a dibasic acid. I'he midpoints 
of the titration spans occurred at 2.95 and 5.35. 
This dibasic acid, named benzylpenicilloic acid, 
slowly decomposed in aqueous solution at pK 2.5 
at 27® during forty-eight hours with the formation 
of a monobasic acid which had a titration midpoint 
at pH 4.9. This monobasic acid appeared to be 
benzylpenilloic acid, since the midpoint of the titra¬ 
tion of a specimen of this substance occurred at pH 
4.95 (Merck, M,S, 1 , 3 , 4). 

The reaction of benzylpenicillin (VIII) with water 
to form benzylpenicilloic acid (XV) and the de¬ 
carboxylation of benzylpenicilloic acid to benzyl¬ 
penilloic acid (IX) according to the potentiometric 
titration is expressed by the following equations. 

C16H18N2O4S + HoO CioH^oNaO^S 

vra XV 

CieHaoNaOaS CuH^oT^zOS + CO2 

XV IX 


On the basis of structure X for benzylpenilloic 
acid, it appeared that benzylpenicilloic acid had 
either structure XVI or XVII. In structure XVI, 

the C 3 fragment, —NHCH—([jH—, is an amino- 

io,H 

s 

/ \ 

C^IRCHsCONHCH—CH C(CH,)2 

HOai NH—iHCOjII 

XVI 

s 

/ \ 

C«H.CH2CONHCHj—C C(CH,)2 

HOjC'^NH-CHCO,H 

xvn 

malonaldehydic acid moiety; in structure XVII, the 
Ca fragment, —NHCH 2 C— is an aminopyruvic 

i 

CO 2 H 

acid moiety. Because of the great ease of the 
decarboxylation of benzylpenicilloic acid, and be¬ 
cause an a-amino acid — fragment seemed more 
probable biogenetically, structure XVI was preferred 
for benzylpenicilloic acid. Since benzylpenilloic 
acid (X) had been cleaved successfully into peni¬ 
cillamine (I) and phenylacetylaminoacetaldehyde 
(V), it appeared that benzylpenicilloic acid (XVI) 
or (XVII) should theoretically cleave into the cor¬ 
responding carbonyl degradation products XVIII 
or XIX in addition to penicillamine. From the 

C.HsCHaCONH-CH-CHO 

CO 2 H 

XVIII 

CsHsCHjCONHCHiC^O 

iojH 

XIX 

extreme lability of this carboxy group of unknown 
position, it was evident that some acid derivative of 
benzylpenicilloic acid would have to be used if the 
degradation with mercuric chloride were to be suc- 
ces.sful (Merck, M.l, 7). 

Benzylpenaldic Acid. During studies on the 
purification of penicillin concentrates, an ethereal 
solution of benzylpenicillin obtained from the 
“1249-fermentation'’ was treated with benzyl- 
amine. A crystalline benzylamine derivative of 
the penicillin was obtained which melted at 130- 
131®. This product was a hydrate, and it waa 
shown that one molecule of benzylamine was 
present as a salt of the acidification of the penicillin 
and a benzylamine residue was present in the 
molecule. The composition of this product, C 2 r 
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H 88 N 4 O 6 S, corresponded with the formula C 14 H 20 - 
N2O4S for the penicillin (A‘-*-pentenylpenicillin). 
A corresponding benzylamine derivative was made 
from a penicillin concentrate obtained from the 
^*832“fcrmentation’^ and was found to melt at 
13G-137®. The composition of this second benzyl- 
amine derivative, C 3 oH 38 N 40 r,S (monohydrate), 
corresponded with the formula C 16 H 18 N 2 O 4 S for the 
penicillin (benzylpenicillin). It was assumed that 
the second molecule of benzylamine entered the 
penicillin molecule without the loss of water. These 
products aided the characterization of the two 
peni(ullins, the existence of which had already been 
shown. These products also offered promise in 
the determination of the structure of penicillin 
(Stodola, NRRL, MoJiihly Progress Report, 14, 
p. 5; 16, pp. 4, 5). 

On the basis of structures XVI and XVII for 
benzylpenicilloic acid, it appeared that structures 
XX and XXI would represent the benzylamine 
derivative of benzylpenicillin, and that degradat ion 
of the derivative with mercuric cliloride should give 
the benzylamidc of either acid XVIII or XIX and 
permit differentiation of the formulas (Merck, MJ, 
8 ). 


with 2,4-dinitrophenylhydrazine, and semicar- 
bazide. A crystalline hydrazone whic.h melted at 
239-240®, and a crystalline semicarbazone which 
melted at 210-217® were obtained. The analyst's 
of the 2,4-dinitrophcnylhydrazorie and tlie semi¬ 
carbazone were in agreement with the formulas 
C 24 H 22 N 60 fl and Ci 9 ll 2 iNft 03 , respectively. These 
formulas are those which were anticipated for 
either (*aii)onyl compound XVIII or XIX. Anotlu^r 
portion of the filtrate from the mercuric mercaptide 
was freed of mercuric ions and concentrated to 
diyness. The residue was recrystallized from 
methanol and gave an optically inactive compound 
which melted at l() 3-10 i° and had the comi)osition 
C 20 II 24 N 2 O 4 . This compound was found to contain 
tw'o methoxyl groups. Since the experimental 
conditions for the isolation of this substance were 
those for acetal and not ketal formation, the forma¬ 
tion of this compound st rengthened the belief that 
the aminomalonaldehydic structure (XVIII) was 
correct. Another sample of the benzylamine 
derivative was treated w4th nu'rcuric chloride, 
diluted wdth dioxane, treated with Raney nickel 
catalyst, and then hydrog(uiated with a platinum 
catalyst. A crystalline (a)mpound was obtained 


S 

('6H6C^H2CT)NH CH—Clf \uC^H3)2 

I I I 

C6ll6(Tl2NII(T) NH-CHC^OsHNILA’hUCJT.. 

XX 

s 

/ \ 

C^eHoCH^CONHCHa—C CiCUzh 

/\ i 

C6H,CH2NU(X) NH^-t^HCOsH-NHsCHsCJU 

XXI 


It was evident that the benzylamine derivative 
contained no labile carboxy group since a solution 
of it in a mixture of ethanol and dilute sulfuric acid 
yielded no carbon dioxide when refluxed. The mild 
conditions for the formation of tlie benzylamine 
derivative seemed to preclude the possibility of the 
attachment of the labile carbonyl gi'oup between 
the two nitrogen atoms to form a ureide (Stodola, 
Wachtel, and Coghill, NRRL, unreported details). 

The addition of an ethereal solution of benzyl- 
.amine to an ethereal sohition of benzylpenicillin 
caused partial separation of the crystalline benzyl¬ 
amine salt of benzylpenicillin which melted at 100®. 
An ethereal or alcoholic solution of this salt reacts 
with more benzylamine to form the characteristic 
derivative melting at 136-137® (Merck, Report for 
October 1943, p. 12). 

A solution of the benzylamine derivative of 
benzylpenicillin in aqueous methanol was mixed 
with a solution of mercuric chloride. The precip¬ 
itated mercuric mercaptide of penicillamine was 
removed. Portions of the filtrate were treated 


from the hydrogenation of the carbonyl degradation 
product which melted at 192” 194° and had the 
composition C 18 H 32 N 2 O 3 . It w^as identical with a 
synthetic specimen of the cyclohexylmethylamidc 
of cyclohexylacetyl-DL-serine (XXII). Therefore, 

CcHnCHsCONHCHCHzOH 

(^X)NHCH2C«Hn 

XXII 

structure XXIII is established for the carbonyl 
degradation product of the benzylamine derivative 
of benzylpenicillin, and structure XVIII is estab¬ 
lished for the corrt'sponding free acid. This free 
acid (XVIII) was designated benzylpenaldic acid. 
It is now evident that the 2,4-dinitrophenylhydra- 
zone and the semicarbazone have structures XXIV 

CefUCHaCONHCILCHO 

CONHCHaCelle 

xxin 
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C.H5CH2CONHCHCHO 

COjH 

XVIII 

and XXV, and that the acetal has structure XXVI. 

C.IJiCHsCONUCHCII^N—NH—R 

CONHCHsC«Hi 
R == —CeHa(NO«),., XXIV 

R = —CONH2, XXV 
CJIiCH2CONHCIICH(OCIl,)2 

CONIICHsCoUa 

XXVI 

The racemic nature of the benaylamide of bcnzyl- 
penaldic acid dimethyl acetal (XXVI) and the serine 
derivative (XXII) is apparently due to enolization 
of the carbonyl derivative (XXIII) as follows (Merck, 
M.l, 7-9). 

CaHaCHaCONHCnCHO 

I ^ 

CONIICHjC.Ha 

CaHsCHsCONHC^CHOH 

ioNHCHsCoHa 

The authentic specimen of the cyclohexylmethyl- 
amide of cyclohcxylacetyl-DL-serine was synthesized 


(XXII). The dimethoxy derivative (XXVI) was 
compared later and found to bo identical with a 
synthetic specimen of the benzylamide of benzyl- 
penaldic a^ijid dimethyl acetal (XXVI) which was 
prepared by the reaction between benzylamine and 
the methvl ester of benzyl penaldic acid dimethyl 
acetal (XXXI) (Merck, A/.i, 8, 9). 

CflH5CIl2CONHCHCII(OCH3)2 

CO 2 C 11 , 

XXXI 

C8H6CH2COnhc^hch(och,)» 

C0NHCH2C.H* 

XXVI 

A parallel degradation, which was carried out 
simultaneously with the degradation of the benzyl- 
amine derivative, was the degradation of the 
“im'thanol-inactivation product” of benzylpenicil- 
lin. When a solution of sodium benzylpenicillin in 
methanol was refluxed, the specific rotation of the 
solution decreased rapidly and became constant at 
abotit [«]/> -f-140° for a 0.4% solution. The 
methanol-reaction proiluct was biologically inactive. 
Distillation of the solvent left an amorphous 
product. However, treatment of the amorphous 
methanol-inactivation product with benzylamine in 
ethereal solution gave a crystalline salt which 


S 


/ \ 

C,H6CH2C0NHCH—CH (XCH »)2 

CII 3 OCO NH-CIIC02H-Nn2CIl2C«H6 


XXXII 


as follows. DL-Serine (XXVII) was c.onverted into 
the phenylacetyl derivative (XXVIII) which was 

NHjCHCHjOH CeHftCHsCONHCHCHjOII 

I ^ I 

CO 2 H COjH 

XXVII XXVIII 


CJIBCH2CONHCHCH20H 
—» I 

C02cn3 

XXIX 

CJIiCIIsCONHCHCHaOH 

('^ONHCH2C.Hb 

XXX 


C«HnCn2C0NHCHCH20H 


C0NHCH2C,H„ 

xxn 


methylated with diazomethane to give an oily ester 
(XXIX). The benzylamide of phenylacetyl-DL- 
serine (XXX) was prepared from the ester by reac¬ 
tion with benzylamine and hydrogenated with a 
platinum catalyst to give the perhydro derivative 


melted at 136-138®. The composition, C24H3r 
N 3 O.SS, of this salt was in agreement with structure 
XXXII, which could be formulated similarly to the 
benzylamine derivative (XX). 

A solution of this methanol-inactivation product 
in water was treated stepwise with mercuric 
chloride and 2,4-dinitrophenylhydrazine. A crys¬ 
talline dinitrophenylhydrazone, m.p. 189-181®, of 
the composition C 18 II 17 N 5 O 7 was obtained. When 
another portion of the solution was treated with 
dimedone, a crystalline methone derivative, m.p. 
157-158®, was obtained. An oily precipitate of a 
phenylhydrazone was also obtained which gave a 
pyrazolone, CitHuNsOj, when it was heated at 
100® ill vacuo, A solution of the aldehydic deg¬ 
radation product was freed of the mercuric 
mercaptide and then of mercuric ions and evapo¬ 
rated to dryness. Treatment of the residue with 
methanolic hydrogen chloride gave a crystalline 
acetal of m.p. about 94®. 

An aqueous solution of the aldehydic degradation 
product was diluted with dioxane and hydrogenated 
with a platinum catalyst. A crystalline pr^- 
uct, m.p. 155-169®, which had the composition 
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CiiHuNOs was obtained. This hydrogenated de¬ 
rivative of the aldchydic degradation product was 
identical with a synthetic specimen of cyclohexyl- 
acetyl-DL-alanine (XXXUI) and was not identical 
with a synthetic specimen of the cyclohexylacetyl- 
DL-serinc (XXIV). It is evident that the jS-hydroxy 
group which was produced by hydrogenation of the 
formyl group underwent hydrogenolysis to the 
alanine derivative (XXXIII). 

CoHnCHsCONHCHCHa 

COslI 

XXXIII 

CsHiiCH^CONHCHCHjOH 

COJI 

XXXIV 

These data established structure XXXV for the 
aldehydic degradation product, i.c., methyl bcnzyl- 
penaldatc, and were in agreement with structure 

C.rUCHsCONIICHCHO 

CO 2 CH, 

XXXV 

C.lUCll2C0NHCHCII=-NNriC6lT3(N02)* 

I 

COjCHa 

XXXVI 

XXXII for the methanol-inactivation product of 
benzylpenicillin. The dinitrophenylhydrazone and 
the acetal of the aldchydic degradation product 
liavc structures XXXVI and XXXVII, respectively. 

C«Il6CHsCONHCHCH(OCH,)2 

I 

COjCIIs 

XXXVII 

The dinitrophenylhydrazone was identical with a 
synthetic specimen of the hydrazone prepared from 
the sodium salt of methyl a-formyl-a-phenylaceta- 
midoacctate XXXVIII. The latter compound was 
prepared from phenylacctylglycino methyl ester 
(XXXIX) and methyl formate (Merck, M,l, 9, 10, 
12; ^,4). 

Tj('»0 PH 

C,H6CH2C0NH-CH2C02CIl3 

NaOCH, 

XXXIX 

C»HiCH2CONHC=CnONa 

iosCH, 

XXXVIII 

The establishment of structure XXIII for the 
benzylamide of benzylpenaldic acid and structure 
XXXV for methyl benzylpenaldate was confirmed by 
the preparation and characterization of the 2,4- 
dinitrophenylhydrazones of these two aldehydic 
degradation products. The methanol-inactivation 


product of sodium benzylpenicillin was prepared 
and characterized as a crystalline benzylamine salt 
in a manner similar to that described above (Squibb, 
SJy 7; 5j 1). Isolation of the 2,4-dinitrophcnyl- 
h 3 ’'drazonc derivative of free benzylpenaldic acid 

C6H6CU2C0NHCHCH=N—NHC^GlIafNOa)^ 

I 

CO2II 

XXXIX 

(XXXIX) appears to be impossible })ecaiise of the 
ease of decarboxylation of benzylpenaldic acid 
in acidic solutions (Squibb, iSJ:?, G). 

When the free acid of the benzylamine derivative 
of benz^dpenicillin was dissolved in methanol, 
treated appropriately with mercuric chloride for 
the formation and precipitation of penicillamine, 
and then treated with 2,4-dinitrophenylhydrazine, 
a hydrazone of the expected composition, (> 24 ll 22 - 
NeOfl, was obtained (Stodola, Wachtel, and Ooghill, 
NRRL, unroported details). 

a-Benzylamide of D-a-Benzylpenicilloic Acid, 
a-Methyl D-a-Benzylpenicilloate. After the estab¬ 
lishment of struct lire XVIII for benzylpenaldic acid, 
structure XL for the free acid of the benzylamine 
derivative of benzylpenicillin was accepted im¬ 
mediately by many chemists on the penicillin 

S 

/ \ 

C«11bCH 2CONH(^H—CH C(Cn,), 

CoHsCHjNHCO NH —CH-COsIl 

XL 

program. Further evidence in confirmation of 
this structure, which resulted from a comparison of 
“naturaF^ and synthetic desthio derivatives, was 
obtained in 1944 and is described in Chapter XVIII. 
In accord with this later evidence and stereo¬ 
chemical considerations, this benzylamine deriva¬ 
tive of benzylpenicillin became known as the 
a-benzylamide of n-a-benzylpenicilloic acid. 

Similarly, structure XLI was generally accepted 

S 

/ \ 

CeHoCIIzCONIICH—CH C(CIl 3)3 

I I I 

CH 3 OCO NH-CHCOall 

XLI 

for the methanol-inactivation product of benzyl- 
penicillin on the basis of structure XXXV for methyl 
benzylpenaldate. Evidence on the confirmation of 
structure XLI was also obtained in 1914 when three 
pairs of “naturaF^ and synthetic a-alkyl N-benzoyl- 
n-a-benzylpenicilloates were found to be identical 
(Chapter XVIII). The methanol-inactivation 
product was designated a-methyl n-a-benzylpenicil- 
loate as a result of these later stereochemical 
studies. 



62 


THPJ STRUCTURE OF BENZYLPENICILLIN TO DECEMBER 1943 


Quantitative acetylation of the benzylamine 
derivative of bonzylpenicillin (XX) showed that 
two acetyl groups were bound, one by the benzyl- 
amine of the? salt group and the other by the >NH 
group of the thiazolidine ring. The acetylated 
product, which was known later to have structure 
XLII, did not give a precipitate with mercuric 

S 

/ \ 

CjHiCIIitCONllCH-CH C(CH3)2 

I I I 

CaHjClIjNHCO N-CH-COaH 

• ioCHa 

XLII 

chloride in solution and 3-acetyI-44hiazolidine- 
carboxylic acid gave no precipitate with this 
reagent. The acetylated product and 3-acetyl-4- 
thiazolidinecarboxjdic acid did not bind hydrogen 
chloride, and 4-thiazolidihecarboxylic acid did bind 
hydrogen chloride. This behavior of the acetylated 
prixiuct was recognized immediately to l>e compati¬ 
ble with the possible presence of a weakly basic 
thiazolidine nucleus in the compound. (Stodola, 
Wachtel and Coghill, NRRL, unreported details.) 

Benzylpenillic Acid. When an aqueous solution 
of ciystalline sodium benzylpenicillin was treated 
with one equivalent of hydrochloric acid, the ob¬ 
served rotation of the solution began to increase 
immediately and became constant after standing 
overnight. Crystals appeared in the solution after 
about four hours. This crystalline product was 
identical in melting point and composition, CieHir 
N 2 O 4 S, with the benzylpenillic acid which had been 
previously prepared from amorphous bcnzylpenicil- 
lin concentrates (Merck, Report for September IQ^S, 
pp. 5-7). 


from the corresponding reaction with benzyl¬ 
penicillin. Benzylpenillic acid was converted into 
benzylpenillamine (cf. following section) and carbon 
dioxide, whereas benzylpenicillin was converted 
into penicillamine, carbon dioxide, and phenyl- 
acetylaminoacetaldehyde (Merck, Report for October 
194 s, pp. 10 - 12 ). 

When it was recognized that benzylpeni(;illoic 
acid probably liad structure XV, it was immediately 
realized that the known facts about benzylpenillic 
acid were in agreement with structure XLIII 

COM 



(Merck, il/./, 12). The correctness of this struc¬ 
ture was substantiated by later structural degrada¬ 
tions and total synthesis as described in Chapter VI. 

Benzylpenillamine. The reaction of A^-pentenyl- 
penillic acid with mercuric chloride in aqueous 
solution to form a new (compound of the formula 
CiaH 2 oN 202 S was first described by Britisli investi¬ 
gators (Abraham, Chain, Baker, and Robinson, 
Pen.79), This product was named A^-pentxuiyl- 
penillamine. When a solution of mercuric chloride 
was added to an aqueous solution of benzylpenillic 
acid, a mercuric mercaptide precipit ated. Aeration 
of the suspension with nitrogen for several hours 
yielded 0.81 mole of carbon dioxide per mole of 
benzylpenillic acid. The precipitate was removed, 
suspended in water, treated with one equivalent of 
hydrochloric acid, and decomposed with hydrogen 
sulfide. The filtrate from the mercuric sulfide 


The potcntiometric titration of benzylpenillic 
acid with alkali showed that the compound was 
dibasic and the midpoints of the titration occurred 
at pH 3.1-3.3 and pH 7.6-7.7. Polarographic 
analysis of benzylpenillic acid indicated the absence 
of a sulfhydryl group (Merck, M.3, 5, 6 ). 

It was found that benzylpenillic acid yielded 
somewhat more than one mole of carbon dioxide 
when it was heated at 190-200® for about thirty 
minutes (Merck, Report for October 1943). 

A comparison was made of the action of mercuric 
chloride on benzylpenillic acid and benzylpenicillin. 
Cleavage of both of these compounds in methanol 
solution with mercuric chloride took place very 
rapidly at 25®. Cleavage of dimethyl penillate 
under comparable conditions took place more 
slowly. The mercuric mercaptide of penicillamine 
partially precipitated in the experiment with benzyl¬ 
penicillin, but the solution remained clear in the 
experiment with benzylpenillic acid. It was found 
that the reaction of benzylpenillic acid with mer¬ 
curic chloride in water solution was quite different 


yielded a crystalline hydrochloride, m.p. 174®, 
[ally —70.7®, which had the composition CuHig- 
N 202 S*HC 1 . a picrate of the base was also 
obtained which had the composition CUH 18 N 2 O 2 S- 
CeHsNaO?. This product, benzylpenillamine, was 
stable in 0.1 iV sulfuric acid at the reflux tempera¬ 
ture for two and one-half hours. Benzylpenillamine 
appeared to possess a free mercapto group since it 
gave a strong blue color with ferric chloride solution 
and an intense nitroprusside reaction. It also 
coupled in alkaline solution with diazotized sul- 
fanilic acid to give an orange-red colored solution. 
The ultraviolet absorption spectrum showed end 
absorption with possibly a maximum at 22()() A, 
Em about 10,000 (Squibb, Report for September to 
October 194 s, p. 8; 8A, 8). 

When benzylpenillic acid was dissolved in metha¬ 
nol and treated with mercuric chloride, the rotation 
of the solution decreased markedly. No precipitate 
formed when the reaction was carried out in metha¬ 
nol instead of water. After the mercuric ions were 
removed from the solution, crystalline benzyl- 
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penillarnine, Ci 6 Hi 8 N 202 S-HCl, was obtained by 
evaporation. In another experiment one equiva¬ 
lent of carbon dioxide was collected quantitatively. 
Potentiometric titration of benzylpenillamine hydro¬ 
chloride gave a neutral equivalent of 328; calc., 
320 (Merck, Report for October pp. 7-8). 

The chemical and physical properties of benzyl¬ 
penillamine were considered to be in agreement with 
structure XLIV for this degradation product 
(Merck, M.I, 13). Later studies on the structure 
and synthesis of benzylpenillamine substantiated 

CH ITS 

/ \ \ 

N (m (\crT;0i 

il I I 

CoIIfiCIlaC-N- CHCXhU 

XLIV 

structure XLIV (Chapter VF). 

Benzylpenicillin. Structure XVI was generally 
accepted for benzylponicilloic acid. The outstand¬ 
ing supporting evidence for this structure was 
provided by the characterization of the benzyl- 
amide (XXill) and the rncdiiyl ester (XXXV) of 
benzylpenaldic acid, which were obtained from the 
benzylamine derivative of benzylpenicillin and the 
methanol-inactivation product of l>enzylpenicillin. 
TFie formulation of structure XL for the benzyl- 

S 

/ \ 

CeHfiCHsCONHCH—(11 C{Cn,)2 

I I I 

(a) —CO Nil- ClhCihll (/3) 

XVI HO— 

XL CeHeCrialTN— 

XLI CIHO— 

amine derivative and structure XLI for the methanol 
inactivation product also established the carboxy 
group (/3- in later nomenclature) of the penicillamine 
moiety as the free carboxy group of benzylpenicillin. 

The characterization of the sulfinic acid cor¬ 
responding to the methyl ester of penicillamine from 
a reaction of mercuric chloride with methyl benzyl¬ 
penicillin also showed that the carboxy group of 
the penicillamine moiety was free in benzylpenicillin 
(Squibb, S,5f 6). 

Benzylpenicilloic acid (XVI) itself was obtained 
as a solid disodium salt by adding one ecpiivalent 
of sodium hydroxide to an aqueous solution of 
sodium benzylpenicillin, and evaporating the water 
after hydrolysis was complete (Merck, M.6, 4). 

It w^as also evident that it w^as the carboxyl group 
(a- in later nomenclature) of the penaldic acid 
moiety of benzylpenicilloic acid (XVI) which con¬ 
stituted the ‘Habile group of benzylpenicillin. 
The structure of benzylpenicillin could be formu¬ 
lated from the structure of benzylpenicilloic 
acid by the elimination of a molecule of water which 
involved the a-carboxy group. The thiazolidine- 


oxazolone structure (XLV) appeared to be a possible 
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N 

Cdl^ClhC (HI—CH 


O- 


CO NIL 

XLV 


c(c:u,h 

-CllCihU 


stnictiirc for benzylpenicillin. Tliis structure was 
considered favorably, because it w^as known that 
oxazolones redacted with amines and alcohols as 
did benzylpenicillin. For example, 4-methyl-2- 
phenyl-5(4)-oxazolone (Mohr and Stroscdiein, Ber., 
42 , 2521 (1909); J. Pra/d. Chew,., (2) 81, 478 (1910j) 
reacted readily with aniline in ethereal solution as 
with ethanol to give the corresponding anilide or 
ethyl ester. Other formulas were considered and 
it was s<,ated that “the four-membered lactam fused 
upon a five-membered heterocyclic ring (the 
j8-lactam structure', XLVI) appears unlikely unless 
thi' strain involvcjd could account for the reactivity 
to methanol and benzylamine’^ (Merck, MJ, 10, 
11). It was impossible to demonstrate by titration 
the presence of a WTakly basic group in benzyl¬ 
penicillin. A substance of structure XLV would 
appear to have a weakly basic group (Merck, M.5, 
7). 


CoIlBCHoCONILfTI- 


S 

-CH "^C(CIl3)2 


(U)—N-CilCX)2lI 

XLVI 


The thiazolidine-oxazolone structure (XLV) ap¬ 
peared at the time to explain additional data which 
were being accumulated on the reactions of sodium 
benzylpenicillin with various reagents. However, 
it w^as recognized that “the possibility that there 
exist in penicillin unusual strained ring systems 
capable of undergoing facile rearrangements should 
not be entirely dismissed.” Oxidation of sodium 
benzylpenicillin wdth ammoniaeal silver oxide gave 
a crystalline sulfur-free product (Chapter VIII). A 
malonimide structure (XLVII) was tentatively con¬ 
sidered for this oxidation product on the basis that 
it might be derived from groupings such as XLVIII 


S- 


/ 

-CH—CII 

I I 

CO—N— 

XLVIII 


s- 


or 


-CH—CH 

I I 

-C-N— 
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OH 

XLIX 


CO 

CoHsCHjCONHCH '^NH 

\o/ 

XLvn 
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or XLIX in benzylpcnicillin. However, structure 
XL VII was dismissed as improbable when the lack 
of data on malonirnides in the literature was con¬ 
sidered (Squibb, S.l. 8, 9, 11, 13)* 

The thiazolidine-oxazolone structure (XLV) was 
also considered ‘^to be compatible with the majority 
of the data’^ by the cooperating laboratories in the 
midwestcrn area (Abbott, Lilly, Parke-Davis, and 
ljpj^>hn) as given in a summary report {A.t, 4). 

A’*-Pentenylpenicil!in and n-Amylpenicillin, In 
connection with studies on “penicillin G,“ “penillic 
acid G“ and “ponillamine G,“ and the differentia¬ 
tion of these throe compounds from “penicillin F,“ 
“penillic acid and “penillaminc F,“ it was con¬ 
cluded that “penicillin F“ (A’-pentenylpenicillin) 
had the composition CiJIjoNaOiS. It was also 
concluded that the sole dillerencc between “peni¬ 
cillin G“ and “penicillin F“ was that between 
phenylacctic acid moiety and an unknown aliphatic 
acid moiety of the composition C 6 HjjC 02 H. 

Deductions from the melting points of some new 
2,4-dinitrophenylhydrazoncs of aliphatic acylamino- 
acetaldehydes when compared with data reported 
by British investigators (Catch, Cook, Hall, and 
Ileilbron, Pen,83\ Abraham, Baker, Chain, and 
Robinson, Pen,91; Catch, Cook, FJlvidge, Hall, 
and Ileilbron, Pen.99) made it appear very probable 
that “dihydropenicillin F“ had a CIl 8 (CH 2 ) 4 - 
group in place of the C 6 H 6 CH 2 - group in “penicillin 
G.“ Similar deductions made it probable that 
^'penicillin F“ had either a CHsCH-^CHCHaCHa- 
group or a CHaCHaCH^-CllCll 2 -group (Merck, 
The chemistry of A^-pentcnyl- and n-amyl- 
penicillin is reviewed fully in Chapters II and III. 

EXPERIMENTAL^ 

Experiments on Benzylpenicillin Concentrates. Acid 
Hydrolysis of Concfntratks of Bknzylfenicillin 
(Merck, Report for November to February 1943^ pp. 5, 6; 
and unreported details). A solution of 424 iiifj;. of a con¬ 
centrate of benzylpenicillin, 1,050 units ^ 11 ^., in 20 cc. of 
4 N sulfuric acid and 20 cc. of ethanol was heated at the 
reflux temperature while a stream of nitroKcn was passed 
111 rough the solution. The evolved gases were passed 
through absorption tubc*.s containing standard barium 
hydroxide solution. Ev'olution of carbon dioxide was com¬ 
plete within about thirty minutes. The heating was con¬ 
tinued for two hours. The titration showed that 31 mg. of 
carbon dioxide was evolved. The solution was steam.dis¬ 
tilled and yielded volatile acid equivalent to 2.30 cc. of 
0.1019 N sodium hydroxide. The aqueous solution was 
cooled and extracted with ether. Kvaporation of the 
solvent yielded 95 mg. of a crystalline residue. Sublimation 
of the residue at 30-40*’ in vacuo gave 55 mg. of sublimate 
and 27 mg. of residue. Crystallization of the residue from 
benzene-petroleum ether yielded a product which melted 
at 120-128*’. The molting point was unchanged when this 
product was mixed with authentic cy-furoic acid. The 
sublimate was recr^'stallizcd from petroleum ether and the 

•During 1942-1043 it was the custonri of the Merck and Squibb 
Laboratories to submit sunitnary reports rather than reports with full 
«xperiii)oritul cietails. Tins inclusion of experimental details in reports 
began in m44 during the overall collaboration under the auspices of the 
Office of Heientilic Uesearch and Development. Consequeutl.v, it has 
been necessary to include in this ch.'ipter certain unreported details for 
work sunimarixed during the 1942-1943 period. 


product melted at 75-76.5®. No depression of the melting 
point was observed when this product was mixed with 
authentic phenylacctic acid. The ultra-violet absorption 
spectrum of the crude mixture of acids indicated that 
approximately equimolar amounts of «-furoic acid and 
phenylacctic acid were present. 

After ether extraction the aqueous hydrolysis solution 
was made alkaline with barium hydro.xide, freed of barium 
sulfate, and distilled. A small amount of ammonia was 
obtained and (converted to the chloroplatinate for identifi¬ 
cation. The aipicous solution was then (juantitativcly freed 
of barium ioius with sulfuric acid. The solution gave a 
positive niiihydrin reaction. An amino-nitrogen determi¬ 
nation showeti the pre.sencc of 16.6 rng. of amino-nitrogen. 
Kvaporation to dryness left a partially crystalline residue 
which was .soluble in ethanol. This residue gave a blue 
color with ferriir chloride solution, a positive ninhydrin test, 
and a jirecipitale with phosphotungstic acid solution, 
licnzoylation of 38 mg. of the residue by the Schotten- 
liauniann procedure gave 31 mg. of a crystalline product. 
Itecrv.stallization from water yielded crystals which melted 
at 198-200’ 

Benzylpenilltc Acid from Benzylpenicillin Concen¬ 
trates (Merck, Report for April to July 1943, pp. 4, 5; and 
unreported data). A solution of 2.083 g. of a concentrate 
of barium benzylpenicillin, activity 472 units/ing., in 200 cc. 
of water was acidified to 7 >H 2.05 with dilute sulfuric acid 
and kept at 37® for two hours. The barium sulfate, 880 mg., 
was reiiiovial by filtration and the filtrate was extracted 
several times with ether in a separatory funnel. The ether 
extract was evaporated to dryness in vacuo and left an 
amorphous residue; weight, 893 mg. The aqueous solution 
was frozen and evaporated from the frozen state to a volume 
of about 5 cc. On allowing this solution to stand for a 
short time, crystals were deposited. The crystals weighed 
131 mg. and melted at 179-181®. A sample of such material 
weighing 113 ing. was dissolved in methanol and recrystal¬ 
lized by the addition of acetone. After four recrystalliza¬ 
tions there was obtained 38 rng. of material which melted 
constantly at 186-187® (dec.); [ah +522® (c, 0.19 in pll 7.0 
buffer). 

Calc. C.eHisN.OiS: C, 57.47; H, 5.43; N, 8.38; 8, 9.59. 
Found: C, 57.28; H, 5.60; N, 8.02; S, 9.49. 

A solution of 5.17 g. of a concentrate of benzylpenicillin, 
activity 1,000-2,000 units/mg. in 8 1. of water was acidified 
to pH 2 with sulfuric acid. After standing at 25® for eight¬ 
een hours, the solution was shaken eight times with ether. 
This extraction removed 1.91 g. of ether-soluble material. 
The aqueous solution was then shaken three times with 
butanol, and the butanol extracts were washed with a little 
water. The aqueous solution and the aqueous wash from 
the butanol were conibincd, neutralized, concentrnt(*d to one 
liter under reduced pimsure, acidified to pH 2 and again 
shaken six times w'ith butanol. The combined butanol 
extracts were concentrated to a volume of 40 cc. and stored 
overnight in the cold room. On standing 0.51 g. of crystal¬ 
line product separated which melted at 175-177® (micro¬ 
block). The product was dissolved in 6 ce. of dilute 
ammonia, and the solution was filtered through Darco and 
carefully acidified. A crystalline product was deposited; 
yield, 375 mg.; m.p. 184-185®; +532®, lain,.*' +658®. 

Forty-four milligrams of this product was dissolved in 12 ec, 
of boiling water. On cooling, crystals separali'd; yield, 
26 mg.; m.p. 190-191®; [ah,*' +536®, fa|,„*' +678® (c, 
0.086 in 0.1 N sodium hydroxide). The latter melting 
point appcariKl to be constant. 

Another sample of bcnzylpenillic acid molted at 180® after 
recrystalUzatkin from methanol-acetone. After this ma¬ 
terial had been recrystallized three times from methanol- 
water-acetone, the melting point was constant at 186-187®. 

Calc, for C,«H,gN,04S: C, 57.47; H, 5.43; N, 8.38. 

Found; C, 57.28; H, 5.60; N, 8.02. 
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In another experiment 5.4 g. of crude benzylpenicillin 
fractions (averaging 300-315 units/mg.) was acidified with 
hydrochloric acid to pH 2.3 and allowed to stand for forty- 
eight hours. Butanol extraction at pH 2-3 gave three crops 
of benzylpenillio acid: ( 1 ) m.p. 182-183° (corr.); (2) m.p. 
183-184°; (3) m.p. 183-185°. Crop 3 was dissolved in 
methanol and 3-4 volumes of dry ethyl acetate was added. 
The colorless crystals wliich were obtained melti'd sharply 
at 185-186° (corr.) with gas evolution, but no darkening. 
Calc, for CifiHi 8 N 204 S: 

C, 57.47; H, 5.43; N, 8.38. 

Found: C, 57.61, 57.45, 57.37; H, 4.95, 5.54, 5.85; N, 8.42. 

A few more crystals separated when the methanol-ethyl 
acetate solution was allowed to stand. 3'liis product also 
melted at 185-186°; [«]d“ +545° (c, 0.09 in A /10 sodium 
hydroxide). 

Tabh^ I summarizes the yields of benzylpenillic acid which 
were obtained from concentrates of benzylpenicillin of 
increasing activity .and illustrates the evidence from which 
the conclusion was drawn that benzylj)enillic acid originated 
from benzylpeni(!illin and not from an impurity. 


TABT.K 1 

Yields of Benzylpenillic. Acid 


Benzylpenicillin 

concentrate 

Benzylpenillic acid 
isolated 

Weight 

Activity 

Weight 

Per cent 
bv 

Per cent per gram 
of 1000 units/mg. 

grams 

Units/nig. 

grains 

! 

weight 

material 

2.0 

253 

0.034 

I .7 

6.7 

7.6 

390 

0.407 

5.4 

13.7 

7.8 

525 

0.609 

7.8 

17.4 

5.17 

1000 

0.512 

9.9 

9.9 

3.28 

1160 

0.268 

11.7 

10.1 

4.72 

1350 

0.741 

15.7 

11.6 

1.53 

1650 

0.454 

29.7 

17.9 


DmBTUYL Benzylpknillate (.Merck, Reports for April 
to July lt)4Sf pp. 4, 5; and September 1043^ p. 7). Benzyl- 
penillie acid was suspended in ethyl acetate and treated 
with an excess of ctluTcal diazoniethane. Hemoval of 
solvent and excess reagent under reduced pressure left a 
crystalline residue. Recrystallization of the re.si(lue from 
ctiiergavea crystalline product; m.p. 131-132”; +417° 

(c 0.5 in methanol). 

Calc, for CUH 22 N 2 O 4 S: C, 59.65; H, 6 . 12 ; N, 7.73. 

Found; C, 59.81; II, 5.90; N, 7.60. 

Acid HYDUOLY.SIS ok Benzylpenii.i.ic Ann (Merck, 
Report for April to July 1,94*3, p. 0; and unreported data). 
A solution of 144 mg. of benzylpenillic acid (from a concen¬ 
trate of benzylpenicillin) in 10 cc. of 8 % hydrochloric acid 
was refluxed for two hours. A stream of nitrogoii was passed 
through the solution during the heating an<l then into stand¬ 
ard barium hydroxide solution for absorption of the carbon 
dioxide. The yield of evolved carbon dioxide was 8 . 8 %; 
calc, for one mole, 13.2 %. Continuous ether extraction of 
the aqueous acid hydrolysate removed 66 mg. of material 
which partially crystallized. Sublimation of the ether-solu¬ 
ble material and recrystallization of the sublimate from 
ethcr-petn)leum ether gave 18 mg. of product; m.p. 74-76°. 
The crystalline product was identified as phoTiylacetic acid 
by mixed melting point determination and by ultraviolet 
absorption. The aqtieous hydrolysate after ether extraction 
was evaporated to dryness to yield an amorphous hydro¬ 


chloride of an amino acid. This product gave a positive 
ninhydrin test, a blue color with ferric chloride, reduced 
Fehling’s solution and Tollen's solution, and was precipi¬ 
tated with phosphotungstic acid. 

Penicillaminic Acid from CoNciiJNTttATBs of Bbnzyl- 
PENicii.MN (Merck, Report for April to July 1943, p. 6 ; 
and unreported details). IVeatment of an aqueous solution 
of penicillamine (olitainrd from benzylpenillic acid by acid 
hydrolysis and troalrrumt with nuTcuric cliloridc) will) excess 
bromine water at room temperature, and concentration of 
the solution, 5 ifter removal of excess bromine, gave a white 
cry.stallinc product. The crystals melted above 340° with 
decomposition; [aIn +17° (r, 5.0 in water). The product 
gave a positive ninhydrin rc;action. 

Calc, for CJInNOfiS: 

C, 30.45; H, 5.62; N, 7.10; 8 , 16.23. 

Found: C, 30.41; H, 5.91; N, 7.61; NHj—N, 6.5; 8 , 14.64. 

Pcnicillaminic acid can be recrystallizcd from aqueous 
imdhanol or acetone and from glacial acetic acid. 

A 4.72-g. sample of a concentrate of sodium bcnzyl- 
penieillin, activity 1,350 units/mg., was dissolved in water 
and the pH was adjusted to 2 by addition of acid. '^Fherc 
was obtained 741 mg. of benzylpenillic acid (15.7%), 1.85 g. 
of ether-soluble products (39.2and 2.08 g. (44.1%) 
of water-soluble glassy solids. Tlic water-soluble fraction 
was dissolved in 100 cc. of water and bromine was added 
until an excess was present. The exetess bromine was then 
removed and the solution was frozen and evaporated from 
the frozen state to a volume of about 10 cc. Addition of a 
little hydrochloric acid caused the separation of 357 mg. of 
crystalline penicillaminic acid, which melted at about 280° 
(dec.). When treated with boiling nitric acid, the product 
w’as apparently unchanged. It still gave the ninhydrin test. 

Calc, for CJliiNOiS: C, 30.45; II, 5.62; N, 7.10. 

Found: C, 30.77; H, 6.31; N, 7.75. 

Aqueous Hydrolysis of Benzylpenillic Acid with the 
Formation of Carbon Dioxide and Benzylpenilloic 
Acid (Merck, Reports for April to July 1943, pp. 5, 6 ; 
October 1943, pp. 6 , 7; and unreported details). A solution of 
155 mg. of benzylpenillic acid in 10 cc. of boiled water was 
sealed in a small ampule which had a capillary tube about 
4 cm. long. The ampule was lieated in a bath at 100° for 
twelve hours. The cool(*d ampule was then attached to a 
foam-head bulb by means of a rubber tube in which the 
capillary tube could be broken by bending the rubber tube. 
The foam-head bulb was (^(uinected to a. small trap immersed 
in a freezing mixture. Tlie trap was joined in series to a 
phosphorus pent(»xi<le guard tulie and a tared absorption 
tube containing ascarite and phosphorus pentoxide. The 
system was evacuated to a pressure of one millirnoter, and the 
capillary tube of the ampule was broken. Within thirty 
minutes all of tlie car+on dioxide was collect(‘d in the 
ascarite tube. A tt>tal of 19.4 mg. or 12.52% of carbon 
dioxide was obtained (cak*. for one molar equivalent of 
carbon dioxide, 13.16 %). 

The aqueous solution in the ampiik^ which remained after 
the determination of carbon dioxide was continuously 
extracted with ether. The father extract on evaporation 
gave 132.4 ing. of flulTy white amorphous benzylpenilloic 
acid; +47° (in methanol), 98.2% yield. 

Calc, for CuHzoNaOjS: C, 58.12; H, 6.54; N, 9.09; S, 10.40. 
Found: C, 58.52; H, 6.55; N, 9.09; S, 10.26. 

An aqueous solution containing 97.8 mg. of benzyl- 
pcnilloic acid was neutralized to pH 6.5 (volume, 8 cc.). 
The solution was treated with 300 lug. of mercuric chloride 
in 6 ec. of water which caused an imnmdiatc precipitation of 
the mercuric mcrcaptidc of penicillamine. The precipitate 
was removed by centrifugation and dried; weight, 95 mg. 
The supernatant solution was treated with 70 mg. of 2,4-di- 
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nitrophenylhydrazine in concentrated sulfuric acid, which 
gave 76.4 mg. of the 2,4-dinitrophenylhydrazone of phenyl- 
ace ty lam inoacctaldehyde; yield, 73.5 %. The melting point 
of th(f derivative after one recrystallizaiion was 192-194°. 

Another sample of amorphou.s beiizylf)cnilloic acid 
(Found: 0, 57.99; H, 6.57; N, 9.06) was sublimed in high 
Vacuum, Partial decomposition took place, since the 
sublimate was yellow and gave less satisfactor}'’ analytical 
results. 

Calc, for CjfiHzoN-OaS: C’, 58.42; H, 6.54; N, 0.09. 

Found: C, 59.40; H, 7.71; N, 9.54. 

A sample of 80.4 mg. of this sublimed benzylpenilloic acid 
was treated with mercuric chloride as described above and 
then with 2,4Hlinitrophenylhydrazin(‘. The yield of deriva¬ 
tive was only 18.6 mg. This low yield (23 %) also indicates 
that sublimation caused some destruction of benzylpenilloic 
acid. 

Degradation Studies on Crystalline Sodium Benzyl- 
penicillin. Qualitative Tests on Sodium Benzylpeni- 
CILLIN (Squibb, Report for September to (hlober 194*^, pp. 2, 3). 


Reagent 

Solvent 

Re action 

Cone. HaSOi. 

Cone. HaS 04 and oxidiz- 


no color or charring 

ing agents. 


no color 

FeCia. 

Water 

precipitate; no color 

Ni salts. 

Water 

no precipitate 

Cu80«. 

Water 

precipitate on stand- 
green needles 
and amorphous mat¬ 
ter 

Alcoholic (CH,COO)jCu.. 

Alcohol 

no precipitate 

Alcoholic AgNO*. 

Alcohol 

white granular precipi¬ 
tate 

Alcoholic HgCla. 

Alcohol 

cloudiness, later white 
precipitate 

HgCl,.. 

Water 

slow clouding, slight 
precipitate 

Alcoholic (CH,COO)jHg.. 

Alcohol 

crystalline precipitate 
identified as mercur¬ 
ous acetate 

Fehling’a solution. 

Water 

negative in cold, posi¬ 
tive on warming 

Tollen*s solution. 

Water 

immediate reduction 
in cpld 

Diazotized sulfanilic acid. 

Water 

red orange color in 
NaOH, discharged 
by acid 

Diazotized p-nitroaniline. 

Water 

red brown color in 
alkali 


The oxidation by mercuric acetate was investigated in 
more detail. Fifty-eight milligrams of sodium benzylpeni- 
cillin in 6 cc. of alcohol was allowed to react with four 
equivalents of mercuric acetate. The precipitation was 
incomple|te with 2 equivalents. The precipitate was crystal¬ 
line and weighed 99 mg. On standing overnight a further 
44 mg. of crystalline precipitate wafe deposited. 

Calc, for CHaCOOHHg: Hg, 77.3. 

Found: Hg, 75.0. 

A part of the crystalline product was dissolved in aqtia 
regia and converted to mercuric sulfide. The weight of the 
latter correspond to the amoimt calculated for the reaction: 
mercurous acetate mercuric sulfide. No crystalline 
product could be isolated from the filtrate after removal 
of the mercurous acetate. The ultraviolet absorption 
spectrum of the substance in the filtrate showed maxima 


at 268 nifi, =* 43, and 340 m/u, Eiom.'^ * 26, which 

indicated that a system of conjugated uiiaaturated bonds had 
been formed. 

Oxidation Studies (Merck, Report for October 1943, 
p. 14). Benzylpimicillin, benzylpenillic acid, and several 
known sulfur (compounds were tested by the Shaffer- 
Hartman micro-method (Shaffer and Hartman, J. Biol. 
Chem., 4^i 365 (1921)) for reducing properties. The results 
arc tabulated below. 


Bubstarnui 

Sample 

weight 

mg. 

Heat¬ 

ing 

time 

min. 

Atoms of oxygen 
absorbed per 
mol. ( ^ thio¬ 
sulfate equiva¬ 
lents per mol.) 

Sodium benzylpcnicillin. . 

3.0 

15 

2.5 


2.0 

15 

2.2 

Benzyjj)enillic acid.... 

2.0 

15 

1.3 


1.0 

15 

0.8 

4-Thiazolidine-carboxy- 

i 2 0 

15 

1.4 

lic acid. 

1 ^ 

15 

1.4 


1.0 

30 

1.3 


1-0 

45 

1.0 

(^^sUne. 

1.0 

1 15 

2.5 

Cysteine hydro<'hloride 

1 .0 

1 15 

1.2 

Cilueose. 

0.8 

1 

2.5 


1.2 

15 

2.9 


2.0 

' 15 

2.6 


The reagent used was an alkaline copper solution, and 
oxidation of the compound caused tlie formation of cuprous 
oxide which was determined by thiosulfate titration. The 
known sulfur compounds reacted with about one atom of 
oxygen, benzylpo.nicillin about two atoms of oxygen, and 
benzylpenillic acid about one atom of oxygon per sulfur atom 
under the conditions employed. 

Periodic acid in dilute sulfuric acid was also used for 
oxidation studios. The results are tabulated below. 


Substance 

Sample 

weight 

mg. 

Atoms of oxygen 
absorbed per mol. 
{Vi X thiosulfate 
equivalents per mol.) 

Benzylpcnicillin. 

2.80 

3.9 


2.80 

3.7 

Benzylpenillic acid. 

3.00 

3.2 


3.00 ! 

3.3 

4-Thiazolidine-carboxylic 

5.00 

3.3 

acid. 

5.00 

3.6 

Cystine. 

3.00 

6.1 


3.00 

6.1 

Cysteine hydrochloride.... 

3.00 

2.7 


3.00 1 

2.7 

Benzoin. 

5.65 i 

1.0 


6.65 i 

1.0 

Phenyiacetic acid. 

5.00 

0 


6.00 

0 


The oxidation of cysteine, cystine, and 4-thiaa;olidin6- 
carboxylic acid involves reaction with three oxygen atoms 
per suifur atom with the formation of cysteic acid. The 
reaction with more than three atoms of oxygen per sulfur 
atom observed in the case of 4-thiazolidinecarboxylic acid, 
benzylpcnicillin, and benzylpenillic acid indicates that in 
addition to the formation of a sulfonic acid group further 
oxidation of the molecule occurs. 
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Alkaunb Htdroltsis of Benzyi.penicillin (Squibb, 
Report for September to October i OJfSy p. 6). Six hundred milli¬ 
grams of sodium berizylpenicillin was dissolved in 50 cc. of 
0.5 N sodium hydroxide. After twenty-four hours at 
room temperature, the rotation was [a]D®“ -h41°. No am¬ 
monia was present in the solution as determined by passing 
nitrogen through tlie solution and then into standard acid. 
Continuous (‘ther extraction yielded onJy 7 mg. of extractable 
material. Acidification of the solution to pH 5 with sulfuric 
acid liberated no carbon dioxide. The solution was acidified 
to pH 2 and extracted for eighteen hours with low-boiling 
petmleum ether. Evaporation of the petroleum ether left 
no residue. The extraction was continued with ether, and 
495 mg. (87 %) of acidic material was obtained. This ma¬ 
terial did not crystallize. It was found to (Mmtain 8% 
nitrogen. 

Two hundred milligrams of this material in 25 cc. of 5 AT 
sodium hydroxide was heated for three hours on the steam 
bath. Ammonia was evolved during I his period but was not 
quantitatively determined. Steam distillation of the solution 
yielded 8 mg. of a volatile oil. ("ontinuous ether extrac¬ 
tion rcmiov(‘d no material from the solution. On acidifica¬ 
tion with sulfuric acid t/O pll 2 copious evolution of hydrogen 
sulfide occurred. Continuous extraction with ether again 
yield<‘d 90 mg. of a partly crystalline re.sidue, which was 
rcicrystallized once from water; yi<‘ld, 56 mg. The crystals 
were identified as phenylacetic acid by melting point and 
analyti(!al data and amounted to 62.5% of the tln'orctical 
quantity. 

Another 200-mg. portion of the acidic product, which wa.s 
obtained by mild treatment with sodium hydroxide, was 
hydrolyzed with 25 cc. of .saturated barium hydroxide .solu¬ 
tion on the steam bath for five hours, '’riie ammonia evolved 
during this period amounted to 0.7 mole and was identified 
by conversion to ammonium chloride. No liydrogcn sulfide 
could 1)0 detected when the solution was actidifiod. Ether 
extraction yielded about the same amount of phenylacetic 
acid as in the preceding e.xperiinent. 

Acid Hydrolysis of Bknzylpknioillin (S<iuibb, Report 
for September to October p. 4). Two hundred and 

ninety-five milligrams of sodium benzylpenicillin were 
dissolved in 25 cc. of 0.1 N sulfuric acid and the solution 
was heated at the reflux temperature for t.wo and three- 
fourths hours. Nitrogen was passed tlirough the solution 
during heating, and the gases evolved were passed into 
standard barium hydroxide. The barium carbonate wliieb 
formed corresponded to 30.3 mg. of carbon dioxide (0.83 
mole). An aliquot of the liydrolysate was analyzed by the 
method of Cavett {J. Biol. Chem., fW, 335 (1932)) and was 
found to contain loss than 10 % of the ammonia calculated 
for one mole. The fuchsin aldehyde test was faint. Addi¬ 
tion of mercuric chloride to the hydrolysate gave an im¬ 
mediate precipitate. The supernatant solutJoii obtained 
after centrifuging contained comparatively large amounts of 
an aldehyde as shown by a strong fuchsin aldeliyde test and 
by the immediate formation of a yellow dinitrophenylhydra- 
zone. The latter compound was then prepared from an 
aliquot of the supernatant solution; yield, 55% of theory. 
After several recrystallizations from aqueous ethanol, the 
2,4-dinitrophenylhydrazone melted at 193-194°. 

Calc, for Ci«HiiN»Oi: C, 53.78; H, 4.23; N, 19.60. 

Found: C, 63.79; H, 4.31; N, 19.66. 


and gave a product which was found to be identical with 
synthetic phcnylacetylglycine. 

The hydrolysis product, before cleavage with mercuric 
chloride, is extractable with etlicr. After five hours con¬ 
tinuous extraction, the aqueous phase no longer gave a pre¬ 
cipitate with mercuric chloride. From the hydrolysate 
corresponding to 176 mg. of sodium benzylpenicillin, 80 mg. 
of ether-soluble residue was obtairu^d which was redissolved 
in a small volume of water and lyophilized. The residue 
w’as a non-crystalline fluffy white powder, which was further 
dried at 60° in a high vacuum and analyzed. 

Calc, for CiftHaoNaOiS: C, 58.4; H, 6.5; N, 9.1. 

Found: C, 67.92; H, 6.57; N, 9.45. 

Selenium Dehydrogenation of Sodium Benzylpeni¬ 
cillin (Squibb, Report for September to October L94Sf p. 5; 
and unreported details). One gram of sodium benzylpenicil¬ 
lin and 5 g. of selenium were thoroughly mixed and placed 
in a ground joint flask fitted with an air condenser. The 
mixture was heated gradually iintil the melt began to bubble 
(245-250°). The temperaturi^ was maintained at this point 
for four hours. Some material sublimed into the air con¬ 
denser. The melt ami sublimate were dissolved in m(?tha- 
nol, and the solution was filtered to nunove selenium. The 
filtrate was evapor.ated and the* residue was distilled at oil 
pump vacuum. The bath temperature was held at 100“ 
for one hour, then rai.so(l to 125°, and finally to 150°. Two 
fractions of sublimate were colh'cted. That collected at the 
higher iernpiTiitun; w as washed wdth ether and left 70 mg. 
of an almost (colorless crystalline product wliich melteil at 
156^156.5° after recrystallization from ethyl aeetate- 
hexane. It was idimtified as phenylacetamide by mixed 
melting point and analysis. 

Calc, for CsHjNO: C, 70.07; H, 6.72; N, 10.37. 

Found: C, 70.88; H, 6.83; N, 10.67. 

Hydrolytic Experiments on Crystalline Soditim 
Benzylpenicillin (Abbott, A./, 9). A 10.7 mg. sample 
of sodium benzylpenicillin was hydrolyzed witli 1.0 vc.. of 4 N 
sulfuric acid at 100° for three and oue-half hours. The 
hydrolysate had a wine-red color. There was obtained 
3.2 njg. of material which wa.s completely soluble in hot 
methylcyclohcxane (0.01 cc.). 'rhe, crystals produced were 
diamond shaped and ri'sernbled very closely crystals of 
phenylacetic acid from metliyl alcohol. 

A l0.2-nig, sample of the crystalline, sodium salt was 
treatcMl with 1.0 cc. of 4 N sodium hydroxide for four hours 
at 100°. There was obtaiiuid 3.6 mg. of material wlii(di 
was completelyjUpluble in 0.02 cc. of warm inethylcyclo- 
hexane; m.p. 73*6.5”. 

A 207.5-ing. sample of the crystalline sodium salt was 
hydrolyzed with saturated barium hydroxide solution at 
100” for five hours and 12.6 mg. of phenylacetic acid melting 
at 70-73° was obtained. 

Calc, for C«H*0,: C, 70.50; H, 5.88. 

Found: C, 70.25; H, 6.11. 

An additional 15 mg. of phenylacetic acid of slightly 
lower purity was isolated, lliere was also obtained 23 mg. 
of a second acid which was insoluble in inethylcycJolicxaiie. 
Recrystallization of this material gave 9 mg. of phenaccturic 
acid melting at 136-140”. 


When the pure 2,4-dinitrophenylhydrazoue was heated Calc, for CioHnNOa: C, 62.20; H, 5.75; N, 7.25. 

for a few minutes in concentrated sulfuric acid, a strong odor Found: C-, 61.15; H, 5.68; N, 6.38. 

of phenylacetic acid was noticeable. It therefore seemed 

probable that the aldehyde was phenylacetylaminoacetalde- The material which was not extractable by ether from 
hyde. The 2,4-dinitrophenylhydrazone of this substance acid or alkaline solution was fluorescent, 
which was prepared synthetically melted at 194-195° (dec.) Isolation of Penicillamine from Benzylpenicillin 
and showed no depression of the melting point when mixed (Merck, Report for September 1943^ pp. 3, 4; and unreported 
with the 2,4-diiiitrophenylhydrazone obtained from benzyl- details). One hundred milligrams of crystalline sodium 
penicillin by degradation. benzylpenicillin was dissolved in 60 cc. of N/10 sulfuric acid 

A portion of the aldehyde was oxidised with silver oxide and the solution was h^ted on the steam bath for hydrolysis. 
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The optical rotation was followed during the reaction. The 
rotation decreased to [a]v^^ -f49® in two hours and remained 
at that point for thirty minutes, after which the hydrolysis 
was discontinued. The hydrolysate was continuously 
extracted with ether; the residual aqueous solution was then 
made approximately neutral and treated with a saturated 
solution of mercuric chloride. The amorphous precipitate 
was removed, suspended in water, and decomposed with 
hydrogen sulfide. After removing mercuric sulfide by 
filtration, the colorless filtrate was evaporated to dryness in 
vacuOy leaving a crystalline residue of penicillamine hydro¬ 
chloride. The yield of penicillamin(^ hydrochloride was 
better if the ether extraction of the ncidic hydrolysis solution 
was omitted. The ether, in addition to extracting phenyl- 
acetic acid, removed a considerable amount of benzyl- 
penilloie acid and <^onscqu('nlIy lowered the amount of 
potential penicillamine available for isolation. 

In another experiment , 100 mg. of sodium benzylpenicil- 
lin diasolved in 70 ec, of 0.1 N sulfurie acid was lieated 
for two hours on the at<‘am bath. The l)rown solution was 
continuously extracted* with ether. The ncaily colorless 
aqucjoiKs solution was then coneentratc'd to a v^olume of 
10 cc. and neutralize<l with 2 N sodium hydroxide. Satu¬ 
rated aqueous rncreuric cldoride was added, and the amor- 
^phou.s precipitate was colI(*cted by centrifugation. I'he 
precipitate was suspended in water and tlie suspension was 
saturated with hydrogen sulfide and filtered. The filtrate 
was concentrated to dryne,ss in rarvo to give 57 ing. of 
partially crystalline residue, •4-6.7® (e, 2.85 in water). 

The crystalline penicillamine hydrochloride was a rather 
hygroscopic product. It gave a positive ninhydrin teat, 
a blue col »r with ferric chloride solution, and it contained 
sulfur, "riio penicillamine hydrochloride which was isolated 
from benzylpcnieilliii corresponded in all of its properties 
with those rojwrt<‘d for penicillamine isolated from so<iium 
A*-pentenylpcnicillin (Abraham, Chain, Baker, and Bobin- 
8on, Pen.70), 

HYDKOaENOLYSlS OF PeNICILLAMINB WITH RaNEY NiCKKL 

Catai.yst (Merck, Report for September 10/^3^ p. 4). Sixty- 
four milligrams of crude penicillamine hydrochloride was 
treated with 5 g. of Raney nickel catalyst in 70% ethanol. 
The nickel was washed with 0.04 N sodium hydroxide in 70% 
ethanol. The eluate w^as benzoylated directly. About 
10 mg. of a crj^stalline benzoyl derivative was isolated but 
could not be recTystallizcd. 

Calc, for CiiHuNO,: N, 6.33. 

Found: N, 6.10, 

Reaction of Penicillamine with Isocyanate 

(Merck, Report for September 1943, p. *and unreported 
details). Eleven and six-tenths milligrams of penicillamine 
hydrochloride was treated with an excess of phenyl isocyanate 
(cf., Gaunt and Worrnall, Biochem. 7., SO, 1915 (1936)). 
Tlie recrystallized product melted at 174-176® (corr.). 

Calc, for C„H 2 iN» 04 S: C, 58.90; H, 6.46; N, 10.85. 

Found: C, 58.67; H, 5,52; N, 10.97. 

A solution of 57 mg. of crude natural penicillamine in a 
little water was mixed with 52 mg. of sodium bicarbonate 
and the solution was cooled. To the cold solution was added 
0.04 cc. of phenyl isocyanate, and the mixture was Shaken 
until the reaction was complete. A further 0.0^5 cc. of 
phenyl isocyanate was added and allowed to react. The 
solution was filtered and the filtrate was made acid, where¬ 
upon a precipitaRj separated; weight 22.5 mg. Uecrystal- 
lization of the product gave fern-shaped crystals, m.p, 
174-176® with preliminary sintering. A mixture of this 
material and the phenyl isocyanate derivative from syn¬ 
thetic D-penicillamine (melting at 174-176®) melted at 
174-176®. 

A sample of synthetic n-penicillamine hydrochloride was 
dissolved in aqueous sodium bicarbonate solution and treated 


with phenyl isocyanate. The reaction mixture was ^fewed 
after thirty minutes, and the filtrate was acidified to give 
crystals. Recrystallization gave fern-ehaped crystals which 
melted constantly at 174-176°. 

Calc, for C,JTiiN,04S: C, 58,90; H, 5.46; N, 10.85. 

Found: C, 59.41; H, 5.33; N, 11.12. 

Treatment of Phenyl Lsocyanatb Derivative of 
Penicillamine with Haney Nickel Catalyst (Merck, 
Report for October 1943, pp. 1,2). Forty milligrams of the 
phenyl isocyanate derivative of penicillamine in 40 cc. 
of absolute ethanol was treated with a large excess of Raney 
nickel catalyst (2-3 g.) at room temperature. The orudft 
product eluted from the nickel catalyst was treated with 0,5 
N sodium hydroxide and the alkaline solution was acidified 
to give eryalalline plate-like material; m.p. 142-144® (corr.). 
The melting point of a mixture of this product with synthetic 
L-valine phenylureidc (in. p. 143-li5®) was over a wide 
range, 130-156®. This behavior suggested eiiantiomorphic 
forms. Accordingly a few crystals of each sample were 
mixed and recrystallized, and a crystalline product was 
obtained which incited at 160-102®. This molting point is 
in fair agreement with the imlting point ICS,6® reported in 
the literature (Slimmer, Ber.SS, 403 (1002)) for the phenyl- 
ureide of i>L-valine. 

Degradation of Bknzylpenicillin to Phenylacetyl- 

AMINOACKTALDEHYDE, PHENYLACETYLGLYCINE, AND PHBN- 

YLAC?ETAMn)E (.Morck, Report for October 1943, pp. 2, 3). 
The mother liquor from tJic precipitation of penicillamine 
with mercuric chloride from bcnzylpenicillin hydrolysates 
was freed of mercury with hydrogen sulfide and concentrated 
to dryness. 1'he residue was allowed to stand in air several 
days. Extraction of the dry .salts with chloroform yielded 
an oil whi(*h sublimed at high vacuum to yield two com¬ 
pounds. One on rccryslallizntion from water melted at 142- 
144®; the other, when recrystallized from ether, melted at 
157-159®. It wa.s evident that tlie first compound (melting 
142-144®) was phonylaeetvlglycine and the second (melting 
157-159®) was phenylacctaniide. Both compounds were 
identical with synthetic specimens. 

Benzylpcnieilliii hydrolysates (A/10 sulfuric acid) were 
treated with mercuric chloride (pH 6) to yield the precipitate 
of the mercuric chloride addition product of penicillamine. 
The filtrate gave a positive Schiff’s test. Treatment of the 
filtrate with dinitrophenylhydrazine yielded a dinitrophenyl- 
hydrazone which melted at 203-203.5® (corr.). A mixed 
melting point of a mixture of this compound and a synthetic 
sample of the dinitrophenylhydrazone of phcnylacetyl- 
aminoacetaldchyde (melting at 204®) was 202-203®. 

Calc, for CielluNiOt: 

C, 53.78; H, 4.23; N, 19.60. 
Found: C, 54.58, 54.63; H, 4.66, 4,62; N, 19.69. 

A mother liquor from mercuric chloride treatment as 
described above was treated with alkaline silver oxide. The 
solution was acidified and extracted to give a mixture of 
phenylacctic acid and phenylacetylglycine. The phenyl- 
acetic acid was removed with ether and the phenylacetyl¬ 
glycine was recrystallized from water. The melting point of 
the product was 142-144® (corr.). The mixed melting point 
of this product and authentic phenylacetylglycine (Hotter, 

J. Prakt. Chem.., 38, 100 (1888)) was 141-143®. 

Pheny!.acetylaminoacbtaldbhyde Dibutyl Acetal 
(Men-k, Report for OcUber 1943, p. 3; and unreported details). 

A mixture of 23 g. of phenylacetic acid and 25 cc. of thienyl 
chloride were heated on the steam bath under an air¬ 
cooled reflux condenser until the evolution of gases had 
ceased. The excess thienyl chloride was .removed under 
reduced pressure. The residue of phenylacetyichloride was 
added to a suspenaion of 32.7 g. of aminoaitetakiehydo 
dlbutyl acetal (cf. aminoacetaldehyde diethyl acetal, 
Marckwald, BerM^ 2355 (1892)) and 20 g. of sodium 
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hydroxide in 100 cc. of water, with cooling. Near the end 
of the addition of the acid chloride, crystals separated from 
the reaction mixture. The product was removed by filtra¬ 
tion, dissolved in petroleum ether, and this solution was 
dried and concentrated somewhat. On cooling th(^ con¬ 
centrated solution, phenylacetylaminoacctaldehyde dibutyl 
acetal crystallized; yield, 42 g., m.p. 42°. 

Calc, for CigHagNOa: C, 70.32; H, 9.51; N, 4M. 

Found: C, 70.40; H, 9.80; N, 4.70. 

2,4-DlNITROPHENYLHYJ)HAZONE OK PMKNYLACETYLAMINO- 
ACETALDEHYDE (Mcrck, Report for October 1048 ^ p. 3; and 
unreported details). A sample of phenylacetylaiiiiiioacetal- 
dehyde dibutyl acetal was heated in a mixture of water, 
alcohol and dilute hydrochloric acid on the steam bath. An 
acid aqueous solution of 2,4-dinitropheii\lhydrazine was 
added, whereupon in immediate precipitate of the 2,4-dini- 
trophenylhydrazone of phenylacetylaminoacctaldehyde 
separaUid. 11 vva.s recrystal 1 ized froin alcohol; m.p. 199-200° 
(capillary) and 204° (micro-block). 

Calc, for CisHuNiO..: C, 53.78; H, 4.23; N, 19.60. 

Found; C, 53.92; 11, 4.50; N, 19.77. 

Reaction of Benzylamine with Benzylpenkullin 
(Stodola, Wachtcl, and Coghill, NURL, Monihlif Progress 
Reports^ /4» p. 5, September 6 , 1943; Uf pp. 4, 5, November 
20, 1943; and unreported details). One hundred milligrams 
of .sodium hcnzylponicillin wa.s dissolved in 15 cc. of water 
and the solution cooled to 0°. After acidification to pH 2 
with pho.sphoric acid, the cloudy solution was extracted 
rapidly with three 15-cc. portions of ether. The combined 
ether extracts were allowed to stand for ten minutes in a 
graduate cooled in ice. The ether solution was decanted 
and warmed to room temperatuie. One cubic centimeter of 
benzylamine in 9 cc. of (ther was added dropwise. Oily 
droplets separated iininediati ly and soon crystallized in the 
form of long blades. After standing overnifiht at room 
temperature, the eolorlc.ss crystals were remov(‘d by filtra¬ 
tion and dried in air: weight, 143 ing. (90% yield); m.p. 137- 
138° (capillary); lain*’ +109°. 

Calc, for ChjH» 8 N 40 .«,S; 

C, 63.58; H, 6.76; N, 9.89; S, 5.66. 

F’ound: C, 63,38, 63.23; II, 6.58, 6.58; N, 9.83; S, 5.64. 

The derivative was recrystallized by dissolving in the 
minimum anaount of 85% alcohol at room temperature and 
adding ether to cloudiness; the melting point was unchanged. 

To show that the derivative contained no labile carbon 
atom removable as carbon dioxide, 100 mg. was dissolved 
in a mixture of 3 cc. of 95 % alcohol and 3 cc. of 0.2 N sulfuric 
acid and the solution was refluxed in a stream of nitrogen 
for one hour. Passage of the nitrogen through barium 
hydroxide solution gave only a trace of barium carbonate. 

A. Preparation of the Free Add. F’ive hundred eighty 
milligrams of sodium bcnzylpenicillin was dissolved in 2 cc. 
of dimethylformaraide and 0.5 oc. of benzylamine added. 
After several weijks at room temperature, dry ether was 
added to the reaction m ixture. The precipitated sodium salt 
was removed by filtration and found to weigh 755 mg. Tt 
was dissolved in a minimum amount of hot water, cooled to 
room temperature and the clear solution acidified wuth 
1.78 cc. (one equivalent) of 0.97 N hydrochloric acid. The 
white precipitate of free acid was separated. It weighed 
650 mg. and melted at 100-105°. Crystallization from 
aqueous acetone gave 201 mg. of product; m.p. 119-121° 
with sintering at 113°. For analyses, the compound was 
dried at 56° (0.1 mm.); any higher temperature was found 
to produce some alteration. 


The benzylamine derivative was regenerated from the free 
acid as follows: Twenty-one milligrams of the free acid was 
dissolved in the minimum amount of 85% alcohol contain¬ 
ing 2 drops of benzylamine. Addition of ether to cloudiness 
brought about the deposition of crystals; yield, 15 mg. 
Crystallization of the product from alcohol-ether gave 5 mg. 
of material melting at 137-138°. This product was shown 
by mixed melting point test and X-ray powder patterns to be 
identical with the benzylamine derivative of bcnzylpenicillin. 

B. Preparation of the 2A^Dinitrophenylhijdrazone. In a 
preliminary experiment, 150 mg. of the free acid was dis¬ 
solved in methanol, the pH adjusted to 7.5 with 0.2 N 
sodium hydroxide, and aqueous mercuric chloride solution 
was added until no further pn^cipitntion occurred. 'I'ho 
mercury complex was filtered off and the filtrate treated with 
hydrogen sulfide. The mercuric sulfide was removed by 
filtration and the filtrate eoneent,rated to a small volume. 
Thi.s residue was extr/uded with ether, tlie ether washed with 
sodium bicarbonate solution and cnncei»trated to a white 
solid (85 mg.). This product was optically inactive and gave 
a positive Schiff lest for aldehydes. With 2,4-dinitro- 
phenylhydrazine, a heavy cry.stalline precipitate was formed. 

For the preparation of the hydrazone, 300 mg. of the 
benzylamine derivative was dissolved in 2.4 ec. of methanol. 
To this was added 415 mg. of rnereuric ehhiride in 2.4 ec. of 
95% alcohol. The solution was allowcfl to stand for ten 
minutes and 150 mg. of 2,4-dinitrophenyIhydrazinc in 
0.2 ee. of water and 0.5 ee. of concentrated sid.urie acid 
was added. After thirty minutes the crystals were filtered 
off; wt. 188 mg. Crystallization from dimethyl furnuimidc 
gave a product melting at 238-242° (capillary); yield 98 mg. 

eVilc. for C 24 H 22 N 6 O 6 : C:, 58.77; 11, 4.52; N, 17.14. 

Found: C, 58.8; II, 4.63; N, 17.4. 

C. Isolation of the Benzylamine Derivative from Acetic 
Anhydride-Trenied Benzylpenidllin. Ten milligrams of 
sodium benzylporiicillin was dissolved In 1.0 cc. of acetic 
anhydride and the solution was heated at 60° for thirty 
minutes. The almost colorless solution was lyophilized 
and the residue dissolved in I c<;. of water. Conversion to 
the benzylamine derivative in the manner previously 
described gave 13.5 mg. (85% yield) of crystals melting at 
134-135°. A mixture of thi.s product and the benzylamine 
derivative (m.p 136-137°) melted at 135-136°. 

Under the same acetylation conditions, it was found that 
4-thiazolidinecnrhoxyIic acid was converted in good yield 
to the known acetyl derivative (Ratner and Clarke, J, Am. 
Chem. Soc.f 5.9, 204 (1937)). The melting point of this 
acetate was found to be unchanged by treatment with 
benzylamine in dWianol-ether for sixty-nine hours at room 
temperature. * 

1). Treatment of the Benzylamine Derivntihe mih Acetic 
Anhydride, Ten milligrams of the benzylamine derivative 
of bcnzylpenicillin was dissolved in 0.5 cc. of acetic anhydride 
and the solution was heated at 50° for thirty minutes. The 
colorless solution was lyophilized to an oil which was dis¬ 
solved in a few drops of 85 % alcohol containing a drop of 
benzylamine. Addition of ether gave 2 mg. of crystals which 
were shown by mixed melting test and X-ray diffraction 
patterns to be identical with the starting material. 

K. Quantitative Acetylation of the Derivative. A sample 
of the benzylamine derivative weighing 20.44 mg. w^as al¬ 
lowed to stand overnight with 93.30 mg, of acetic anhydride- 
pyridine mixture. Titration required 13.900 g. of sodium 
hydroxide solution containing 25.22 X 10^* equivalents 
per gram. The calculated blank for 93.30 mg. of acetylation 
was 15.359 g. of sodium hydroxide solution. The difference 
of 1.459 g. of alkali was a measure of the acetyl bound to the 
thiazolidine —NH group. The acetyl bound by the benzyl- 
amine is just balan<*ed by the liberation of the caiboxyl of the 
free acid of the derivative. 

100 X 1.459 X .00002522 X 15.02 


Calc, for C,iH* 7N,04S: C, 62.56; H, 6.17: N, 9.52. 
Pound; C, 62.6; H, 6.10; N, 9.87. 


.02044 


2.70% —NH 
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The eahnilated value for one —NH group in the benzyl- 
amincj derivative is 2.66 %. 

h\ The Reaction of the Aceiylated Bemylamine Derivative 
with Mercuric Chloride, Twenty-one milligrams of the 
beuzylamine derivative was allow t'd to stand overnight with 
acetie anhydride-pyridine. Lyoph ilization yielded a product 
which gave no precipitate with mercuric chloride in aqueous 
methanol. In this same solvent, mercuric chloride gave a 
precipitate at once with tlie free acid from the original 
bcnzylamine derivative. A typical thiazolidinc ( 4 -thia 2 oli- 
dinecarboxylic acid) gave an immediate precipitate with 
mercuric chloride. Acetyl-4-thiazolidinecarboxylic acid, on 
the other hand, gave no precipitate with this reagent. 

G. The Hydrochloride of the Free Acid. Twenty-five 
milligrams of the free acid was dissolved in alcohol and 0.8 cc. 
of 1.0 N hydrochloric acid added. The solution was lyo- 
philized to a glassy solid which was dissolved in tert.-butyl 
alcohol and lyophilized again to a fluffy white powder weigh¬ 
ing 27 mg. To insure complete removal of mechanically- 
bound hydrogen chloride, the powder was dried for one and 
one-luilf hours at O.l mm. The product then showed 4.49 % 
chloride which is 58.9% of the theoretical amount for a 
hydrochloride of the free acid. 

Under the same conditions, acetyl-4-thiazolidinecarboxylie 
acid was found to retain no hydrochloric acid as shown by 
silver nitrate test. The corresponding unacetylated thia¬ 
zolidinc retained 81.0% of the theoretical amount of hydro¬ 
chloric acid. 

liKNZYnAMINE SaLT AND BeNZYLAMINK DERIVATIVE OP 
Benzylpknicilljn (Merck, Report for October 104 $^ p. 12). 
A sample of benzylpenicillin in moist (‘ther solution was 
treated with ethereal benzylamine. An immediate precipi¬ 
tate of crystals of the benzylamine salt of benzylpenicillin 
appeared. This was removed by filtration after standing at 
room tiunperature for thirty minutes; rn.p. 100°. The 
filtrate after standing overnight, deposited n crop of the 
crystalline benzylamine derivative of benzylpenicillin; ni.p. 
133-134". Recrystallization of the material melting at 
133-134° from 85% (?thanol by addition of other yielded 
needle crystals melting at 135-136°. The corresponding 
product reported by th (5 Northern Regional Research 
Laboratory {Monthly Progress Report, 16, pp, 4, 5, November 
20, 1943) melted at 135-136°. 

It has been found (Squibb, Report for September to October 
194 s, pp. 4, 5) that wh(m the benzylamine salt of the benzyl¬ 
amine derivative is heated at 100 ° m vacuo, benzylamine is 
removed and the free acid form of the benzylamine deriva¬ 
tive remains. 

Degradation of the Benzylamine Derivative of 
Benzylpenicillin (Merck, M.l, 7-J|||and unreported 
details). A solution of 2.383 g. of sodiu^WenzylpenicilUn in 
water was chilled to 3°, acidified to /jH 2, and extracted with 
ether. The ether solution, 1,700 cc., was mixed with 200 cc. 
of ether containing 17.5 c<l of redistilled benzylamine. An 
immediate crystallim! precipitstci formed. After standing 
overnight, the crystals were collected by filtration; weight, 
3.03 g., m.p. 97-99°. The product was redissolvcd in 85% 
ethanol containing 0.5 <;e. of benzylamine and caused to 
crystallize by addition of ether; yield 3,122 g., m.p, 136- 
136°. The rocrystallization was repeated once more using 
0.1 cc. of benzylamine in the 85% ethanol. The crystals 
thus obtained weighed 2.9598 g., melted at 135-136°, and 
had 4-92.1° (c =« 0.5 in water). 

Calc, for CioH.HNiOtS: C, 63.58; H, 6.76; N, 9.89. 

Found: C, 63.30; H, 6.48; N, 9.76. 

A solution of 2.7728 g. of the above-described benzylamine 
salt of the benzylamide of benzylpenicilloic acid in 60 cc. of 
methanol and 100 co. of water was mixed with a solution of 
13.6 g. of mercuric chloride in 150 cc, of 30% methanol. 
The mixture was stirred for ten minutes and filtered. The 
precipitate was washed with 90 cc. of methanol and dried; 
weight, 1.77 g. One-half of the combined filtrates, a 200-cc. 


portion, was evaporated to dryness in t;acua. aliid^^igave a 
fluffy white powder. One-half of this produi^ Wg-s sus¬ 
pended in ethanol, treated with hydrogen sulfide to remove 
mercury, and the suspension was filtered. The filtrate was 
evaporated to dryness in vacuo and left a crystallinity residue. 
Rocrystallization of this material from hot miethanol gave 
60 ing, of crystals, m.p. 137-139°. Recrystalli^lion gave a 
product which melted constantly at 163-165^ iljim^-block). 
A mixture of this samjde and authentic 
benzylpenaldic acid dimethyl acetal (meltiqg at 164-166°) 
melted at 164-165°. No optical activity wo^ olna^ved for a 
solution of 27.9. in 2.0 cc. of methanol in a one decimeter 
tube. 

Calc, for C 20 H 24 N 2 O 4 : 

C, 67.39; H, 6.79; N, 7.86; ifiCHa, 17.4. 
Found: C, 67.15; H, 6.74; N, 7.86; 18.4. 

Another portion of the combined filtrates left'Jwer pre¬ 
cipitation of the mercuric mercaptidc was miuM a 

solution of 2,4-dinitrophenylhydrazinc dissolli^^in con¬ 
centrated sulfuric acid. An immediate prccipital^ formed. 
The 2,4-dinitrophenylhydnizone was recrystallized from 
ethanol and gave fine needles, m.p. 239-240° (micro-block) 
(dec.). 

Calc, for C 24 H 22 NeOe: C, 58.77; H, 4.52; N, 17.14. 

Found: C, 58.88; H, 4.65; N, 17.37. 

Another portion of thi? mercury-free product was dis¬ 
solved in water and treated with semicarbazide hydrochloride 
and sodium acetate. The crystalline semicarbazone which 
was obtained was rccrystallized from aqueous ethanol and 
gave prisms, m.p. 216-217°. 

Calc, for CivHaiNftO*: C, 62.11; H, 5.76; N, 19.06. 

Found: C, 62.58; H, 6.16; N, 19.40. 

A solution of 264 mg. of the benzylamine salt of the benzyl- 
amide of benzylpenicilloic acid in 36 cc. of water w^is mixed 
with 2.41 cc. of saturated aqueous mercuric chloride Wution. 
A slight excess of mercuric chloride was then pres(‘nt. 
(Centrifugation gav(‘ a compact pellet of nicrcuric merenptide 
and an iqiper layer of fluffy needles. A few of the crystals 
w(?re isolated; m.p. 125-127°. They gave a weak Schiff’s 
test. The precipitate and solution were recombined and 
mixed with an equal volume of pt^roxide-free dioxane. 
This caused complete solution of the precipitate, both 
needles and mercaptide. Raney nickel catalyst was added 
to the solution to remove sulfur and mercury, and the mix¬ 
ture was filtered. Reduction of the filtered solution with 
hydrogen and platinum catalyst was then carried out to 
complete cessation of hydrogen absorption and th(i catalyst 
was removed by filtration. The filtrate was evaporated in 
vacuo to about one-third the original volume during which 
time crystals separated. The crystals were removed by 
filtration and recrystallized three times from methanol, once 
from methanol-ether, and twice from acetone; yield, 10.7 mg. 
Two further recrystallizations from methanol-ether gave 
3.3 mg. of crystals melting at 192-194° (micro-block). 
When the product was mixed with the synthetic cyclohexyl- 
mcthylamidc of cyclohexylacetylserine (m.p. 192-194°), the 
melting point was 192-194° (micro-block). 

Calc, for CisHsaNaOa: C, 66.63; H, 9.94. 

Found: C, 66.95; H, 9.94. 

Oxidation op the Benzylammoniitm Salt of the Bbn- 

ZYLAMIDE OP BENZYLPENICILLOIC AciD WITH HjO* (Squibb, 

S.S, 2). Ninety-six milligrams of the benzylamine salt of 
the benzylamide of benzylpenicilloic acid (m.p. 134-136°) 
was dissolved in 3 cc. of glacial acetic acid (distilled over 
CrOs) and 1.0 cc. of 33 % hydrogen peroxide. The mixture 
was allowed to stand at room temperature for sixty-five 
hours and then brought to dryness in tfoeuo. The r^due 
was extracted with absolute alcohol, and the filtered solution 
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was concentrated to 1 cc. Crystallization was effected by 
adding 8p % alc^plic ether-isopropyl ether (1:1) to turbidity. 
The resulting msettee of needles contaminated with some 
oil weighed 69 mg. They were recrystallized twice in the 
same manner and yielded 13.2 mg. of crystals which melted 
at 203-208** (dec.). 

Calc, for CijHajNaOeS (C5 HmN 05 S CvH«N H20): 

C, 44.69; H, 6.88; N, 8.70; B, 9.05. 
Found: C, 44.17; H, 6.74; N, 8.89; S, 9.54. 

The 2,4“DiNi'PROPnENyLnyDRAZOisrE of the Benzyl- 
amide OF Benzylpenaldio Acid (Squibb, 1). Using 
the procedure described above (cf., Merck, A/./, 7-9), 
100 mg. of the benzylamine salt of the benzylamide of 
benzylpenicilloic acid (m.p. 136-137°) yielded 24 mg. of the 
2,4-dinjtropheiiylhydrazone of benzylpenuldie acid benzyl- 
amide, m.p. 224° (dec.). 

Calc, for C24ll22N«06: C, 58.77; H, 4.52; N, 17.14. 

Found; C, 58.60; H, 4.23; N, 17.03. 

Synthesis of Cyclohexylacetyl-dl-serine Cyclo- 
HEXYLMETiiYLAMiDE (Mcrck, M./, 9; and unreported de¬ 
tails). A solution of ,52.5 g. of DL-serine (0.5 mole) and 
70 g. of sodium hydroxide in 1,500 cc, of water was prepared. 
One mole of sodium chloride was added and the mixture was 
cooled to —4° by means of a bath of dry ice in chloroform. 
Phenylacetyl chloride (prepared from 74.8 g. of phcnylacetic 
acid (0.55 mole) and 70 cc. of thionyl chloride) was added 
dropwise to the DL-serine solution, the reaction mixture 
being vigorously stirred and kept at —4° during the addition. 
After the acid chloride had lieen added, the mixture was 
stirred for an hour at —4°. Conc.ciitratod hydrochloric acid 
(146 cc.) in 800 cc. of water was added to the stirred reaction 
mixture, the temperature being kept below 0°. After all 
the acid had been added, the (Tystalline precipitate which 
separated was removed by hltration (13 g. dry weight) and 
the filtrate extracted twice with a total volume of 1 1. of 
ether. I'he ethereal solution contained 27 g. of phenylacetic 
acid. The aqueous solution after ether extraction was 
evaporat(?d under reduced pressure to about one-half volume 
and seeded. A crystalline compound separated which 
melted at 126-130°. After two rccrystallizations from 
ether-petroleum ether, thf^ phenylaeetyl-DL-sorine melted at 
13a-131°. 

Calc, for CnH„N04: C, 59.18; H, 587; N, 6.27. 
Found: C, 59.64, 59.63; H, 6.13, 6.28; N, 6.03. 

When 2.23 g. of phenylacetyl-DL-serine was treated with a 
slight excess of ethereal diazornothano, a vigorous evolution 
of nitrogen took place, liemoval of the solvent left the 
methyl ester of phenylacetyl-DL-serine as a viscous light 
yellow oil. 

Phenylacetyl-DL-serine methyl ester (1.15 g.) was heated 
with 3 cc. of benzylamine on a steam bath overnight. Aiter 
three or four hours, some crystals appeared in the reaction 
mixture. The mixture was heated further for one hour at 
120-125°. After cooling, ether was added and the solid 
removed by filtration. This product weighed 0.8 g. A 
sample was recrystallized twice from methanol ix) give 
crystals of the phenylacetyl-DL-serine benzylamide, m.p. 
159-160°. 

Calc, for CuHaoNjOi: C, 69.29; H, 6.45; N, 8.97. 
Found; C, 69.44, 69.32; H, 6.50,6.72 ; K , 9,05. 

A solution of 61.9 mg, of phenylacetyl-DL-serine benzyl¬ 
amide in 90 cc. of methanol and 10 cc. of 2 N hydrochloric 
acid was reduced with hydrogen in the presence of 101 mg, of 
platinum oxide at atmospheric pressure. After forty-five 
minutes, absorption was complete and one molar equivalent 
of hydrogen had been absorbed. 

l^e reduction mixture was filtered and the solution con¬ 
centrated in vactio until crystallization took place. The 


crystals of the cyclohexylacetyl^L-serine cyclohcxylmethyl- 
amide melted at 192-194°. 

Calc, for CisHsaNxO,: C, 60.63; H, 9.94; N, 8.63. 

Found: (% 66.83; H, 9.97; N, 8.70. 

Synthesis of the Benzylamide of Benzylpenaldic 
Acid Dimethylacktal (Merck, A/J, 8; and unroported 
details). A mixture of one gram of /3,^-<liinclhoxy-«-phenyl- 
acctamidopropionic acid methyl osUt (Chapter XVII) and 
one gram of i)enzylamine was heated at 120-130° for two 
hours. A solution of an aliquot of the oily product in 
ether-pctrohnim ether deposit('d crystals. The remainder 
of the product was dissolved in ether and after cooling, 
scratching and seeding, gave a crystalline solid. When 
recrystallized from methanol, the product melted at 164-165°. 

Calc, for CXoHsiNaO*: C, 67.39; H, 6.79; N, 7.86 
Found: C, 67.53, 67.67; H, 6.48, 6,76; N, 8.07. 

Methanol Inactivation of Sodium Benzylpenicillin 
AND Degradation to Methyl Benzylpknaldatb Deriva¬ 
tives, Methyl Benzylpknaldate Dimethyl Acetal, and 
Cyclohexydacetyl-dl-alanine (Merck, M.l, 9, 10,12; and 
unreported details). Two hundred milligrams of sodium 
benzylpenicillin was dissolved in 50 cc. of nuThanol and the 
solution was refluxed until the rotation rcjacdied 4''140°. 
The solution was evaporated to dryness, and the residue was 
dissolved in water and treated with mercuric chloride and 
filtered to remove th(* mercuric mercaptidc. Addition of 
aqueous 2,4-dinitrophenylhydrazine hydrochloride to a 
portion of the filtrate caused immediate precipitation of a 
2,4-dinitrophenylhydrazone. Becrystallization of the prod¬ 
uct from methanol gave crystals; m.p. 180-181 °, softening at 
171°. 

Calc, for Ci«H,7X507: C, 52.05; H, 4.13; N, 16.86. 

Found: C, 52.22; 11, 4.31; N, 16.97. 

To another portion of the filtrate was added a 5 % alcoholic 
solution of iiiethone (dimedone). Addition of sodium 
chloride to the solution caused the precipitation of an oil. 
The oil was converted into a crystalline product by treat¬ 
ment with aqueous methanol. The recrystallizod methyl 
benz3dpcnaldate methone melted at 151-158°. 

A sample of the methanol inactivation product from 
benzylpcni(;illin was treated with mercuric chloride in 
aqueous solution. The mercuric mercaptidc was removed 
by centrifugation, and the supernatant solution was treated 
with hydrogen sulfide and filtered. The filtrate was evapo¬ 
rated to (Irym^as and the residue was dissolved in m(5thanolic 
hydrogen chlorid|L The solution was allowed to stand for a 
short time. Kv^oration of the solution to dryness left a 
crude crystalline residue of methyl benzylpcnaldate dimethjd 
acetal which melted at about 94°, When this product was 
treated with aqueous 2,4-dinitrophenylhydrazine, the 2,4-di- 
nitrophenylliydrazone of methyl benzylpcnaldate was 
formed. 

An aqueous solution of methyl benzylpcnaldate was 
mixed with an excess of phonylhydrazine hydrochloride and 
sodium acetate. An oily precipitate of methyl V)<;nzyl- 
pcnaldate phenylhydrazone was formed. The oil was heated 
at 100° in vacuo. The crude 2“pheiiyl-4-phenylace4ylamino- 
3-pyrazolonc formed was purified by crystallization from 
methanol; m.p. 173-175°. 

Calc, for CnHifiNsO*: C, 69.61; H, 5.16. 

Found: C, 69.90; B, 6.84, 

An aqueous solution of nu'thyl benzylpcnaldate obtained 
by treating an aqueous solution of nu^thanol-inactivatcd 
sodium benzylpcni(ullin with mercuric chloride was diluted 
with an equal volume of dioxanc and hydrogenated over 
platinum catalyst. The catalyst was removed, and the 
solution was evaporated in vacuo. The oily residue was 
saponified with aqueous sodium hydroxide to give a crystal- 
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line product. This product was rccrj^stallizcd from water; 
ni.p. 155-159®. Wlicn mixed with authentic cyclohexyl- 
acetyl -DL-serine (melting at 156-157®) the melting point was 

152- 157®. When mixed with authentic cyelohcxylacetyl- 
DL-alanine (melting at 153-155®) the melting point was 

153- 155®. 

Calc, for CnlTi»NO,: C, 61.95; H, 8.98. 

Found: C, 62.52; H, 9.34. 

Benzylamink Salt of Methyl Benzylpf.ntctllotc 
Aril) (Merck, MM, 4). d’his salt was made by adding 
benzylamine in ether to the free acid of the ‘^methanol 
inactivated product’* in ether. The crystalline salt melted 
at 136-138®. 

Olc. for C24 H,iN,06S: C, 60.86; II, 6.60; N, 8.87. 

Found: C, 60.83; H, C.84; N, 8.59. 

Phenyi^aoetyl-hl-alanink (Merck, M.1, 0; and unre- 
ported details). To a cooled solution of 4.45 g. of OL-alanine 
in 30 ec. of 20 % sodium hydroxide solution was added 7.73 g. 
of phenylacetyl chloride dropwise during the period of one 
liour. The solution was allowed to stand overnight. The 
cooled solution was acidified with hydrochloric acid. The 
precipitate was removed by filtration, dried, and extracted 
with ether. The residue was twi<s? recrystallized from water 
to give 5-6 g. of phenylacetyl-OL-alanino, ni.i>. 152-155®. 

CYCLOHEXYLArETYL-DL-ALANiNK (Morck, M.l, 9; and 
unreported details). A mixture of 2.07 g. of phcnylacetyl- 
DL-almiino, 1.0 g. of platinum oxide and 125 cc. of 0.2 N 
hydrochloric acid in 90% methanol was hydrogenated 
at 3-4 atmospheres and 25®. The catalyst was removed by 
filtration and the filtrate was concentrated to small volume. 
The precipitate which had formed was recrystallized from 
water to give cyclohcxylacotyl-DL-alanine, m.p. 153-155.® 

Calc, for CuIIisNOa: C, 61.95; H, 8.08. 

Found: C, 61.80; 11, 9.00. 

Cyclohexylacetyl-dl-serink (Merck, M./, 9; and un¬ 
reported details). A mixture of 1.12 g. of phenylacetyl-DL- 
scrinc, 2.0 g. of platinum oxide and 125 cc. of 90% methanol 
containing 1 ec. of concentrated hydrochloric acid was 
reduced under 1-3 atm. of hydrogen and 25® for two and 
one-third hours. No more hydrogen was absorbed after the 
first few minutes. The catalyst was separated by filtration, 
and the filtrate was evaporated to dryness, taken up in hot 
water, and filtered. On cooling, crystals w’ere deposited, 
m.p. 149-151®. The product was recrystallized five times 
from water to give crystalline cycluhexylacctyl-DL-serine, 
m.p. 156-157®. 

Calc, for C„H,.N04: 

C, 57.62; H, 8.35; N, 6.11. 

Found: C, 58.04, 57.45, 58.10; H, 8.25, 7.92, 8.11; N, 6.21. 

Synthesis of the 2,4-DiNiTROPHENYLnYDRAZONB of 
Methyl Bknzylpenaldate (Merck, A/./, 10; and unre¬ 
ported details). A 2.5 N solution of sodium raethoxide was 
prepared b^*^ dissolving 5.75 g. of sodium in methanol and 
diluting the solution to 100 cc. in a volumetric flask. Fight 
cubic centimeters of this solution was evaporated to a sludge 
under reduced pressure. Toluene (15 cc.) was added and 
the suspension evaporated to a solid. This sf)Iid was then 
covered with ether (about 50 cc.) and 1.25 g. (0.02 mole) of 
methyl formate added. Phenylaeetylglyeine methyl ester 
(4.14 g., 0.02 mole) was then added. The mixture was 
shaken and a yellow viscous oil separated. After standing 
for about an hour, the oil liccame more viscous. Part of this 
viscous material was di8solvc?d in water and the solution was 
acidified with a hydrochloric acid solution containing 2,4-di- 
nitrophenylhydrazine. A yellow 2,4-dinitrophenylhydra- 
zone separated. After three more recrystallizations from 
methanol, the product melted at 180-181® with preliminary 
softening at 177®. This product did not depress the melting 


point of the corresponding 2,4-dinitrophenylhydrazone of 
methyl benzylpenaldate obtained from benzylpenicillin. 

Calc, for CigHnNtO;: 

C, 52.05; H, 4.13; N, 16.86. 

Found: C, 51.85; H, 3.98; N, 17.19, 16.66, 17,23. 

Synthesis of Methyl Benzylpenaldate Dimethyl- 
acetal (Merck, A/./, 9; 10 , 6; and unreported details). 
A 129-g. sample of the sodium enolate of methyl a-formyl- 
«-phenyla.c(!tamidoacetate was dissolved in 750 ec. of water. 
The water solution was extracted thnu? times with 50-cc. 
portions of chloroform, which were discarded. The water 
layer was aeidified to Congo papin- by additions of 50% sul¬ 
furic acid and extracted sinudtanoously with 50 cc. of chloro¬ 
form. Four more portions were used, and the cliloroform 
layers were eomhjned and dried over anhydrous sodium 
sulfate and concentrated. After removal of the residual 
solvent in vaevo, the residue (a light brown oil) of crude 
formyl e.ster weighed 34.4 g. 

This oily ester was treated wdlh 150 ec. of dry methanol 
containing approximately 5 g. of dry hydrogen chloride. 
After shaking the mixture until the oil had dissolved, the 
solution was allowed to stand at room temperature for one 
hour. The methanol was then eoneeiitrated to about one- 
third of the original volume. One liuiidred cubic eeiitimeters 
of cldoroforni was added and this solution was shaken with 
50 cc. of water. The watc'r solution was extracted four 
times with chloroform. 'Jiu; eoiiibiiicd cldoroform extracts 
were shaken once more with w ater, then with aqueous sodium 
bicarl)Ouatc. The chloroform layer was dried over an¬ 
hydrous sodium sulfate and (concentrated. The residual 
methyl benzylpenaldate dimethyl acetal was a viscous 
brown oil, and weighed 22.5 g. 

Synthesis of Benzylpenaldic Acid Dimethylapetal 
(Merck, A/./, 9; and unreported details). The crude methyl 
benzylpenaldate diriK^thylacelal dcscrib('d in the preceding 
section was treated with 88 cc. of normal sodium hydroxide 
(1 equivalent) and enough mcdhanol was added to dissolve 
the oil. This solution w'as allowed to stand at room tempera¬ 
ture one and one-half hours; it was then concentrated t-o 
about one-third its original volume and diluted with 250 cc. 
of water. The solution was tixtracted three times with SO-ca:. 
portions of chloroform. Fresh chloroform was added to the 
water layer, and while (pooling the mixtures, 50% sulfuric 
acid w'as added slowly until no further precipitate w^as pro¬ 
duced in the water layer. 

The w’at(jr layer was extracted four more times with 
60-cc. portions of chloroform, and the chloroform layers 
combined, dried over anhydrous sodium sulfate, and concen¬ 
trated. The residual viscous oil weighed 12.5 g. This 
crude acid was dissolved in a 1:1 mixture of ethyl acetate 
and petroleum ether with refluxing, and the solution was 
treated with 2-3 g. of Darco G-60. After removal of the 
charcoal, petroleum ether was added to the filtrate until 
incipient cloudiness occurred. On standing overnight 
in the refrigerator, 2.5 g( of benzylpenaldic acid dimethyl 
acetal melting at 109-111® was deposited. 

Calc, for CiJInNOi: C, 58.42; H, 6.42; N, 5.24. 
Found: C, 58.00, 58,11; H, 6.45, 6.26; N, 5,15. 

Preparation of o-Methyl Benzylpentcilloic Acid 
(Squibb, S.2, 1). In the preparation of this compound by 
treatment of sodium benzylpenicillin with absolute motlmnol 
at room temperature, it was observed that the rate of the 
reaction as indicated by the rotation change depended a 
good deal on the amount of water present in the methanol. 
With methanol dried over magnesium, the specific rotation 
attained a constant value much faster than when commercial 
absolute, redistilled methanol was employed. Bepresenta- 
tive experiments follow. 

1. A sample of sodium benzylpenicillin weighing 90.3 mg. 
was dissolved in 10 cc. of methanol dried over magnesium, 
and the rotation was followed in a 1 dm. tube at 22® to 23®. 
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Time 

[«1d 

10 mins. 

4 304.5° 

30 mins. . 

4-270.0 

60 mins. 

4-243.6 

2 hours. 

4*194.7 

3 hours 40 mins. 

4109.3 

6 hours 10 mins. 

4-167.4 

25 hours. 

4 156.6 

46 hours. 

4157.0 


Most of the methanol was removed by vacuum distillation 
and replaced by water. The solution was acidified with 
phosphoric acid and extracted scweral tinu's with ether. The 
ether solution was dried over sodium sulfate for an hour. 
After filtration, most of the ether was removed by distilla¬ 
tion. About 50 cc. of benzene were added and the distilla¬ 
tion continued in vacuo until tlie voliinu^ was about 20 cc. 
The benzene solution was lyophiliz(‘d and yielded a white, 
fluffy, very light material wdiich had no definite melting 
point but began to sinter at 70° and rrndted at about 100° 
with gas evolution. It showed no signs of liygroscopieity 
when handhal in laboratory air. All attempts to crystallize 
the product from organic solvents fail(^d. The substance 
was very readily soluble in methanol, ethanol, and aetdone, 
less readily in ether and ethyl acetate, sparingly soluble in 
water, and insoluble in hi'xane; [ali)'*' -f lll.H° (r = 0.5 in 
acetone). The absorption spcjctrurn in ether show’cd distinct 
maxima at 282, 205 and 200 in/m, all with an Km of approxi¬ 
mately 500. There was a shallow minimum with an Km of 
400 at 252 mg, followed )>y sitjop abso!7)tion (Km of 1,200 at 
230 mu). Comparison of this curve with that of sodium 
bcnzylpenicillin show’s that the ascending portion repre- 
eenting the emd absorption is displaced in the curve of the 
ester by approximately 8 ni/n towards the ultraviolet end of 
the spectrum. The small peaks at 200 mg and 205 mg are 
obviously due to the phenyl group, wdtli the Km values raised 
by the contribution from the maximum at 282 rng which 
is not evident in the bcnzylpcmicMllin spectrum. A moasurc- 
ment carried out on the aqueous solution before extraction 
with ether gave a curve with the same characteristics but 
with lower extinction coefficients for the three maxima (Km of 
300). This is in harmony with the fact that only about 
twO'thirds of the reaction product is ether-extractable. The 
compound w^ns dried in vacuo for analysis at room tempera¬ 
ture over phosphorus pentoxide without significant weight 
loss. 

Calc, for CijHjjNjOftSi 

C, 55 70; II, 0.05; N, 7.65; CII,0, 8.47. 
Found: C, 55.83; H, 6.37; N, 7.74; CH,0, 8.58. 

2. Three hundred six milligrams of sodium bonzylponicil- 
lin \verc<lissolvcd in 25cc.of “absolute,’' redistilled methanol 
and rotation was followed as above. In this case, three days 
standing at room temperature was required to attain a 
constant lain of -f 168°. Tlio solution was worked up as 
described under (1), e.\copt that sulfuric acid was U8<'d for 
acidifying l)efore the ether extraction; yield, 219 mg. of the 
ctlu;r*soluble ester. Seventy-nine milligrams of material 
was recovered from the aqueous phase by neutralization and 
freeze-drying. The ether-soluble product had laju 4*104.1°. 

Calc, for Ci7lIt2N,0*S: OCH,, 8.47. 

Found; OCH,, 8.59. 

3. In a third experiment with 737 mg. of sodium benzyl- 
penicillin and methanol dried over magnesium, the lalowas 
constant at 4-168° after twenty-four hours. The ether 
phase yielded 419 mg. of the ester. 

Bi&nzylahinis Salt of a-M ethyl o-a-BENZYLPENi- 
exLLOATE (Squibb, S,fBj 2). Twenty-three milligrams of the 


ester prepared in experiment (2) above w’cre dissolved in 
about 6 cc. of ether, and a small amount of insoluble material 
w’as removed by filtration. On addition of 0.5 cc. of ether 
containing 0.05 cc. of benzylandne, an nil deposited wdiich 
solidified to a semi-crystalline mass in the refrigerator. 
After standing overnight in the refrigerator, the precipitate 
was centrifuged and w’asliod twice with ether. Heeryslal- 
lization from a few drops of 80 % ethanol and ctlier to turbid¬ 
ity yielded a eolorles*^ oil which solidified to a mass of long 
needles in the refrigerator. The melting point was 140- 
143°. A sample mixc'd with tlic benz\l;iinine salt of the 
cr-benzylamide of i>-of-benzylpenicilloic acid (m.p. 133"T37°) 
melted at 115-132°. 

Calc, for C.4n3,N,0,S H2O: OCIK, 6.31. 

Calc, for C24 H»iN,O.S: OCTI,, (MS. 

Found: OCH,, 0.87. 

The preparation was repeated with 56 mg. of the ester 
obtained in experiment (3) above and 2 c(i. of a 10% solution 
of benzylamine in cthiir. I'he mixture was allowed to 
stand for several hours at room tempi'raturc, when it formed 
a nms.s of long nei'dles. The crude product weigljeil 22 mg. 
and melted at 134-135°. The recrystallized sample w^eighed 

9.1 rng. and melted at 136-137.5°. This preparation did not 
depress the melting point of the benzylammonium salt of 
benzylpcnicilloic bcnzylarnide, and it contained only traces of 
met boxy 1. 

Evidently in this case the earbomethoxy group of the 
ester bad reacUid with excess benzylamine to form the benz- 
ylamidc. Therefore, in a subsequent experiment, only 

1.2 moles of benzylamine w(‘ro added per mole of the starting 
ester, and the resulting oil was s(‘parated immediately from 
the supernatant solution. But no crystalline material 
could be obtained from this oil directly or after treat¬ 
ment with 80% ethanol and ether. Seeding with the com¬ 
pound m.p. 143° failed to induce crystallization. 

The 2,4-DiNiTROPHENyLayDRAZONE ok Methyl Bbnz- 
YLPENALDATB (Squibb, S.5y 1). Using the procedure 
described above (Merck, A/./, 9), 138 mg. of sodium benzyl- 
penicillin attained a constant lain of -f-154° on standing for 
two days in anhydrous methanol. Beaction in aqueous 
methanol with mercuric chloride and treatment of the filtrate 
from the reaction with 2,4-din it rophenylhydrazine yielded 
43 mg. of the hydrazone whicli melted at 171-175° (dec.). 

Calc, for CisHuNfcO? (corresponding to aldehyde Ci»Hi,N04): 

C, 52,05; H, 4.13; N, 16.86. 
Found: C, 51.95; H, 4.19; N, 16.60. 

Benzylpenillic Actd from Crystalline Sodium Benz- 
YLPENiciLiJN (Merck, Report for September 1,948^ pp. 5*7). 
Two hundred thirteen milligrams of crystalline sodium 
bcnzylpenicillin w'as dissolved in 50 cc. of water containing 
just enough hydrochloric acid to balance the sodium ion 
present, and a sample of the solution was transferred to a 
polarimetcr tube. The changes in the rotation of the solu¬ 
tion with time were as follows. 


Time in minutes 

Observed rotation 

0 


6 

4-1.204° 

60 

4-1.325° 

251 

4-1-338° 

1,231 

4*1.288° (after standing overnight) 


The pH of the solution after twT.nty-one hours w’as 2.55. 
After about four hours, crystals wore notict'd in the stock 
solution. None formed in the polarimcter tube, however, 
as far as could be noted. After standing overnight the 
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crystals of bcnzylpeiiillic acid were collected on a filter; yield, 
57.2 mg., m.p. i88"-189“; falo +544°. 

Calc, for Ci6H,8N204S: C, 57.47; H, 5.43; N, 8.38. 

Found: C, 57.08; H, 5.68; N, 8.07. 

The filtrate was found to have an oliserved rotation of 
+0.715°. The filtrate was then concentrated to dryness 
in vacuo and the residue extra(;ted with dilute acetone, leav¬ 
ing an additional crop of crystalline benzylpenillie acid 
weighing 53.9 mg.; m.p. 181-182°; Md +537°. 

Thermal Dkoauboxylation of Benzylpenillic Acid 
(Merck, Report for October 194^, p. 12; and unreported de¬ 
tails). The apparatus for the following experiment con¬ 
sisted of a small round-bottom flask which was connected in 
scries with a U-tube cooled in ice, a three-way stopcock with 
one outlet going to a by-pass evacuation tube and the other 
to two absorption tubes. The first tube contained phos¬ 
phorus pentoxide and the second tube contained ascarite 
and phosphorus pentoxide. The second tube wa.s connected 
to a three-way stopcock which also joined the other end of 
the by-pass tube. 

One hundred sixteen milligrams of benzylpenillic acid was 
pla<!ed in the round-bottom flask. The system was (evacu¬ 
ated through the by-pass tube, and then the absorption tubes 
wen? evacuated. The stopcocks were tlien sot so that ga8(;s 
evolved from the benzylpenillic acid were led through the 
U-tubc into th(^ two absorption tubes. The pressure was 
2,5 mm. throughout the experiment. 

When the system was evacuated, the flask was healed 
in an air bath at 199-200° for about thirty minutes. The 
benzylptmillic acid inelteKl at about 185” and a small amount 
of crystalline sublimate collected in the coohid U-tube, 
Ebullition of the benzylpenillic acid began as soon as melting 
started and practtically (leased after about ten minutes. 
At the end of tlui heating period the temperature was raised 
to 220° for about two minutes, which caused the formation of 
a purplcj condensate on th(^ upper walls of the flask. After 
cooling, the flask, U-tube, and absorption tubes were 
weighed. The residue in the flask wenghed 83.9 mg., and the 
sublimate and distillate in the U-tube weighed 8.9 mg. The 
phosphorus pentoxide tube had increased in weight by 
1.7 mg. (1.46%), and the ascarite tube had increa8<?d by 
10.9 ing. (17.11%). The total recovery of rnatejrial was 
98.6 %. The amount of carbon dioxide which is equivalent 
to one carboxy group is 13.16%; hence, decarboxylation 
evidently went beyond the loss of one carboxy group in this 
experiment. 

Comparison of the Action of Mercuric Chloride on 
Bbnzylpbnicillin and Benzylpenillic Acid (Merck, 
Report for October 1943, pp. 10-12). Crystalline sodium 
benzylpenicillin was treated in methanol solution with 
excess mercuric chloride. After six minutes the rotation was 
Wd*® +254°. After about eight minutes the solution had 
become too turbid to observe the rotation. 

A solution of 9.2 mg. of benzylpenicillin in 1 cc. of metha¬ 
nol was mixed with 1 cc. of a 10% solution of mercuric 
chloride in methanol. The rotation was followed in a one 
decimeter tube. The following values were observed. 


Time (minutes) 

Observed rotation 

7 

+0.314° (Wd +68.3°) 

9 

+0.164° 

11 

+0.114° 

14 

+0.084° 

36 

+0.124° 

16 hours 

-0.116° (Wd -25.2°) 


The initial rotation of this solution was [ajo +248°; hence, 
it can be seen that the drop in rotation is very rapid. 


Comparison may be made with the effect of mercuric 
chloride on benzylpenillic acid. The rotation of the latter 
solution, initially [ajo +545°, decreased to [aejn +152° 
within five minutes after the addition of mercuric chloride. 
It is to be noted that the final specific rotation of the solution 
of benzylpenicillin was —25.2°, while the rotation of the 
solution of benzylpenillic acid was —56?. The rate of 
decrease in rotation of dimethyl benzylpenillate when 
treated with mercuric chloride in methanol appears to be 
somewhat slower under the same conditions. 

The reaction of benzylpenicillin with mercuric chloride in 
methanol produced a small amount of precipitablc material 
after long standing, while the benzylpenillic acid reaction 
mixture remained perfectly clear for an indefinite period. 
The reaction of benzylpenillic acid with mercuric chloride 
in water, however, gave an immediate precipitate of the mer¬ 
curic mercaptide of benzylpeiiillamine with decarboxylation. 

The reaction of sodium btmzylpenicillin in water with 
mercuric chloride is quite different from the reaction of the 
benzylpenillic acid salt. Four hundred eighty-seven milli- 
granm of sodium benzylpenicillin was dissolved in 20 cc. of 
boiled waiter. The solution was mixeni with a solution of 
2 g. of mercuric chloride in 40 cc. of boiled water. The flask 
was coimected with absorption tubes and the system was 
evacuated at once. The amounts of carbon dioxide liberated 
with time are given below. 


Time (hours) 

Total weight of 
carbon dioxide formed 

i 

0.5 

0.9 mg. 

2.5 

1.8 mg. 

16 

40.5 mg. 

18 1 

42.1 mg. 

21 

51.8 mg. 

22 

63.8 mg. 

— 

(^alc. for one mole: 60.1 mg. 


A slight turbidity was noted on mixing the two solutions. 
After al)Out ten minuti^s the turbidity increased and gave 
a rather milky-looking solution. Actual precipitation was 
not noticed until after about sixteen hours, when a granular 
deposit was observed. 

After determining the carbon dioxide evolved, the clear 
supernatant solution from the reaction flask was siphoned 
and saved (55 cc.). It gave a strong positive Schiff test. 
The precipitate was suspended in dilute hydrochloric acid 
and (lecomposed with hydrogen sulfide. The solution was 
filtered and dried from the frozen state yielding 81.3 mg. of a 
crystallin e product; [ajp + 8.8° (in methanol). This product 
gave a positive test for halogen ion, a blue color with ferric 
chloride, a positive (weak) test for a sulfhydryl group with 
nitroprussicie, and a positive ninhydrin test. The substance 
appeared to be penicillamine hydrochloride. 

A 10-cc. aliquot of the supernatant solution from the 
mercury precipitate was treated with 60 mg. of 2,4-dinitro- 
phenylhydraziae in a little concentrated sulfuric acid. Ah 
immediate precipitate of the corresponding hydrazone of 
phenylacetylaminoacetaldehyde was formed. The hydra- 
zone weighed 65.6 rng., corresponding to 78% of the calcu¬ 
lated yield based on the assumption of complete degradation 
of benzylpenicillin to carbon dioxide, penicillamine and the 
phenylacetylaminoacetaldehyde. It appears that benzyl¬ 
penicillin and mercuric chloride in water undergo a different 
reaction than do benzylpenillic acid and mercuric chloride in 
water. The former system gives carbon dioxide, penicill¬ 
amine, and phenylacetylaminoacetaldehyde, and the latter 
gives benzylpeniUamine and carbon dioxide. 

Deoradatiok of Benztlfeniluc Acid to Bdnzyl- 

FSKILLAMINE HyDBOCHLORIDB AND BeNZYLFEKILLAMINB 
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PiCBATB (Squibb, Report for September to October lOJfS, p. 8). 
Five hundred seventy-eight milligrams (1.73 millimoles) 
of benzylpenillic acid was dissolved in 200 cc. of water by 
adding two equivalents of sodium hydroxide. An equivalent 
amount of hydrochloric acid was added followed immediately 
by 25 cc. of 5% meniuric (ihloride solution. The resulting 
heavy suspension was aerated with nitrogen for several hours 
and yielded 0.84 mole of carbon dioxide p(‘r mole of benzyl¬ 
penillic acid. The precipitate was removetl by filtration 
(1,128 g.) suspended in water, and after addition of one 
equivalent of hydrochloric acid, decomposed with hydrogen 
sulfide. The filtrate from the mercuric; sulfide was con¬ 
centrated in vacuo and yielded a syrupy residue which soon 
crystallized. After recrystallization from acetone-ether or 
acetone-hexane, the compound melted at 174® with shrinking 
at 170® [aln —70.7® (in water). A sample was dried in vacuo 
at 100® for two hours. 

Calc, for CuHiftNjOaSCl: 

C, 55.12; IT, 5.55; N, 8.57; Cl, 10.85. 
Found: C, 55.12; H, 5.82; N, 8.03; Cl, 10.68. 

The ultraviolet absorption spectrum showed end absorp¬ 
tion beginning at 245 m/t, with possibly a maximum at 
220 niM, Em about 10,000. 

The picrate was recrystallized from hot water; m.p. 156- 
157° (dec.) after softening at 154°. 

Calc, for CaiHaiNjOs: N, 13.50. 

Found: N, 13.72. 

After a solution of benzylpenillainine in 0.1 N sulfuric 
acid was refluxed two and one-half hours, the benzylpenill- 
amine vras recovered. No detectable amount of carbon 
dioxide or ammonia was formed during the heating, nor was 
there any odor of phenylacctic acid. 

Degradation of Benzylpenillic Acid to Benzyl- 
PENILLAMINE H YDROCHLOHiDK (Merck, Report for October 
pp. 7, 8). A solution of 26.7 mg. of benzylpenillic 
acid in 10 cc. of absolute methanol was mixed with 0.7 cc. of 
a 10 % solution of mercuric chloride in absolute methanol. 
The optical rotations observed for the solution in a one 
decimeter tube are shown in the accompanying table. 


Time 

Obssorvod rotation 

5 minutes. 

-f0.38° 

+0.37° 

+0.04° 

-0.02° 

10 minutes. 

90 minutes. 

174 minutes. 

264 minutes. 

-0.05° 

314 minutes. 

-0.09° 

21.6 hours. 

-0.14° 



The data indicate the formation of a levorotatory sub¬ 
stance in this reaction. The solution remained clear 
throughout the experiment. After twenty-one and one-half 
hours, the solution was diluted to 100 cc. with methanol, 
hydrogen sulfide was passed in, and the mercuric sulfide 
was removed by filtration. The filtrate was concentrated 
to dryness. The product was a faintly yellow, partially 
crystalline solid. It gave an intense blue color with aqueous 
ferric chloride, a positive test with nitroprusside, a positive 
test for halogen, and a red color with ninhydrin. The 
substance was treated again with mercuric chloride in 
aqueous solution. The product which was obtained gave 
the same reaction as before. 

Calc, for CuHi*N,OaSCl; 

C, 55.12; H, 5.55; N, 8.57; Cl, 10.85. 
Found: C, 54.76; H, 5.84; N, 8.59; Cl, 10.62. 


One equivulent of standard barium hy<lroxido rtolution 
was added to 131.2 mg. of benzylpenillic acid, and the solu¬ 
tion W71S diluted to 50 cc. with boiled water. A solution 
containing 5 molar equivalents of mercuric chloride in 
10.6 cc. of boilofl wat(T was added, and th(‘ flask was con¬ 
nected with a carbon dioxide; absorption train containing 
ascarite. A white* prccii)itate of a menniric; rnercaptide 
appeared as soon as the mercuric chloride was added. A 
nitrogen stream was allowed to pass through the sysbun for 
two and one-half hours. The flask containing the solution 
was kept at room temperature. The al)sorption tube con¬ 
taining the carbon dioxide; removed from the; reae'tion mix¬ 
ture was weighed after two and oiuj-half hours. TTie carbon 
dioxide collected weighed 17.2 mg.; c.alc. fe>r one* mole, 
17.25 mg. The aque'ous .suspension, after removal of carbon 
dioxide, was trciiteid with a little eiilute hydrocliioric acid, 
which caused most of the pn;cipitate to dissolve. Afte;r 
hydrogem sulfide was bubbled through the; solution, the 
mercuric, sulfide was removed by filtratie)n and sulfuric acid 
equivalent to the; barium present was added and the; barium 
sulfate was removeal. The* filtrate was dried from the froze;n 
state and gave a crystalline proeiuct. The product was 
recrystallizod from ace;tone with benzene and either; yie;ld, 
50.7 mg. A secemd crop we^ighing 67.8 mg. was also obtaincel. 
The melting point of tlie crystals was 168-169' with decom¬ 
position. The rotation was [ajn —65.1° (in wate;r). After 
recrystallization, the benzvlpenillarnine fivdrochloride 
melted at 160-170°. 

Gale, for CuHiyN.OzSCl: G, 55.12; II, 5.55. 

Found: C, 55.24; II, 5.83. 

Potentiom(;tric titration of this sample of benzylpenill- 
amine hydrochloride gave a neutral equivalent of 328; 
calc. 326, 

Disodium D-a-BENZYLPENiciLLOATE (Merck, A/.6‘, 4). 
One ccjuivalont of sodium hydroxide solution was added to 
a solution of sodium benzylpcnicillin in water. The solu¬ 
tion was evaporated to dryness in vacuo after four and one- 
half hours. The salt was not crystalline but was precipitated 
several times from methanol with ethyl ac.etate. The 
analyses were done on samples dried in a weighing-pig. 

Calc, for CiJIiaNiOfcSNaj: G, 48.48; H, 4.58; N, 7.07. 
Found: C, 48.56; H, 4.40; N, 7.27. 

Cleavage of Bknzylpenicillin Methyl Ester with 
Mercuric Chloride (Squibb, S,6, 5). The methyl ester of 
benzylpcnicillin was prepared in the usual way with diazo¬ 
methane from the free acid yielded to ether by 400 mg, of the 
sodium salt. The ester was dissolved in 50 cc, of ether and 
25 cc. of a 5% ethereal solution of mercuric chloride was 
added. The heavy gummy precipitate which separated 
within a few minutes was removed by filtration and treated 
with ethyl acetate, in which about 20% remained undis¬ 
solved. The supernatant solution was freed of mercury 
by means of hydrogen sulfide. The filtered solution was 
concentrated, and a crystalline precipitate (50 mg.) sepa¬ 
rated. The substance; was recrystallized from ethyl acetate 
until the melting point became; constant at 185-186° (dec.). 
It contained sulfur but gave no reactions for sulfhydryl. 
The ninhydrin reaction was positive. It readily dissolved 
in water and the solution gave strongly acidic reaction. The 
analyses fitted best a formula (yeHuNOeS. 

Calc, for CeHuNOeS: 

G, 36.8; II, 6.66; N, 7.17; CH,0, 15.9. 
Found: C, 35.48; H, 6.76; N, 7.60; CH|0, 16.54. 

A sulfinic acid structure seems to account best for the 
composition and properties of this compound. Attempts 
to isolate from the mercuric chloride filtrate a dinitrophenyl- 
hydrazone or other crystalline products were unsuccessful. 










V 


ISOLATION AND CHARACTERIZATION OF THE VARIOUS PENICILLINS 

O. WINTERSTEINER/ W. R. BOON,* H. C. CARRINGTON,* D. W. MacCORQUODALE,* F. H. STODOLA,^ 
J. L. WACHTEL,^ R. D. COGHILL,^ W. C. RISSER,» J» E. PHILIP,* AND O. TOUSTER* 


CONTENTS 

Introduction.70 

2-Pen tenyl penicillin 

Introduction.77 

Preparation of pure sodium salt.77 

Squibb procedure.78 

I.C.I. procedure.78 

Hydrates...70 

Pliysical and chemical characteristics . . 80 

Biological activity.80 

Other salts.80 

Rubidium 2-pontenylpcnicillin ... .80 

Other related penicillins.80 

Bcnzylpenicillin 

Historical.81 

Factors favoring production; precursors . . 81 

Isolation procedures.83 

Purification by chromatographing on alu¬ 
minum oxide.83 

Purification by two liquid phase distribu¬ 
tion chromatography on silica.81 

Purification by fractional adsorption on 

charcoal.85 

Crystallization and properties of the sodium 

salt.85 

Solubility.85 

Specific rotation.80 

XJltraviolct absorption spectrum. , . 80 

Stability.87 

Active hydrogen determination.87 

Crystallization of sodium salt.87 

Determination of active hydrogen by 

means of deuterium ..88 

Other salts with inorganic cations.88 

Potassium salt.89 

Ammonium salt.89 

Calcium salt.89 

Barium salt.89 

Salts with organic bases.89 

Benzylamine salt.90 

Triethylamine salt.90 

N-Ethylpiperidine salt.90 

Conversion of N-ethylpiperidine salt to 
sodium salt. .91 

» Squibb Inutitute for Medical Research. 


• Research Laboratoriee, Imperial Chemical Industries Limited, 
Manchester, England. 

• Abbott Laboratories. 

Northern Regional Research Laboratory of the United States Depart¬ 
ment of Agriculture. 


N-Methylpiperidine salt.91 

N-Ethylmorpholine salt.91 

Free benzylpenicillinic acid. ..91 

Preparation and properties.91 

Action of methanol and ethanol.92 

Esters.92 

]\Iethyl ester.93 

Benzyl ester.94 

7 >Jodobenzyl ester. . . 91 

Concluding remarks.95 

p-llydroxybenzylpenicillin 

General.95 

Experimental 

ji-Hydro.xybcnzylpenillic acid.96 

Isolation of p-hydroxybenzylpenicillin , . 97 

Benzylamine derivative.98 

Degradation experiments.98 

Stability in methanol.98 

w-Hep ty 1 pen ic illin 

General.98 

Experimental 

Isolation of sodium salt.99 

Isolation by fractional extraction ... 100 

Ammonium salt.100 

Reaction with benzylamine.101 

a-Benzylamide of n-heptylpenicilloic acid JOl 

Benzylamine salt of a-methyl n-heptyl- 

penicilloate.101 

n-Octanoylaminoacetaldehyde and deriv¬ 
atives .101 

T-Ethylcaproylaminoacetaldehyde. . . . 102 

n-Heptanoylaminoacetaldehyde.102 

Caprylic acid from n-heptyIpenicillin. . . 102 

Penicillamine from n-heptylpenicillin. . . 103 

Flavacidin 

General.103 

Experimental 

Isolation of sodium salt.104 

Degradation to penilloaldehyde.105 


INTRODUCTION® 

Of the six '‘natural'^ penicillins known at present, 
five, namely 2-pentenyIpenicilUn, benzylpenicillin, 
p-hydroxybenzylpenicillin, n-heptylpenicillin and 
flavacidin, are treated in this chapter, while some of 
the earlier work on the isolation of 2-pentenylpeni- 
cillih and that of n-amylpenicillin are given in 

* By 0. Wioteriteinor. 
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Chapters II and III, respectively, in conjunction 
with the degradation and synthetic work pertaining 
to these two species. The reasons for this division 
of the material are primarily historical. The work 
of the Oxford investigators and later of other 
British groups from 1939 until late in 1943 was 
almost exclusively concerned with 2-pentcnylpeni¬ 
cillin and its dihydro derivative. The efforts to 
isolate the active substance were closely integrated 
with degradation studies on partially purified 
material which early in 1943 began to yield struc¬ 
turally significant results (penillic acid, penillamine, 
penicillamine, penicillaminic acid). The crystalline 
salts of 2-pcntcnylpenicillin which were eventually 
secured played only a minor role in the character¬ 
ization of the R-group of this species and in the con¬ 
comitant research on structure in general. The' 
same is true of n-amylpenicillin. The study of this 
penicillin by the Imperial College group was really 
an outgrowth of the work on 2-pentenylpcnicillin 
and preceded it s recognition as a nat urally occurring 
entity. In tliese two cases it is therefore more prac¬ 
tical as well as historically appropriate to give the 
isolation aspect in its earlier phases as a part of the 
total picture. On the other hand, the section 
contributed by Boon and Can ington on the isola¬ 
tion of 2-pent('nylpenicilIin includes features perti¬ 
nent to the general topic of penicillin characteriza¬ 
tion and is therefore a part of the present chapter. 

In America events in pi'iiicillin research during 
tliat period took a different course. p]xcept for 
the preparation of the crystalline ‘'benzylamine 
derivative^’ of 2-pentenylpenicillin (Northern Re¬ 
gional Research Laboratories) and of bcnzylpenillic 
acid (Merck) from partially purified products, no 
decisive advances were made in the limited deg¬ 
radation studies undertaken before the isolation 
of crystalline benzylpenicillin in the summer of 
1943 (Squibb Institute), but thereafter important 
results, based on the use of the pure product, were 
quickly forthcoming. The extensive work on the 
structure problem during the following years 
likewise depended for its source material exclusively 
on the comparatively readily available and crystal- 
lizablc benzylpenicillin. It was natural that this 
also led to the preparation of a considerable number 
of functional derivatives (salts, esters) of this 
species. The isolation and characterization of 
benzylpenicillin is therefore a well-delimited subject 
which is best treated separately^ 

The other three penicillins included in this chap¬ 
ter, p-hydroxybenzylpenicillin (Northern Regional 
Research Laboratories), n-heptylpenicillin (Abbott 
Laboratories), and flavacidin (Squibb Institute) 
were isolated in 1944-45, that is, at a time when the 
chemistry of penicillin was already well established 
in its main outline. The degradation reactions ap¬ 
plied to these penicillins merely served to ascertain 
the nature of the R-group and are therefore re¬ 
viewed here in conjunction with the isolation work. 


A general discussion of the successful isolation 
methods has been dispensed with mainly because, 
owing to the diversity of the starting materials used 
by the various groups, the reported data are seldom 
comparable and fuimish no adequate basis for gen¬ 
eral conclusions. Some comments in the section on 
benzylpenicillin concerning the relative utility of the 
principal chromatographic procedures will have to 
suffice instead. 

2-PENTENYLPENICILLIN® 

Introduction. 2-Pentenylpcnicillin was the main 
penicillin species produced in Great Britain during 
1942 and 1943, and w^as the species upon Avhich the 
early degradative experiments were carried out by 
the British workers (sec Chapters II and HI). 
During this stage of the research it w^as by no means 
certain that different members of the penicillin 
family were under investigation in Britain and 
America but this fact became clear with the prep¬ 
aration of pure crystalline sodium benzylpenicillin 
at the Squibb Institute in July 1943 (MacPliillamy, 
Wint(Tsteincr, and Alicino, S.S^ 4) and the chroma¬ 
tographic separation of the American and British 
penicillins by Imperial Chemical Industries in the 
same month (Boon, Calam, Gudgeon, and Levi, 
Report of August 194^3), 

Preparation of Pure Sodium 2-Pentenylpenicillin. 

Purification of 2-pentenylperiicillin proved to be a 
more difficult task. The Oxford w^orkers (Abra¬ 
ham, Baker, Chain, and Robinson, Pc)i.94) soon 
obtained the sodium salt in crystalline form by 
exposing the purest amorphous material to the 
atmosphere, when it took up water and crystallized. 
They made approximate measurements of the unit 
cell dimensions and characterized it by X-ray pow¬ 
der photograph (Crowfoot and Low% PenM), but 
the salt was not considered to be pure, and no 
analytical figures were obtained. The crystalline 
material of the Oxford workers was said to have an 
activity of 820 U/mg. 

Further work on the problem was carried out 
simultaneously in Britain and in America, and early 
in 1944 the first accounts of the preparation of 
sodium 2-pentenylpenicillin in a state of undoubted 
purity came from the laboratories of Squibb (S.5, 7) 
and Imperial Chemical Industries CBoon, Calam, 
Carrington, and Freeman, CPS.31). 

The Squibb workers used a chromatographic 
purification of the sodium salt in 95% acetone on a 
column of activated alumina, a method which they 
had previously employed in the purification of 
benzylpenicillin (for a full account of this work see 
the next section of this chapter). With sodium 
2 -pentenylpenicillin the method involved consider¬ 
able losses in material, but they were able to isolate 
a highly active (1,000 U/mg.) amorphous sodium 
salt, which crystallized on exposure to the atmos¬ 
phere according to the Oxford procedure, and was 

• By W, R, Boon and H. C. Carrington, 
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purified by rccrystallization from moist ethyl 
acetate. The dried salt had the composition 
Ci4Hi904NoSNa. 

T}i(‘ starting material used by the Imperial Chem¬ 
ical Industries workers was of a much lower 
biological activity, and a more laborious purifica¬ 
tion process was necessary. After a preliminary 
treatment of an aqueous solution of the calcium 
salt with activated alumina, the free acid penicillin 
was given a chromatographic purification by means 
of the ether-buffer partition chromatogram on a 
base of silica gel, a method developed by I.C.I. 
workers from the partition chromatogram of 
Martin and Synge {Biochem. S5, 1858 (1941)). 
Tliis technique is probably the most widely useful 
of all the methods available for the separation of 
penicillins and has been subsequently employed by 
many workers in the field. It gives good resolution, 
and the losses are much less than in most of the 
alumina chromatograms. This process gave a 
product which could readily be induced to crystal¬ 
lize by the Oxford process; but it could not be freed 
from the last trace of gummy material with which it 
was contaminated, simply by crystallization from 
various solvents; and it appeared that the mere act 
of bringing sodium 2-pentenylpenicillin into a 
crystalline form did not necessarily facilitate the 
obtaining of a pure preparation. It was therefore 
necessary to devise new means of removing the 
gummy contaminant before attempting crystal¬ 
lization. This was done by dissolving the sodium 
2 -pentenylpenicillin in chloroform containing 10% 
of acetone and submitting it to partition chroma¬ 
tography on a column of silica impregnated with 
water. In order to minimize losses this stage was 
carried out at 3°. After a further chromatographic 
treatment by the silica-buffer-ether process, the 
2 -pcntenylpenicillin was obtained as an almost 
colorless sodium salt with an activity of 1,600 
U/mg. Tins, after reprecipitation from acetone 
and crystallization from moist butanol and ether 
gave colorless crystals of pure sodium 2-pentenyl- 
penicillin. The anhydrous salt had an activity of 
1,820 U/rog. 

The physical properties of the preparations made 
by the two laboratories showed excellent agreement, 

Squibb Procedure (8.5, 7). The starting material was a 
sodium salt made by the usual plant process from an active 
broth obtained by submerged cultivation of strain 630 (used 
also in the routine large scale tank process) in a synthetic 
medium containing besides brown sugar and the usual 
inorganic salts 0.15% of sodium sulfite, but no com steep 
liquor. Five grams of this preparation, which assayed 
about 600 U/Jr»g- and had 1 « 1 d were subjected to 

the usual chromatographic procedure with 96% acetone, and 
yielded 1.5 g. of a sodium salt assaying 1,000 U/mg., 
[aI d +258'*. On treatment with dry acetone only an 
insignificant amount of an amorphous, fiocculent precipitate 
was obtained. This was in contrast to the behavior of 
similar fractions from the regular plant sodium salt which 
never failed to yield a bulky semicrystalline precipitate with 
dry acetone. However, the material liquefied in moist air 


to dropl(!ts wliich gradually turned into a partially crystal¬ 
line mass, as describtid in the Oxford reports Pcn.94 and 96 
for sodium 2 -pentenyJpenicillin, 

The benzylamine derivative of Coghill and Stodola was 
prepared from 200 rng. of this material. Forty mg. of 
needles melting at 126-'r27° were obtained. The melting 
point remained unchanged on recrystallization from 85% 
alcohol. 

Found: C, 62.05; II, 6.91; N, 10.17 

CasHsuOiN 28-1120 requires C, 01.74; H, 7.40; N, 10.28 

It is clear that the compound was not a derivative of 
benzylpenicillin. 

It was then found that the crystalline sodium salt could 
easily be obtained in filterable form by slow crystallization 
from ethyl acetate. A 226 mg. sample of the chromato¬ 
graphic fraction was dissolved in 2.0 cc. of dry ethyl acetate, 
and a ver}'^ small amount of water, sufficient to cause a faint 
turbidity, was added. Long fine needles began to form after 
a few hours’ standing in the refrigerator. After 20 hours the 
precipitate was filtered and washed several times with dry 
ethyl actitate. Seventy ing. of colorle.ss crystals were thus 
obtained and an additional 40 mg. were recovered from 
the combined mother liquor and washings after prolonged 
standing. la]D*'‘ +289.8*" (c « 0.7 in water); m.p. 204-205*' 
with decomposition (open capillary in block preheated to 
200 °; a simultaneous determination on pure sodium benzyl- 
penicillin gave 218-220° dec.). Recrystallization could be 
effected by dissolving the material in 98 % acetone and add¬ 
ing several volumes of ethyl acetate. 

In contrast to sodium benzylpenicillin, the crystals showed 
definite hygroscopicity in laboratory air but lost only 1 % 
of their weight on drying in vacuo at 100 ° for 2 hours. 

Found: 

C, 50.27, 50.24; H, 5.67, 5.66; N, 8.43; S, 9.39; Na,6.95 
0 i 4 HiB 04 N 2 SNa requires 

C, 50.27; H, 5.73; N, 8.36; S, 9.59; Na 6.88 

Preliminary assays indicated that the potency of the salt 
was somewhat lower than that of sodium benzylpenicillin 
(about 1,250 U/mg. as against 1,500 U/mg. for the latter). 
Drying under the above conditions caused no (or not more 
than 10 %) loss of activity. 

A sample of the sodium salt recrystallized three times 
from 98% acetone-ethyl acetate had [alo +316° (c = 0.878 
in water) (Squibb, 8 .,9, 5). The peiiilloaldehyde 2,4-di- 
nitrophenylhydrazone was prepared by the usual procedure 
from the active chromatographic fraction, 350 mg. of the 
latter yielding 183 mg. of the crude product (m.p, 162-165°). 
It was recrystallized to constant m.p. 177-178°. 

Found: C, 50.51; H, 4.94; N, 20.6 

ChHitOsN* requires C, 50.15; H, 6 . 11 ; N, 20.9 (8.5, 9) 

A sample mixed with synthetic A^-hexenoylaminoacetalde- 
hyde dinitrophenylhydrazone (m.p. 187-187.5°) melted at 
179-180° (S.9, 6 ). 

I.C.I. Procedure. The starting material was crude cal¬ 
cium penicillin obtained by the surface fermentation of a 
glucose-casein hydrolysate medium by the F4 strain of P. 
notatunif and isolated by amyl acetate extraction of the 
acidified broth. This description of the purification is taken 
in the main from CPS.Sl but some det^ are given of the 
earlier stages of the purification in order to present a com¬ 
plete account. 

Peeliminary Purification by Activated Alumina. 
Calcium penicillin (22 g,, 114 U/mg.) was dissolved in water 
( 1.8 1.) and the solution cooled in ice. Activated alumina 
(Peter Spence, Type O, 330 g.) was added with stirring dur¬ 
ing 10 minutes. After Stirring further for I hour the 
alumina was filtered and washed by stirring with water 
(2 X 250 cc.). The combined filtrate and washings were 
mixed with chloroform <2 L), cooled to 3° and the aqueous 
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layer acidified to pH 2 by the addition of 25 % phosphoric 
acid (60 cc.). After separating the chloroform layer the 
aqueous solution was rapidly rc-extracted with ice-cold 
chloroform (1 L). I'hc combined chloroform extract!, after 
washing with water (250 cc.) was stirred for 30 minutes suc¬ 
cessively with three lots of water (300, 200, 100 cc.) and 
precipitated chalk (30, 20, 10 g. respectively). After filtra¬ 
tion and separation of the chloroform the aqueous sohition 
was dried from the frozen state. Yield 6.47 g. Activity 
314 U/mg. Recovery of activity, 81 %. 

First SiLicA-BUPFFSR-ETfrwR Column, A column (5.2 cm. 
diameter) was charged with a slurry of silica (185 g., 90- 
160 mesh) impregnated with 25% w/w xiotassium phosphate, 
buffer (90 (!C., pH 6,27) and suspended in ethylene dichlorido 
(1 1.). After the column had ceased to slirink, the, ethylene 
dichloride was replaced with ether. C'alcium penicillin 
(7.6 g. of alumina treated material at 314 IJ/mg.) was 
transferred to ether (250, 150, 100 cc.) in the u.sual way 
and the ether solution run onto the top of the column. The 
column was then developed with ether until most of the 
activity was present in the filtrate, following the course of 
the development by measurement of the optical rotation in a 
2 dm. tube, and collecting the percolate in five fractions. 
The penicillin was isolated as barium salt by shaking the 
ethereal solution with a suspension of freshly precipitated 
barium carbonate, filtering, separating the aqueous layer and 
drying from the frozen state. The residue on the column 
was recovered by suspending the silica in water (300 cc.), 
the suspension being stirred for five minutes, filtered and the 
residue washed with w^ater (200 cc.). The combined filtrates 
were cooled below 5°, the pU was adjusted to 2 with phos¬ 
phoric acid and the penicillin extracted with cold ether (250 
and 150 cc.). The penicillin was isolated as barium salt in 
the same manner as the main fractions. Table 1 summariztis 
the results of thisS experiment. 

TABLK I 


Preliminary Fractionation of F4 Penicillin 


Frac¬ 
tion 1 

Description 
of band 

“D 

(2 dm) 

Vol. 

ether, 

cc. 

Wt. 

salt, 

K. 

n/mg. 

Units 

1 

Several pale yel¬ 
low bands 

- .02 

640 

0.42 

12. ft 

6,200 

2 

Orange band, 
giving red color 
with 6 % HiBOi 
in acetic acid 

4.05 

380 

2.07 

4.5 

93,000 

3 

White band, 
then yellow 

4.05 to 4.3 

250 

0.45 

198 

89,000 

4 

Yellow cone, 
banding indefi¬ 
nite 

4.6 to 4.25 

600 

1.22 

920 

1,120,000 

6 

Very pale 

4.26 to 4.1 

600 

0.35 

733 

266,000 

6 

Residue in Col¬ 
umn 



1.07 

338 

302,000 

ToUIh 

— 

— 

— 

6.68 

(70%) 

1 

1,935,200 
(81 %) 


The experiment quoted above is a more detailed fraction¬ 
ation than was in general necessary. By following the opti¬ 
cal rotation and taking a fraction from the zone of highest 
dextrorotation, a product of activity 900-1,300 U/mg. could 
readily be obtained. 

SiUCA-WATER-CHLOROFORM CoLtTMN. A 4.7 cm. diam¬ 
eter chromatogram tube was charged with a slurry of silica 
(200 g.), impregnated with water (iOO cc.), and suspended in 
a mixture of chloroform (760 cc.) and acetone (40 cc.). 
The column was maintained at 3*" in the cold room, A so¬ 
dium 2-pentenylpenicillin fraction (1.3 g., activity 1,260 
U/mg.) from a silica-buffer-etlier column was dissolved in 
acetone (25 cc.), and chloroform (225 oc.) was added. The 
slightly turbid solution was applied to the column in 
the usual way and the penicillin was developed out of the 


column With a 5 % solution of acetone in chloroform (500 c(;.). 
A narrow yellow band moved down the column leaving a 
heavily pigmented zone at the top. The chloroform cluato 
was extracited with 0.2 M, pH 7, phosphate buffer (700 4* 
350 + 350 cc.), and the penicillin was tran.sferrod from the 
buffer into ether. It was isolatoil as sodium salt by titra¬ 
tion at 3^* with 0.1 N sodium hydroxide (16.2 ml.) and 
drying the sodium salt solution from the frozen state. 
Y'ield 0.585 g. Activity 1,250 U/mg. From the top 
quarter of the column 0.5 g. of highly colored material 
with an activity of 600 U/mg, was re(;overed. 

Second Silica-buffer-ether Column. Sodium penicil¬ 
lin from the chloroform column (950,000 units) was trans¬ 
ferred to ether (50 ec.) and the solution was j)assed through a 
column (25 X 3.65 cm.) prepared from silica (110 g.) im¬ 
pregnated wiili pH 0.3 buffer (50 cc.). On developing with 
ether a narrow band movcxl rapidly down the column. 
After this had emerged the optical rotation of the effluent 
ro.se rapidly to -|-0.45° (2 dm, tulje) and remained positive 
during the passage of the next 500 cc., when it had fallen 
to H-O.U. Sodium penicillin was isolated from this filtrate 
by titration at 3® with 0.1 A^ sodium hydroxide followed by 
drying from the frozen state. Yield 240 mg. of a pale yellow 
solid. Activity 1,760 U/mg.; -f290®. 

Final Purification of Sodium 2-PENTBNTLPENicrLLiN. 
The amorphous material was dissolved in acetone (3 cc.) 
and precipitated by the addition of dry ether (6 cc.). The 
solvent was decanted, and thci residual gum solidified on 
trituration with dry ether. Ilie solid woa suspended in 
acetone, centrifuged, and washed with acetone and ether. 
The almost colorless dry powder (190 mg.) had [alu*® 4-305'*, 
N 8.4%, and activity about 1,800 U/mg. This material 
(180 mg.) was dissolved in water (0.1 cc.) and butanol (2 cc.) 
was added. After filtering with a little carbon and standing 
overnight in the cold room long white needles (13 mg.) 
separated, 'fhesc were separated and ether (2 cc.) was 
added to the mother liquor. After about 30 minutes a ma.s8 
of colorless needles had separated and were filtered (52 mg.). 
A further quantity of less pure material was obtained by 
adding more ether. Sodium 2-pentenylpenicillin crys¬ 
tallized in long fine colorless bhint-ended needles. A sample 
dried over phosphorus pentoxide in vacuo^ and then at 55-^° 
in a high vacuum, had m.p. 204-205® (after sintering at 
201®), 4-305® (c * 0.24 in water). Activity 1,820 

U/mg. 

Found: 

C, 60.0, 49.9; H, 5.8, 5.7; N, 8.7, 8.55; S, 9.8; Na, 6.8 
Ci 4 Hio 04 N 2 SNa requires: 

C, 50.3; H, 5.7; N, 8.4; S, 9.6; Na, 6.9 

Hydrates of Sodium 2-Pentenylpemcillin. It was 

ob.scrved by the Oxford workers {PenM4) that their prepa¬ 
ration of amorphous sodium 2-pentenylpenicillin took up 
11% of its weight of water when it was transformed to the 
crystalline state. This suggested that the crystalline form 
was hydrated, but no analytical results wore available at 
that time. The Squibb report (S./z) stated that the crystal¬ 
line .sodium salt was hygroscopic but offered no evidence 
of the existence of hydrates. The first analyses reported by 
the l.C.I. w'orkers {CPS.Sl) were carried out on material 
dried over phosphorus pentoxide in vacuo and finally in a 
high vacuum at 55-60® and were in good agreement for the 
anhydrous salt, but the X-ray measurements made by 
D. Crowfoot on the l.C.I. salt (private communication) gave 
a molecular weight (unit cell/8) of 392, which suggested that 
the material was in the form of a trihydrate (CuHi 904 HaSNa 
4- 3H,() - 388). 

A reinvestigation of this point by the l.C.I. workers 
(Boon, Calam, Carrington, and Freeman, CP8,B27) showed 
that an .analysis of the salt dried in air at 20® did in fact 
correspond with a trihydrate. 

Found: C, 43.4; H, 6.75 

Ci 4 Hi 904 NaSNa 4- 3HaO requires C, 43.3; H, 6.45 
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There was also some (widence of the existence of a lower 
hydrate (material dried in vacuo at 55-60° for 2 hours. 
Found: C, 46.85, H, 6.2), but this was not conclusively 
demonstrated. 

The Upjohn workers {U.IU 38), from measurements of 
the uptake of moisture by the anliydrous salt, concluded 
that the hydrated form (contained 2.5 molecules of water 
per molecule of sodium salt. 

Later work by the NKRL group {CJ3; 15) confirmed the 
existence of the trihydratc, and hy controlled hydration 
experiments at increasing humidities demonstrated the 
existence of a lower hydrate, which from their measurement 
of the increase in weight was considered to contain 1 H mole¬ 
cules of water (Gain in weight found. 7.8%. CuHiBO^N ^SXa 
-b requires 8.07%). The result is in reasonable 

agreement with the T.C.l. analysis given above. (Ci 4 ili 9 
04Nf8Na -f roquin^s C^, 46.5; H, 6.1%). 

The NHRL workers also produce<l X-ray evidence of the 
existence of two crystalline forms of the anhydrous salt. 

Physical and Chemical Characteristics of 2-Pentenyl- 
penicillin. Mkltino Point of Anhyduous Sodium Salt. 
204-205° (with dt*com posit ion, open capillary, in block pre¬ 
heated to 200°) (Squibb, S.5); 204-205°. after sintering at 
201° (I.C.I., CPS.31); 204-205° (with decomposition, open 
capillary in block preheated to 200°) (Upjohn, U.tt, 36). 

Optical Rotation ok Anhydrous Sodium Salt. |<»lr> 
4-316° (c « 0.878 in water) (Sciuibb S.!)); 4-305° 

(c « 0.24 ill water) (I C.I., CFS.31); [a\u-^ 4-276°, 4-303° 
(tw'o samples, Upjohn, f/.f/, 36). 

Ultuaviolkt Absorption. Measured on aqueous solu¬ 
tions of the crystalline sodium salt near neutral pH (Upjohn, 
U.IJ, 37). The samples showed only '‘cut-ofT" absorption 
below 2,600 A. characteristic of penicillin, and no trace of 
the phenylacetic absorption found in henzylpenicillin. 

Dissociation Constant. Determined on an aqueous 
solution of the crystalline sodium salt (Neuberger, CPS.200). 
pK in water at 5°, 2.83; at 25°, 2.87. 

Hydrookn ATiON. The early experiments by the Imperial 
College workers are described in Chapter III. A quantita¬ 
tive determination by the Lilly group on samples of cry.stal- 
line sodium 2-pen ten yl penicillin supplied by the Upjohn 
workers gave the following results (U.ll, 37). 

(a) Sample prepared from submerged fermentation of 
P. chryaogenum (NRRL strain 1951); H 2 taken up per mg., 
61.9 mm®. Theory for 1 double bond 67,0 mm\ Double 
bonds found, 0.92. 

(b) Sample prepared from surface fermentation of 
P. notatum (NRRL strain 1249.B 21.); II* taken up per 
mg., 80.8 mm®. Theory fo/ 1 double bond, 67.0 mm®. 
Double bonds found, 1.2. 

Biological Activity of Sodium 2-Pentenylpenicillin. 

The various values given by different workers for 
the biological activity of sodium 2-pentenylpenicil- 
lin require some comment. At the time the deter¬ 
minations were carried out no International 
Standard for penicillin was in existence. Each 
organization set up its own working standard, 
which was related as closely as possible to the origi¬ 
nal ^‘Oxford Unit.^’ These standards were of 
impure penicillin, of unknown composition, and 
sometimes of doubtful stability. Most of the 
British standards contained mainly 2-pentenyl- 
penicillin as the active agent. Many of the Ameri¬ 
can standards probably contained benzylpenicillin. 
The varying responses given by different organisms 
to different penicillins was first pointed out by the 
I.C.I. workers (Boon, Calam, Gudgeon and Levi, 
Report of August 1943)^ and was later described by 


Schmidt, Ward and Coghill {0.12^ see also J. JBacL, 
49 , 411 (1945)). These factors combined to pro¬ 
duce a situation of the utmost confusion which was 
only clarified by the setting up of the International 
Standard in 1945. 

The Oxford figure of 820 U/mg. for crystalline 
sodium 2-pentenylpenicillin is certainly too low, 
even when allowance is made for the hydrated form 
which was used. Indeed the Oxford workers never 
claimed that their product was pure. The large 
discrepancy between the figures given by the Squibb 
(1,250 U/mg.) and the I.C.I. workers (1,820 U/mg.) 
can hardly be attributed to impurity or lack of 
identity in the samples, for the physical constants 
which are quoted are in excellent agreement. It 
must l)e attiibutcd to a difference in the standard or 
in the organism used, or in the method of test. 

The most reliable measurements of the biological 
activity of pure sodium 2-pentenylpenicillin appear 
to be tliose of Schmidt, Ward, iind Coghill (./. Bart., 
40 , 411 (1045)) who found that in comparison with 
the International Standard of sodium benzylpcni- 
cillin as 1,007 U/mg. (by definition 1 U — 6.0 /ug.) 
sodium 2-pentenylpcnieillin had the following 
activities against a range of organisms: 

S. aureus NRRL. B.313 (F.D.A. 209 


P). 1,490 U/mg. 

S. aureus NRRL. B.314 (Heatley)... 1,440 U/nig. 
B, siddilis NRRL. B.588 (Rough or 
smooth phase). 970 U/mg. 

Other Salts of 2-Pentenylpenicillin. The Oxford 


workers {Pen..94) stated that in addition to th(‘ 
sodium salt, the rubidium and caesium salts of 
2 -pentenylpenicillin liad been obtained crystalline, 
but no details were given. The I.C.I. workers later 
prepared the crystalline rubidium salt for X-ray 
measurements by Crowfoot and Low. 

Rubidium 2-Peiitenylpenicillin (Calam and Carrington, 
private communication). Pure sodium 2-pcntenylpenicillin 
was dissolved in water (10 cc.) and the penicillin was trans¬ 
ferred to ether. After washing three times with water the 
ethereal solution w^as titrated with 0.1 JV barium hydroxide 
(2.45 cc,, theory 2.3 cc.). A solution of rubidium sulphate 
(32.7 mg.) in water (5 cc.) was added to the barium salt 
solution, the barium sulfate was removed by centrifuging 
and the solution was dried from the frozen state. The 
residue was dissolved in butanol (2.5 cc.) containing a little 
water (0.2 cc.) and the solution was clarified by centrifuging. 
On the addition of ether (5 cc.) and keeping in the refriger¬ 
ator overnight the rubidium salt separated in rosettes of 
long needles. These were filtered, washed with ether and 
dried over phosphorus pentoxido in vacuo. 

Found: C, 41.5; H, 4.7 

CuHi^OiNiSRb requires C, 42.4; H, 4.8 

The combustion was carried out in admixture with potassium 
dichromato. Similar low carbon analyses were obtained on 
the rubidium salt of benzylpemcillin. 

Other Penicillins Related to 2<-PentenyIpeniciIlin« 
References have frequently been made to other 
penicillins which closely resemble 2-pentenylpenicil- 
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lin. P^ew of these have been isolated in a pure state 
and none has been completely characterized; 
som(5 were almost certainly mixtures containing 
more than one penicillin. Two of the best authenti¬ 
cated examples are perhaps worthy of mention. 

The Pfizer workers made a detailtMl study of the penicillins 
produced by their X-1G12 culture 1). Benzyl- 

penicillin was first removed from the mixture by precipita¬ 
tion from ethereal solution as the trii^thylaminc salt, and 
the penicillins rcmaininji; in solution were subjected to re¬ 
peated partition chromatography iu isopropyl acetate solu¬ 
tion on phosphate buffer-silica gel columns at increasing 
pH (G.O, G.5, 7.2) and also to adsorption chromatography 
from the same solvent on florisil columns. Evidence was 
obtained of the presence of three more f>enicillins, two of 
which were probably 2 -pcntenylpenicillin and 2 -heptyl- 
penicillin. The third, intermediate in properti(*s between 
those two, was obtained as a crystallim; sodium salt which 
appeared to be a monohydrate, the an.'ilyses approximating 
to the values calculated for CisHajOiNiSHsO. Analyses 
were quoted for several samples. The most satisfactory 
were: lioss of weight on drying at 100 ° for 3 hours in high 
vacuum, 4.02%. Dried material, 

Found: C, 51.79; H, G.31; N, 8.14; S, 8.98; Na, 6.51 

Ci 6 H 2 i 04 N 2 SNa requires 

C, 51.56; II, 6.34; N, 8 . 02 ; S, 9.18; Na, 6.58 

(oflu** -f-300°. Potency, S. avreus. 1700 U/mg.; B. Huhtilis. 
870 U/mg. X-ray powder photographs were* made by the 
NRItli workers, who reported that the material was crystal- 
lographically different from any other penicillin they had 
examined. They pointed out, however, the possibility that 
it could be one of the knowm penicillins in a <lifferent crystal¬ 
lographic form, or that it might he a new hydrate* or similar 
complex. 

The I.C.I, workers have described experiments on a 
‘^penicillin-IV*’ which has been isolated from their F4 
strain penicillin (Boon, Calam, Carrington, ami Freeman, 
CPS.227). It emerged from the silica-phosphate buffer- 
ether chromatogram just before the main 2 -pen ten jd peni¬ 
cillin fraction (Table I, fraction 2 , p. 79). The amount 
w'as small and purification was difllcult, but repeated parti¬ 
tion chromatograms showed a definite separation from the 
2 -pentenylpcnicillin. Insufficient material was available for 
the isolation of the sodium salt, aiid the product was there¬ 
fore characterized by conversion to the corresponding 
ponillic acid. The analysis of this acid showed its formula 
to be C 14 HS 0 O 4 N 2 S, i.e. the same as 2 -pcntcnylpenillic acid. 

Found; C, 53.55; H, 6 . 2 ; N, 9.05; S, 9,8 

Ci 4 H»o 04 NaS requires C, 53.8; H, 6.4; N, 9.0; S, 10.3 

A comparison of melting points, optical rotation and ultra¬ 
violet absorption failed to show any e.onelusive difference 
betw( 5 en the acid and 2-pen tony Ipenil lie acid, A sample 
was submitted to Dr. W. T. Astbury for X-ray powder 
photography. He reported that it gave an X-ray diffraction 
pattern slightly different from that given by 2 -pentenyl- 
penillic acid if the samples were examined after being freshly 
rocrystallized from water. The pattern was, however, iden¬ 
tical with that given with the pcnillic acid obtained from a 
penicillin fraction produced by the NRRL 1249.B 21 strain 
of P. notaium. The differences may be due to the presence 
of impurities or may bo significant, due to slight differences 
in constitution. Thus the evidence for the existence of 
another penicillin isomeric with 2 -pcntenylpenicillins in the 
material from the F4 strain rests upon the chromatographic 
separation and the slight differences in X-ray powder 
photograph. These observations also reopen the question 
of the identity of the penicillin from the NRRL 1249.B 21 
.strain* which was previously considered to be 2 -pontenyl- 
penieiJlin and which had already been obtained as the 
crystalline sodium salt (see Boon, Carrington, and Levi, 


CPS,61; Upjohn, f/.ff, 36). A final clarification of this 
point must await a degradation of the penicillin. 

BENZYLPENIGILLIN7 

Historical. Bonzylpcmicillin, the first penicillin 
species isolated in pure form, was obtained as the 
crystalline sodium salt in the Squibb Institute in 
July 1943 (MacPhillamy, Wintersteiner, and Alicino, 
S.Sj 4; 17y 3). The elementary analysis definitely 
established the presence of sulfur in the penicillin 
molecule, a fact recognized in the same month by 
the Oxford workers (Abraham, Chain, Baker, and 
Robinson, l*cn.8S) in revision of a previous state¬ 
ment that this element was absent (Abraham, 
Baker, Chain, Florey, Holiday, and Robinson, 
NalurCy H9y 351) (1912)). Tlie fact that the 
empirical formula of the isolated compound, 
Ci 6 Hi 7 f) 4 N 2 SNa, conformed with the composition 
C 18 H 22 O 4 N 2 S of a dimethyl penillate obtained from 
impure preparations (Merck & Co., CMR report for 
April 1 to July SI, cf. A/./, 2), but was at 

variance with that (Ci 4 H 2 oOfiN 2 , later Ci 4 li 2 o 04 N 2 S) 
of the pcnillic acid of Diiffin and Smith (Pvn.Sl)^ 
at once lent new significance to previous observa¬ 
tions indicating the existence of more than one 
penicillin (Boon, Calam, Cudgeon, and Levi, 
Imperial Chemical Industries, Reports 11,7136, 
Jan. 5, 1943; 11,7607, July 10 , 1943). It further¬ 
more became clear from the absorption spectrum of 
the crystalline salt and from preliminary degrada¬ 
tion experiments that phenylacetic acid, which had 
been previously found in hydrolysates of impure 
material (Merck, Report for Noixmbrr 1 , 191^2, to 
March 31, 1943; cf. M, 1 , 2), was an integral part of 
the molecule, while there was nothing to indicate the 
presence of this acid in the surface culture penicillin 
investigated in the British laboratories. Though 
analytically pure preparations of 2 -pentenylpcnicil¬ 
lin were not secured till much later, its empirical 
formula C 14 H 20 O 4 N 2 S could before long be deduced 
with reasonable certainty from its degradation 
products, particularly the 2 -pentenylpenilloalde- 
hyde isolated at Oxford (Abraham, Chain, Baker, 
and Robinson, Oxford, ren,97, 2 ). Confirmatory 
evidence regarding the difference of the two entities 
came shortly afterwards from a variety of observa¬ 
tions, such as the degradation of benzylpenicillin 
and benzylpenillic acid to phenylacetylaminoacet- 
aldehyde (Dutcher, MacPhillamy, Stavciy, and 
Wintersteiner, S.3a, G; Merck, Report for October 
194 s, 0 , 7), the preparation of different ^^benzyl- 
amine derivatives’* from benzylpenicillin and puri¬ 
fied surface culture penicillin (Stodola and Wachtel, 
NRRLJ 6 , 4, November 20, 1943; Squibb, S.Sa, 4 ), 
and the comparison of tlie X-ray pattern of the two 
crystalline sodium salts (Crowfoot and Low, 
p€n,96; IO 4 ). 

Factors Favoring the Production of Benzyl¬ 
penicillin. Precursors. The benzylpenicillin iso- 

’ By O. Wintersteiner. 



82 


ISOLATION AND CHARACTERISTICS OF PENICILLINS 


lated in the Squibb Institute and somewhat later 
in other American laboratories (Merck, Pfizer, 
Abbott, NRRL) was derived from broth produced 
by P. notatum chrysogenum NRRL 832 in sub¬ 
merged culture with the aid of corn steep liquor, 
while the British laboratories then used as starting 
material almost exclusively surface culture penicil¬ 
lin produced by other strains (notably NRRL 1249, 
and the Glaxo strainson media lacking steep 
liquor. At that time there was little reason to 
differentiate this adjuvant from certain protein 
hydrolysates known to increase the yield of penicil¬ 
lin, even though the greater effectiveness of the 
former was well recognized, and it was generally 
assumed that strain and method of culture were the 
main factors determining the type of penicillin 
produced. However, on closer study it became 
increasingly clear that the presence in the medium 
of steep liquor or some other adjuvant derived from 
protein was an essential prerequisite for the forma¬ 
tion of benzylpenicillin. Some of the earlier 
observations bearing on this problem arc sum¬ 
marized in a Glaxo report (Smith, Bide, Duckworth, 
Graham, and Robinson, CPS.298^ 5) and may be 
briefly cited here. Penicillin produced on purely 
synthetic media yielded 2-pentenylpenillic acid 
shown by X-ray crystallography to be free of 
benzylpenillic acid (Duffin and Smith, Pen,81)y 
while penicillin produced on a medium containing 
0.25% of hydrolyzed casein afforded a mixture of 
2-pentenyl- and benzylpenillic acids (Abraham, 
Baker, Chain, and Robinson, Pen.87), Similarly, 
strains F4 and NRRL 1249, both good producers 
of 2-pentenylpenicillin when grown in surface cul¬ 
ture on synthetic media, yielded under the same 
conditions on a lactose-corn steep liquor medium 
mainly benzylpenicillin and a little p-hydroxy- 
benzylpenicillin (Boon, Calam, Carrington, and 
Levi, CPS,4*^). Howrever, with F4 grown on casein 
hydrolysate-glucose 2-pentcnylpenicillin w^as prac¬ 
tically the sole product. Finally, NRRL strain 
832 in submerged culture on a brown sugar-steep 
liquor medium yielded almost exclusively benzyl¬ 
penicillin, while in surface culture on glucose-casein 
hydrolysate the product was mainly 2-pentenyl- 
penicillin {CPS,49), Similar results (mixture of the 
two penicillins from strain NRRL 1249 in surface 
culture, mostly benzylpenicillin from strain NRRL 
832 in submerged culture, wdth steep liquor present 
in both cases) were obtained in the Northern Re¬ 
gional Research Laboratories (Coghill, Stodola, and 
Wachtel, CMR Report, NRliL.ldy 4, November 
20, 1943). 

It was obvious from all these observations that 
the biosynthesis of benzylpenicillin takes precedence 
over that of 2-pentenylpenicillin only when certain 
constituents derived from proteins are offered to 
the mold in addition to the sugar ordinarily serving 
as the carbon source, but that their effectiveness in 
this respect depends to a marked degree on such 


factors as mold strain and culture method. That 
these constituents are actually utilized by the mold 
as building stones in this synthesis could be surmised 
from the success of concurrent experimentation 
with chemically well-defined precursor substances 
containing the type-specific R-group. The effec¬ 
tiveness of phcnylacetic acid in raising the penicillin 
titer when added to lactose-steep liquor was first 
demonstrated by Coghill, Meyer, and Ward (CMR 
Report, NRRL,16, 2, November 20, 1943). Tliis 
finding was independently confirmed and extended 
by the Glaxo workers (Smith and Bide, CPS,226; 
Smith, Bide, Duckworth, and Graham, CPS,298), 
who showed that in purely synthetic media, or such 
supplemented with casein hydrolysate, additions 
such as benzyl cyanide, /3-phenylethylaminc, phen- 
^dacetylglycine, and phenylacetamide were equally 
or more effective. On the other hand, phenyl¬ 
alanine, which could be assumed to be the ultimate 
source of the precursor substances present in steep 
liquor and other protein-derived adjuvants, had to 
be supplied at a much higher level to exert the 
same degree of stimulation as the compounds pos¬ 
sessing only two carbon atoms in the side chain 
{CPS,226), Extensive studies in the same direc¬ 
tion were also undertaken in the Lilly Laboratories. 
Although under the conditions employed (shake 
flask cultures wdth strain 832, lactose medium with 
or without steep liquor) phenylacetic acid and 
phenylacetamide were found to be ineffective 
(Lilly,L. 15, M] 14 i'^] 16*,l;20,\), marked improve¬ 
ment of the penicillin titer resulted from the addi¬ 
tion of certain other simple amides of phcnylacetic 
acid, and of N-phcnylacetylamino acids, notably 
N-phcnylacetyl-nn- and l- valine (Lilly, L,13, 14; 
14 , V, 16, V, 20, \). 

Proof that benzylpenicillin was the entity which 
accounted for the increased penicillin yields realiz¬ 
able in this manner was quick to follow. Working 
with material supplied by the Glaxo Laboratories, 
the Imperial College group, showed by chromato¬ 
graphic fractionation followed by conversion of the 
active fractions to the respective penillic acids that 
strain 1249 on a synthetic medium supplemented 
by phenylacetamide produced benzylpenicillin to 
the extent of 60% of the total activity but no de¬ 
monstrable amount of 2-pentenylpemcilUn, whereas 
in the absence of the precursor mainly the latter 
penicillin was formed (Arnstein, Catch, Cook, and 
Heilbron, CPS,377), Qualitatively similar, though 
less clear-cut, results had previously been obtained 
with material produced by the ‘‘Glaxo*’ strain 
(Catch, Cook and Heilbron, CPS,291), Absolutely 
rigid proof for the utilization of the phenylacetic 
acid moiety of N-phenylacetyl-DL-valine for the 
biosynthesis of penicillin was furnished later by the 
Lilly group {L,28, 2) by means of the isotope tracer 
technique. The substrate was labelled with deu¬ 
terium in the acyl substituent and with in the 
valine portion* The concentrations of the isotopes 
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in the isolated benzylpenicillin indicated that the 
type-specific phenylacetyl group had been inserted 
into the molecule while the valine portion had failed 
to be utilized. 

Meanwhile studies aiming at the elucidation of 
the stimulating effect of corn steep liquor, and 
particularly the identification of the specific 
precursor substances presumed to be present, had 
been in progress in the Laboratories of British Drug 
Houses Ltd. It was found that the activity in 
question was dialysable and could be dissociated 
into a fraction replaceable by casein hydrolysate 
and a more specific factor which had the properties 
of a volatile base (Stack, Stew^art, and Mead, 
Pen A 22^ 127^ 133)^ and was subsequently identified 
as /5-phenylethylamine (Mead, Stack, and Stew^art, 
CPS.275; PenASS). It may be concluded from 
these findings that this compound is the precursor 
substance chiefly responsible for the occurrence and 
often prevalence of benzylpenicillin in steep liquor- 
supplemented fermentation broth. This base, as 
well as the accompanying tyramine (PenA38)^ arises 
in all probability during the fermentation process by 
which steep liquor is obtained from maize protein by 
microbial decarboxylation of phenylalanine and 
tyrosine, respectively. As the unaltered amino 
acids arc apparently not utilized by the mold to any 
marked degree for penicillin synthesis, an explana¬ 
tion is thus at hand for the greater effectiveness of 
corn steep liquor as compared with simple protein 
hydrolysates. 

Isolation Procedures. In the treatment of this 
subject the reviewer was necessarily guided by the 
intent to consider it from the historical point of view^ 
rather than from that of the present-day utility of 
the methods described, 11 need only be pointed out 

in this connection that it is now possible, with the 
aid of precursors, to manufacture commercial 
sodium salts which represent 00-70pure benzyl¬ 
penicillin and w^hich can be readily crystallized 
directly, whereas the cnide salts produced early 
in 1943 by the submerged culture process rarely 
contained more than 20% of penicillin, not all of 
w^hich w'as benzylpenicillin. A good deal of the 
material presented in this section is therefore ob¬ 
solete in actual practice, and some of the data given 
in the experimental parts are of limited value, since 
they would be strictly reproducible only with the 
particular, and not always well-defined, starting 
materials used in those early investigations. 

A description of the initid purification steps may 
be dispensed with, as these are applicable to all 
penicillins and are now more oi* less a matter of 
common knowledge. It may suflSce to mention 
that the present large-scale processes are based 
either on transfer of the free penicillinic acid 
through water-immiscible solvents with inter¬ 
mediate re-extraction by buffers, or adsorption from 
the broth by charcoal and elution with aqueous 
acetone, followed by one or more solvent extraction 


steps. The penicillin salts thus prepared and used 
as starting materials in the early isolation work 
rarely assayed more than 200 units/mg., and 
chromatographic methods proved to be indispensa¬ 
ble for further purification. Of the great variety of 
adsorbents and procedures explored, only three 
have found successful practical application. 

Purification by Chromatogkapiiing on Alu¬ 
minum Oxide. The usefulness of activated alumina 
for chromatographing penicillin was first demon¬ 
strated by the Oxford group (Abraham, Chain, 
Fletcher, Gardner, Heatley, Jennings, and Florey; 
Lancet, 177 (1911); Abraham and Chain, 

Nature, 1^9, 328 (1942); Abraham, Chain, and 
Holiday, Brit. J. Path., 23, 103 (1912)). In the 
practice of these workers the free acid in ether solu¬ 
tion was adsorbed on the alumina. The two Ameri¬ 
can groups employing chromatography on this 
agent for routine purification (Merck, Squibb) 
found it preferable to apply the active material in 
form of the sodium salt. The earlier procedure 
of Merck, in which w^atcr w^as the solvent for 
adsorption as well as elution, w^as eventually super¬ 
seded by one in which the salt was adsorbed from 
95% acetone and eluted from the sectioned column 
wdth buffer (Wintersteiner, MacPhillamy, and 
Menzel, Squibb Institute, Report of November 1, 
1942 , 13). By the end of 1942 this method afforded 
surface culture penicillin of a high degree of purity, 
and later, when applied to submerged culture ma¬ 
terial, similarly potent fractions from w^hich the 
first crystals of sodium benzylpenicillinate were 
obtained. It has also been successfully employed 
for the purification and isolation in crystalline form 
of sodium 2-pentenyl penicillin ate (Squibb, S.5, 7), 
and of the penicillin i:)roduced by Aspergillus jlavus 
(Squibb, S.I 4 , 7). However, in work with ^pen- 
tcnylpenicillin from surface culture broth consider¬ 
able loss of activity was sustained (Dutcher, Mac¬ 
Phillamy, Stavely, and Winterst.einer, S.Sa, 5), and 
attempts to apply the method to material rich in 
n-hcptylpenicillin have failed for the same reason 
(Squibb Institute, post-contract work). In gen¬ 
eral it would seem that the penicillins possessing 
an aliphatic R-group are more readily inactivated 
on the alumina surface than benzylpenicillin. To 
what extent the latter penicillin suffers irreversible 
damage on the alumina column is difficult to say. 
The recovery of total activity from the sodium salts 
used for the routine preparation of crystalline 
material ranged between fiO and 80%. It is quite 
possible that much of the loss represents destme- 
tion of less stable penicillins, and that this in turn 
accounts for the ease with which pure benzylpenicil¬ 
lin can be secured from the active product recovered 
from the column. 

Adsorption on Alumina (MacPhillamy and Wintersteiner, 
S.S, 1; 17, 1). Sodium salts of potency 300 U/mg. or 
higher can be used directly for the chromatographic pro¬ 
cedure in 95 % acetone, without previous chromatographing 
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in aqueous solution. With some of those preparations, par¬ 
ticularly those of high p(»tcncy (700 U/ing.), the distribution 
of acti\ity in the chromatograph it! fractions was somewhat 
dilTcrent from that previously des(!nbcd. Instead of the 
two lower bands mentioned previously, only one intensely 
yellow band migrated downwards on washing with acetone. 
Since this baml contained very active material, we have 
followed the practice of eluting it with bulTer after cutting 
the column, instead of washing it out with acetone from the 
intact chromatogram. Aftc'r conversion into the sodium 
salt this fraction generally assayed 1,200-1,400 U/mg. The 
long, nearly colorless zone following this band in some 
experiments likewKsc yiehled material of high activity, and 
when this was the case, it was combined in the bulTer stage 
with the fraction obtained from the yellow active band. 
The other chromatographic fractions were con.siderably less 
active. Description of a tyi)i{!al experiment follows. 

The adsorbemt was prt'pared from commercial aluminum 
oxide (“2-350 ('atalyst Powder,” Harshaw Chemical ('o., 
Cleveland, Ohio). A suspension of 50 kg. of this in 30 I. of 
water was stirred and allowed to settle. The supernatant 
(/)H 10 ) was siphoned ofT and replaced by fresh water. 
Concentrated sulfuric acid was added in portions, with 
stirring, until the pH of the suspension was 4.0; 1-1.5 1. of 
the acid were required, .\fter settling and decatitation tlie 
alumina was repeatedly washed with water (stirring) until 
the supernatant was practieally free from sulfate ions and 
showed a pH of 4.4-4. 6 . The material was then liltereJ and 
dried at 150® for 48 hours. 

The penicillin employed was the sodium salt from sub¬ 
merged culture broth fermented with NRIIL strain 832 on 
brown sugar-corn steep liquor medium, purified by multiple 
solvent extraction (amyl acetate-chloroform-ether). A solu¬ 
tion of 5 g. of this salt (700 U/mg.) in 50 cc. of 95 % acetone 
was passed through a column 4 X 30 cm. of the adsorbent. 
Washing with 95% acetone was continued until the low 
yellow band was near the bottom of the column. 

Fraction 1 (filtrate, 1st 750 cc. acetone): 180 U/mg. 
Fraction 2 (filtrate, 2nd 750 cc. acetone); 250 U/mg. 

The column was cut into four sections, and each of these 
was eluted separately witli pH 7 phosphate buffer. The 
potency of buffer-extracted matijrial wjis based on determi¬ 
nation of cthcr-cxtractable (pH 2) solids in ahquots. 

Fraction 3 (top band, brown): inactive 

Fraction 4 (band immediately below 3, orange): 475 U/rag. 
Fraction 5 (long zone, nearly colorless): 1400 U/mg. 

Fraction 6 (bottom band, yellow): 1200 U/mg. 

Fractions 5 and 6 were combined and converted into sodium 
salt: 1.1 g., 1,350 U/mg. Fraction 4 was combined with 
similar material from other batches and rechromatographed. 

This procedure was found to be well reproducible with the 
high grade sodium salts now available. In repeating it on 
material of 1,200 U/mg. from a previous acetone chromato¬ 
gram, banding and distribution of activity were roughly the 
same except that the lower yellow band (Fraiition 6 ) wjis 
considerably less active than the nearly colorless zone 
(Fraction 5). Fractions 5 and 0 in the buffer stage assayed 
1,800 and 850 U/mg., respectively. The same figures were 
obtained on the corresponding .sodium salts. 

In the later routine procedure 25-30 million units of com¬ 
mercial sodium salt (7(K)-1,000 U/ing.) were applied in 
150-200 cc. of 95% acetone to columns 6 X 00 cm., pre¬ 
pared by sludging about 2.5 kg. of alumina in 1.5 1. of the 
same solvent. The distribution of the colored bands and 
zones after development was generally as described in the 
example. W'ashing with 95 % acetone is discontinued when 
the orange-yellow band corresponding to fraction 4 above 
has traveled two-third.s of the column length. By that 
time, the yedlow bottom band, which, contrary to the above, 
was later found to contain little activity, has usually passed 
into the filtrate. The column is sucked nearly dry and cut 


into three sections: ( 1 ) the narrow dark-brown top band, 
which is discarded; ( 2 ) a broad, more diffu.se brownish band 
below ( 1 ) comprising about H <>f the remaining column 
length and cont.aining 10-40% of the starting activity 
(“upper fraction”); (3) the remainder of the column, con¬ 
taining 40 60% of the starting activity (“lower fraction”). 
Klution of the two active fractions is effected with about 
two voluiiK's 0.2 M phosphate buffer of pH 7 (stirring) fol¬ 
lowed by cxtniction with tfic same volume of water, and 
n^peating the alternate washing with btiffer arul water three 
times. The combined filtrates from each fraction arc con¬ 
verted into sodium sails in the usual inanruT. The salt 
from the “lower fraction,” usually assaying from 1,000 to 
1,300 U/mg., is crystallized as described in a following 
section. 

Purification by Two Liquid Phase Distribu- 
TioN Chromatography on Silica. Thi.s method, 
which in principle is bused on a procedure originally 
develoiied by Martin and Synge (Biochem, J., 35j 
1358 (1941)) for the separation of acetylated amino 
acids and was first applied to penicillin by the Im¬ 
perial College group (Heilbroii, Cook, and Catch, 
Pcn.24 (F), 3; 1), who used a suspension of alkali 

or alkaline earth Carbonate on silica gel. Its range 
was greatly extended by a modification introduced 
by Imperial Chemical Industries (Boon, Calam, 
Gudgeon, and Levi, I.C.L, Report of January 5, 
194S) in which the adsorbed phase was a concen¬ 
trated buffer solution. By this means a chromato¬ 
gram capable of full development was obtained. 
The silica gel method has a wider range of applica¬ 
bility than the aluminum method, since it is less apt 
to cause inactivation and therefore permits the 
separation of two or more iicnicillin species occurring 
in mixture. Its utility in the latter respect is well 
exemplified in an Imperial Chemical Industries 
report (Boon, Carrington, and Levi, CPS.61) which 
describes the separation and isolation, as the crys¬ 
talline sodium salts, of benzyl- and 2-pentenylpeni- 
cillin; a third component present, p-hydroxybcnzyl- 
penicillin, was isolated as the pcnillic acid. Similar 
separations recorded by the Imperial College 
group {CPS.S91; 377) j were performed in connection 
with the precursor work, and in numerous other 
instances where the isolation of benzylpcnicillin 
was not the primary objective. Crystalline prep¬ 
arations of this penicillin were first realized by 
means of this method in the Abbott Laboratories 
(AJ,8). 

Liquid Phase Distribution. The following is condensed 
from the description of a representative experiment (Abbott 
Laboratories, private communication). 

The peni(!illin sodium salt used as starting material was 
produced by strain 832 in submerged fermentation with 
corn steep liquor. The. potency of the dry salt was 412 
U/mg. The aqueous solution (733 ml., 11,730,000 units) 
w^as cooled below 5® and brought to pH 2.0 by the addition 
of 100 ml. of 30% H 1 PO 4 . Tlie ptenicillin was extracted 
with three 500 ml. portions of ether. The combined ether 
extracts contained 10,880,000 units. 

The column was prepared from 1,870 ml. of concentrated 
phosphate buffer of pH 6.2 and 2,345 g. silica gel. The 
ether solution was poured into this column. Development 
was accomplished by means of successive 3,000 ml. portions 
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of ether containing 1, 2 and 2}4 % methanol. The 

filtrate was collected in 3 liter portions. The penicillin was 
extracted from these by means of pH 7.0 buffer solution. 
The column was dividend transvers<?ly into (M mrn. portions 
and the penicillin extracted from these by pH 7.0 buffer. 

Five filtrate fractions (5--1) and 12 filtrate fractions 
(0-17, sequence from top of column) were thus obtained. 
Fractions 6 and 7, which included some colored bands and 
*om!8 at the top of the chromatogram, contained together 
600,000 \mits, probably mainly p-hydroxybenzylpenicillin. 
The following three fractions faintly yellow) ac¬ 

counted together for 5.89 million uriit.s (50% of .starting 
activity, mo.stly bcnzylpcnicillin). Ilie remainder of the 
column fractions contained 1.93 million units, probably for 
the most part 2-pent.enylpenicillin, and the filtrate 759,000 
units (po.ssibly w-heptylpenieilli,n). A total of 9.08 million 
units, or 84.3% of tJie activity applied to the column, were 
recovered. 

Fractions 8, 9 and 10, eon.sisting mainly of benzylpenicillin, 
wore combined with corresponding fra(‘.tions from two 
similar experirnent.s, all on maternal from the .same lot. The 
penicillin (10.98 million units) wa.s extracted into chloroform 
and poured into a column pn'pared from 493 ml. of concen¬ 
trated buffer (plJ G.2) and 617 g. of .silica gi‘l. J )eveIopment 
was with successive portions (1.5 liters eacli) of chloroform 
containing 1,2 and 3 % metlianol. The column was divided 
a.s before. Tlur bulk of the activity (9. IS million units‘ was 
recovered in C(»luinn fractions 7, 8 and 9. The last two 
column fraction.s (12 and 13) and th(‘ filtratfr c.ontainc'd no 
activity. Fractions 7, 8 and 9 wer(j combined, (extracted 
into ether and converted to sodium .salt. Tlie yield was 
4.89 g. of dry salt having a potency of 1,450 U/mg. This 
was readily cry.stalliz(*d in the usual manner to give pure 
sodium bonzylx)niiicillinate. 

Pdrificatjon by Fractional AnsoiirTioN on 
Charcoal. The use of charcoal for adsorbing peni¬ 
cillin directly from the broth is doscrilied in several 
early (1942) reports (Pope and Stevens, cllcome 
Research Laboratories, PenJ (F); Clayton* and 
Hems, Glaxo Laboratories, Pen.7 (F); PeiiJ) (F); 
PenJG (F); cf. also Clayton, Hems, Robinson, An¬ 
drews, and Hunswick, Biochem.38^ 452 (1944)). 
Aqueous acetone (20%) was found most suitable for 
elution. Various large scale modifications of this 
method are now being used in the manufacture of 
penicillin. Its usefulness also in the higher stages 
of the purification process, particularly for the 
isolation of crystalline material, has been demon¬ 
strated by the Pfizer investigators {PJ~4y 3 ff.). 
In the method finally adopted elution was effected 
by water saturated with ether. 

Adsorption on Charcoal (Pfizer, P./, 3). As a starting 
material in this process a solution of penicillin salt con¬ 
taining 1,000 Oxford Units per ec., prepared from the usual 
commercial production, was employed. The commercial 
product when dried had an activity of 350-500 Oxford 
Units per mg. One liter of the above solution containing 
one million Oxford Units of penicillin was treated with 
10 grams of Nuchar C-250A, added in three succc.s.sive por¬ 
tions of 3 g., 4 g., and 3 g. respectively. After each treat¬ 
ment with Nuchar, the solution was stirred for 15 mimite.s 
at room temperature and filtered. The charcoal portions 
were combined and eluted with a mixture of 500 cc. of dis¬ 
tilled water and 200 cc. of peroxide-free diethyl ether by 
stirring for 20 minutes and filtering. The charcoal was then 
washed with a mixture of 250 cc. of distilled water and 
100 cc. of ether. The combined filtrate was cooled to 0°, 
adjusted to pH 2 and extracted four times wdtli 100 cc. of 
peroxide-free diethyl ether. 


The combined ether extracts ivere shaken with a few 
grams of anhydrous sodium sulfate and <lecanted. This 
ether solution was then extracted with small portions of 1 % 
aqueous sodium bicarlionate solution until the l-ist aqueous 
portion had a pH of 6.5. All the aqueous extracts were 
then combined arul adjusted with 1 % sodium bicarbonate 
solution to pU 6.5, and dried from a frozen state in a 
vacuum of less than 1 mm. of nuacury. 

Th(i dried sodium .salt .so prepared sliould a,ssay about 
75-80% pure. The yield was usmilly about 75%. 

Crystallization and Properties of the Sodium Salt. 

The successful isolation of pure sodium benzyl- 
penicillinatc in the Squibb Institute was occasioned 
by tlie observation that a highly potent but hygro¬ 
scopic and pigmented sodium salt, o))tained by 
chromatographing on alumina of submerged culture 
penicillin, after being dissolved in dry acetone 
rapidly deposited a semi crystal line product which 
contained sulfur in the proportion IS: 2N: 4(.): INa 
(MacUhillamy, W intersteiner and Alicino, Squibb, 

5.3, 4). This material could be readily rocrystal- 
lized from methanol-ethyl acetate and then showed 
the analytical compo.sition Ci 6 lIi 704 N 2 SNa. The 
biological potency (2,000 U/mg., later revised to 
1,050) remained unchanged on repeated recrystalli¬ 
zation. These r(\sults were immediately communi¬ 
cated to the Mei*(^k investigators and confirmed by 
them (Merck, Report of August 18, 194Sy p. 3). 
Any remaining doubts as to the correctness of the 
monomeric^ formula suggested by the elementary 
analysis were dispelhul by tlie determination of the 
molecular weight, which was carried out in the 
Merck Laboratories (Merck, Report for September 

194 . 3 , Phys. ('horn. Part; also M.S, 7). The 
cryoscopic measurement in \vater, in which the 
salt was assumed to be completely dissociated, 
gave 331 for the anion, in excellent agreement with 
the calculated value (333). 

Later in 1943 the crystallization of the sodium 
salt was independently achieved in the Pfizer and 
the Abbott Laboratories (Pfizer, P.1,4; Abbott, A.I, 
8 ). 

Solubility. Sodium bcnzylpenicillinatc is fairly 
readily soluble in methanol, much less so in ethanol, 
and sparingly soluble or practically insoluble in 
isopropanol and n- and /-butanol, acetone, methyl 
ethyl ketone, dioxane, ethyl acetate and pyridine. 
The solubility in the latter solvents is greatly 
enhanced by the presence of small amounts of water, 
a fact which is utilized in the current recrystalliza¬ 
tion procedures, '^llms the salt is conveniently 
rccrystallized by dissolving it in the minimum 
amount of 90% acetone and adding an excess of 
the absolute solvent (Abbott, A.l, 9). A similar 
procedure, using wet n-butanol, is described in the 
experimental part (cf. Plate I, showing crystals 
obtained in this manner). A few quantitative 
solubility data in terms of units/cc. have been 
reported by tlie Glaxo group (Smith, Bide, and 
Graham, CPS,687), Computation on a weight 
basis gives the following values: 
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Solvent 

Water content 
per cent 

°C 

Solubility 
mg./lOO cc. 

Acetone. 


0 

6.0 

Acetone. 

0.5 

0 

15.6 

Acetone. 

1.0 

0 

31.0 

Methyl ethyl ketone.. 

— 

0 

2 4 

Dioxane. 

— 

14 

15.0 

n-Biitanol. 

— 

0 

81.0 


Specific Rotation. The reported values for 
in water (c = 0.3 to 1.0) vary between 
+285*^ and +312®. No consistent trends as to 
dependence on temperature or concentration are 
recognizable from the available data. No doubt 
impurities, varying in kind and amount, are in part 
responsible for the discrepancies. Based on the 
figure +301® (c == 2.0) reported for the 

International Standard preparation (NRRL, 

3), the molecular rotation is 107,200, which is in 
good agreement with the values calculated from 
the rotations of some pure organic base salts 
described further below (N-ethylpiperidine salt, 
106,500; N-methylpiperidine salt, 105,500; N-ethyl- 
morpholine salt, 106,800). Since the molecular 
rotations of all penicillins are of approximately the 
same magnitude, they cannot be distinguished from 
each other by this criterion. 

The specific rotation for the Hg line at 5,463 A of 
a sample showing [ajD +294® was +368® (0,30% in 
water) (Merck, Report for September 1943, Phj^s. 
Chem. Part, p. 1). 

Ultraviolet iinsoRPTioN Spectrum. The ul¬ 
traviolet absorption curve of sodium benzylpeni- 
cillinate in aqueous solution shows three weak 
bands at 2,520, 2,575 and 2,640 A (Em about 300, 
240 and 180, respectively) superimposed on the end 
absorption which is common to all penicillins. It 
was at once apparent to the first observers that 
these bands originated in a phenyl group and hence 
were referable to the phenylacetic acid which had 
been previously isolated from hydrolysates (Mac- 
Phillamy, Wintersteiner, and Alicino, S.S, 6; Merck, 
Report for September 1943, Phys. Chem. Part, p. 2). 
The curve reproduced in Figure 1 is taken from the 
Pfizer report P.f, 6. Other graphic representations 
of measurements on aqueous solutions can be found 
in reports from Upjohn (UJl, Fig. 1) and Shell 
{Sh.2, Fig. 3). Freshly prepared methanolic solu¬ 
tions give a better differentiation of the phenyl 
bands, and in addition show a fourth minor peak 
at 2,675 A, but extensive changes due to methanoly- 
sis soon set in (Shell, Sh.2y Fig. 4). On the other 
hand, in 95% ethanol solution the characteristics 
of the curve are not materially different from those 
observed (International Standard preparation) 
in aqueous solution (Coghill, CM, 2). 

The absorption curve of sodium bcnzylpenicillin- 
ate differs from that of sodium 2-pentenylpenicillm- 


ate not only by the presence of the phenyl bands 
but also deviates from the latter in the region 
below 2,500 A in that the extinctions are consider¬ 
ably higher, increasingly so as the wavelength 
decreases (Lilly, L.28, Plate I, Fig. 1). This is 
ascribed, on the basis of the /9-lactam formula, to 



Figure 1. Ultraviolet absorption curve of sodium benssyb 
pcnicillinate, 0.905 mg./cc., water (Pfizer, Table II). 


changes in polarization of the molecule originating 
in the phenyl group and in turn affecting the con¬ 
tribution of the latter to absorption in this region 
(Lilly, 10; 28, 7), 

It is not feasible to utilize the phenyl bands for 
the quantitative determination of benzylpenicillin 
in crystalline mixtures containing pentenyl- or 
heptylpenicillin because the end absorption inter¬ 
feres with their quantitative evaluation. However, 
by treatment with 0.01 N NaOH (hydrolysis to 
penicilloic acid, which causes a shift of the end 
absorption part towards shorter wave lengths) and 
proper timing of the measurement, this interference 
can be minimized to such an extent that quantita¬ 
tive comparison with phenylacetic acid standards 
becomes possible (Lilly, LAI, 7, 8). 

On standing at room temperature aqueous solu¬ 
tions of the sodium salt develop a weak band 
around 3,200 A (Dutcher, MocPhillamy, Stavely, 
and Wintersteiner, 8A, 12; Merck, MJ2c, 19), 
which is undoubtedly due to the formation of small 
amounts of benzylpeniciUenic acid. To judge by 
this criterion, this isomerization product frequently 
occurs also as an impurity in crystalline sodium 
salt preparations—^for instance, in the International 
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Standard (cf. Coghill, 2; Merck, M.9^ 2; 

Shell, Sh,2, 6). A weak band in the region 2,700- 
2,800 A, usually evident only as a shoulder, may be 
indicative of the presence of some p-hydroxybenzyl- 
penicillin (Coghill, C.21j 2; cf. also Shell, Figs. 
3, 4). However, it should be noted that one of the 
isomeric forms of penicilloic acid, penamaldic acid 
(cf. Chapter XIV, p. 428), likewise shows selective 
absorption around 280 m^i. 

Stability. Compared to the highly potent 
amorphous products from which it is obtained, 
sodium benzylpenicillin is surprisingly stable in the 
solid state. It withstands heating at 100® for 
several hours without losing activity (Squibb, S.i, 
3; Abbott, 1), and at room temperature, when 
protected from moisture, it retains its potency 
for periods of a year or longer. This is undoubtedly 
connected with the fact that the crystalline material 
is anhydrous and not noticeably hygroscopic under 
ordinary atmospheric conditions, whereas the im¬ 
pure products contain hygroscopic impurities from 
which the water cannot be completely removed by 
drying. Sodium benzylpcnicillinate, in contradis¬ 
tinction to sodium 2-pentcnylpenicillinate, showed 
no tendency to form a h^^drate at 20° until a rela¬ 
tive humidity of 05 was reached; water uptake 
above this point resulted in partial inactivation, and 
no solid hydrate could be obtained (Melvin and 
Schieltz, 3). 

That hydrolysis by the water present in com¬ 
mercial sodium salts and held there by hygroscopic 
impurities may not always be the sole factor respon¬ 
sible for the slow decline of potency shown by such 
preparations is evident from an interesting study 
of the Imperial Chemical Industries group (Boon 
and Leigh, CPS.JfiO) which deals with a specific 
organic inactivator present in lactose-corn steep 
liquor fermentation broth. It was observed that 
this factor could not be extracted at pH 2 with 
chloroform, and in the silica partition chromato¬ 
gram preceded the main penicillin fraction. Even¬ 
tually the substance was isolated and identified as 
p-hydroxyphenylacetic acid. In form of its sodium 
salt it is capable, in the presence of traces of water, 
of bringing about rapid inactivation of pure sodium 
benzylpenicillinate under conditions wdiich per se do 
not affect its potency. For instance, when an 
intimate mixture of 2 mg. of sodium benzylpenicil¬ 
linate and 1 mg. of sodium p-hydroxyphenylacetate, 
prepared by lyophilizing an aqueous solution of the 
components under O.l mm., was subjected to a 
temperature of 70° for six hours, about 15 per cent 
of the activity was lost. Under the same condi¬ 
tions, with 4 mg. of the inactivator the loss was 
60%, and with 8 mg., 95%. The rate of deactiva¬ 
tion is therefore directly proportional to the amount 
of sodium p-hydroxyphenylacetate present. The 
^mechanism of this effect is unknown. It is note¬ 
worthy that calcium salts of penicillins do not 
undergo this type of inactivation, and that the 


inactivator does not seem to influence the stability 
of sodium salts in dilute aqueous solution. 

Active Hydrogen Determination. The de¬ 
termination of the active liydrogen by the Zere- 
witinoff method gave values of 2.5 and 2.0 for the 
free acid (Merck, MJ, 11; M,6y 5) and 1.7 for the 
methyl ester (Merck, M.l^b, 2). In the light of our 
present knowledge these figures are too high, 
probably in consequence of secondary changes 
brought about by the Grignard reagent. A more 
rational figure was obtained by using tlie much 
milder method of exchanging active hydrogen 
for deuterium (Cornell Biocli., D.lly 1). Sodium 
benzylpenicillin was equilibrated with heavy water, 
the solution lyophilized, the residue back-equili¬ 
brated with ordinary water, and the deuterium 
content of the latter measured. The deuterium 
thus exchanged corresponded to one atom per mole. 

Crystallization of Sodium Benzylpenicillinate (Mac- 
Phillamy, Wintersteiner, and Aliciiio, Squib)) Institute, 
4 ff.). Tlie Iiighly active fractions (1 ,'100-1,700 U/ing.) 
from the acetone cliroinatograins wore still dark yellow and 
fairly Iiygroscopic. When such fractions, thoroughly dried 
over PaOb, were treated with absolute acetone (40 parts), 
they formed on first contact with the solvent an orange- 
colored gum which seemed to dissolve almost completely 
on stirring. After 5-10 seconds a nearly colorless granular 
precipitate separatcfl very rapidly, which could be washed 
with dry acjetone without going into solution. 'Ihe dried 
material was a buff-colored powder which represented about 
80% of the weight of the starting material and possessed 
equal or slightly higher potency. Three separately pre¬ 
pared batches of s\ich material assayed 1,700, 1,7‘io and 
1,790 U/mg. (averages from three assays), respectively. 
These preparations, after drying in vacuo over P-iOs, re¬ 
mained absolutely weight constant in laboratory air over 
long periods. A sample dried in vacuo at 60° for several 
hours showed no weight loss. In contrast, the material 
remaining in the acetone solution was highly pigmented, 
extremely hygroscopic, and of low potency (600-700 U/mg.). 

A representative preparation of acetone-insoluble ma¬ 
terial was highly dextrorotatory (-f275° in water) and showed 
only slight absorption in the ultraviolet region (low flat 
band at 320 rn/u, Eiom.H » 8.0; minimum at 290 m/i, 
E «« 6.0, followed by end absorption, E at 230 mg « 34). 
It was found to contain sulfur. 

Found: C, 52.83; H, 5.23; N, 7.89; S, 9.04; Na, 6.48 

The comparative constancy in the composition of the 
sodium salts suggested that they were nearly homogeneous 
chemically. Indeed, the first attempt to cry.stallize such a 
preparation succeeded. A solution in ethanol on gradual 
addition of excess acetone deposited partially crystalline 
material, which assayed 1,850 U/mg. (average of 3 deter¬ 
minations). Rosettes of well-developed, slightly yellow 
needles were also obtained by slow ('evaporation of an alco¬ 
holic solution (200 mg. in 10 cc.). For recryatallization, the 
acetone-insoluble fraction was dissolved in a small volume of 
methanol (in which it is much more soluble than in ethanol), 
and treated gradually with about 5 volumes of ethyl acetate. 
The products thus obtained were entirely (?ry8talline (ro¬ 
settes of clear-cut needles) but still slightly yellow. Assay of 
such a preparation gave 2,010 U/mg. (average of 3 deter¬ 
minations). Two subsequent recrystallizations afforded 
crystals which were nearly colorless. Assay of this prepara¬ 
tion gave the following figures: 2,143, 2,020, 2,000; average 
2,055 U/mg. Since the potency of the crystals was not 
materially changed by two recrystallizations, we believe that 
they represent essentially pure penicillin in form of the 
sodium salt. 
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The compound melted fairly sharply at 216® with charring 
and decomposition. Its specific rotation was +295® 

(in water). The compound was dried for analysis in vacuo 
over PjOi at 66® for one hour. 

Calc, for Ci6H,704N2SNa: 

C, 53.92; H, 4.81; N, 7.86; S, 9.00; Na, 6.45 
Found: C, 53.63; H, 4.93; N, 7,94; S, 8.89; Na, 6.52 

Like the acetone-insoluble fraction, the crystalline sodium 
salt is not hygroscopic. The stability on prolonged contact 
with organic solvents such as ethanol, acetone, or the metha¬ 
nol-ethyl acetate mixture used for recrystallization, seems 
to (extend also to the solid state, as a sample kept for 24 
hours at 190® in air lost no activity. 

'I'he absorption spectrum of the analyzed preparation 
showed the following characteristics: There is no appreciable 
absorption above 275 ium. Below this wave length the curve 
ri8e.s to form “hats” around 262 nipi (Eicm'"® » 6.2) and 
around 257 m/jt (E « 8.0) followed by end absorption (E at 
235 niM = 34), The “hats” indicative of maxima at 262 
and 257 in^ may be associated with phonylacetic acid, 
the spectrum of which in water exhibits maxima at 263 m/:*, 
c *= 160, and 257 ni/x, c « 200. 

With the original method of crystallization (methanol- 
ethyl acetate) it was difficult to remove completely the 
traces of ytdlow pigment adsorbed at the crystal.s. The 
following procedure (Dutcher, MacPhiihimy, Stavely, and 
W intensteiner, aS.Su, 1) was found to yield almost colorless 
crystals directly from the acetone-insoluble fraction: The 
latter (3.8 g,) was dissolved in a minimum (3.0 cc.) of water. 
70 cc. of w-butanol were added and the resulting solution 
was filtered through a bed of charcoal. On standing over¬ 
night in the refrigerator the salt crystallized in long white 
needles. Additional cry.stalline material could be recovered 
by concentrating the mother liquor in vacuo at 40° (total 
yield 4.1 g.). One recrystallization in the same manner, 
but with omission of the charcoal, yielded a practically pure, 
perfectly white preparation. 

The yield of pure crystals from the technically produced 
sodium salts depends primarily on their potency. Good 
preparations (600 IJ/mg.) yielded 40-50% of the activity in 
the acetxjiie-insoluble fraction, and by reworking the mother 
liquor from the latter, total yields of 8-11 % of the original 
weight, or 20-25% of the activity, were obtained in form 
of the rccrystallized salt. 

The specific rotation lah, in water of the purest samples was 
between +300 and 305® (samples dried at room tempera¬ 
ture). For example: 



c 

t 

1«1d 

1. Rccryst. 2 X MeOII-Et acetate 

0.952 

25° 

+306® 

Recryst. again from same sol¬ 
vents. 

0.821 

25° 

+305® 

2. Recryst. 2 X HgO-butanol. 

0.808 

22° 

+302® 


Determination of Active Hydrogen Atoms in Sodium 
Benzylpenicillinate by Means of Deuterium (Cornell Bioch., 
DAI), The general procedure devised for the determina¬ 
tion of labile hydrogen in penicillin and related compounds 
consists in dissolving the compound to be analyzed in heavy 
water, allowing the solution to stand a certain length of time 
(“exchange time”), lyophilizing the solution, and dissolving 
the deuterium-containing residue in ordinary water. This 
solution is allowed to stand for the same length of time used 
with the heavy water and is then lyophilized. The col¬ 
lected water is analyzed for deuterium by the falling drop 
method. 

Preliminary experiments on the determination of labile 
hydrogen in urea and glycine gave results in good agreement 


with the expected values. An initial experiment in which 
a sample of crystalline sodium benzylpenicillinate was 
treated with heavy water at room temperature for 10 minutes 
yielded a value of 1.27 labile hydrogen atoms. Further 
experiments on this sample with exchange times of 1 hour 
and 24 hours yielded values (1.24 and 1.22 atoms, respec¬ 
tively) which did not increase as would have been expected 
if the fractional values were due to slow enolization. It 
was found that the high values obtained were due to incom¬ 
plete drying of the amorphous deuterium oxide-treated 
samphis in vacuo at room temperature. By completing the 
drying of the sample at 100° m vacuo for 45 minutes, a value 
of 1.02 labile hydrogen atoms was obtained. However, 
in vitro assay of this sample indicated a 40% loss of peni¬ 
cillin activity, due probably to its standing at room tem¬ 
perature in water solution for over 48 hours. 

Fresh samples of crystalline sodium benzylpenicillinato 
wdien treated with heav^y water for periods of 15 minutes, 
1 hour, and 3 hours, and drifjd at room temperature and 
then at 100° for 45 minutes, yielded vahie.s of 1.07, 1.00 and 
1.01 atoms. rc.speetively, of labile hydrogen. The re.siduos 
showed full vn intro penieillin activity as tested with B, 
»vbt I is by the plate method. 

From the foregoing results it is po.ssiblc to corudude that 
the sodium henzylpenieillinate molemde contains one labile 
Iiydrogen atom. Benzyl])enieilliiiic acid therefore contains 
two labile liydrogen atoms. 

pRocKuriiK AND I)at\. FiTcon to 50 mg. of compo\ind 
\v€*re dissidved in approximately 500 mg. of 91^5% DaO. 
The solution was alhwed to stand at room ternporatnre for 
a definite time interval and then was frozen and lyopl.ilized. 
The rcsiflue was dried overniglit in v.iciio at room tompiTa- 
ture, and then in some cases, 45 minutes at 100" invfciio. 
To the dried residue 200 to 500 mg. of dlstilh'd water were 
added and the solution wa.s again jdlowed to stand at room 
temperature for the same lime interval used with DsO. 
The solutijn was then frozen and lyophilizcd and the water 
wfdch was collc*(!ted in a dry-ice trap was analyzed for 
deuterium by llie falling drop method. Analytical results 
varied within the range 0.2 to 3.0 atoms per cent deuterium 
with an error of ± .02 atoms per cent. 


Sample 

Wt. 

mg. 

99.5 % 
DvO 
n»g. 

lUO 

mg. 

Ex¬ 

change 

time 

hours 

Drying 

lemp. 

®C 

AtOfr' 

% D 
fuutui 
±.02 

Labile 

hydro¬ 

gen 

atoms 

Urea. 

29.4 

602.7 

636.0 

0.26 

26 

3.01 

3 96 

Glyciijo. 

30.6 

616 2, 

635 8 

0,26 

25 

1.99 

3 04 

Na Penifillin.. 

61.6 

633.0 

611.8 

0.26 

25 

0.32 

1.27 

Na Ponicillin.. 

60.8 

518.6 

541,2 

1 

25 

0.29 

1.24 

Na Penicillin.. 

60.8 

611.7 

632.3 

24 

25 

0.29 

1.22 

Na Penicillin.. 

60.8 

572.0 

494.6 

1 

100 

0.26 

1.02 

Na Penicillin.. 

14.0 

198.3 

161.6 

0.26 

100 

0.23 

1.07 

Na Penicillin.. 

46 9 

834.0 

299.6 

1 

100 

0.38 

1.00 

Na Penicillin.. 

38.6 

708 8 

200.8 

3 

100 

0.48 

1 01 


Otiier Salts with Inorganic Cations. Besides the 
sodium salt, only the potassium salt (Squibb, S.18), 
rubidium salt (Boon, Calam, and Carrington, 
private communication; cf. CPS.S69) and am¬ 
monium salt (Merck, Report for October 194S, 
Structure Studies, 4; Squibb, S. 40 , 21) have been 
obtained in crystalline form. The magnesium, 
calcium (Pfizer, P.8, 23; no details) and barium 
(Squibb, S.S, 4, and unreported data) salts are 
amorphous. Studies on the interaction between 
heavy metal ions and benzylpenicillin .were mainly 
concerned with the inactivating effect of the former. 
Of the ions investigated (Za**, Cd’*"*', Fe++, re+++, 
and Ag+) only ferric ion precipitated penicillin 
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from the aqueous solution of the sodium salt 
(Pfizer, P.9, 3). The action of cupric sulfate 
leads to benzylpenillic acid (Pfizer, P.9, 3; Squibb, 
12) and cupric D~6-benzylpenicilloate (Squibb, 
9, and subsequent reports, see Chapter 
XVIII), while silver nitrate (Pfizer, P.19, 3) and 
silver sulfate (Squibb, 8 .21, 3) seem to bring about 
slow cleavage of the molecule, probably in the same 
manner as mercuric chloride. While these results 
leave little doubt as to the essential incompatibility 
of heavy metal ions and penicillin on prolonged 
contact, at least one biologically active heavy metal 
salt, namely a zinc salt, has been prepared by 
treatment of free benzylpenicillin in ether solution 
with a suspension in water of the metal hydroxide, 
and lyophilization of the filtered aqueous phase 
(Squibb Institute, unreported data). It was freely 
soluble in water as well as in ethyl acetate and 
chloroform, and assayed 1,250 U/mg., but gave 
unsatisfactory analyses. 

Potassium Salt (Squibb, SAH), Sodium benzylpeni- 
cilliiiHle (H7 mg.) was ronvortod to the free (U’id in the 
uj?urtl manner by ether extraction from ice cold water acidi» 
fied to y>H 2. The cotnbiruvl ether solutions fabout 50 cc.) 
were wafihed once witli water and then extracted with 2 ce. 
portions of 0.3% potassium bicarbonate solution until the 
pH of the extract ro.se to about 6.5 (about 7 extractions). 
The extracts were combined and lyophilized, yielding 130 
mg. of white amorphous material. The product was dis¬ 
solved in 1 cc. of absolute ?i-butanoI vvitli the addition of 
just enough water to efT<*ct srdution. A small amount of 
insoluble material was removed by centrifuging and 3 ec. of 
absolute n-bntanol were add(*d to the supernatant. Crystal¬ 
lization commemred immediately on scratching with a glass 
rod. After hours in the refrigerator, the crystals (fine 
needles) were filtered and washed with ab.solute butanol and 
then with ethyl acetate. The resulting 51.4 mg. were 
rccrystallized from 0.8 cc. of butanol containing 8% of water 
and 3 cc. of dry butanol. Yield, 43 mg. M.p. 214-217° 
dec. (block preheated to 200°; rate of heating, 3° per minute), 
lain** 4-285° (0.748% in water). 

Material recovered from the mother liquor was rccrystal¬ 
lized once and yielded 22.3 mg. of crystals with an 
la Id** 4310°, 0.668 % in water. This preparation was dried 
for analysis for two hours at 100°/2 mm. No weight loss 
was observed. 

Calc, for CuHaOiNiSK: C, 51.59; H, 4.60; N, 7.52; K, 10.50 
Found: C, 51.47; H, 4.65; N, 7.51; K, 10,36 

Ammonium Salt (Merck, Report for October 1943, Structure 
Studios, p. 4). An attempt was made to prepare a penicillin 
derivative with ammonia which would be similar to that de¬ 
scribed with benzylamine. Accordingly, 25 mg, of penicillin 
was converted to the free acid, extracted with ether, dried 
and the ether removed in v:icuo. The residual glass was 
treated wdth dry ethereal ammonia. Itecrystallization of 
the crude product from ethanol and ether gave blades 
melting at 120-122°. 

Calc, for CieHjiOiNiS: C, 64.68; H, 6.02; N, 11.96 
Found; . C, 54.46; H, 6.08; N, 11.88 

The analysis agrees with the calculated values for an 
ammonium salt. A sample was titrated and found to be in 
fact an ammonium salt from its titration curve. 

The animoniiim salt prepared later in the Squibb Institute 
by passing dry ammonia gas into ether solution of the free 
acid and recrystallizing the amorphous precipitate from 
80% aicetone^ry acetone melted at 137-138° (soft. 136°) 


and had [«]»** 4299° in water (Squibb, S.40f 21; analysis 
and constants only). 

Calcium Salt (Squibb, unreported data). This salt was 
obtained by extraction of an ether solution of the free acid 
(prepared from the pure sodium salt) with saturated calcium 
hydroxide solution to pH 0.5. The lyophilized product, 
which could not be crystallized, was soluble in acetone, ethyl 
acetate and chloroform. The assay showed 1,400 U/mg. 

Calc, for (C,«H,704N.S)2Ca: C, 54.4; H, 4.81; Ca, 5.66 
Found: C, 52.8; H, 4.95; Ca, 5.91 

Barium Salt (Squibb, unreported data). The amorphous 
salt was prepared with barium hydroxide in tlic same manner 
as the (calcium salt, which it resembled in its solubility 
properties. 

Calc, for (Ci6lIi70,N2S),Ba: Ba, 17.08 
Found: Ba, 17.36 

Salts with Organic Bases. A number of crystal¬ 
line salts of benzylpenicillin with organic bases have 
been described, lliey arc generally prepared by 
adding the base to a solution of free benzylpenicillin 
in dry ether. In the search for crystallizable 
compounds of thi.s type tertiary amines were given 
preference on account of their inability to attack 
the reactive ring in benzylpenicillin with tlie forma¬ 
tion of penicilloic a-amides. Since most of these 
salts, in contrast to the alkali salts, have well- 
defined melting points, they are useful for purposes 
of identification and purity control. Moreover, 
they crystallize fairly readily in the presence of 
impurities and consequently afford a convenient 
means of separating benzylpenicillin from the 
contaminating products present in commercial 
preparations. Especially the triethylaminc salt 
(Heyden, IL2, 4) found extensive application in 
isolation work; the Merck investigators {M.77, 1) 
later recommended the N-ethylpipcridine salt for 
this purpose. Among numerous other tertiary 
base salts which have been explored in this con¬ 
nection, only the N-methyl- and N-ethylpiperidine 
and N-ethylmorpholine salts have been well-char¬ 
acterized (Merck, M.77, 2). In an extensive 
investigation of this subject undertaken by the 
Glaxo group (Smith, Bide, and Graham, CPS.687, 
2) the following tertiary amines were found to yield 
crystalline salts: N-propyl-, N-butyl-, N-amylpip- 
eridine; N-ethyl-hexahydro-2,6-lutidine; N-methyl- 
and N-ethyl-a-pipccoline. The higher N-alkyl- 
piperidine salts are too soluble to be useful, but 
the N-ethyl-a-pipecoline salt seems to compare 
favorably with the N-ethylpiperidine salt, the 
utility of which for isolation purposes was con¬ 
firmed. Weak bases such as dimethyl- and diethyl- 
aniline, diethyl-p-toluidine, quinoline, and collidine 
failed to give precipitates, while triineihylamine and 
tri-n-propylamine yielded non-crystallizable oils 
(confirming prior Heyden report H.ll, 4; cf, also 
Heyden, H.2, 2, which lists other aliphatic tertiary 
amines yielding non-crystalline salts). With the 
strong base N-propenylpipcridine biologio*ally inac¬ 
tive crystals were obtained. 
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The reaction with secondary amines (piperidine, 
morpholine, etc.) generally led to amorphous or 
biologically inactive products. The only exception 
was di-isopropylarnine, wliieh yielded an active 
crystalline salt (Smith, Bide, and Graham, CPS, 
687, 3). 

Primary amines, especially those of high basicity, 
tend to inactivate penicillin rather quickly with 
the formation of the respective pcnicilloic-a-amides. 
However, biologically active penicillin salts are the 
primary reaction products and, provided that they 
arc^ sparingly soluble in the medium used and 
excess of base is avoided, can often be isolated as 
such. Thus the benzylaminc salt, an intermediate 
in the formation of the “benzylamine derivative,"’ 
has been prepared and characterized by the Merck 
group (il/./56, 1). The Glaxo workers {CPS.687, 
3) obtained several active crystalline salts of this 
type, some of which (cyclohexylamine, isopropyl- 
amino) are of sufficiently low solubility to render 
them promising for isolation work. Of especial 
interest is the cyclohexylamine salt, which is very 
much more stable than other primary amine salts, 
even in the presence of excess base. Furthermore, 
since its solubility in water at pH 0 is likewise rather 
low, it can be prepared in aqueous solution by 
double decomposition of water-soluble salts of the 
components and then isolated in reasonably good 
yield with the aid of salting-out agents (NaCl, 
NaNOs). 

In the experimental part, only those organic base 
salts are considered w'hich have been characterized 
by physical constants and analysis. 

Benzylamine Salt (Merck, MA^h, 1.) The benzylaminc 
»alt of [benzylpenicillin was prepared MRain by treating an 
ethereal solution of benzylpenicillinic acid with the calculated 
amount of ethereal benzylaminc. A precipitate of needle 
crystals separated at once. This product was biologically 
active. It melted at 100102'’, and had [alo -1-253® (in 
methanol). 

Calc, for C28H*7 Nj 04S: C, 62.56; H, 6.17; N, 9.52 
Found: C, 62.77; H, 6.13; N, 9.37, 9.68 

Triethylamine Salt (Heyden, 1). A 10% solution of 
triethylamine in ether was added a drop at a time to a 
cold dry (jthereal solution containing 5,000-10,000 units of 
penicillin per cc. The solution was allowed to stand for a 
short time after each addition, and triethylamine solution 
was added until the brown oil which came down first had 
settled. The ether was then decanted. The amount of 
triethylamine solution to be added up to this point varied 
with the potency of the crude penicillin; with material assay¬ 
ing around 600 units per mg., each 100,000 units requir^ 
about 0.1 cc. of 10% triethylamine solution. 

Triethylamine solution, a small portion at a time, was 
then added to the ether which had been decanted from the 
brown oil. Crystals soon began to appear on the sides of 
the flask in colorless clusters. The crystals on the bottom 
of the flask were mixed with a certain amount of brown oil. 
Considerably more triethylamine solution was required to 
bring down the penicillin than to react with the impurities 
that were converted to the brown oil which separated during 
the early stages of the addition. It was found best not to 
add all the base necessary to bring about complete precipita¬ 
tion, as the last material to come down was a light colored oil. 


'rho ether was dec^anted from the crystals and the flask 
coohid in an ice bath. The crystals were washed with small 
portions of cold acetone until colorless. Additional crystal¬ 
line material was obtained by adding enough ether to the 
acetone washings to cause a slight cloudiness and then plac¬ 
ing the solution in a refrigerator overnight. More ether 
may be added the next morning if necessary. 

The crystals as first obtained assayed from 1,200 to 1,500 
units per rng. A sample twice recrystallized from hot 
acetone assayed 1,370 units per mg. which corresponds to 
about 1,670 for the sodium salt. The product, however, 
did not molt sharply. The crude crystals melted almost 
completely at 106-109® on the hot stage, but all of the 
crystals did not disappear until 138® was reached. A sample 
recrystallized three times from acetone melted at 101-105* 
with the last traces disappearing at 135®. A sample re- 
crysiallizod from n-butanol-ethor mixture and assaying 
1,358 units per mg. melted almost completely at 107.5-110* 
wlien heated slowly on the hot stage. When a second 
sample was placed on the stage at 75® and heated more 
rapidly, most of the crystals melted at 115-118®. In both 
cases the bust traces of crystals disappeared at about 138®. 
This btdiavior suggests the possibility that the molting is 
acconxpanied by partifd decomposition into triethyl¬ 
amine and penicillin which subsequently melts as heating is 
continutMl. 

It was found that in separating the colorlciss crystals from 
the oily material which accompanied them, the acetone used 
to dissolve the oil must contain a small amount of water. A 
sample of acetone which gave very satisfactory results con-r 
tained 1.4% water. Anhydrous acetone appeared- to dis¬ 
solve neitlier the crystals nor the oil (Heyden, H. 4 , 1). 

The salt, pr(q)ared from pure sodium benzylpenicillinate 
melted at 145-147® (dec.) and had [a]u^® +236°. 

Calc, for Ca2ll3804N8S: 

C, 60.70; H, 7.57; N, 9.65 
Found: ’ 

C, 61.02, 60.72; H, 7.72, 7.62; N, 9.57, 9.83 (Pfizer, P. 14 , 9) 

It could be recrystallized from chlorobenzene (25 cc. per g.) 
by heating to the boiling point and rapidly cooling (Pfizer, 
13), or from about 50 parts of hot acetone or by dis¬ 
solving in the in ini mum amounts of water, adding about 
15 volumes of acetone, followcul by a large volume of ether, 
more ether being added as the material crystallized (Smith, 
Goddard, and Uobinson, CPS.SS^, 1). 

The best yields were obtained by purifying the penicillin 
as far as possible by washing the ether extract with water 
and then treating with carbon to remove certain pigments 
adsorbed on the crystals. The solution was dried, diluted 
with dry ether to about 6,000 U/ml. and only 5% or 10% of 
acetone added before the base. This method gave high 
yields (over 80%) of crude crystalline product, which could 
be purified by washing with cold acetone or methylethyl 
ketone. Recrystallization was effected by dissolving in 
chloroform and adding several volumes of acetone or alter¬ 
natively by using methylene chloride and methylethyl 
ketone in the same fashion. The latter combination has the 
advantage that on the distilling down, the chlorinated 
solvent tends to be removed first so that a good second crop 
is obtained (Smith, Bide, and Graham, CPS.687, 1). 

H-Bthylpiperidine Salt. To a stirred ether solution 
(2 liters) of penicillin, prepared from 124 X 10® units of clini¬ 
cal benzylpenicillin assaying 610 U/mg., was added 100 cc. 
of a 10 % solution of pyridine in alcohol-free ether. The tem¬ 
perature during this operation was maintained at 0*. The 
mixture was allowed to stand for one hour ip order to facili¬ 
tate separation of the ether layer from a dark colored viscous 
oil of low activity. To the clear ether solution was added, 
with stirring, over a period of four hours; 300 oc. of a 10% , 
solution of N-ethylpiperidine in ether. Further addition of* 
the amine produced no further precipitate. During this 
operation, s^ing is helpful. The mixture was then held at 
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*5® for fourteen hours. The ether layer was decanted, 
the partly crystalline residue was granulated with a mixture 
of 300 cc. of acetone and 300 cc. of ether and filtered. The 
crystalline salt was stirred with cold acetone and filtered. 
The product, which was fairly pure and weighed 58.4 g., 
was recrystallized by dissolving it in 200 cc. of chloroform at 
60° and adding 800 cc. of acietone. After being held at 
5° for twelve hours, the product was filtered and washed 
with cold acetone. It showed the following properties: 

-f238° (7 mg. in 2 ml. of water); m.p. 167-108° (dec., 
capillary immersed in bath at 157° and temperature raised 3° 
a minute); of water solution, 5.3; biological a.s8ay, 
1,287 U/mg.; chemical assay, 1,354 IT/mg. 

Calc, for C231I33N304S: C, 01.71; IT, 7.43; N, 9.30 
Found: C, 01.70; H, 7.30; N, 9.33 

A sample of this compound was again reciyslallizcjd but the 
rotation and analytical data did not change. 

A second crop was obtained by cotkm'tiI rating the mother 
liquors to 20 ml. und(!r viuaium (at 25"), adding 10 ml. of 
chloroform and adding four volumes of aeetonc' and chilling 
for 12 hours, filtering, wasliing and drying: weight 4.5 g. 
This product was recrystallized from ehlorofonn and acetone 
to give 3.5 g. of matiTial; m.p. 107 108". 

Found: C, 61.44; H, 7.53; N, \)A7 

The pure N-eth^ylpiperidiin' salt. a])p(^ars to be .stable' when 
dry, but over a period of weeks it dc'vc'lops a faint odor when 
kept in a screw cap bottle (]\ler<*k, M.77\ 1). 

Conversion of N-Ethylpiperidine Salt to Sodium Salt. 
The M-elhylpiperidine salt t30 g.) was dissolved in lOO ml. of 
chilled w'ater and sliakeii w ith 250 ml. of chilled ether solu¬ 
tion. (\)ld 10 % phosphoric a(*id solution (50 ml.) w’asa.dded 
in portions with shaking to give a pi I of 2.5. 3'he layers 
wenj sei)arated and the water extracted wdth 100 ml. of 
ether after 3 ml. of 10';<' phos[)horic acid was added to give 
pH 2.2. The ether extracts w ere cumbiiK'd and wa.she(l with 
two 50-iiil. portions of chilled vvat(‘r w'hiidi were combined, 
maitralized and S(‘t aside, Tlu‘ eth(*r .solution was extracted 
by 100 ml. of chilled w^‘iter and by julding, in portions, 
20 ml. of cold 2.5 N .sodium hydroxidi^ solution to give a 
pH of 6,0. The laytu's wfu'e separated and the ether 
again extracted with 50 ml. of chilled w'ater, to which 0.4 n)l. 
of alkali had been addcnl, to give a pFI of 0.5. Another 
25-ml. extraction w*as made (pH 7.2). These extracts w ere 
combined and the pH brought to 0.2 with a ftnv drop.s more 
of alkali. The solution w^a-s then lyophilized to give 23.5 g. 
of an amorphous product (tlieory, 23.8 g.). This w^as dis¬ 
solved in 90 ml. of 85% ace tone-water mixture and filtered; 
900 ml. of acetone was added and the product allowed to 
crystallize for tw’elvo hours. The (xystalline crop was then 
filtered, washed well with acetone and dried; w'eight 22.3 g. 
As the analytical data on this product were not satisfactory, 
it was dissolved in a minimum amount of butanol saturated 
with water (95 ml.), filtered, and five volumes of butanol was 
added and the solution allowed to stand overnight. It W7is 
then filtered, washed wdth acetone and dried, weight, 
17.8 g.; Wd**" +298°. 

Calc, for CifiHnNaO^SNa: 

C, 53.93; H, 4.81; N, 7.86 

Found: C, 53.74; H, 4.95; N, 7.93 (Merck, M,77\ 1) 

K-Methylpiperidine Salt M.p. 135-130° (dec., put in 
bath at 26° and temperature raised 3° per minute); (ab** 
+244° (10 mg. in 2 ml. of water); pH of water solution 4.5 
{MJ7, 3). 

N-Ethylmorpholine Salt. M.p. 140-141° (dec., put in 
bath at 130° and temperature raised 3° a minute); Wd®* 
+238° (10 mg. in 2 ml. of water); pH of whaler solution 4.8, 

Calc, for C2 )H«sN«06S! 

C, 58.77; H, 6.95; N, 9.34 
Found: C, 68.78; 68.98; H, 7.39, 7.27; N, 9.30 (A/.77, 3) 


Free Benzylpenidllinic Acid. The free acid is 
readily^ obtained by extraction at ice temperature 
of the acidified (;>II 2) solution of pure sodium 
bcnzylpenicillin with ether or chloroform. It is a 
white amorphous powder soluble in the usual 
organic solvents except petroleum otlier. If mois¬ 
ture is carefully excluded in its isolation (by 
lyophilizing from benzene) it shows the expected 
analytical coiniiositioii CifiiIis 04 Ni;S (Merck, M.6, 
4). When kept dry the acid retains its antibiotic 
potency for limit.ed periods, but it is rapidly 
inactivated l)y small amounts of water (cf. Merck, 
Repori for October Structure Studies, p. 9). 

The product formed on slow inactivation by mois¬ 
ture seems to be benzylpenicilloic acid (S(|uibb, 
S.S:3f 12). When a solution of free benzylpenicillin 
in dry chloroform is allowed to stand at roon^ tem¬ 
perature, inacti\ ation occurs and a strong absorp¬ 
tion band around 3,200 A, indicative of penicillenic 
acid formation, develops (T)iitcher, MacFhillamy, 
Stav(dy. and WinbTsfeiner, 12). This light¬ 
absorbing (‘ntity may also be jiresenf. as a preformed 
impurity when chloroform is used for the (‘xlraction 
of.the acid (Merck, M.7, 2). In methanolic solu¬ 
tion the acid is in part isomerized to benzyi])euillic 
acid (Squil>l>, 2; Boon, Calam, Carrington, and 
Frecunan, CPS.237y 1). 

Preparation and Properties of Benzylpenicillinic Acid. A 

.sampl<‘ of (Tystalline sodium salt of penicillia was converted 
to the free acid in etluT in the usual way. The ether solu- 
tiou was dried, dry benzene added, and tlje .solution was 
concentrated to dryness. Unfortunately this preparation 
was allow'cd to stand with a stream of moist air passing over 
it for about five hours. The product was amorphous. Tt 
did not appear to be soluble in etluir, lienztmc, or ethyl 
acetate. Tt had a rotation of [«]i) +78.9" (in methanol). 
On standing in methanol for tsvo days the rotation fell, 
[«1 d +01°. Tljis material examined in iV/10 sodium 
hydroxide had about the same rotation, [ab +59° (in N 
NaOH). 

AnotluT preparation of free acid form of penicillin was 
mad(;. This sample, in dry benzene, W7is lyopliilized, yield¬ 
ing a pure wlnte amorphous pow^ier. It wiis soluble in 
ether, etl^yl acetate, benzene, eddoroform, and acetone. Its 
solubility in water w^as very small, a sample put into A//6 
pH 7.0 buiTer going into a gummy form and not all being 
dissolved. The .solution in this experiment was assayed, 
an activity of 1,200 U/mg. being found on the basis of the 
assumption that all tlui material was in solution. The 
activity must have been nearly completely retained, how¬ 
ever, as part of the sample had not gone into solution. The 
free acid had a rotation, [ajn +248° (which was probably 
low, due to poor solubility-properties causing incomplete 
solution of the sample). The equivalent weight found was 
332 (calculated 334.4) (Merck, Report for October 194$, 
Structure Studujs, p. 9). 

A new sample of tliis product was obtained in a satis¬ 
factory form analytically although it was not crystalline. 

Calc, for CjftHisNaOaS: C, 57.47; H, 5.43; N, 8.38 
Found: C, 57.47; H, 5.25; N, 8.78, 8.52 

In the Zerewitinoff determination it showed 2.6 active 
hydrogen atoms and 1.6-1.7 moles of reagent were bound 
(Merck, A/.6’, 4). 

If the free acid of benzylpenicillin is extracted from an 
aqueous solution at pH 2.5 using chloroform, the chloroform 
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layer dried (over anhydrous sodium sulfate and anhydrous 
calcium chloride) and tlic solvent removed by low tempera¬ 
ture distillation, there remains a hard glassy residue which 
shows a very large ultra-violet absorption band at 3,200 A. 
The largest absorption observed in any individual product so 
prepared is Em « 6,600 (MW « 334) at 3,225 A. The 
compound responsible for this absorption has not been 
isolated. However, some of its properties are known from 
the behavior of the absorption band. It is reasonably stable 
in alcoholic solutions. In acidic or alkaline solutions, it is 
fairly rapidly decomposed (the 3,200 A band falls). 

In acid solutions, the resultant product gives an absorp¬ 
tion having a band at 2,8(X) A but none at 2,375 A, clearly 
indicating that it does not seem to go to bcnzylpenillic acid. 
A crude sample titrated like a strong monobasic acid of 
equivalent weight 372. The 3,200 A absorption, in varying 
amounts, Em »» 1,500, was also found pre.sent in the methyl 
and ethyl esters of benzyipcnicillin (Merck, A/.7, 2). 

A preparation which originally had a potency of 1,250 
U/mg, and an [ajo of -f282° (in ethanol) was stored for 
five months at room temperature; the potency was then 
100 U/mg. and the rotation was [ajp -flOO*’ in ethanol 
(constant over 24 hours). 

Calc, for CifiHioOftNiS: C, 54.55; H, 5.68 
Found; C, 54.34; H, 5.79 

That this product was a penicilloic acid is further sup¬ 
ported by the following evidence. The sodium plumbite test 
was negative (difference from penillic acid); irnmedi 9 ,tc 
reduction of Tollen’s solution (difference from penillic acid); 
immediate precipitate with mercuric chloride, aldehyde test 
in filtmte positive (difference from penicillin); immediate 
precipitate with lead acetate (difference from penicillin) 
(Squibb, 12). 

Action of Methanol and Ethanol on BenzylpenicilUnic 
Acid. The behavior of benzylpeuicillinic acid in absolute 
ethanol and methanol was studied polarimetrically. The 
compound was prepared in the usual way by ether extrac¬ 
tion and lyophilizing from benzene and had a potency of 
1,260 U/mg., which was unchanged two weeks later. The 
following readings of [o]d were obtained: 


In ethanol 

In methanol 
(dried over Mg) 

5 min. 

4-282® 

276 

277 
281 
281 

1 

5 min. 

4-266® 

266 

266 

260 

256 

256 

256 

1 hr. 

15 min. 

2 hrs. 

1 hr. 

6 hrs. 

2 hrs. 

7 hrs. 

4 hrs. 


47 hrs. 

54 hrs. 



After withdrawal of an assay sample (340 U/mg.), the 
methanol solution was taken to dryness and left a partly 
crystalline residue, which after recrystallization from hot 
acetone, in w'hicli it was sparingly soluble, melted at 178- 
180®. The melting point and solubility properties sug¬ 
gested penillic acid. The experiment with methanol was 
repeated on a larger scale (99.9 mg. in 10.0 cc.) and sam¬ 
ples were withdrawn at intervals for determination of 
[aln and the ultraviolet spectrum. The latter showed a 
well defined maximum at 318 m/i*, a minimum at 280 mM, 
and an inflection at 245 m/x in the ascending (end absorption) 
part of the curve. 

On the fourth day rosettes of fine needles had appeared 
in the solution. These were filtered off (7.4 mg., m.p. 
188.^189.5®). A second crop (7.3 mg., 183.5-185®) was 
obtained by evaporation of the filtrate. The compound 
was identified as benzylpenillio acid by mixed melting point 


determination and spectrum. Attempts to isolate from the 
remainder of the material additional amounts of penillic 
acid, or a-methyl penieilJoate as the benzylamrnonium salt, 
were unsuccessful (Squibb, xV./P, 2). 


Time 

I«Id 

e245 

€ 318 

15 minutes. 


770* 

830 

24 hours. 

4-251® 

2,000 

650 

41 hours. 

248 

2,350 

450 

65 hours. 

236 

2,500 

350 


1 £r{uais • 245 of MoJtutti periic;illinatc in water. 


A solution of sodium benzylpenicillinate (350 mg., about 
1,750 U/mg.) was acidified at 5® with phosphoric acid, and 
the free penicillin was extracted with ether. The ether 
solution was washt^d several times with water, dried over 
anh 3 'droiis sodium sulphate, the ether was removed in 
vacuo in the cold and the residual glass was dissolved in dry 
methanol (50 cc.). The initial biological activity of the 
methanol solution amounted to 94% of that of the sodium 
penicillin originally used. The solution was maintained at 
37®. 


Time in days 

\aW'‘ 

_ 

Activity (U/mg.) 

Calculated as Na Salt 

0 

I 

4-269® 

1,640 

1 

4-260® 

1,200 

2 

4-240® 

217 

3 

4-226® 



The solution was then evaporated in vacuo to 5 cc. I'he 
crystals which separated were filtered (68 mg.), in.p. 
186-188®. Mixed m.p. with authentic henzylpenillic acid 
(m.p. 191®) 188-191 ®. A sample recrystallized from aqueous 
methanol had [aW^ 4-548®, (c » 6.25 in A/10 NaOH), 
m.p. 193®. 

To the methanol motherdiquor ether (15 cc.) was added. 
After being held at 0° for 18 hours the supernatant liquid 
was separated from a little gum and t he solvent was removed 
in vacuo. The residue (177 mg.) was fractionated by ex¬ 
traction with ether (five lots of 5 cc.). 

The ether-soluble fraction (102 mg., [«]»*’ 4-75® in ether) 
was treated with mercuric chloride in the usual manner. 
The filtrate from the mercuric chloride precipitate yielded a 
crude 2,4-dinitrophenylhydrazone, m.p. 145-150®, which 
according to the methoxyl analysis (5,5%) appeared to be 
impure methyl bcnzylpenaldate dinitrophonylhydrazune. 
The ether-insoluble fraction, an amorphous white powder 
(44 mg., m.p. 123-128® dec., 4*89® in 0.1 N NaOH) 

was likewise inhomogeneous. 

Calc, for Benzylpcnicilloic acid, Ci 6 H 3 oOfiN 2 S: 

C, 54.6; H, 5.7; N, 8.0; OCH,, 0; equivalent weight, 176 
Found: 

C, 54.35; H, 6.5; N, 8.5; OCH», 2.8; equivalent weight, 258 
(Boon, Calam, Carrington and Freeman, CPSS27^ 1-3). 

Esters. Experience up to date has shown that 
the use of diazoaikanes provides the only practicable 
means of esterifying the carboxyl group in penicil* 
lin. Meyer, Hobby, and Chaffee {Science, 97, 205 
(1943)), who were the first to report the successful 
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application of this method, converted in this manner 
penicillin of low potency into the methyl, ethyl, 
n-butyl, and benzhydryl esters and noted the effec¬ 
tiveness of the alkyl esters in protecting mice 
infected with hemolytic streptococci, though their 
in vitro potency was only a small fraction of that of 
the unesterified starting material. 

The reaction of diazomethane with pure benzyl- 
penicillin afforded at first only amorphous, though 
analytically satisfactory products (Merck, M.O^ 3; 
Squibb, SJ, 3). The preparation of the methyl 
ester in crystalline form was later accomplished 
nearly simultaneously in three laboratories (Squibb, 
S.9^ 1; Merck, 1; Abbott, A.4, 5). The 

melting points reported vary somewhat, probably 
in dependence on the mode of determination: 97“-98® 
(micro-block, Merck, MJ2hy 1); 95““9r)° (capillary, 
corr., Squibb, S.9, 1); 93-94® (block, Abbott, 
A.4, 5); 97-98® (Pfizer, P,9, 5). The specific rota¬ 
tion [a]i:, is +280 to +285® in methanol or ethanol, 
but very much lower ( + 174 to +180®) in chloro¬ 
form. The ultraviolet absorption spectrum in ether 
(Pfizer, P.9y Table IV) shows about the same char¬ 
acteristics as that of the sodium salt in alcoholic 
solvents (maxima at 2,525 A, Em 290; 2,580 A, Em 
250; 2,045 A, Em 180; and 2,085 A, Em 120). 

The methyl ester can also be obtained in good 
yield by treating the triethylamine salt in dioxane 
solution with ethereal diazomethane (Pfizer, 

3,12). The tendency of organic ammonium salts 
to react with this agent as if the acid component 
were present in the free state has also been observed 
with the triethylamine salts of benzoic acid and 
cinnamic acid (Pfizer, P,2/fy 13), and with the glycine 
methyl or ethyl ester salt of N-carboxyglycine 
methyl ester (Frankel and Katchalski, J, Am. 
Chem. Soc,, 65, 1072 (1943)). 

Determination of the molecular weight by cryo- 
scopic measurements in benzene (Merck, M.S2, 5; 
34, Supplement, 2), benzophenone (Lilly, LAI, 1) 
and camphor (Squibb, S.21, 3; Pfizer, PA4, 8), 
confirmed the result previously obtained with the 
sodium salt. 

The active hydrogen determination by the Zere- 
witinolT method gave values ranging between 1 and 
2 (Merck, MA2h, 2; 32, 2; Abbott, A.4, 5); partial 
decompesition under the conditions of the analysis 
probably accounts for the fractional value. 

The antibacterial potency of the methyl ester in 
vitro is of the order of Mo to 5 of that of the 
sodium salt, depending on the mode of assay. 
Thus values of 22 U/mg. (serial dilution test, 
Squibb, S.9, 1) and 37-70 U/mg. (cup test, Merck, 
MA2h, 2; 32, 3; 7; 49, 17) have been reported. 

The fact that the test solutions, which are prepared 
by adding excess phosphate buffer to acetone or 
ethanol solution, contain the ester in form of a col¬ 
loidal suspension may also account in part for the 
divergency of the results. By careful saponifica¬ 
tion with cold alkali it is possible to liberate and 


recover in active form some of the free penicillin 
bound in the ester. Thus a sodium salt prepared 
in this manner in 94% yield was found to possess 
about 23% of the potency of pure sodium benzyl- 
penicillin (Merck, M.S6, 3). In another experi¬ 
ment, in which the crude saponification product was 
purified, a sodium salt assaying 1,400 “1,50() U/mg. 
was recovered in 15% yield (Merck, MA2h, 2). 
Data on activity yields after various modes of treat¬ 
ment with alkali are presented in the Menik report 
M.4S, 8. The recovery in these experiments was 
generally of the same order of magnitude as in the 
examples quoted above. 

The ethyl ester was likewise obtained in crystalline 
form (Merck, MA2b, 4), but was not further 
characterized. 

Studies on the preparation of the benzyl ester by 
means of phenyidiazomethanc were first reported 
by the Winthrop Laboratories {WAl, 1,3). Since 
impure penicillin (200-1,000 U/mg.) of undefined 
nature was used as the starting material, the char¬ 
acterization of the amorphous esterified products 
was necessarily confined to biological criteria. 
Repetition of the procedure by the Pfizer group 
{P^2t, 11) on pure benzylpenicillin likewise afforded 
an oil; however, on purification a partially crystal¬ 
line product was obtained which was biologically 
active (9 U/mg.) but too impure for chemical 
characterization. Finally a non-crystalline but 
analytically satisfactory preparation was secured 
in the Squibb Institute {S.52, 1) by the use of pure 
phenyldiazomethane, prepared by oxidation of 
benzal hydrazine with mercuric oxide (Staudinger, 
Ber49, 1907 (1916)). 

The p-iodobenzyl ester was prepared by the Im¬ 
perial Chemical Industries workers (Boon, Car¬ 
rington, and Snow, CPS.646) with the intent of 
providing the groups working on the crystallo¬ 
graphic X-ray analysis of penicillin with a crystal¬ 
line ester (instead of a salt) containing a heavy 
atom as a point of reference. The requisite 
p-iodophenyldiazomethane was obtained from p-io- 
dobcnzyl bromide via the corresponding urea and 
N-nitrosourea, and characterized by conversion to 
p-iodobenzyl p-nitrobenzoate. The ester obtained 
from the reaction with benzylpenicillin had the 
expected composition and molecular rotation, but 
could not be obtained in crystalline form. 

Methyl Ester. An icn-cold solution of 600 mg. of crystal¬ 
line sodium salt ((rylD +310^j in 25 cc. of water was acidified 
with 10% phosphoric acid to pH 2 and extracted throe times 
with 20 cc. portions of other. The combined other extracts 
were washed once with ice water an<l dried over sodium 
sulfate in the cold. The yield was 512 mg. of free acid as 
determined by the evaporation of an aliquot of the ether 
solution. 

To the dry ether solution, one cq\nvalont of diazomethane 
(63 mg.) in 40 cc. of ether was added. The reaction mixture 
was allowed to stand for seven minutes at room temperature 
and then was extracted with 10 cc. of a pH 7,1 phosphate 
buffer. The ether solution was dried in vacuo to one 
quarter its volume. Benzene (about 50 cc.) was added, 
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and the remaining ether removed by vatmuin distillation. 
The benasenc solution was further concentrated in vacuo to 
about 10*"15 cc. and then lyophilized. The resulting thick 
oil crystallized on rubbing with hexane. The material was 
recrystallized from ethyl acetato>h(‘xane, imp. l)0-'92“, 
[«]d 4*174® in chloroform. 

Calc, for C17II20N2O4S: 

O, 58.60; IT, 5.79; N, 8.04; OCH*, 8.91 
Found: C, 58.85; 11, 5.61; N, 8.21; OCHs, 9.03 

The assay showed a potency of 22 U/mg., which is in the 
order of magnitude to be expected. Previous experiments 
with non-crystalline int^thyl t^stc^rs have shown that their 
potencies were roughly l-'l 00 of that of the sotliuni salts from 
w'hich they were prepjired (Scpiibb, 1 ). 

The methyl ester of bcnz.vlpenicillirj w'as prepared in the 
usual way with diazorntdhanc in etJiereal solution. The 
product, a gummy solid, was dissolved in benzene ([a]D 
4268 ). The benzene solution wuis lyophilized to a glassy 
solid. ''Idiis was then dried in vacuo at 60® for several hours. 
It appeared to melt and then resolidified in a mass of fine 
needh‘s. The melting point was found to be 90 4)2® (micro- 
block), 'rhe crystalline estf'r Avas found to rccrystallize 
from (tarbon t(;trachlorid(^ or carbon tetrachloride mixed 
wdtli other solvents. A sample twice recrystallized from 
carbon tetrachloride melted at 97-98® (microblock) and 
gave (ajD 4328® (methanol) and 4286® (chloroform). 

Calc, for C] 7 H 3 oN 204 S: 

C, 58.60; H, 5.79; N, 8.04; (XTL, 8.91 
Found: C, 58.30; H, 5.96; N, 7.80; OCH. 1 , 8.12 

In a Zerewitinoff determination there was observed 1.7 
moles of active hydrogen, and 2.7 moles of bound Crignard 
reagent (Merck, M.i2h, 1 ). 

Other rotation values reported are: [ajo 4300® in metha¬ 
nol, c « 0.5, and 4179® in chloroform, c « 0.5 (Merck, 
M 16hy 1 ); [a]D^* 4285® in methanol, c « 0,96, and 4171° 
in chloroform, c « 0.83 (Squibb, 1 ). 

Saponification of Methyl Ester. A sample of crude 
benzylpenicillin methyl ester (not crystalline, but giving 
analyses in agreement with those calculated) was assjxyed 
and found to be active at 46 U/mg. in vitro. Another 
sample of this material (310 mg.) was dissolved in 3 cc. of 
cold dry pyridine, and to it was added 15 cc. of ice cold 
A 710 sodium hydroxide solution. The mixture was allowed 
to stand in an ice bath for 10 minutes, then was diluted with 
cold w'ater, acidified to pH 2, and extracted with ethc?r. 
The ether extract was w’a.shed with dilute acid and with 
water and then extracted five times with pH 7.0 M /5 phos¬ 
phate buffer. The buffer extract, cooled to 2°, was acidified 
to pH 2 and extracted with ether four times. The ether 
extract was then extracted with water to which was added 
dilute sodium hydroxide until the pPI rose to 6.5. The 
aqueous extract (colorless) was then lyophilized. The 
product weighed 36 mg. and when assayed in vitro showed 
an activity of 1,400 and 1,500 U/mg. in two cases (Merck, 

M.m, 2 ). 

Methyl benzylpenicillinate (307 mg.) was dissolved in 
4.0 ml. of pyridine and cooled to 3°. To the cold solution 
was added a previously cooled solution of one molar equiva¬ 
lent of sodium hydroxide in 12 ml. of w^ater. The clear 
solution was kept in an ice bath for 1)4 hours. It was then 
acidified with 25 ml. of 2 N sulfuric acid and extracted four 
times w'ith a total of 500 ml. of ether. The ether solution 
was shaken out with 26 ml. of water to which portions of 
0.05 N sodium hydroxide were added until the pH of the 
aqueous extract rose to pH 6.7, at which time 14.0 ml. of the 
sodium hydroxide solution had been added. The aqueous 
extract was lyophilized yielding 295 mg. of a nearly white 
powder. This material showed [crji> 4147° (c 0.809 in 
water). When assayed in vitro side by side with pure 
sodium benzylpenicillinate in water, it showed activity equAl 
to 22.2% and 24,2% of that of the pure salt on two succes¬ 


sive days. When assayed in parallel by the chemical colori¬ 
metric method, the lyophilized sodium salt also gave values 
corresponding to 21, 23 and 24% of pure sodium benzyl- 
penicillinate. 

Benzyl Ester. The benzyl ester (»btained by reaction 
with phenyidiazoinethane, prepared by the decomposition 
of nitrosobenzylurea with alkali, was impure. Since 
Staudinger {Ber.49^ 1907 (1916)) has described the isolation 
of pure phenyldiazomethane by the oxidation of benzal 
hydrazine with mercuric oxide, followed by distillation of[the 
phenyldiazomethane formed, this method of preparation has 
been used. 

A sample of crystalline sodium benzylpenicillinate 
(0.4293 g.) was (lonverted to a solution of free penicillin in 
200 cc. of ether and esterfied by the addition of an ethe- 
rc^al solution of freshly distilled phenyldiazomethane. The 
solution of phenyldiazomethane was added to the penicillin 
solution in portions of decreasing size until the faint pink 
color persisted for thirty minutes. (The initial portions 
were clecolorized in 10-15 minutes.) The ethen’.al solution 
was then washed with dilute act'tic acid and dilute sodium 
bicarhonato solution. The dried ether solution was con¬ 
centrated under reduced pressure to give 0.4350 g. of a 
neutral glassy solid, corresponding to a jd(;ld of 85Ve ¬ 
in a subsequent run the est(‘r was pr<‘pared by allowing 
equimol(i(!ular amounts of beiizylpenicillinic acid and 
pbenylcliazometbane to react in (4her solutioji at room 
temperature. Tlie r(;aetion mixture W'as workeni up as 
indicated pn^viously, but the product w^as purifit'd by pr(M‘ip- 
itating it from ethyl acetate solution by the slow addition of 
pentane. The resulting oil was dried to constant wtiight 
under reduced pi-essiiro. 

Calc, for C 23 H 24 O 4 N 28 : C, 65.10; H, 5.66; N, 6.60 
Found: C, 64.86; H, 5.93; N, 6.67 

4213° (c « 1.09, methanol). 

The activity of the benzyl ester, detCTinined })y the five 
cup method using 20 % acetone as the solvent, was 15- 
16 U/mg. In this solvent a sample of the crystalline methyl 
ester of benzylpenicillin had an activity of 26 U/mg. 
(Squibb, 1). 

p-Iodobenzyl Ester. odohcruyl Bromide, p-lotlotolii- 
enc was brominated by the method of Wliceler and CIupj> 
(Am. (Jhnn. J., 40, 460 (1908)). The best yields (about 40^;;;) 
were obtained by adding the bromine rapidly, wdth 1 % of 
phosphorus tribromidc as a ctatalyst, and a reaction tempera¬ 
ture of 140°. p-lodohenzaLdehyde. Hexninethylcfnctelram- 
ine (2 g.) was added to a solution of p-iodoberizyl bromide 
(5 g.) in boiling glacial acetic acid (10 cc.) and the mixture 
was boiled under reflux for two minutes. It was cooled, 
diluted with ether (100 cc.), and water (50 cc.) was added. 
The ethereal extract w^us washed with aqueous sodium 
carbonate and shaken for one hour wdth 40% sodium bisul¬ 
phite solution (100 cc.). The bisulphite compound w^as 
filtered and steam distilled with aqueous sodium carbonate 
solution to give the aldehyde, m.p. 71-73° (50-60ViL yield).. 
P’^lodobenzalhydrazinc. p-lodobeiizaldehyde (4 g.) was 
added to boiling 96% hydrazine hydrate (4 cc.) and the 
mixture was refluxed for two minutes, cooled and treated 
with benzene. The benzene solution was separated, dried 
over potassium hydroxide, and the benzene was removed 
under reduced prfjssure, leaving the crude product, m.p. 
97°, W'hich contained a small amount of the yellow' azine. 
llecrystallization from ethanol gave? /^-iodobenzalhydrazinc, 
colorless plates, m.p. 99.5°. (Found: C, 34.1; H, 2.66; N, 
11.06. C 7 H 7 N 2 I requires C, 34.15; H, 2.85, N, 11.4.) On 
warming in ethanol with an equivalent of p-iodobenzalde- 
hyde it gave di-p-iodobenzalazine, m.p. 231° (dec.) in nearly 
theoretical yield, m-lodobenzalhy dr azine. m-Iodobenzal- 
dehyde (Patterson, J. Ckem. Soc., 1896, 09, 1002), treated 
in a similar way, gave tfi-iodobenzaliiydrasime, m.p. 51.6- 
62°, colorless plates from ethanol. (Found: C, 34.4; H, 8.15; 
N, 11,3. CtHtNjI requires C, 34.15; H, 2.S6; N, 1L4.) 
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p-Iodohenzylurea, p-Iodobenzyl bromide (25 g.) and silver 
cyanate (65 g.) were shaken in ether (250 cc.) for twenty 
hours. The silver salts were filtered, the ethereal solu¬ 
tion was treated with ammonia gas, and the precipitated 
urea was filtered (19.1 g.). After two recrystallizations 
from ethanol and one from butanol p-iodobenzyliirea was 
obtained as colorless needles, m.p. 204®. (Found: 35.23; 
H, 3.45; N, 10.1. CsIUONJ requires C, 34.8; IT, 3.25; N, 
10.15.) N-{p-JodohenzyiyN-nitrosourea. A s<3lution of 
p-iodobenzylurea (10 g.) in glacial acetic acid (120 cc.) and 
water (25 cc.) was cooled to 0~5®, and finely powdered 
sodium nitrite (7 g.) was added slowly with stirring. After 
three hours the crystalline product was filtiTcd, and a 
further quuntity separated on addition of water (120 cc.) 
to filtrate (total 7.3 g.). After two recrA^stallizations from 
benzene N->(p-iodobenzyl)-N-nitrosourea was obtained as 
almost colorless plates, rn.p. 138® (dec.). (Found: C, 31.85; 
11, 2.9; N, 13.0. C'sHsO^N.^ requires C, 31.5; H, 2.0; N, 
13.8). p-Jodophenyldiazomethane. N- (p-Iodobenzyl)- N-ni- 
trosourea (15 g.) was added with shaking to a mixture of 11 
N aqueous potassium hydroxide (15 cc.), benzene (00 cc.) 
and methanol (10 cc.) at 45®. After two minutes the deep 
red solvent layer was separated, wmshcfl witli wa,ter and 
dried ov(*r potassium hydroxide. Ib'moval of tlui solvent 
under reduced pres.‘<ure h'ft a pink solid wdiich was completely 
soluble in petroleum ether. Tlu' diazo compound was esti¬ 
mated by reaction with p-nitrobenzoic acid in ether. The 
yield w^as 25*;/;, and the pink solid was 30^'; pure. A partial 
puriheation W’as achieved by ])assing an eth(*r(‘al solution 
through a short column of magnesium oxid(‘. p-Iodobmzyl 
p-niirobenzoale. Crude p-iodoplu'nyldinzomethane (from 
2 g. of the nitrosourea) in ether (5 cc.) was treated with 
p-nitrobenzoic acid (0.28 g.) in the presence of methanol 
(0.2 cc.). The ester, w'hicli crystallized, w'as separated, 
washed with aqueous sodium (‘arbonate and recrystallized 
twice from petroleum ether (100-120®). p-Iodobenzyl 
p-nitrobenzoate w^as obtained as colorless platc's, m.p. 132- 
132.5®. (Found: 1, 33.7. (^ 4 H,o 04 M re(|uires 1, 33.2.) 

A dry ethereal solution of beiizylpeuicillin (from 1.0 g. 
trh'thylammoniiim salt ) w'as tr(?ated with a solution of 
2.5 equivalents of p-iodophenykliazornethane in etlu'r at 
room temperature. After one hour petroleum etli<n* (G parts 
by volume), in which the diazo compound and the im¬ 
purities which accompany it arc* solubhi, was added and the 
solution W'as ke'pt at 0® overnight. The red supernatant 
liquid w'avS decanted, and the residual oil was dissolved in 
etlicr, w'a.shed with aqueous sodium bicarbonate, dried over 
rnagnesiiim sulphate and reprecipitated by petroleum ether, 
the insoluble oil being finally dissolved in benzene and the 
solvent evapr)rated from the frozen state, ghing an amor- 
phoas solid (1.4 g.). The crude product was pale ytilow 
in color and had [ajo +101® (c =» 2.8 in ether). An ethereal 
solution was passed through a column of dried sili(Mi gel. A 
small amount of colored impurity w'as removed with the first 
fraction of the product, but the main band appeared to be 
homogeneous. The ether was removed from the colorless 
‘fractions under reduced pressure, the residue was dissolved 
in benzene and the solvent was evaporated from the frozen 
state, giving henzylpenicillin p-iodobcnzyl ester ns a white 
amorphous solid, +182® (c *= 0.92 in methanol). 

(Found: 49.9; H, 4.4; N, 4.95. C 2 jH 8 a 04 N 2 Rl requires: 

C, 60.2; H, 4.2; N, 5.1.) 

Repeated attempts to crystallize this material were un¬ 
successful. Modified procedures for the ester w(?Te tried, 
using difieront molecular proportions of penicillin and diazo 
compound with removal of the component in excess in 
various ways, but the products obtained were still amor¬ 
phous (Boon, Carrington, and Snow, CPS,046, 2). 

Concluding Remarks. The only other functional 
derivatives of benssylpenicillin described are a 
sulfone and a sulfoxide which are both derived from 
the metliyl ester. Since the formation of these 


compounds is primarily important from the point 
of view of structure, they are discussed in another 
chapter (Chapter X). For the same reason, those 
physical and physical chemical properties of 
bcnzylpenicillin, the study of which has materially 
contributed to the structure problem, are treated 
separately (infrared spectrum, Chapter XITI; titra¬ 
tion data, polarographic behavior, Chapter XIV; 
X-ray diffraction data, Chapter XII). Nor is it 
necessary to deal in this chapter with the chemical 
properties of henzylpenicillin, because most all of 
these are shared by the other penicillins and, 
furthermore, are largely implied in the degradation 
reactions discussed in connection wdth structure. 

P-HYDROXYBENZYLPENICILLIN8 

The first evidence indicating the existence of 
7 >-hydrox 3 d)(qizylp('nicillin (penicillin III, penicillin 
X) came from the laboratories of the Imperial 
Chemical Industries and of The Imperial College 
of Science and Technology. When P, notaXum 
strain NllKL 1249.B21 was made available to 
these laboratories it was found that a penillic acid 
different from those hitherto rec^ognized could be 
obtained from the mixed penicillins produced by 
this strain. Catch, C'ook, and Heilbron {CPSJ3) 
purili(Hl the acid and arrived at the empirical 
formula Ci6H)80f.Ni>S which differs from that of 
benzylpenillic acid in liaving an additional oxygen 
atom. The compound exhibiteel typical penillic 
acid behavior and upon hydrolysis with 10'hydro¬ 
chloric acid there was obtained a crystalline acid 
w^hich w^as identified as 7 >-hydroxyphenylacetic acid. 
Cleavage under somewdiat milder conditions with 
2 N sulfuric acid follow^ed by treatment with 
mercuric chloride resulted in the formation of an 
aldehyde wdiich w^as isolated as the dinitrophenyl- 
hydrazone derivative having an empirical formula 
corresponding to that of the dinitrophenylliydra- 
zone of 7 >-h\"droxyphenylacctylaminoacetaldehyde. 
From these results Catch, Cook, and Heilbron 
concluded that the mixed penicillins produced by 
strain NRRL 1249.B21 contained a new penicillin 
which differed constitutionally from benzylpenicil- 
lin only in having a hydroxyl group in the aromatic 
ring. 

In this connection the results reported by Boon, 
Calam, Carrington, and Levi from the laboratories 
of Imperial Chemical Industries {CPS./t^; 61) are 
of considerable interest. Chromatographic analy¬ 
sis of the mixed penicillins from strain NRRL 1249. 
B21 gave unequivocal ev idence of the presence of 
a third penicillin (in addition to benzylpenicillin 
and 2-pcntenylpenicillin) and strong indications 
of the presence of small amounts of a fourth and 
possibly a fifth species. 

A number of firms engaged in the production of 
penicillin in the United States have used processes 

•By D. W. MaoCorquodalo, P. H. Stodola, J. L. Waohtel, and R. D. 
Coghill. 
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involving the extraction of the acidified fermenta¬ 
tion liquor with chloroform. It was observed 
independently at the Cutter Laboratories, the 
Cheplin Biological Laboratories, and the Ben 
Venue Laboratories (cf. NRRL, C,t9, 1, 5) that signif¬ 
icant amounts of antibiotic activity frequently 
could be found in the aqueous phase even after 
repeated extraction with chloroform. This residual 
activity, however, was reaciily extractable by amyl 
acetate. Since this solubility behavior was dif¬ 
ferent from that of any of the known penicillins 
it appeared that the antibiotic activity of these 
extracts must be due to an unknown penicillin or to 
some entirely different type of antibiotic compound. 
This unknown factor was provisionally designated 
as “Factor X.” 

Working with material supplied by the Cheplin 
and Cutter Laboratories, Stodola, Wachtel, and 
Coghill of the Northern Regional Research Labora¬ 
tories (C.9) carried out successive chromatographic 
analyses using the Martin and Synge column and 
the Brockmann^s alumina column. In this manner 
they were able to isolate a pure crystalline sodium 
salt having the composition represented by the 
formula Ci6Hi706N2SNa. This was called “peni¬ 
cillin X*' in conformity with the designation of the 
manufacturefvS. 

It will be seen that the formula for penicillin X 
differs from that of benzylpenicillin only in having 
an additional oxygen atom. The free acid is iso¬ 
meric with the penillic acid of the British workers 
and the relationship between them appeared obvi¬ 
ous. This became a certainty when Stodola, 
Wachtel, and Coghill (C.9, 7) were able to isolate 
p-hydroxyphenylacetic acid as one of the hydrolytic 
products of penicillin X. They were also able to 
degrade this penicillin by cleavage with mercuric 
chloride to p-hydroxyphenylacetylaminoacctalde- 
hyde and D-penicillamine, which were identified 
respectively through the dinitrophenylhydrazone 
and the derivative 2,2,5,5-tetramethylthiazolidine- 
4-carboxylic acid. 

p-Hydroxybcnzylpenicillin (“penicillin X“) is 
easily distinguished from the other penicillins on 
the basis of its physical properties. Its specific 
rotation ([a]n +207*^) is considerably lower than 
that of either benzylpenicillin or 2-pentenylpenicil- 
lin. The ultraviolet absorption spectrum is char¬ 
acterized by a peak at 2,78) A due to the phenolic 
group, and the X-ray diffraction pattern for the 
sodium salt is quite different from those of the 
other penicillins. 

In some of its chemical properties p-hydroxy- 
benzylpenicillin also shows some divergence from 
the other penicillins. It is, for example, only about 
half as stable as benzylpenicillin at pH 2 and 
24®, its half life being 11 minutes as compared 
to 18.5 minutes for benzylpenicillin (Benedict, 
Schmidt, and Coghill, J. Bact, 61^ 291 (1946)). 
On the other hand it is fairly stable in methanol, 


(NRRL, (7.9, 5; 16, 8) a property not shared by the 
other penicillins. As would be expected it forms 
a benzylarnino derivative, C 80 H 88 O 6 N 4 S, entirely 
analogous to those of the other penicillins. It is, 
however, in its unique ability to undergo halogena- 
tion and coupling reactions that p-hydroxybenzyl- 
penicillin holds greatest chemical interest. This 
subject is covered in Chapter XX. 

Biolog cally p-hydrox 3 d)enzylpenicillin behaves 
like the other penicillins, with some quantitative 
differences. Compared to sodium benzylpenicill- 
inate as a standard, the sodium salt of p-hydroxy- 
bcnzylpenicillin has an activity of 850 units per 
milligram as measured by the cylinder-tray method 
with Staphylococcus aureus (NRRL 313). Against 
B. subiilis, the assay value increases from about 
1,300 to 1,700 with the increasing roughness of the 
organism. 

In view of the possible therapeutic usefulness 
of p-hydroxybcnzylpenicillin, Raper and Fennell, 
(♦/. Bacf., di, 701 (1940)) have obtained a strain of 
penicillium capable of producing this penicillin in 
submerged culture in satisfactory yield. By irradi¬ 
ation of conidia by ultraviolet light they have 
developed a mutant of Penicillium chrysogenum 
which consistently produces 200 units per milliliter of 
culture li(iuor, of which two-thirds by weight is 
p-hydroxybenzylpenicillin. 

Efforts have also been made to increase the 
production of p-hydroxybenzylpenicillin by means 
of appropriate adjuvants. Arnstein, Catch, Cook, 
and Ileilbron {CPS.377, 2) found that the addition 
of 7 >hydroxyphenylacetic acid to synthetic medium 
caused a substantial increase in the proportion 
of 7 >-hydroxybenzylpcnicillin produced by strain 
NRRL 1249.B21. On the othtu* hand Smith, 
Bide, and Graham {CP8,686, 3) have report'd that 
the addition of phenylacetic acid to the medium 
causes a suppression of the production of p-hydroxy¬ 
benzylpenicillin. 

EXPERIMENTAL 

The isolation of a third penillic acid, different from those 
derived from benzylpenicillin and 2-pcntenylf)cnicillin, was 
facilitated by its much lower solubility in water. 

P-TIydroxybenzvlpenu.uc Acid ((.atch, Cook, and 
Heilbron, CPS.^, 2). A solution (500 ml.) of 4.2 X 10* 
units of barium salts of the mixed penicillins from strain 
NRRL 1249.821 which had been hydrogenated with 
Adams, catalyst was brought to pll 2.0 with 2 N Hi804 and 
the BaSO* removed immediately by filtration. After one 
hour the solution was extracted with ether (4 X 500 ml.), 
brought to pR 6.0 with barium hydroxide, and evaporated 
in vacuo to 100 ml. Acidification to pFl 2.0 with 2 N Ha804, 
rapid filtration, and keeping overnight gave the crude acid 
(1,136 mg.), m.p. 190® (decomp.) (Found C, 64.5, H, 5.0%). 
Extraction of the precipitated BaS 04 with 0.2 N sodium 
bicarbonate (5.0 ml.) and acidification of the filtrate to pH 
2.0 gave a further 52 mg., m.p, 199® (decomp.) (Found: C, 
54 .5; H, 6.7; N, 8.0), The material was practically insolu¬ 
ble in cold or hot methanol or acetone but appreciably solu¬ 
ble in hot water. It gave no precipitate with aqueous 
BaCL, only a yellow color with ferric chloride, a weak 
ninhydrin reaction and an immediate and bulky precipitate 
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with HgCla. It was purified by extraction with methanol 
and slow precipitation of the sodium salt with 2 N HCl, and 
was eventually obtained as prisms or diarnond-shaped 
crystals, m.p. 218® (decomp.). 

Found: 

C, 54.3, 54.1, 54.4; H, 5.4, 5.3, 5.2; N, 8.0, 8.0; S, 9.4 
CUH 20 O 6 N 2 S requires 

C, 54.5; H, 5.7; N, 8.0; S, 9.1 

CiJIiaOftNaS requires 

C, 54.8; li, 5.2; N, 8.0; S, 9.15 

[otJd’’ * -f-478® (as Nn salt at pll 7.0 in w’atcr) 

p-IIydroxybenzylpenillic acid (59 mg.) as Na salt in 10 cc. 
of water (fnfji)^^ ^ 4-2.82®) was heated for hour with fre¬ 
quent shaking with 2 N HvS 04 (If cc.) and the solution 
brought to pH 5.0 ([alu^^ * 40.277®). The .s<)lution gave no 
positive reaction with dinitrophenylhydrazine reagent. 
The cold solution was treated with exce.ss of mercuric chlor¬ 
ide for 15 minutes, lilteicd, and the filtrate treated with 2, 
4-dinitrophenylhydraziric (35 mg.) in hydrochloric acid 
in the cold. The copious precipitate (24 mg.) was recrystal- 
lized from ethanol to form small needles m.p. 195° (decomp.) 
quite different in appearance from the dinitrophenylhydra- 
zone of phen 3 dacetylaminoacetaldehydc 

Found: C, 51.2; H, 4.1; N, 10.2 

CuHisOaNs requires 51.4; H, 4.0; N, 18.8 
CiellnOeNfi requires (\ 51.2; H, 4.6; N, 18.7 
CieHuOiNi requires C, 53.4; II, 4.2; N, 19.6 

These formulations correspond to carbonyl compounds 
CjoHiiOiN, CioHiiOjN, and CjoHnO^N or phenylacetyl- 
aminoacetaldehyde, respectivc'ly. 

p-Ilydroxybenzylpenillic acid (41 mg.) was boiled for three 
hours with 10% hydrochloric acid (5 cc.) and the solution 
extracted three times with an equal volume of ether. 
Clarification of the extract with anhydrous sodium sulphate 
and evaporation gave colorless needle.s (10 mg., m.p. 140- 
142°), with the characteristics of p-h^'droxyphenylacetic 
acid. After sublimation in vacuo and recrystallization from 
a mixture of ether and light petroleum it had m.p. 148°. 
A mixlurc with synthetic p-iiydrox\yphcnylacetic acid 
(m.p. 149°) had m.p. 149°. 

7>-Hydroxyhenzyipcnillic acid (52 mg.) in excess aqueous 
sodium bicarbonate (4 cc.) was shaken overnight with 
benzoyl chloride (3 drops) and the solution brought to pH 2. 
The precipitate was extracted thoroughly with (uild benzene 
to nunove benzoic acid and the crude material (91 ing., m.p. 
180° dceomp.) then extracted further with warm benzene 
(10 cc.) (yield, 68 mg., m.p. 181-182° decomp.). It was fur¬ 
ther purified by solution in aqueous sodium Viiearbonate and 
acidifying and could be crystallized with loss from ethanol. 
The benzo.vl derivative separated in rmall needles, m.p. 186°. 

Found: C, 60.8; IT, 4.8; N, 6.2 

C2iH220eN2S requires C, 60.8; II, 4.9; N, 6.2 

Isolation or p-Hydroxybknzylpenicillin (NRRL, C.P, 
p 27.7 g. of a crude sodium salt prepared from a chloroform- 
insoluble penicillin fraction was dissolved in 250 cc. of water, 
cooled in ice and acidified to pH 2 with 1:1 phosphoric acid 
which brought about the precipitation of a considerable 
quantity of gummy material. The acidified solution was 
extracted rapidly with a half volume of chloroform and the 
chloioform discarded. The aqueous solution still contain¬ 
ing the gum was extracted as quickly as possible five times 
with equal volumes of ether. 

The combined ether extracts were passed over a silica gel- 
buffer column prepared from 120 cc. of saturated phosphate 
buffer (pH 6.2) and 160 g. of silica gel. The column was 
developed with approximately four liters of wet ether, 
sectioned and eluted with 3% pH 6 phosphate buffer. Sev- 
yellow bands were washed from the column during devel¬ 


opment, but the activity was found to be close to the top of 
the column in a light yellow band beneath the top brown band, 
and above two doublets each containing a bright yellow band. 
Some zones** of activity, corresponding to uncxtractcd 
2-pen tenylpenicillin and benzylpenicillin, were washed 
through the column, but thej" represented only a very small 
percentage of the total activity. The active fractions were 
extracted in the cold at pTI 2 from their buffer eluates into 
ethyl acetate (three volumes) yielding 2.47 million units of 
p-hydroxybenzylpeniciliin of over 600 units per mg. purity or 
69% of the activity applied to the column. 

The p-hydroxybenzylpenicillin in the ethyl acetate solu¬ 
tion was converted to the sodium s.-dt and applied in (concen¬ 
trated aqueous solution to a column of acid-treated (pH 6.0) 
Rrockmann*8 alumina. A considerable amount of pigment 
was removed although some yellow color Mppcaro(i in the 
percolate with the p-hydroxj^cnzylpenicillin. The active 
percolate fractions were extracted into ethyl acetate after 
acidifKUition. After determination of purity, the p-hy- 
droxybenzylpenieillin was converted to the sodium salt. 
Lyophilization yielded 2.28 g. (1.65 million units) of dried 
sodium salt assaying 725 units p(;r mg. against Staph, 
aureus. This lyophilized product, a bright yellow hy¬ 
groscopic powder, was extremely soluble in water, quite 
8olubl(^ in w-butyl alcohol, and insoluble in ethyl acetate 
and acetone. 

Purification of the lyophilized product was brought about 
by treatment with n-butyl alcohol in a manner analogous to 
the acetone purification of lyophilized sodium benzylpenicill- 
inatc. The yellow powder (2.05 g.), stirred in a test tube 
with 82 cc. of w-butyl alcohol, dissolved completely. When 
the sides of the tube had btMjn scratched for five minutes, a 
white precipitate startijd to come down, and after four hours* 
standing it was filtered off. This precipitate (1.61 g; 
78% recovery) was almost free of yellow color and was no 
longer hygroscopic. In the butanol treatment, the sodium 
salt of p-hydroxybcnzylpenicilliu actually crystallizes out in 
microcrystalline form as shown by X-ray diffraction pat¬ 
terns. The success of the operations hinges on the amount 
of water present both in the lyophilized product and the butyl 
alcohol. If both are al)solutely dry, a very small amount 
of water must be supplied to effect solution and a further 
small amount added before precipitation will occur. The 
quantity of water required will vary, depending upon the 
purity of the product. P.y dissolving the sodium salt in 
water and then adding n-butyl alcohol, a true crystallization 
will result. Here again the amount of water necaissary will 
vary with the product, but the following example will illus¬ 
trate the order of the quantities required. 

The lyophilized sodium salt (3.639 g.) cooled in ice, was 
treated with 1.73 cc. of water. Warming to room tempera¬ 
ture gave a clear .solution. Dry n-butyl alcohol was then 
added gradually to the viscous solution, (crystallization (nee¬ 
dles) starting when 12 cc. had been added. Further addi¬ 
tion of butyl aheohoi was continued gradually until 45 cc.- 
had been added. The mixture was allowed to stand for an 
hour at room teirqxcrature. It was then filtered, the crystals 
washed with butyl alcohol and dried in vacuo to give 2.72 g. 
(75% recovery) of while powder. 

Sodium p-hydroxybenzylpeiiieillinate can also he crystal¬ 
lized in the form of compact rosettes from other solvent 
mixtures such as 80% a(ceton(j, 90%, x-butyl alcohol-ethyl 
acetate, and 90% ri-butyi alcohol-f-butyl aUcohol, From the 
last named solvent, the sodium salt separates with a molecule 
of f-butyl alcohol of crystallization. 

Usually a single cry.stallization is sufficient to give analyti¬ 
cally pure sodium salt. A good preparation, which was 
crystallized from three different solvent mixtures, analyzed 
as follows: 

Calc, for C, JlnN-OftSNa: 

C, 51.6; H, 4.60; N, 7.52; S, 8.61; Na, 6.18 
Found: C, 51.6; H, 4.69; N, 7.52; S, 8.76; Na, 6.12 

C, 51.6; H, 4.72 
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Bknzylamine Dekivative ok P-Hvdroxybenzylpeni- 
CTLiJN (NRUL, C.i9, 5). The si^dium salt of p-hydroxy- 
benzylpenicillin (100 mg.) was dissolved in an equal weight of 
water and 0.50 ce. of benzylamine added. After three days 
at room temperature the reaction rnixtiirti was diluted with 
several cc. of water and extracted five times with ether to 
remove henzylarnirie. The ac|ueous solution was acidified 
with one equivalent of dilute hydrochloric acid and the 
giiinrny precipitate removed with a stirring rod. The gum 
was dried to a powder whicli was washed with .sewiiral cc. of 
winter and filteml. The jireidpitate was dried to a w'hite 
powfler weighing GO mg. This was dissolved in a minimum 
of 85 per cent ahjohol containing 3 drops of henzyhiminc. 
The solution was lilteriHl through cotton-asl)e.stoH and the 
filtrat(‘ diluted to cloudiness wdtli etlua*. ('oolirig in the 
ice ho.K gave needles; 52 mg., m.p. 131 135" (capillaryh 
Because the (compound is a ruonohydrate, it was dried for 
only 5 minutes in a vacuum desiccator to remove the last 
trai^cs of ether. 

C^alc. for 01.83; TI, 0.57; N, 0.02 

Found: ( \ 01.8; II, 0.52; N, 9.52 

Degradation Experiments. p-HYniioxYrMiKNVnAtETio 
Acid (NRRL, (.’./a 7). So<lium ;>>hydroxyhenzylpenicil- 
liiiate (300 mg.) was refluxed three hours w ith 30 ec. of 10% 
HCI, the hydrolyzate exlra(‘ted with etfuT, and the ether 
extracts concimtrated to yield 115 ing. of light t.an crystals. 
These wcTe dissolveil in a f('W^ cc. of pi I G.O phosphate 
buffer (final plf « - 1 ) and ('xtracted r(;j)eat(‘dly with ether to 
give 98 mg. of crystulliiu* acid of lighter color. These 
<•^^^stals were <Iissoived in a small amount of NalU'O 3 solu¬ 
tion and extraided with ether and the etlier discarded. The 
aqueous sedution W'as then decolorized with charcoal and the 
nearly colorless filtrate* a<*i(lifi(‘d. l]xtraction with ether 
gave 93 mg. of white crystals tnelling af. M7~] 19" (literature 
value for 7 >-hydroxyph('iiyla(?(‘tie acid 148°). The compound 
gave a po.sitive Folin-Denis plumol test. Melhylation 
with dimethyl sulfate gave a crystalline product melting at 
85-80.5" shown to be hoinoanisii; a(ud by mixed melting point 
test and X-ray diffraction pattiTns. 

p- H YDKOX YPH KN YI, ^ C ETY U A MI NO ACETA LI) K HYDE (Stodola, 
Wachtel, and Coghill, personal communication). To 
sodium 7 >-hydroxybenzyJpenicillinate (250 mg.) in 5 cc. of 
water was added 12.5 cc. of saturated mercuric chloride 
solution. After standing overnight, the pale jh'IIow precipi¬ 
tate w^as filtered off and the filtrate freed of mercury with 
hydrogen sulfide. Addition of 2,4-dinitrophcnylhydrazine 
in 1:1 sulfuric acid gave a precipitate (61 mg.) of the hydra- 
zone. (Vystallization from ethanol gave 12 mg. of orange 
needle.s melting at 195-196° with decomposition. Catch, 
Cook, and Heilhron (Cf^S/£S) report a melting point of 195° 
for this compound. It was synthesized by Cook, lleilbron, 
and Graham {CPS.314). 

Calc, for CioHuN^O®: C, 51.4; 11, 4,05; N, 18.76 
Found: C, 15.2; II, 4.28; N, 18.7 (Dumas) 

T)-PKNiriLLAMiNE (Stodohi, Wachtcl, and Coghill, per¬ 
sona I conimuni(!ation). The sodium salt of p-hydroxybenzyl- 
ponicillin (610 mg.) was dissolved in 3 cc. of water and a 
solution of 15 mg. of penicillinase in 3 cc. of water added. 
The mixture was allowed to stand at room temperature for 
three days and then warmed for ten minutes on the steam 
bath. After (rooling, saturated mercuric chloride solution 
was added and the mercury complex filtered off. The preci¬ 
pitate was suspended in 15 cc, of N HCI, Most of the solid 
dissolved and the small amount of gum remaining was re¬ 
moved. The solution was saturated wdth hydrogen sulfide 
and the mercuric sulfide removed by centrifugation. After 
t w o washings with 15 cc. portions of water the ferric chloride 
test for sulfhydryl was negative. The combined penicill¬ 
amine hydrochloride solutions were then lyophilized, redis- 
solved in water and the precipitated sulfur removed. The 
clear solution was lyophilized again and the residue warmed 


with acetone. Removal of excess acetone left an oil which 
crystallized partially on scratching. After standing in a 
desiccator overnight, the crystals were washed with a small 
amount of acetone to remove oil and non-crystalline ma¬ 
terial. The remaining crystals of i)-2,2,5,5-tetramethyl- 
thiazolidine-l-carboxjdic acid hydrochloride (128 mg.) 
melted at 180 185°. 

The hyilrochloride (124 mg.) was treated with a solution of 
41 mg. (1 equivalent) of ammonium bicarbonate. liyo- 
philization gave 122 mg. of a white powder which was 
extracted several times wdth warm acetone. Removal 
of lh(i aceiorie left 88 mg. of the free thiazolhline. Crystal¬ 
lization from ethyl acetate yielded 36 ing. of crystals melting 
at 182-183° with discoloration and evolution of gas. A sam¬ 
ple of the thiazolidine prepared similarly from synthetic 
n-penicilinmine melted at 183°. The X-ray diffraction pat- 
lerris of the natural and synthetic derivatives were identical. 
The rotat ions of the free thiazolidines were as follow.s: 

Natural [aW^ 4*141** (17.8 mg. in 1.322 cc. of 

dimethyl formamide) 

Synthetic [ali)*a 4-142° (21.3 mg. in 1.326 cc. of 

dimethyl formamide) 

Stability in Methanol (Stodola, Wachtel, and Cbghill, 
C./^, 8 ). The rate of d(i.struetion of the sodium salt of 
7 >-hydroxybcnzylpenieilhn by methanol was studied over a 
period of twenty-four days. Weighed samples (2 mg.) of a 
sodium salt assaying 825 units per mg. were dissolved in 
magnesium-dried methanol (0.2 cc,). After standing at 
room temperature for varying lengths of time, th(‘. solvent 
was removed and the residue assayed with th(^ following 
results: 


Sample 

Total time 
in methanol 

Assay in 
U/mg. vs. 
Staph, aureus 

Activity 

remaining 

(%) 

1 

25 hours 

815 

99 

2 

48 hours 

800 

97 

3 

6 days 

673 

82 

4 

10 days 

526 

64 

5 

17 days 

378 

46 

6 

I 24 days 

no 

13 


Under identical conditions, a sample of pure sodium 
benzylpenicilliiiate lo.st two-thirds of its activity in fiftecTi 
hours. For further confirmation of this unexpected sta¬ 
bility to methanol, a sample of sodium p-hy<lroxybenzyl- 
penicillinate was dissolved in magnesimn-dried methanol 
and kept at room temperature for forty-eight hours. Re¬ 
moval of the solvent left a white powder that showed 94 % 
of its original activity. The methoxyl content was only 
0.25 %. 

n-HEPTYLPENICILLIN» 

The first experiments on the systematic frac¬ 
tionation of the crude penicillin extracts prepared 
from fermentations by strains F-4, NRRL 832 
and NRRL 1249.B21 of P. noiatum were reported 
by Boon, Calam, Carrington, and Levi iCPS49) 
from the laboratories of Imperial Chemical Indus¬ 
tries, Ltd. These investigators were the first to 
make use of the distribution type of chromatogram 
of Martin and Synge for the separation of the peni¬ 
cillins and by this means they succeeded in isolating 

• By D. W, MacCorquodftle, W. C. Rlsser, X E.^Phnip, and 0. TouBt«r. 
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2 -pentenylpenicillin (penicillin I, penicillin F). and 
benzylpenicillin (penicillin II, penicillin G) in pure 
crystaliine condition. They further demonstrated 
the existence of a third penicillin (penicillin HI, 
designated penicillin X in America) and obtained 
strong indications of the existence of one and possi¬ 
bly two additional penicillins (penicillins IV and V). 

At the Abbott Laboi-atories the partition chroma¬ 
togram was used for the separation and purification 
of benzylpenicillin from fermentations with culture 
NRRL 195LB25 and it was found (Abbott, A.16, 
1 ) that a considerable portion, sometimes as much 
as 10 % of the activity, passed through the silica 
gel-phosphate huffier column (pH (3.2) although the 
known penicillins were retained. Corresponding 
filtrate fractions from a number of such columns 
w(U’e (‘ombined and the material subjected to fur¬ 
ther frac.tionation by means of partition chromato¬ 
grams. 1 n this way a fraction was obtained having 
a potency of 1,700 units per milligram (A./7, 4). 
It was soluble in ethyl acetate, and upon adding a 
small amount of water and allowing the solution to 
stand, a mass of colorless needles separated. Re- 
f)eat(‘d recrystallization of this material finally 
gave a pure sodium salt having a potency of 2,300- 
2,400 Oxford units per milligram and a composition 
reprcs(‘nted by the empirical formula C 10 II 25 O 4 
N 2 SNa. In conformity with tlie system of nomen- 
clatui’(‘ prevailing at the time this new penicillin 
was called penicillin K. It was found to exhibit 
typical penicillin behavior. It gives the usual type 
of derivative with benzylarnine. In acid solution it 
undergoes the penillic acid reaiTangement, and in 
rnetlianol an a-methyl penicilloate is produced. 
With mercuric chloride th(^ usual cleavage occurs 
witli the formation of D-penicillamine and an 
acylaminoacetaldehyde which has been identi¬ 
fied as caprvdylaminoacetaldehyde (AJOj 6 ; 2^^ 
6 ). This new penicillin is therefore designated 
n-heptylpeiiicillin. 

CO---N- CHCO 2 H 

CHaCCHa) .CONH-ill—in—S—C (CII3) 2 

The correctness of this structure was further demon¬ 
strated by the isolation of caprylic acid (as the 
p-toluidide) from the products of acid hydrolysis 
(A.23, 1). 

Electrometric titration of n-heptylpenicillin shows 
it to have a of 2.7 (Abbott, A.SSf 6). The 
sodium salt crystallizes from moist ethyl acetate 
with one molecule of water of hydration and is not 
hygroscopic (A.20y 4). In aqueous solution the 
ultraviolet absorption spectrum shows only steep 
end absorption. The salt is dextrorotatory; [a]D*® 
+ 268 ^ 

, Against Staphylococcus aureus sodium heptyl- 
penicillinate shows the greatest activity of the 
known natural penicillins. When measured against 


sodium benzylpenicillinatc as a standard the 
potency was found to bo 2,300 units per milligram. 
The rough” differential iiasixy ratio was found to be 
0.31 (Abbott, 5). 

The distribution chromatogram was subsequently 
utilized at the Northern Regional Research Labora¬ 
tory of the U. S. Department of Agriculture for the 
isolation of ?i-heptylpeniciHin in form of the am¬ 
monium and sodium salts (NRRL, 3; 23^ 1). 
The superior crystallizal)ility of the former salt 
proved to be useful in securing the crude crystalline 
product (a mixture containing pentenyl- as well as 
heptylpenicillin) which served as the starting 
material for the chromatographic purification. 
This property was first noted by the Squibb investi¬ 
gators who carried out similar isolation studies 
(S40y 19; 4'^, 12; 44, 17; 4^7, 15). Their final 
preparations showed a low dilTereniial assay ratio 
and a potency definitely greater than that of benzyl- 
penicillin, and while no pure salts of n-heptylpenicil¬ 
lin were isolated, strong evidcuice was obtained that 
this penicillin was present in significant amounts in 
these mixtures. 

It was reported from the Abbott Laboral.uries 
(AJOy 2; 18, 7) that fractional extraction of an 
amyl acetate solution of therapeutic grade penicil¬ 
lin from P. chrysogenum NRRL culture 1951 .B25 
with aqueous alkali resulted in a partial separation, 
the material extracted over the pR range G.5-7.0 or 
7.5 being relatively much ric^hcr in n-heptylpenicil¬ 
lin whereas the material extra(‘-ted up to pH 6.5 con¬ 
tained relatively little. At the Northern Regional 
Research Laboratory of the U. S. Department of 
Agriculture this principle has been extended {C,22\ 
23) and utilized for the isolation of pure crystalline 
sodium n-heptylpenicillinate from fermentations 
using P. chrysogenum X-1G12. 

EXPERIMENTAL 

I.SOLATION OF SoDiUM w-Hbptylpenicillinate (Abbott, 
AA6, 1). In the isolation of benzylpenicillin by means of 
two-liquicl-phase distribution chromatography (see section 
on benzylpenicillin) a filtrate fraction was obtained contain¬ 
ing a penicillin different from those previously characterized. 
Corresponding fractions from a number of such chromato- 
grams were combined and extracted into chloroform. The 
solution was applied to a silica gel-buffer column of pH 7.0. 
After development with a mixture of chloroform and metha¬ 
nol most of the activity was found in the upper part of the 
column. This material was converted to sodium salts and 
on treatment with acetone yielded a small amount of inac¬ 
tive crystalline material. Th(‘ remainder of the material in 
the mother liquor was extracted into ether {A. 17, 4). The 
ether solution containing 3.3 million units was passed 
through a silica gel-buffer column of pll 6.7 (170 g. silica gel 
-f 136 ml. pH 6-7 concentrated potassium phosphate buffer). 
The column was developed with 500 ml. portions of 0.5, 1.0 
and 1.5% methanol in wet (Jther. A 5.0 cm. portion of the 
column lying 5,0 cm. below the upper surface of the adsorb¬ 
ent containe<l 1.51 million units of the activity. Conversion 
of this to sodium salt gave 576 mg. of material having a 
potency of 1,700 U/mg. This salt was soluble in acetone, 
methyl ethyl ketone, ethyl acetate, and chloroform, but 
insoluble in benzene and carbon tetrachloride. No crystals 
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could be obtained from the above mentioned dry solvents. 
When the material was dissolved in ethyl acetate (6.0 ml.) 
and 0.1 ml. of water was added 510 mg. of needle-like crys¬ 
tals were formed. The material assayed 2,100 U/mg. and 
contained a considerable amount of pigment. It was 
extracted repeatedly with dry acetone (A .18^ 7) until 133 mg. 
of white residue remained. The potency was found to be 
1,980 U/mg. 

This product was suspended in 0.4 ml. of dry ethyl acetate 
and dissolved by the addition of 0.2 ml. of acetone and 
0.015 ml. of water. After filtration, the addition of ap¬ 
proximately 2 ml. of dry ethyl acetate to the solution resulted 
in the precipitation of 97.8 mg. of needle crystals. After two 
recrystallizations in the same manner there was obtained 
36.0 mg. of pure sodium n-heptylpenicillinatc. The assay 
was 2,400 U/mg. For analysis the material was dried in 
vacuo over Pj06 at 100° for two hours. 

Calc, for C,«Hu 04 N 2 SNa: 

C, 52.72; H, 6.92; N, 7.70; S, 8.80 
Found: C, 52.49; 11, 6.67; N, 7.43; S, 8.92 {A,20, 4) 

Sodium n-heptylpenicillinate crystallizes with one mole¬ 
cule of water. The rnonoliydrate was dried at 1(K)° over 
in a high vacuum. When the sample wa.s exposed to 
the air for five minutes, its weight increased 4.76% (theoreti¬ 
cal increase for one molecule of water per CiAtl 2 A(^ 4 NiSNa is 
4,94 %). No more than one molecule of water was taken up. 

The X-ray powder pattern of the crystalline sodium 
fi-heptylpenicillinate was prepared at the NortluTu Pegional 
Pesearch Lai oratory tlirough the kindne.ss of Dr. Schieltz 
and found to bo difTcrent from that of anj^ other crystalline 
penicillin sodium salt examined by that laboratory (lieportcd 
in A.2(\ 4). 

Sodium n-heptylpenicillinate apparently undergoes the 
pcnillic acid rearrangement {A,20y 5), 1.20 mg. was dis¬ 

solved in 20.0 ml. of pH 2.12 buffer. At room temperature 
absorption at 235 rng. increased rapidly reaching a maximum 
Em of 5,370 in one hour. This is much more rapid than is 
the case for benzylpcnicillin which requires 4-5 hours for 
completion of the reaction (Merck, A/,24, 3). 

The Isolation of ti-Heptylpenicillin by Fractional 
Extraction (NRRL, C.28, 1-2). Analytically pure 

n-hcptylpenicillin was obtained from mixtures consisting 
principally of w-hcptyl- and A^-pentenylponicillins by re¬ 
peated chloroform extraction of solutions of the mixed 
penicillins in 3-6% pH 5.5 phosphate buffer. The general 
procedure Ls as follows: The crystalline ammonium salts, 
obtained from pilot plant ferrnentations using P. chrysa- 
genum X-1612, were dissolved in the buffer at a level of 
10,000-20,000 U/cc. The buffer solution was then ex¬ 
tracted three times in the cold with equal volumes of freshly 
purified chloroform. These extracts were kept separate. 
The pH was then lowered to 4.0 and another chloroform 
extraction made. The remainder of the activity in the 
aqueous phase was then removed by extraction with ether 
at pH 2.6. All of the chloroform solutions were transfer'red 
to ether through pH 7.0 buffer and stored as such, since 
there occur some loss of activity and scum formation in 
chloroform solutions, even when stored at refrigerator 
temperature. 

The 6rst chloroform extraction at pH 5.5 tends to remove 
principally n-heptylponicillin. Subwjquent extractions at 
this and lower pH values give mixtures containing increasing 
amounts of 2-pentenylpenicillin (and benzylpenicillin). 
The amount of n-heptylpenicillin in the first chloroform 
extract is partly governed by the percentage of »-heptyl- 
peniciljiii in the original mixture. Although the extraction 
is by no means quantitative, a relatively greater quantity of 
the total unitage appears in this extract as the percentage 
of n-heptylpcnicillin in the buffer solution increases. This 
can be noted when first chloroform extracts are given a 
second fractionation by this process. 


Extraction I 

11.8 million units of ammonium salt of 0.36-0.42 differential 
assay ratio, average 0.39; unitage level 10,000 U/cc. 


Extract 

pH 

Solvent 

Activity 

in 

extract 

Svhtilis/Staph. 
ratio 

1 

5.5 

Chloroform 

11.9% 

.27-.34 

2 

5.5 

Chloroform 

7.3% 

.20-.38 

3 

5.5 

Chloroform 

7.2% 

.26-.44 

4 

4.0 

Chloroform 

44.0% 

.43-.48 

5 

2.5 

Ether 

18.1% 

.53-.54 

Total. 



88.5% 



Extraction TV 

Extract 1 refractionated, 1.4 million units; unitage level 
8,000 unitsA'c. 


Extract 

pH 

Solvent 

Activity 

in 

extract 

Subtilis/Staph. 
ratio 

16 

5.5 

Chloroform 

C4.1 % 

.37 

17 

5.5 

(’hlorioform 

4.3% 

.31-.40 

18 

5.5 

C’hl.opoforin 

1.7% 

.31-.42 

19 

4.0 

Chloroform 

3 6% 

.31-.40 

20 

2.5 

Ether 

3.3% 

.45-.54 

Total. 



7.5 % 



Extract 16 was converted to the sodium salt and lyo- 
philizcd to yield 267 mg. of white powder. Crystallization 
from acotone-water-ethyl acetate gave 173 mg. in the first 
crop and 35 mg. in tht^ second crop. Roth of these samples 
gave X-ray diffraction patterns very similar to Abbott’s 
sodium penicillin K, except that the fourth line was some¬ 
what smaller in diameter. The X-ray patterns were 
identical with those for Abbott’s sodium penicillin L (re¬ 
ferred to in A,24)i which is believed to be merely a purer 
sample of n-heptylpeniciliin than the one first furnished 
for X-ray. There were no lines at 24 A, the presence of 
which has always been associated with low carbon values. 

The analyses of these samples were as follows: 

First crop. Found: C, 52.8; H, 7.02 

Second crop. Found: C, 52.9; H, 7.24 

Calc, for Cx 6 H,sN, 04 SNa: C, 52.73; H, 6.91 

The Isolation of Ammonium n-HEPTYLPBNiciLLiNATB 
(NRRL, C.22j 4). Four and two tenths million units of 
mixed penicillins of approximately 1,800 units per milligram 
were applied to a column formed from 250 g. of silica and 
187 cc. of pH 6.4 saturated buffer. This material was ob¬ 
tained from penicillin of 900 units per milligram applied to a 
similar column at pH 7.0, which served to remove a con¬ 
siderable portion of inert material, but held the penicillin so 
firmly near the top that only a small amount of separation 
of the penicillins occurred. At pH 6.4, however, after 
development with about 13 liters of wet ether, the applied 
penicillin, which had a differential assay ratio of 0.46, was 
spread into several regions of differing ratios. The activity 
remained on the column, which was arbitrarily cut into 25 
equal sections. The bottom two fractions (fractions 1 and 
2) were only weakly active (ratio » 0.34). Fractions 3, 4, 
and 6 contained 775,000 units of 0.81 ratio. Fraction 
6 (400,000 units) had a ratio of 0,29. Fractions 7-16 
(2,100,000 units) had ratios ranging from 0.39 to 0,66 with an 
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average of about 0.68. The remainder of the fractions 
contained 290)000 units with a ratio of almost unity (ben- 
ay Ipenicillin). Fractions 3, 4, and 5 were concentrated and 
treated in ether with ethereal ammonia, yielding 231 mg. of 
very pale yellow needles. Recrystallization of this am¬ 
monium salt from 90% acetone yielded 152 mg. of shim¬ 
mering wax-like needles in the first crop and 28 mg. in the 
second crop. The first crop assayed 2,620 units pcT milli¬ 
gram (ratio » 0.26). It had a very low smooth ultraviolet 
absorption curve, indicating complete abstmee of benzyl- 
penicillin. It was dried (3.85% weight loss) to (sonstant 
weight at room temperature. 

Calc, for C,bH* 6N204SNH4: C, 53.46; H, 8.13 
Found: C, 53.3; H, 8.28 

The Reaction of w-Heptylpenicillin w^ith Benzyi.- 
AMINE (Abbott, A.20^ 5; 2i^ 5; 1). Sodium n-heptyl- 

penicillin (50.9 mg.) was dissolved in 5 ml. of water, and the 
solution brought to pH 1,9 with 1:1 phosphoric acid. The 
solution was extracted five limes w'ilh 5 ml. por< ions of ether. 
The extracts were combined and stored in the refrigerator for 
fifteen minutes, after which the cth(*r was dc'canted from 
the water. Addition of 7.0 ml. of a 10% solution of benzyl- 
amine in ether resulted in immediate turbidity. After 
standing for hours the wdiite solid was collected b^*^ 
centrifugation, washed tAvico with ether and dried in vnnw. 
The weight of waxy white solid was 79.5 mg. It was reerys- 
tallizcd by dissolving in 1:1 methunol-aeetone and adding 
ether. Two crops of crystals were obtained weighing 14.8 
and 30.6 mg. The first crop (14.8 mg.) had a melting point 
of 110'111'* and after rccrystallization from acefone-other 
containing a drop of bcmzylamine the melting point was 
111-112®. The second crop (30.6 mg.) was recry.stallized 
tAvice in the same manner and then melted at 109.5- 111®. 

Several other preparations of this benzylamine salt of the 
a-heptylpcnicilloie acid «-benzylaniide invariably resulted in 
products luiving a melting point of 125-^126®. The com¬ 
pound crystallizes Avith half a moloeule of water of hydration 
Avhich is not lost at 25® in tfarno. Heating at 56® for tAAolvc 
hours resulted in a loss of 0.8 (theory 1.56^v). Heating 
to 80° for fiA^c hours resulted in loss of benzylamine as well as 
water. 

Calc, for C,on4404N4S-HIl20: 0. 63.7; H, 8.01 
Found; C, 63.36; H, 7,72 

€*-Benzylamii>e of n-HEPTYLPENiciLLoic Acii> (Abbott, 
2). The benzylamine salt (100 mg., see above) was 
converted to the free acid by dissolving in water, acidifying, 
and extracting with ether. Evaporation of the ether left a 
white residue (84 mg.) which was cry.stallized from water 
and ethanol. The first crop of crystals weighed 33 ing. and 
had a melting point of 80-90®. The compound lost no 
weight on drying at 56® in vacuo over PaO*. 

Calc, for Ci,H« 04N|S: C, 61.4; H, 7.86 
Found: C, 62.00; H, 7.79 

Benzylamine Salt of o-Mbthyl n-IlEPTYLPENiciLLOATE 
(Abbott, A.£4f !)• Sodium w-heptylpenicillinate (371 mg.) 
was dissolved in 15 ml. of magnesium-dried methanol. The 
solution was kept at 40° for forty-eight hours and at room 
temperature for sixteen more hours, after AAdiich it was 
evaporated to dryness. The residue was dissolved in a few 
ml. of water and several volumes of ether were added. 
The mixture was cooled in an ice bath, the pH was lowered 
to 2 0 and the a-methyl n-hcptylpenicilloate extracted into 
the ether. Evaporation of the ether in a stream of nitrogen 
left a residue which weighed 369.7 mg. This was dissolved 
in dry ether and an equivalent amount (103 mg.) of benzyl- 
amine in cl her added w hen^upon the salt separated as an oil. 
After ova{)oratlon of the ether the residue was dissolved in 
1 mi. of ethyl acetate and dry ether was added until the 
iolution was slightly turbid. Upon cooling to —5® a mushy 


solid of questionable crystallinity was formed. It was 
washed with ether and dried. The weight of dry, some¬ 
what hygroscopic material was 340.7 mg. and the melting 
point 48-51°. 

Calc, for CmILsOjNiS: C, 60.00; H, 7.97; N, 8.74 
Found: C, 59.27; H, 7.68; N, 8.66 

The material was recrystallized by dissolving in warm 
isopropyl ether and allowing to stand at —5®. When the 
melting point was determined on the micro block the com¬ 
pound showed softening at 64® in some parts of the field. 
Nearly complete melting took place at 68^70° but at the same 
time partial conversion to stubby needles was ob.scrved. 
All of these new needles bad melted w'hcn a temperature of 
74® Avas reached. In an open capillary melting point tube 
nearly complete melting took place at 74-76® A\’ith nearly 
complete solidification taking place immediately thereafter. 
The ncAv solid melted at 8()-83®. 

It has been showm that the a-rne(hyl penicilloatcs derived 
from bonzylpenicillin i.somerize on warming with methanol 
(Merck, M.28, 3). From the diffieulty in crystallizing the 
benzylamine salt of a-metbyl ri-heptylpeiiicilloate, from the 
poor yield of this crystalline ilorivative and from the melting 
point behavior, it appears that the a^methyl n-beptyl- 
penicilloate isomerizes more readily than tlie a-methyl 
benzylpenicilloatc. 

Isolation of r/-OoTANoYi.AMiNOACETAi.i>EHYnE 2,4-Dt- 

NlTROPlIENA'IJlYmiAZONE FROM r/>H EPTY LPENICILLIN (Ab¬ 
bott, A.20, 6 ). Sodium R-heplylponicillirmte (75 ing.) in 
1.0 ml. water \A'as treated with 111 mg. of mercuric chloride 
dissolved in 3.7 ml. water. In a few seconds a turbidity 
appeared AA’hich imTcased more raj)idly than is usually the 
case Avith bcnzylpenicillin. After a few minutes 5 ml. of an 
acidic 50% etiianol solution of 2,4-dinitrophenylliydrazino 
was added, causing immediate precipitation of a bydrazone. 
After several hours at room temperature, the mixture was 
heated to 55-60° for thirty minutes. After cooling, the 
precipitate was oolhjcted by centrifugation and washed A\dth 
3 N hydrochloric acid and then Avitli Avaler. The weight of 
dry solid aahs 117.3 mg. It was dissolved in a mixture of 
ethyl acetate, ethyl alcohol and chlorofonu, and treated 
Avith HaS. After removal of the mercuric sulfide, the filtrate 
AA'as evaporated to dryness, leaving a residue of 87.1 mg. 
This AA^as dissolved in 2 ml. of chloroform and Avashed with 
3 N IIC.'l, AA’^ater, dilute K 2 CO» solution and then repeatedly 
with water. Evaporation of the chloroform left a residue 
of 50.0 mg. which was crystallized from a mixture of chloro¬ 
form and light petroleum. The weight of the first crop of 
needle-like crystals was 13.3 mg. (m.p. 171-173°). A second 
crop (5.8 mg.) was obtained from the mother liquor. Re- 
crystallization of the first crop from 2.5 ml. of absolute 
alcohol gave 9.6 mg. of crystals melting at 171-173° on the 
hot stage. 

Calc, for C16H23O4N5: C, 52.57; H, 6.36; N, 19.17 
Calc, for CuILiOftNt: C, 51.3; H, 6.05; N, 19.94 
Found: C, 52.80; H, 6.07; N, 19.74 

For purposes of comparison, the dinitrophenylhydrazones 
of n-octanoylaminoaoetaldehyde, 7 -ethylcaproylaminoacet- 
aldehyde and ri-heptanoylaminoacetaldehyde A\'cre syn¬ 
thesized by the reaction of aminodiethylacetal with the 
appropriate acyl chloride, followed by treatment of the re¬ 
sulting acylarninoac^etttl Avith 2,4-dinilrophenylhydrazine. 

n-0CTANOYLAMINOAC'KTALl>EHyi)El)IBTIIYLACKTAI. (Abbott, 

A,21, 2), A solution of 46.2 g. of w-octanoic acid and 70 ml, 
of lliiony! chloride was ullow^ed to stand at room temperature 
and then finally heated to remove excess reagent. Distilla¬ 
tion of the original oil gave a 95.6% yield of octanoyl 
chloride (b.p. 73-74®/8 mrn.; nD^^ 1.4338). The acid 
chloride (14.1 g.) was added to a stirred solution of 20 g. of 
ammoacetaldchyde dicthylacetal in 100 ml. benzene at 
10-15®. After washing with water the benzene layer was 
separated and subjected to distillation whereby a 74% yield 
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(17.4 g.) of the acetal was obtained (b.p. 160“161®/2 mm.; 

1.4484). 

Calc, for CiJIjoNOa: N, 5.40 
Found: N, 5.52 

n-OCTANOri^MINOACETAU)E»yi)E 2,4-DlNITltOPlIENyLHy- 
DRA20NE (Abbott, A.^l^ 2), The diethylacetal of oclanoyl- 
aminoacetaldehyde (0.2 ml.) was treated with an equivalent 
amount of 2,4-dinitrophenylhydrazine in acidic 50% alcohol. 
The diniirophenylhydrazoiie formed slowly. It was re- 
crystallized from 95% alcohol and molted on the hot stage at 
182-184^ 

Calc, for CielLiOftNs: N, 19.17 
Found: N, 19.10 

At the same rate of heating (3 to 4 degrees per minute) the 
melting point of the synthetic n-octanoylaminoacctddc- 
hyde 2,4-dinitrophcnylhydrazone was 182-184® and of the 
hydrazone from n-heptylpcnicillin 180-181.5®. Under the 
stime conditions the mixed melting point W'as 181-182.5®. 
On another occasion a melting point of 178-181® was 
found for the mixture. The rate of heating was found to 
have a marked effect on the melting point. 

'V-ETHYLCAPKOrLAMINOACETALDBUyDE 2,4-DlNITBO- 
piienylhvorazonb (Abbott, A.iSly 3). 7-EthyIcaproyl 
chloride (1.63 g.) was added slowly to an ether solution of 
2.06 g. of aminoacetaldehydcdiethylacetal. An immediate 
reaction en.sued followed by separation of aminoacetalde- 
hydediethylacetal hydrochloride. After standing fifteem 
minute.s the solution was washed with water, dried and dis¬ 
tilled. The 7-ethyIcaproyIaniinoaeetaldohyde diethylacetal 
remained as a light yellow oil. This oil (240 mg.) was dis¬ 
solved in 1.5 ml. of 95% alcohol and treated with 159 mg. of 
2,4-diriitrophenylhydrazine in acidic ethyl alcohol. The 
resulting 2,4-dinitrophcnylhydrazone of 7-elhyIcapro3d- 
aminoacetaldehyde was washed with alcohol and light 
petroleum and dried in vacuo. The weight was 278 mg. 
After two recrystallizations from alcohol the melting point 
was 173-174.5®. 

Calc, for Ci6U2s05Nft: N, 19.19 
Found: N, 19.15 

When the melting points of this preparation, the dinitro- 
phenyl hydrazone from n-heptylpenicillin and a mixture of 
the two were taken simultaneously on the hot stage, the 
melting points were 173-175®, 172-175® and 160-164® 
respectively. A depression is obvious in this case, 

n-HBPTANOYLAMINOACBTALDEHYDB 2,4-DlNITROrHENyii- 
HTDiuzoNE (Abbott, A.SI, 4). n-Heptanoic acid (1.3 g.) 
was converted to the acid chloride in the manner previously 
described and this in turn converted to the n-hcptanoyl- 
aminoacetal by treatment with aminoacetaldehyde diethyl¬ 
acetal. Reaction of the crude heptanoylaminoacetaldehyde 
diethylacetal (0.3 ml.) with 2,4-dinitrophenylhydrazine 
(225 mg.) in acidic ethanol gave 213 mg. of crude dinitro- 
phenylhydrazone. This was recrystallized three times from 
alcohol and then melted at 188-189®. 

Calc, for CiiHsiOfNi: N, 19.96 
Found: N, 19.78 

Molting points were taken simultaneously on the hot stage 
of n-hoptanoylaminoacetaldehyde 2,4-dinitrophenylhydraz- 
one, the 2,4rdinitrophenylhydrazone from n«heptylpenicillin 
and a mixture of the two. The values obtained were 187— 
189®, 178-176®, and 170-173®. The depreesion of the 
mixed melting point is not marked. 

Although the melting point determinations indicated 
rather definitely that the 2,4-dmitrophenylhydrazone ob¬ 
tained from n-heptylponiciUin was identic^ with the syn¬ 
thetic n-octanoylaminoacotaldehyde 2,4-dinitrophenylhydr- 
azone, corroborative evidence seemed desirable. For this 
purpose qualitative observations were made on the solubility 


of the 2,4-dinltrophenylhydrazone8 of 7-ethylcaproyl- 
aminoacetaldohyde, n-lieptanoylaminoacetaldehyde and 
the aldehyde from n-heptylpenicilUn in a saturated solu¬ 
tion of the synthetic ?<-octanoylaminoacctaldehyde 2,4-di- 
n itroph eny 1 hy drazon e. 

The experiments on solubility behavior (Abbott, A My 6) 
were carried out in an inverted Y-tube, the lower ends of 
which had been sealed. The two sealed arms were immersed 
in a water bath controlled by a thermostat set at 25®. Into 
one sealed arm (A) was introduced 2 ml. of a chloroform 
solution of the 2,4-dinitrophenylhydrazonc of octanoyl- 
aminoa(^etaldchy^le. Th(i solution was prepared by saturat¬ 
ing the chloroform at 60° and allowing the solution to stand 
at 39-35® for one-half hour. Some of the material that had 
crystallized out on cooling was also transferred to side arm 
(A). A plug of glass wool was then placed about 5 cm. above 
the solution. The Y-tube was closed by means of a stopper, 
Th(' Y-tube, which was at all times kept in the water at 26°, 
was gently agitated for two to thn^e hours to allow the solu¬ 
tion to come to equilibrium. The tube was then tilted so 
that the solution in arm (A) was filtered by the glass wool 
and piissed into the other arm (B). Approximately 0.1 mg. 
of the 2,4-din itrophenylhydrazone of an acylarninoacetalde- 
hyde was added to the clear solution in arm (B) and the 
Y-tube gently agitated. A small amount of the 2,4-dini- 
trophenylhydrazone of 7-ethylcaproylaminoacetalijchyde 
dissolved in three minutes in the saturated solution of the 
octanoyl derivative. Under the same conditions, the 

2.4- dinitroj)henylhydrazono of ]iej)tanoylaminoacetaldehyde. 
dissolved in a few seconds. However, when the 2,4-dinitro- 
phenylhydrazonc of either octanoylaminoacetal(]eh3^do or 
the acylaminoacetaldchyde fn)m n-hoptylpenicilliri was 
added to the Hatiirat<*d solution of the octano^d derivative, no 
apparent solution took place even after one hour of shaking. 
This is further proof of the identity of the s^mthetic octanoyl- 
aminoacetaldebyde 2,4-dinitrophenylhydrazone and the 

2.4- dinitrophenylhydrazone of the aldehyde obtained from 
R-hcptylpenicillin. 

Samples of the four dinitrophenylhydrazones were sent 
to the Northern Regional Research Laboratory for com¬ 
parison (cf. A My 6). The X-ra.y pow^der patterns furnished 
through the kindness of Dr. Schieltz were found to be identi¬ 
cal for «-<)ctanoylaminoacetaldehyde 2,4-dinitrophenyl¬ 
hydrazone and the 2,4-dinitrophenylhydrazone of the 
aldehyde obtained from rt-hcptylpenicillin but different in 
the case of the other two compounds. 

Therefore, mixed melting point data, solubility data, 
and X-ray photographs of the powder indicate that the 
acylaminoacetaldehyde 2,4-dinitrophenylhydrazone from' 
7i-heptylpenicillin is identical with the 2,4:-dinitrophenyl- 
hydrazone of n-octanoylaminoacetaldehyde. The com¬ 
pound from n-heptylpeniciUin still melted (or decomposed) 
approximately 6-8 degrees below the pure synthetic com¬ 
pound despite another recrystallization. After three 
recrystaUizations, it melted at 174r-177® when the rate of 
temperature rise was two degrees per minute. Evidently 
there was an impurity present which was very difficult to 
remove. 

Capryuc Acid from n-HEPTYLPENiciLLiN {AMy 1). 
Sodium 7i-heptylpenicillinate (300 mg.) was dissolved in 
5 ml. water and 25 ml. of 6 N hydrochloric acid were added. 
The solution was refluxed in an atmosphere of nitrogen for 
sixteen hours. The dark brown solution was extracted three 
times with ether. The extract was washed several times 
with small amounts of water after which the ether was, 
evaporated. The residue was heated to 80® in vacuo for ten 
minutes. The weight of the brown oily residue was 85.3 mg. 
This was treated with 0.08 ml. of thionyl chloride and 
warmed to 66® for 2H hours. After cooling, a solution of 
p-toluidine (400 mg.) in 2.0 ml. benzene was added and the 
reaction mixture warmed to 66® for ten minutes. After' 
cooling, it was extracted successively with water, 6 N hydro¬ 
chloric acid, water, dilute sodium hydroxide and l^ty 
with water. The behsene was evaporiited and the residue 
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dried in vacuo. The weight of the black semi-crystalline 
residue was 108.2 mg. Crystallization from 0.18 ml. of 
warm light petroleum removed much colored material. 
Recrystallization from aqueous alcohol gave 30.3 mg. of 
light tan crystals melting at 66 08°. Recrystallization of 
this material gave 36 mg. of toluidide melting at GT-OS®. 

An authentic sample of the toluidide of n-octanoic acid was 
found to melt at 67.5-69” and a mixture of the two melted 
at 67.5-69”. 

Calc, for CuHaaON: C, 77.25; H, 9.96; N, 6.01 
Found: C, 77.45; H, 9.85; N, 6.13 

PKNicn.LAMiNE FKOM n-IlEPTYLPENiciLiJN (Unrcported 
results from Abbott I^aboratories). 1'hc penicillamine was 
isolated as the acetone derivative (2,2,5,5,-tetramethyl- 
thiazolidine-4-carboxylic acid) in the following manner. 
Sodium w-heptylpenicillinate (300 mg.) was dissolved in a 
few ml. of water and 3.65 ml. of 0.1085 N sodi\im hydroxide g 
solution (0,5 equivalent) added. After standing overnight ^ 
another 3.65 ml. of 0.1085 N sodium hydroxide solution was q 
added. After six more hours the pH of the solution was 
adjusted to 2.5 with hydrochloric acid. Addition of 15 ml. J 
of a mercuric chloride solution (30 mg./ml.) resulted in ^ 
immediate formation of a precipitate. After standing over- “ 
night this was collected by centrifugation and washed with ^ 
a little water, the washings being added to the (darifiod < 
solution. The solution w'as brought to a pH of approxi- < 
mately 4 with sodium hydroxide and treated with an addi- o 
tional 20 ml. of the mercuric chloride solution. The resulting ^ 
precipitate wa.s coagulated by the addition of two drops o 
of normal hydrochloric acid. After several hours standing, ^ 
it was collected by centrifugation, washed with a little water 
and dried. Tlie weight was 113.5 mg. 

The mercury complex was suspended in water and decom¬ 
posed with 112S. The mercuric sulfide was removed by 
filtration and the chvir filtrate dried from the frozen state in 
high vacuum, h'aving a residue of 31 mg. This was dis¬ 
solved in dry ac(?tone and heated briefly. After removal of 
a small amount of insoluble material the solution was con¬ 
centrated to a small volunu^ and cooled in an ice bath. The 
crystals ^yo,ri) collected by centrifugation, w.ashed with a 
little cold dry acetone, arul dried at 100° in vacuo over p20j. 

The w'cnght was 19.8 mg. and the decomposition point 
193-^194”. The carbon and nitrogen analyses were high and 
this was found to he du(' to th(^ fact that the compound, 
which separatees as a hydrate frf)m solutions containing 
w^ater, los(?s some liydrogen (diloride as well as water when 
heated in vacuo over P20t, at 100”. The material was 
therofon* rccrystallized in tlie presence' of a slight excess of 
hydrogen chloride* and dried in higli vacuum for a few 
minutes. The w(Mght of crystalline derivative was 8.5 mg. 

In a sealed capillary tube it decomposed at 198-199°. A 
synthetic sample prepared from authentic n-penicillamine 
in the same manner decoini)()8ed at 19t>*-200°. On the hot 
stage both the synthetic 2,2,5,5-tetraim*thylthiazolidine-4- 
carboxylic acid hydrochloride and that derived from 
n-heptvlpenicillin change t<:» long needles and sublime at 
175-185”. 

Calc, for CgHjflOaNS HCl: O, 42.5; H, 7.15 
Found: C, 42.56; H, 7.00 

FLAVACIDINio 

The mold, Aspergillus flavus, when grown in sur¬ 
face culture on a trypton medium, produces an 
antibiotic agent which was called aspergillic acid 
by its discoverer (White, Sciencey 92^ 127 (1940); 
WTiite and Hill, J. Baci.y JfS, 12 (1942)), and was 
later shown to be a cyclic hydroxamic acid derived 
from pyrarine (Dutcher and Wintersteiner,«/. Biol 

By O. Wintersteinier. 


Chem., 155y 359 (1944)). However, on a Czapek- 
Dox medium supplemented with corn steep liquor 
a penicillin-like factor is formed, particularly when 
submerged cultivation is used (McKee and Mac- 
Phillamy, Proc. Soc, Exp, Biol. Med., 53, 247 
(1943); Bush and Goth, »/. Pliarm. Exp. Tkerap., 
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78, 164 (1943)). The production and biological 
properties of this agent were further studied by 
McKee, Rake, and Houck {J. Bad., 47 ,187 (1944)), 
who adopted for it the name ^'flavacidin.'^ More 
recently Bush, Goth, and Dickison (J. Pharm. Exp. 
Therap., 84^ 264 (1945)) described procedures for 
the purification of this penicillin, designated by 
them ‘‘flavicin,” which afforded fairly potent but 
still amorphous preparations. The authors wore 
necessarily ignorant of the prior (April 1944) 
isolation in the Squibb Institute of this entity in 
form of a crystalline sodium salt {SA4, 7). The es¬ 
sential results of the latter studies have meanwhile 
been published (Fried, Koerber, and Wintersteiner, 
J. Biol. Chem., 163, 341 (1946)). Since the nature 
of the R-group has not been conclusively established, 
the term ‘‘flavacidin^' which was adopted in that 
publication for convenience of reference has been 
retained here. 

The isolation procedure followed precisely that 
employed for benzylpenicillin, i.e. the crude sodium 



104 


ISOLATION AND CHARACTERISTICS OF PENICILLINS 


salt was prepared from the broth by the multiple 
solvent extraction process (amyl acetate-chloroform- 
ether) and chromatographed in 95% acetone on alu¬ 
mina. The distribution of activity on the column also 
paralleled that observed in cliromatcgraphing com¬ 
mercial salts from PeniciUhim nciatum of similar 
potency which contained benzylpenicillin as the 
main component (cf. section on Ix'iizylpcnicillin). 
The *Mower^^ fraction crystallized from absolute 
acetone in the same manner as sodium benzyl- 
penicillinate, difTering in this respect from the 
sodium 2 -pentenylpenicillinate previously isolated 
in the Squibb Institut-e from surface culture 
filtrates of PenieiUium noiatum (S.J, 7). Further¬ 
more, in contrast to the latter preparation, the 
flavacidin salt was markedly hygroscopic. The 
analytical results were not conclusive, except in so 
far as they definitely excluded benzylpenicillin as a 
major component and on the wliole favored a 
formula C uH j 7-1 9O4N 2 SNa. Although some benz¬ 
ylpenicillin was demonstrable spect roscopically 
in the anal 3 ^zed preparations, it could be shown by 
degradation to the penilloaldehydc that the bulk of 
the crystalline product consisted of a sodium peni¬ 
cillinate of the composition CM 4 Hi 904 N 2 SNa, e.g., 
a sodium pentenjdpenicillinate (Squibb, 8.19^ 12 ). 
The 2,4-dinitrophenylhydrazone of this aldehyde 
after careful purification melted at 180-180,5®. 
Comparison of the melting points and X-ray 
diffraction patterns of this derivative with those of 
synthetic preparations indicated that the aldehyde 
from flavacidin was 4-hexcnoylaminoacetaldehyde 
rather than 3-hexenoylaminoaldehyde, the penil- 
loaldehyde from 2-pentenylpenicillin (Squibb, S.19, 
14). The non-identit}'^ of flavacidin and the latter 
penicillin was also evident in marked differences in 
the X-ray diffraction patterns of the tw^o sodium 
salts, and of the two penilloaldehydc 2,4-dinitro- 
phenylhydrazones. It is therefore probable, but 
by no means certain, that flavacidin is 3 -pentenyl- 
penicillin. Definite identification of the R-group 
will have to await the preparation of larger amounts 
for hydrolytic degradation and characterization of 
the acid R.COOH.“ 

A large batch of the crude eodium salt was prepared in the summer 
of 1940 in the Squibb penicillin plant in New Brunswick, N. J. Since 
the brown sugar medium employed in the original work (see Experi* 
mental) invariably yielded broth of low potency (lO-ZO U/oc.), a 
medium containing lactose was employed in the production of this 
batch, a measure which markedly improved the unitage of the broth 
(80 U/cc.). The broth was worked up by the usual multiple solvent 
extraction method. However, the crystalline products obtained by 
chromatographing the crude sodium salt on alumina proved to be mix* 
tures containing bonxylpeniciliin as the main component. The latter 
entity was removed from appropriate chromatographic fractions in form 
of the triathylammoniuni salt. The material remaining in the mother 
liquor was converted into a crystalline ammonium salt, which was 
spectrographically free from bcnzylt>enicillin and gave satisfactory 
analyses for an ammonium penteriylpenicillinate. However, further 
study (conversion to potassium salt, hydrogenation experiments, Craig 
counter*current distribution, degiadation to penilloaldchyde, and fatty 
acid fraction) indicated that this product consisted chiefly of n*8inyl* 
penicillin. Penicillins of the pentenyl type appeared to be present in 
small amounts only. Oxidation of the penillraldehyde dinitrophenyl* 
hydrazone mixture with osmium tetroxide and subsequently with periodic 
acid yielded small quantities of an aldehyde, which was isolated as the 
dinitrophenylhydrazone. Melting point and analysis of this denvattve 
indicated that the parent aldehyde was propionaldebyde (frott 2*penten* 


EXPERIMENTAL 

Isolation of Sodium Salt of Flavacidin (Squibb. S.14, 7; 
11; and unreported details). Aspergillus flnvus was 
grown in submerged culture in 50 gallons of a medium con¬ 
taining the following constituents: 


Com steep liquor (50 %).. . , 3.0 % 

Ilrown sugar. 1.0% 

NaNO,. 0 .r>% 

KH.,r04. 0.15% 

JMgS()4. 0.05% 

CaCOa. 0.5% 


After five days the broth, which then assayed 12 U/cc., 
was filtered and subjt;ctcd to the usual multiple solvent ex¬ 
traction procedure (aiiiylac(;tate>chloroforrn-cther), Hathcr 
high losses of activity were sustained in these* operations, the 
crude sodium salt representing only 15% of the original 
units. The product was treated with 95% acetone in order 
to reniovtj some sodium bierarbonate pn'sent. The acetone 
soluble portion (0.50 g., 440 U/mg.) was chromatographed 
on a column of sulfuric acid-washed alumina as described 
in the section on benzylpemicillin (p. 81). The chromato¬ 
gram re.sembled those of the latter penicillin in regard to 
<listribution of the pigments and of activity; I'he sodium 
salt obtained from the “Iowit" fraction, a light tan product 
assaying 1,000 U/ing., with dry acetone immediately yielded 
typical '‘acetone insoluble'’ material, which readily re¬ 
sponded to the procedures used for the crystallization of 
sodium benzylpenicillinato (methanol-ethyl acetate, or 
butanol containing a small amount of water). 

The product was combined with similar material obtained 
from another 50 gallon fermentation batch and nicrystallized 
twice from aqueous butanol. The analysis indicated a peni¬ 
cillin of the pentenyl type. 

Found: C, 50.21; II, 5.17; N, 7.89; Na, 6.61 

Calc, for CuIIi«04NzSNa: 

C, 60.27; H, 6.73; N, 8.38; Na, 6.88 

The salt assayed 1,400 IJ/nig. against Staph, aureus and 
1,120 U/mg. against B. suhtilis sodium benzylpenicil¬ 
lin ate as the standard. 

The material recovered from the mother liquors of the 
analyzed preparation was subjected to fractional crystal¬ 
lization from aqueous butanol. A preparation obtained by 
five recrystallizations from the most soluble fractions was 
analyzed after drying in vacuo for two hours at 100'' (no 
weight loss). The sample show^ed no hygroscopicity either 
before or after drying. The analytical data indicated that 
this product was a mixture (Found: C, 48.72; H, 6.58; N, 
7.78; Na, 6.99). Moreover, in spite of the deficit in carbon, 
it contained some benzylpenicillin, as evidenced by the 
presence of phenyl bands in its ultraviolet absorption spec¬ 
trum. The content of benzylpenicillin was estimated from 
the extinction at 257 and 263 tri/i to be of the order of 
10-20%. Some, though distinctly less, of the latter entity 
was also demonstrable in the specimen which had given 
correct analytical figures for sodium pentenyl penicillinate. 
Nevertheless, it appears probable on the basis of this analy¬ 
sis, and of the degradation to the penilloaldehyde described 
below, that the bulk of the isolated crystalline material con- 


ylpenioillin) ratlirr than acetaldehyde, the product expected from 
8-pentcnylpeniclllin. Double legaiding the exietence of the latter 
penieiilin were further aintfavated by the finding that the dinitr<)|;henyl-/ 
hydrasonee of n-caproylaminoaeetaldcbyde, of 4-bcxenoylaminuaceti^ 
deb.vde, and of the penUloaldehydea obtained from the 1944 and IM5 
batches of flavacidin did not depress each other's melting points, 
that the X-ray diffraction patterns of all four preparations were 
tically identical (measurtfments by courtesy of Dr. G. L. Clark. Def^ 
Chemistry, University of Illinois). Considering all the facts it 
pears highly probable that the crystalline salt isolated in 1944 HkC^lte 
consisted for the most part of n-amylpenioilUn. There is no further » ^ 
then, for retaining the distinctive term flavacidin for the penicillin^ 
duoed by A $p«rffittu§ /tavui. (Wintersteiner and Adler, to be PUblislE^ ) 
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gists of a penicillin of the latter type. Furthermore, it was 
reported by Dr. Schieltz of NHRL that ‘*the X-ray pattern 
of the sodium penicillinate from Aspergillus Jlavus is defi¬ 
nitely different from those of the sodium salts of benzyl- and 
of 2-pcntonylpeniciIIiii, indicating that the crystal struc¬ 
tures arc different. 

Degradation of Flavacidin to Penilioaldehyde (Squibb, 
S,19^ 12; SI, 14; and unreported details). A solution of 
100 mg. of the crystalline sodium salt in 10 ec. of 0.1 N sul¬ 
furic acid was boiled under reflux for 2,4 hours. The carbon 
dioxide evolved during that period, entrained in nitrogen gas 
and determined gravimetrically, was 91 % of the th(»oreticai 
amount (on the basis of MW 334). After cooling, the 
hydrolS'sate was treated with 5 cc. of 5% aqueous inenmric 
chloride solution. The resulting precipitate was removed by 
centrifuging. Addition of 15 cc. of 2,4-din it rophcnylhydraz- 
ine reagent to the* supernatant yielded a crystalline precipi¬ 
tate (55 mg.) which after five recrystallizations from absolute 
ethanol melted at 180-180.5“ (corr.). 

Found: C, 50.55; II, 5.31; N, 20.58 

Calc, for CiJInOfcNft: C, 50.14; H, 5.11; N, 20.88 

In order to obtain further information on the nature of the 
aldehyde, the melting point of mixtures with tin? correspond¬ 
ing derivatives from pentenylponicillin produced by PcnkilU 
turn notatum (S 6, 7), of 4-hexenoylaminoacctaldchyde and 
of 3-hexenoylaminoacetaldeliyde was determined. 'I'he two 
synthetic compounds were kindly furnished by Dr. K. 
Folkcrs of the Merck Laboratories. 


2,4-Dinitrophenylhydrazone of m.p. (corr.) 

(1) Aldehyde from flavacidin. 180 -180.5“ 

(2) Aldehyde from pentenylpenicillin P, 

noiatum .. 178 -178.5“ 

(3) 4-lIexcnoylaminoace1 aldehyde (synth.).. 178.5-179“ 

(4) 3-Hexenoylarninoacela.ldchyde (synth.).. 189“ 

Mixtiire of (1) and (2). 175“ 

Mixture of (1) and (3). 179 -180“ 

Mixture of (1) and (1). 180 -182“ 

Mixture of (2) and (3). 173 -174“ 

Mixture of (2) and (4). 183 - 180“ 


Nearly identical readings were obtained on several speci¬ 
mens of each mixtuHL The results .‘<how that the mixture of 
the two degradation products (1 and 2) melted at a eon- 
siderably lower temperature than the components, as did the 
derivative from PeuidUiurn notatum mixed with 4-hexcnoyl- 
amirioacetald(‘hyde dinitrophenylhydrazone. On the other 
hand, tlu? hitter did not depress the melting point of the 
derivative from flavacidin. 

Comparison of tlui X-ray patterns of the four dinitro- 
phenylhydrazones in the Northern Ih’gional Ui^seareh 
Laboratories supported the conclusions drawn from the melt¬ 
ing point data. Dr. Rchicltz n'ported that the two com¬ 
pounds obtained by degradation (1 and 2) “show quite 
different patterns," while the patterns of the derivative 
from flavacidin and of synthetic 4-hexcnoylaminoacctaIdc- 
hyde dinitrophenylhydrazone “are essentially identical 
although some of the weaker lines show slight differences in 
intensity, indicating the existence of a small amount of 
impurity in one or both of the samples." 
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INTRODUCTION 

Early Work on 2-Pentenylpenillic Acid and 
Penillamines. In early work on the chemistry of 
penicillin it was observed (Duffin and Smith, 
Nature, 151,2bl {\UZ)]PEN£9;81) thatthelossof 
biological activity which occurred when penicillin 
was kept in aqueous solution at pH 2 was accompa* 
nied by an increase in rotatory power (Hg, green). 
This was found to be due to the formation of a new 
strongly dextrorotatory acid for which the name 
^‘penillic*' acid was proposed. As the yield of 
penillic acid obtained from different preparations 
was directly proportional to the biological activity of 
the penicillin employed, it became clear that the 
acid was derived from penicillin itself. 

Abraham, Baker, Chain, and Robinson inde¬ 
pendently made similar observations. They at 
first reported failure to observe the rise in rotatory 
106 
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power {PENJ9) stating, however, that this was 
probably due to the fact that light of longer wave 
length was employed (D-line) (Merck, Report dated 
October SO, 19^), but later confirmed it (PEN,87). 
They described the conversion of their penicillin 
into ‘^penicillinic^^ acid (PEN.79)^ a crystalline 
substance which was later shown (Crowfoot, 
Rogers-Low, and Schmidt, PEN.] 17) to be the 
pcnillic acid of Duffin and Smitli, contaminated with 
a small proportion of benzylpenillic acid. The term 
penicillinic acid has now been adopted as a generic 
expression for the penicillin acids (pentenylpcnicil- 
linic, benzylpenicillinic, etc.); but in this chapter the 
term “penicillinic’^ acid is used in connection with 
a penillic acid studied by the Oxford workers. 

Isolation of penillic acid proved to be compara¬ 
tively easy, for it differed decidedly in its solubility 
relationships not only from penicillin but also from 
several acidic substances present in the impure 
preparations of penicillin available at the time. 
The facile formation and isolation of penillic acid 
thus enabled a pure derivative of penicillin to be 
used for degradative work at an early stage in the 
study of the chemistry of penicillin. This was 
particularly fortunate, for the properties of penicil¬ 
lin itself resembled so closely those of the concomi¬ 
tant impurities that isolation of pure penicillin 
offered much greater difficulties and in fact was 
not achieved until much later. 

This early crystalline degradation product of one 
of the penicillins lias been variously termed 
penillic-I (or -F) acid. In view of later findings, 
and to avoid confusion, it is here termed 2-pe?itenyl- 
penillic acid and the derived penillamine (see below) 
is termed either ^•pentenylpenillam.ine or is named 
systematically. For further elucidation of nomen¬ 
clature see page 4. 

2 -Pentenylpenillic acid was conveniently pre¬ 
pared even from relativelj'' impure penicillin prep¬ 
arations by keeping in aqueous solution at pH 2-3 
at room temperature. After a few hours, when the 
conversion was at an end, the solution was ex¬ 
tracted with ether which removed colored impuri¬ 
ties leaving a colorless dextrorotatory solution 
containing the new acid. 'J'he aqueous phase was 
extracted with n-biitanol and concentration of the 
butanol extract under reduced pressure gave erj^s- 
talline penillic acid. At a time when it was 
thought that penicillin contained only carbon, 
hydrogen, oxygen, and nitrogen, 2 -pentenylpenillic 
acid was assigned the formula C 14 H 20 O 6 N 2 , but the 
recognition of the presence of sulphur in t.he mole¬ 
cule of penicillin and its derivatives led to the modi¬ 
fication of this formula to CJ 4 H 20 O 4 N 2 S. The mild 
conditions under which 2-pentenylpenillic acid 
vv^aa formed from penicillin and the failure to isolate 
any by*products suggested that this was also the 
formula for penicillin or that it differed only by 
a molecule of water» 

X-ray crystal analyses (Crowfoot and Low, 


PEN.85; cf. PEN.79) indicated a molecular 
weight in agreement with the Cu formula. Tlu^ 
equivalent weight found by mic^ro-titration witli 
0.01 N sodium hydroxide showed tiiat the acid 
was dibasic. The presence of two carboxyl groups 
accounted for all the oxygen atoms. When boiled 
with water, 2-pentenylpcnillic acid readily lost, oik^ 
molecule of carbon dioxide by decarboxylation 
(Abraham, Baker, ("hain, and Robinson, PEN.79; 
Duffin and Smith, PEN.90; cf. l.CM., Proy. Rep.. 
Dec. ] 94 . 3 -Jan. J944)- The first publication (Duf¬ 
fin and Smith, PEN,90) mentioned some of the 
principal properties of 2-pentenyipcmillic acid, the 
high specific rotation [a'] 646 i +000° (c in water, 0.2), 
the formation of a bluish-purple color with nin- 
hydrin, precipitation by phosphotungstic acid and 
mercuric chloride, and decolorization of bromine 
water. Further investigation of the last two 
reactions led to the isolation of two crystalline 
degradation products, 2-pcntemjlpcnillamine hydro- 
chloride, C] 3 H 2 o 02 NMS*HCd, and penicillaminic acid, 
C^HiiOfiNS (PEN.79; PEN.90; cf. Chaps. II, IIL 
and IV). 

Treatment of 2-pentenylpenillic acid with mer¬ 
curic chloride was accompanied by lilxn’ation of one 
molecule of carbon dioxide and precipitation of a 
mercury complex from which penillamine hydro¬ 
chloride was liberated by hydrogen sulphide. In 
contrast to 2-pcntenylpenillic acid it was laevorota- 
tory in aqueous solution, [a:] 646 i —88'’ (c in water, 
1.2). That the liberation of carbon dioxide was 
due to decarboxylation and not to oxidation was 
shown by the absence of signs of reduction of the 
mercuric salt to mercurous chloride either in aque¬ 
ous or in methanolic solutions. 2-PcntenylpeniIl- 
amine hydrochloride gave wit.h ferric chloride a 
deep blue coloration similar to that given by 
penicillamine and later ascribed to the thiol group. 
2-Pentenylpenillic acid did not give this color, so 
that penillamine formation was presumably accom¬ 
panied by fission of a sulphur linkage. 2-Pentenyl- 
penillamine hydrochloride gave no amino-nitrogen 
when tested by the Van Shyke procedure and when 
boiled with ninhydrin it gave a fine red color and not 
the typical blue characteristic of amino acids (cf. 
Duffin and Smith, PEN.86). 

The bromine oxidation of 2-pentenylpenillic acid 
and 2-pentenylpenillamine hydrochloride proceeded 
smoothly in aqueous solution and gave rise to 
the crystalline water soluble penicillaminic acid, 
CfiHtiOfNS (PEN.79; 90). 

Further Penillic Acids and Penillamines. The 
“penicillinic” acid described in May 1943 by the 
Oxford workers (PAW.see Chap. 11, p. 18) was 
analytically similar but crystallographically differ¬ 
ent from 2-pentenylpeiiillic acid without the two 
being polymorphic forms of the same entity. A 
repetition of the preparation of “penicillinic” 
acid with penicillin, which had not been purified 
by treating with aluminum amalgam, gave a 
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product identical with pcnillic acid, and it was at 
first concluded that ^^penicillinic^’ acid was a 
reduced 2-pentcnylpenillic acid (Crowfoot and 
Low, PEN.85; cf. Chap. III). A little later it was 
observed that the emergence of 2-pen l iuiylpenillic 
or ^^penicillinic'^ acid was not conditioned after all 
by treatment of the f)enicillin with aluminum 
amalgam (Abraham, Baker, Chain, and Robinson, 
PEN.87), The ultraviolet absorption spectra of 
*‘pcnicillinic^^ acid and 2-pentenylpenillic acid were 
indivStinguishable (Holiday, PEN.89). 

It will be noticed that as a result of work in Brit¬ 
ish laboratories there had appeared only 2-pentenyl- 
penillic acid and ^^penicillinic” acid; the latter 
seemed to consist largely of the former acid and was 
finally identified crystallographi(ially as a molecular 
compound of 2-pentenyl- and beiizyl-penillic acids 
(Crowfoot, Low, and Schmidt, PEN.117; cf. Car¬ 
rington, CPS.25). Soon however a new acid was 
obtained (Catch, Cook, Elvidge, Hall, and Heilbron, 
PEN.99) from penicillin isolated from surface cul¬ 
tures. This acid, tlie preparation and properties of 
which are described in Chapter III, was analytically 
and in other ways distinct from the then known 
penillic and '^peiiicillinic^' acids. It was given the 
formula Ci 4 H 2204 NaS and was first termed 
penillic acid,” though it was soon confirmed that a 
hydrogenation stage in the purification of the peni¬ 
cillin used had resulted in its reduction. The new 
acid was renamed dihydropcnillic acidy later rff- 
hydropenillic-I acid and how n-amylpeniUic acid. 
The acid was comparable in most respects with 
2 -pentenylpenillic acid and afforded n-amyipenill’- 
amine on treatment with mercuric chloride (Bent¬ 
ley, Catch, Cook, Elvidge, Hall, and Heilbron, 
PEN.105). The relation between the 2-pentenyl- 
pcnicillin and amylpenieillin, and hence between the 
corresponding penillic acids and penillamines, 
was finally clarified by the recognition of ?^-caproic 
acid among the hydrolytic products from amyl- 
penicillin (Bentley, Catch, Cook, Hall, and Heil¬ 
bron, PEN.106) and of the comparable grouping 
MeCHaCHrCH CHjCO— (Abraham, Baker, 
Chain, and Robinson, PEN.109) in 2-pen ten yl- 
penicillin (see Chaps. II and III), these stnictures 
being contrary to earlier cr>^stallog^aphic indica¬ 
tions (Crowfoot and Rogers-Low, PEN. 104). Am- 
ylpenillic acid (the acid from ^'gigantic acid,” 
Philpot, NaturCy 152, 725 (1943)) was crystallo- 
graphically distinct from the previous acids (Chap. 
XII; PEN.117). Furthermore X-ray single crystal 
photographs of this penillic acid isolated from 
Aspergillus giganleus suggested the presence of 
^*gigantic-II” acid of higher molecular weight 
(estimated about 360), the penillic acid from 
which formed layer growths on amylpenillic acid 
(PEN.117). 

At about this time it began to appear from ana¬ 
lytical data as well as from chromatographic 
behavior that P. noiatum was capable of pr^ucing 


more than one penicillin. There had been indica¬ 
tions of this multiplicity much earlier (see e.g. 
Merck, Report dated July 31, 1948), though opinion 
was undecided as to whether there were several 
substances (Boon and Hawes, PEN.X28). The 
penicillin grown first in America in deep culture 
(from strain 832) had the empirical formula 
Ci(;Hi 804 N 2 S and yielded phenylacetic acid on 
hydrolysis (Merck, Report for April-July, 1943; 
Squibb, S.Sa, 8) but was at the same time a deriva¬ 
tive of penicillamine (Merck, Reports for Nov. 1942- 
Feb. 1943 and for Sept. 1943; cf. Abraham, Baker, 
Chain, and Robinson, PEN. 103) and comparable 
with 2-pentcnyI- and n-amyl-peiiicillins. The iso¬ 
lation of phenylacetic acid from relatively potent 
penicillin was described much earlier (Merck, 
Report for Nov. 1942-Feb. 1943; also M.l, 2) and 
was even then believed to form part of the penicillin 
molecule, though similar suppositions regarding 
other products isolated were erroneous (Boon and 
Hawes, PEN.X28). Clearly, however, phenyl¬ 
acetic acid could not be accommodated as a part of 
the molecules of British penicillins the composition 
of which had then been jiscertained, and the Ameri¬ 
can material was therefore distinguished as penicil- 
lin-II (pcnicillin-G in America), and still later as 
bcnzylpenicillin. 

Closer examination (Merck, Report for Sept. 
1943 ) of the pcnillic acid derived from this material 
and its dimethyl ester (the first mention of penillic 
esters) confirmed the view that this acid was not 
identical with the previously described penillic 
acids. The difference was emphasized (I.C.L, 
Prog. Rep., Oct. 1943) by a comparison of the cor¬ 
responding penillic acids, including their X-ray 
powder photographs (Astbury). Bc^causc of its in¬ 
herent instability and other factors the new acid was 
converted into its dimethyl ester, C 18 H 20 O 6 N 2 , 
very soon modified to CX 8 H 22 O 4 N 2 S corresponding 
to a penillic-G or -II acid, C 1 CH 18 O 4 N 2 S, the first 
analytical indication of the existence of different 
penillic acids. 

It is of interest that dimethyl benzylpenillate 
was isolated and characterized by the Merck group 
some time before crystalline sodium benzylpenicil- 
linate became available (cf. Merck, Report for 
Sept. 1943 ). The isolation of the individual 
2 -pentcnyl- and benzyl-penillic acids from mixed 
penicillin has also been accomplished (NRRL, C.l). 

An impure 2-pentenylpenillic acid appeared 
crystallographically to contain a second acid similar 
to benzylpenillic acid but of lower molecular 
weight. This so-called ‘‘penillic-X acid” (not the 
later penillic-X or -III acid) may have been a new 
entity or yet another type of mixed crystal (PEN, 
117). Acid inactivation of a fraction (621 U/mg.) 
from a penicillin mixture (mainly 2-pentenylpeni*' 
cillin) gave an acid which appeared by X-ray crys¬ 
tallography to be identical with penillic acid if the 
samples were examined immediately after being 
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crystallized from water. On the other hand there 
were slight differences in X-ray pattern and in 
minor characteristics, so that although the separa¬ 
tion of the parent penicillin from 2-pentenylpenicil- 
lin was repeated and seemed reliable, a difference 
between these “penillic-D' and ‘^penillic-I V*' acids 
could not be regarded as conclusively demonstrated 
(Boon, Calam, Carrington, and Freeman, CPS,227), 
Penicillin (500 U/mg.) from the topmost fraction 
of silica-gel phosphate (chromatograms was ob¬ 
served to give in 16% yield an acid inactivation 
product which was almost insolube in water, meth¬ 
anol, or ethanol, and was believed to be a new 
penillic acid (I.C.I., Prog, Rep,^ Drc, J94S~-Jan, 
1944) have been identical with p-hydroxy- 

bmzylpmillic acid. The latter was first obtained 
from a batch of penicillin which had given no 
indication of abnormality. Analysis indicated that 
this penillic acid arose from a new penicillin (-III, 
later -X and still later p-hydroxybenzylpenicillin), 
and its relation to other penicillins etc. was estab¬ 
lished by the isolation of p-hydroxyphonylacctic 
acid on hydrolysis (Catch, Cook, and Heilbron, 
CPS,23; see also Chap. V and NRRL, C.9). 

A new penicillin (Merck, M.34y 1), later thought 
to be benzylpenicillin mixed with an unidentified 
penicillin, on conversion into the related penillic 
acid (pH 2.14 buffer, 21°) developed the absorption 
band at 2,350 A much more sharply than did benzyl- 
penicillin, the band being distinct after five minutes 
and being almost fully developed after forty 
minutes (the respective times for benzylpenicillin 
were one and four to five hours). 

A crystalline ammonium salt mixture containing 
as its main components n-hcptyl- and 2-pentcnyl- 
penicillin types gave a penillic acid (K) of apparent 
molecular formula C16H24O4N2S (Squibb, S.44) 20). 

Attempts to effect the penillic rearrangement of 
methyl 2-pentenylpenicillinate were inconclusive 
(Boon, Carrington, and Freeman, CPS,2S)\ also 
efforts to isomerize thermally methyl benzyl- 
penicillinate into monomethyl benzylpenillate- (iid 
not have the projected result but gave instead 
phenaceturic acid and a neutral substance (Merck, 
M.S2j 1). The later developments of this work 
are described in C'haptcr VH. It was stated how¬ 
ever that methyl bcnzylpenicillinate was converted 
into dimethyl benzylpenillatc by the action of 
methanolic hydrogen chloride followed by mercuric 
chloride (Merck, 13). Methyl benzyl- 

penicillinate was also converted into dimethyl 
benzylpenillate by methanolic hydrogen chloride 
followed by diazomethane (Merck, M,49^ 14). 

Inactivation of free benzylpenicillin in methanol 
at 37® gave a significant yield of .benzylpenillic 
acid together with ether-soluble and ether-insoluble 
products. The formation of benzylpenillic acid 
and not a monomethyl ester supported the sugges- 

^Mothyl bonsylpenillonate. the thermal isomerisation product of 
methyl beneylpenicUlinatei bears no relation to ponillio acid. 


tion (Robinson, CPS.S4) that its formation was an 
intramolecular one, and the smaller yield in meth¬ 
anol was thought to accord \yith its being a proton- 
catalyzed change (Squibb, S.U), 3; Boon, Calam, 
Carrington, and Freeman, CPS.227; cf. Merck, 
M.S2, i). 

Structural Considerations. Relationship of 
Penillic Acids to Penicillins. ''Die early con¬ 
siderations leading to the now accepted formulas of 
penillic acids (I) and peniJlamines (II) have alread}'^ 

CO2H CH-N -CR--N 

I I I 

(CH3)2C—S—CH— —CHCO3H 

I 

CO2HCII-N-CR—N 

I I I 

(Cll3)2CSH CH-—CH 

II 

been discussed (Chaps. II, III, and IV) together with 
some very early synthetic attempts (sec also Peak, 
CPS.12; Carrington, CPS,25; Squibb, S.7, 4). In 
fact the structure of penillic acid follows almost auto¬ 
matically from that of penicilloic acid and from the 
recognition that it contains two acidic centers and 
a basic group (Abraham, Baker, Chain, and Robin¬ 
son, sec Chap. II). The molecule of water that is 
to be removed from penicilloic acid cannot involve 
the carboxyl groups and must derive its oxygen 
from the CO of the amide side-chain. There is no 
reasonable way of achieving this other than that 
expressed in the usual formula. Similarly, since 
penillamine is a thiol and is formed with loss of 
CO2 from penillic acid, its constitution follows from 
that of penillic acid. There is no satisfactory 
alternative. 

Nevertheless degradations and syntheses are of 
great interest because it is clear that a confirmation 
of the constitution of penillic acid and of penillamine 
also justifies the penicilloic acid constil ution by an 
indepen den t me th od. 

The structure of 2-pentenylpenillic acid was de¬ 
rived from the hypothetical ^^oxazolone^' formula 
for penicillin by postulating formation of a bridge¬ 
ring and opening of the oxazolono ring (Abraham, 
Baker, Chain, and Robinson, PEN AOS; cf. Robin¬ 
son, CPS.34; Merck, M.l; 2; and Chap. XV) 
though it has been pointed out that the formation 
of penillic acid from *^>xazolone^’ penicillin, is 
analogous to the formation of an amidinc from an 
imino ether, whereas the reactions of oxazolones 
are those of anhydrides and not imino ethers 
(Barber, Gregory, Slack, Stickings, and Woolman, 
CPS.234)- These structures were also derivable 
from the tricyclic and other penicillin formulas 
(e.g. Bentley, Catch, Cook, Elvidge, Hall and Heil¬ 
bron, PENJ06; CPS.6; B.D.H., CPS,56; Lilly, 
1 ). 
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The entire N skeleton of benzylpenillic acid 
was established on different experimental grounds. 
Pyrolysis of dimethyl benzylpenillatc (Squibb, 
SJ9y 10) led to III, the constitution of which was 
confirmed by synthesis (Squil)b, S.21y 10 ). Benzyl- 
penillic acid, on the other hand, yielded V on pyroly¬ 
sis (S.IO, 9) and the same product was produced 
when IV, formed by heating a-methyl D- 7 -benzyl- 
penicilloate in xylene (Merck, M.S^y 5) followed by 
saponification {M.S7, 1), was pyrolyzed 2). 


CCHaPh 

ji II 

C(COaMe)—N 

m 


COall C—N- C(CHsPh)=N 

11 I I 

MCaC CH COaH 


IV 


MejC 


CII—NC (CH 2 rh)=N 

V 


Model Compounds, It was at one time thought 
difficult to reconcile the ultraviolet absorption of 
(benzyl) penillic acid with the proposed structure, 
even after making allowance for possible migration 
of double-bonds. The isolated systems which were 
comparable, N^-C COaH, C^-C COaH, C=-CPh 
absorbed at 2,100-2,250 A or in the last case at 
2,45(^2,550 A (Squibb, SJ, 13; cf. Lilly, LJl, 4). 
It was, however, noted that the difficulty in view 
of the absence of an acrylic acid structure'^ is 
partly met by the observation that the thiazoline 
VI has X,„ax. 2,350 A, Em 2,600 (Merck, MA6h, 10). 
A difficulty of this kind had also been considered in 
connection with the structures of 2 -pentenyl- and 
amyl-penillic acids and apparently disposed of by 
comparisons of their absorption spectra with those 
of appropriate iminazoles and iminazolecarboxylic 
acids (see Chap. III). The question of the absorb¬ 
ing group of penillic acid was still, however, partly 
unanswered in that although the iminazolecarb¬ 
oxylic acids absorbed in about the same region as 
penillic acid it might have been expected that as 
dihydroiminazoles they would absorb at a lower 
wave length and that an influence of the S atom was 
to be anticipated (Squibb, S,2U 11). Tliis aspect 
is also considered in Chapter III. 

In this connection the following absorption 
measurements (in order of appearance) yvere made 
and in particular the behavior of creatinine (VII), 
the absorption of which must arise from the struc¬ 
ture as written and not from the imino form, as it is 

MeaC—S—CMe 
cOjE-in—N 

VI 


CH2-NMe 

I I 

CO— 

VII 

not paralleled by guanidine and N-acetyl aliphatic 
compounds, supported the structure of penillic 
acid: 


i3,^-Diinethylficrylic acid: Xma*. 2,200 A. Ootonic acid: 
Xma*. 2,125 A, Km 10,500. Creatinine: Xu^,. 2,340 A, Em 
7,200 (Merck, 13). a-Phenylacetainido-/8-methoxy- 

acrylic acid: Xmax. 2,375 A, Em 9,000. a-Acetarnido-jS,^- 
dimethylacrylic acid: Xmax. 2,200 A, Em 8,300 (Merck, 
AlJOa^ 15). 1-Bcnzyliminazole (ethanol), phenyl absorp¬ 
tion, Xtnax. 2,575 A, Em 193, end absorption, X,iuix. (?) 2,150 A, 
Em 6,500. 2-BenzyIinjinazole (ethanol): Xai^x. 2,575 A, Em 
190 , end absorption, Em 11,000 at. 2,200 A. 2-Benzyl-4,5- 
dicaiboxyiminazole (ethanol): end absorption only, Em 
1,UH), 3,050, 4,<)00, 7,700, 11,400 at X 2,800, 2,600, 2,500, 
2,400, 2,:^00 A, respectively. Benzal benzylamine (ethanol), 
Xmax. 2,475, Em 20,000. Etliyl phenylacclamidomalonate 
(50% ethanol—0.05 N NaOH, and ethanol): Xmax. 2,580, 
Em 225 (phenyl absorption) and imd absorption. Acet¬ 
anilide (etharioi): Xmax. 2,420 A, Em 14,000 (comparable with 
phenyl isocyanate and benzoylated alkylaniincs) (Merck, 
M.34j 2). Methyl 2-benzyliminazolo-4-carboxylate (ethan¬ 
ol): Xnmx. 2,410 A, Em 10,500. 2-BonzyliminazoIecarboxylic 
acid (dil. Na 2 CO«), Xmax. 2,380 A, Em 10,900; (water) Xmax. 
2,250 A, Em 13,000. 2-Bcnzyliininazolc-4,5-di(iarboxylic 
acid (dil. NasCOa), Xmax; 2,480 A, Em 6,800; Xmi». 2,400 A, 
Em 6,400. 2-Methyliniin^zole-4,5-(iicarboxyIic acid (dil. 
NasCO,), X„«x. 2,500 A, Em 7,800; Xmin. 2,300 A, Em 6,500 
(Squibb, 11). l-Mothyl-2-n-undocyliniinazole, (ethan¬ 
ol), Em 22 at 2,700 A, 60 at 2,400 A, i.e. no absorption. 

1- n-Amy 1-2-n-undecylirainazole (ethanol), no absorption. 
l“Methyl-2-n-undecyl-4,5-dihydroiinmazole (ethanol), Em 
200 at 2,600 A, 2,600 at 2,380 A (unchanged in aqueous HCl, 
p\l 1.7). 2-BenzyIdihvdroiminazolc, end absorption, Em 
100 at 2,680 A, 2,200 at 2,400 A; inflox. at 2,580, 2,630 A 
(Parke-Davis, PDJOy 1). 4-Carboxy-2-benzyUminazolc-l- 
acetic acid: Xmax. 2,400 A, Em 12,300 (0.05 N NaOH); Xmax. 
2,250 A, Em 17,500 (0.05 N HCl); Xm.x. 2,390 A, Em 11,000 
(ethanol) (Merck, MM, 12); Xm... 2,200 A, Em 16,320 
(0.064 N HCl); 11,800 (pH 3.2); Xm... 2,400 A, Em 9,260 
(pH 9.05); Em 9,210 (0.067 N NaOH) (Merck, MM, 6). 

A few^ comments on these compounds are of inter¬ 
est. Some of the above compounds lost the ab¬ 
sorption band on decarboxylation, as does penillic 
acid, thus confirming the presence of the sys- 
tem:CC(C 02 H):N (Merck, Af.f5a, 15). Diethyl 

2- benzyliminazole-4-carboxylate-l-acetate under- 
w'ent no change comparable with the penillic acid 
change in methanol but only some metathesis with 
formation of the ethyl methyl ester (Merck, MM, 
2). The synthesis of 2-benzyliminazoline-4-carb- 
oxylic acid, required as a model for comparison 
with the light absorption of penillic acid, was at 
first unsuccessfully attempted; ethyl a,i3-diphenyl- 
acetamidopropionate sublimed unchanged from 
calcium oxide at 240® or from zinc dust at 200® 
whereas at 300° it decomposed with formation of 
phenylacetamide as in the case of ethyl a-amino-jS- 
phenylacetamidopropionate. The required acid 
was obtained in two forms by condensing phenyl- 
acetamidine with €x,il3-diaminoproplonic acid hydi^ 
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bromide in chloroform. Both forms however 
showed only end absorption (Squibb, 8). 

Other possible routes to iminazoles wt^re ex¬ 
amined. The reaction of so-called N-plienyl- 
acetiminoglycine (Finger and Zeh, J. pr. Chcm,, 
(ii), 82y 50 (1910)) (which may, however, have 
another constitution) with ethylenediamine in 
boiling ethanol appeared to give a changed product, 
but it was not regarded as the desired 1-carboxy- 
methyl-2-benzyliminazole. A similar reaclion us¬ 
ing phenylacetamidine and valine instead of 
Finger’s reactants (phenylacetamidine and glycine) 
did not proceed in the desired sense (Squibb, 8.21^ 
12 ). Ethyl phenaccturate could not be converted 
into the imino chloride. The action of benzoyl 
chloride on ethylenediamine gave only the di¬ 
benzoyl compound whi(;h could not be cyclized 
(Winthrop, W,Sy 8). For similar attempts via 
the imino chloride or imino ethyl ether of ethyl 
phenaceturate see Parke-Davis, PD.ll, 2. 

The departure of the absorption spectrum of 
2-pentcnylz,s*(?penillic acid from that, of 4-carl)oxy-2- 
benzyliminazole-l-acetic acid diethyl ester is to be 
ascribed to the thiol gr(Uiping in the former, for 
cysteine, penicillamine, etc. show strong end absorp¬ 
tion. From such evidence the product, fa]i> --78°, 
from benzylpenillic acid though impure, was not an 
isopenillic acid (Merck, addendum) (see 

below). 

Mechanism of Formation of Penillic Acids from 
Penicillins. Idle effect of II ions in catalyzing the 
penillic acid change was compared by Robinson 
{CPS.S4) with a similar effect in acylations by 
acid anhydrides and in the hydrolysis of acetic 
anhydride. The interactions of H'*' with OH~, 
HoO, Nil 2 “^, NHs, etc. were deemed identical in 

NH N—CTIs 

II - Ii I 

PhCOCHsCHjCl PhCOCHj 


irnines by acids, ~-C ^It was argued there¬ 

fore tlial in the system —C'() () CR:N— in peni¬ 
cillin, the CO rather than the C":N might be 
expected t.o be more reactive in nentral or alkaline 
solution, but that, in acid, addition of a proton 
(to N because C— N is more basic than ('()) gives 
the more reactive system CR:NH"^. Now with 
the reactive CR group and sterically favoralde 
conditions for internal addition the formation of 
penillic acids may be pictured: 

COoH CII-Nil CR™ O 

(•* 

NH+ 

MesC-S-CH^-CII- CO 

COallCH-N-CR 

N 

MeoC—S—CH—CH CO^B 

(Robinson, CPSM; cf. B.D.H., CPSM)7^T:\i^ 
electron rearrangement was also discussed; by 
Abraham, Baker, Chain, and Robinson {CPS.22; 
cf. Carrington, CPS.25). The mechanism of the 
change has been considered by other workers; 
for example, Woodward {\Vo.2) deals with it from 
the point of view of the jS-lactam formula for p 3 ni- 
cillin (see Chap. XV). In the last phases his views 
are similar to those of Robinson, in that the 
oxazolone intermediate is postulated. 

The penicillin-pcnillic acid change has also been 
compared (Barber, Gregory, Slack, Stickings, and 
Woolman, CPS.G6\ 4) with the rearrangements of 
certain imino ethers, 

PhCONilCH.CHaCl, 

HCl 

and of certain oxazolines: 


ChR-CH* ^ CHR-CH* ^ CHR-^CH* 

0—CPh^NHCl ""oCOPh NH*HC1 OH NH COPh 

T I 

.-- 


form, and it was suggested that the reactivity of 
such groups decreased as their unshared electrons 
increased, e.g. NH* with one unshared pair, > HjO 
with two unshared pairs, similarly NHa“ > OH~ > 
Cl~, but OH~ > NHa because of a charge effect. 
On the other hand in cases of electron defect a 

✓-a 

positive charge enhances reactivity and C=0 was 

/—a 

deemed more reactive (on carbon) than C==N, 
C=*=OH+ > C=*=0, and, in particular, C=NH+ > 

/-a 

0==0^ Illustrations are the use of acid in ketone 
condensations, «»C===<)H^, and the hydrolysis of 


It is clear, however, that the transformation is not 
closely comparable with any other known rear¬ 
rangement reaction. Implications of the penicillin- 
penillic acid change in relation to possible trans¬ 
formations of labile groups in proteins at low pH 
have been foreshadowed (Abraham, Baker, Chain, 
and Robinson, CPS.22). 

The formation of 2-pentenyh*5openillic acid by the 
action of cold baryta on pentenylpenillic acid was 
formulated by Abraham, Baker, Chain, and Robin¬ 
son {CPS. 11) as a fission of the thiazolidine ring 
fsu^ilitated by the carboxyl in the /3-position relative 
to the S; this could give VIII or IX. But IX would 
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COjHCH-NC(CsH.)=N 

I I I 

MejC SH 

VIII 

CO 2 HC—N-C(C,.lli,)-N 

II I ! 

MesC Cri(.SH)-CIl-COjH 

IX 

have been inconsistent with tlie stability of 2-pent- 
cnyhsopcnillic acid, which was therefore regarded 
as Vni (i.e. 2-pentenylpcnillainine carboxylic acid). 

A number of attempts have been made to devise 
models to illustrate the penilli(r acid rearrangement 

N-Cll^COjEt 


I 

CHCOjEt 

I 

NllCOPh 

XII 

NRCHaCOJI 

I 

CHs 

CIICOsH 

. I 

NHCOPh 
XI (R = H) 

XIII (R = PhCO) 

XIV (R = PhCHjO CO) 

NRCH 2 CO 2 H 

I 

CH2 

I 

CH -CO 

\ 

0 

/ 

\ 

Ph 

X (R = II) 

XV (K = PhCIIs O CO) 
PhCHjOCONCII^COjH 

in, 

CHCONHCHjPh 

NHCOPh 

XVI 

(cf. Barber, Gregory, Langford, Slack, Stickings, 
and Woolman, CPS.385). It was thought by one 
group of workers (Barber, Gregory, Slack, Stick¬ 
ings, and Woolman, CPS.66^ 4), for example, that 


the azlactone X might provide a model for the 
reaction. 'ii’-{^-Carboxy-0-benzamido€thyl)-glycine 
(XI) was conveniently prepared in 40-45% yield 
from ls-{fi-carhethoxy-fiA)enzamidoethylide7ie)--glycine 
ethyl ester (XII) by catalytic reduction and hydroly¬ 
sis. It gave a crystalline benzoyl derivative (XIII), 
but for the protection of the free imirio group during 
azlactonization the acid (XI) was converted to its 
carhohenzyloxy derivative (XIV). 'Jliis amorphous 
substance formed a crystalline benzylamine salt. 
Cold acetic anhydride partially converted XIV to 
the azlactone (XV), not isolated as such but 
estimated in the crude reaction product by con¬ 
version to the benzylamide (XVI). The bulk of the 
material was, however, converted to a neutral resin 
and the yield of azlactone was only about 15%. 
No better conditions could be found and the ob¬ 
servation that the catalytic removal of the carbo- 
benzyloxy group from the parent compound (XIV) 
could not be achieved led to the abandonment of 
the work (Brodrick, Peak, and Wilson, CPS.417). 

In other attempts a-phenylacetamidocyanoacetic 
acid was reduced to a-phcnylacetamido-IS-alanine 
which afforded jd-N-bcaro?//, -carhohenzyloxy^ and 
-formyl derivatives, d'ho benzoyl derivative gave 
an azlactone with acetic anhydride (not with phos¬ 
phorus tribromide) from which the benzylamide was 
obtained. a-Phcnylacetamido-|d-alanine, its N-for- 
myl derivative, or its N-carbobenzyloxy derivative 
could not be certainly dehydrated to azlactones, 
though as the product from the last-mentioned 
derivative furnished an anilide some azlactone was 
presumably formed. The difficulty of removing 
the carbobenzyloxy group precluded the attainment 
of any true model for the penillic acid change 
(Barber, Gregory, Langford, Slack, Stickings, and 
Woolman, CPS.385). With a similar object at¬ 
tempts were made to reduce catalytically the 
SchilPs bases from benzylamine or aniline and 
ethyl bcnzylpenaldatc, or to condense these amines 
with methyl a-phenylacetamido-^-chloropropionate^ 
but the results of these preliminary reactions were 
inconclusive (Merck, M.dOj 4). 

Properties of Penillic Acids and Penillamines. 
Physical PnopiimTiEs. Some of the salient prop¬ 
erties of certain members have been given in Chap¬ 
ters II, III, IV, and V. Moreover the preparations 
of benzylpenillic acid and its derivatives in particu¬ 
lar have been described by many laboratories with 
differences of detail. Only the earliest or the most 
satisfactory preparations are described here, and 
various determinations of physical constants are 
recorded in collected form. Some early data were 
assembled in summaries designated M.ll {CPSJ 84 ) 
and Document B {CPS J 85). 

2-PentenylpenilUc Acid, CHHao04N*S, orthorhombic 
plates, m,p. about 175® (Duflfiti and Smith, PEN.69; St). 
168®, 164-170® (all with evolution of gas) (I.C.I., Prog. 
Rep., Oct. 1943). raU46i +600® (c - 2) {PBN.69; St), 
+527±10^ +507 ±10® (I.C.I., Oct. 1943). 
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Light absorption: 1 N II("J, Xma*. 2,300 A, Eiom.'^® 200 , pH 
3.3; X,i«,, 2,380 A, 192 (Holiday, PEN,89); 

2,380 A, Eiom.^^^*' 198.5 (I.C.J., OcL 1943). Esterification 
(I.C.I., Oct. 104S). 

“Penicillinic*^ Acid, ra<liati!ig crystals (Abraham, Chain, 
Baker, and Ilobinaon, PEN.79). Light absorption: 1 N 
HCi, 2,260 A, 222, pH 3.3; 2,380 A, 

Eiom.‘ % 197 (see also Holiday, PEN.89). 

Amylpenillicf Acid, C 1 . 1 H 22 O 4 N 2 W, (compact rhombs, m.p. 
190® (evolution of gas), -f475®. Light absorption, 

water; Xma*. 2,400 A, 185 (Catch, Cook, Elvidge, 

Hall, and Heilbron, PEN.99), 

Benzylpenillic Acid, C 1 CII 18 C 4 N 2 S, fim^ necjdles, hexagonal 
plates, or long hexagons, m.p. 181-182®, 186-187® (Merck, 
Keport for Sept. 1943), 189®, 187® (softens 162-186®) (LC.L 
Oct. 1943; CPS.iHd), 191-192® (Merck, livpori for Oct. 1943), 
193-194® (Squibb, S.3a, 9), 179-180® (Upjohn, V.10, 10), 
193® (I.C.I., CPS.227), 186-187" (Squibb, S. 24 , 12) (all 
decomp, but no charring). [«)i> -4 537® (Merck, Report for 
Sept. 1943), -f500±U)® (I.C.T., Oct. 1943), 

+ 545® (0.1 N NaOH, c - 0.09), [aUAc, H-678, -f609, +651®, 
[a]fcr. 9 * +536, +505, +524° (c - 0.089, 0.098, 0.188 in 
0.1 NaOH, pH 2.05, O.l N NaOH respectively) (Merck, 
Phys. Cheni. Report, Sept. 1943), faf]n +545®, (dilute 
ammonia), +538 ±11® {c = 0.0843 in water) (Squibb, 

S.3a, 10), IccW^ +530° (c - 0.0S9 in 0.1 A NaOH, variable) 
(Merck, M.3, 5), [aW^ +465® (c - 0.056 in MeOH) 
(Merck, M.loa, 14), +548® (c - 0.25 in 0.1 N NaOH) 

(I.C.I., CPS.227), [«ii, +541® (water) (Squibb, S.24, 12). 
Light absorption: Em 2,000, 6,500, 10,100 at X 2,800, 2,400, 
2,100 A, respectively; X,„ttK. 2,375 A, Em 6,600 (Men^k, Report 
for Sept. 1943); X^.k. 2,393 A, 148.5; X 2,390 A, 

158.6 (I.C.I., OcL 1943 ); X,„.,. 2,350 A, Em 6,300 
(c = 0.005 in water, pH 4.1) (S(|uibb, S.Sa, 9); Em 400, 

3.400, 5,000, 6,000, 5,750, 10,100 at X 2,800, 2,575, 2,500, 
2,375, 2,100 A, respeetivelv (Merck M.3. 6); X,„^x. 2,420 A, 
Em 4,550; X^in. 2,280 A, Em 3,800 (MeOH —KOH) (Squibb, 
S. 24 , 12). pK vals. 3.2-3.4 and 7.7 (Merck, Report for 
Sept. 1943 ), 3.1 -3.3, 7.6'7.7 (variable) (Merck, M.3, 5). 

Dimethyl Benzylpenillate (natural), CisHn 204 N 2 S, hex¬ 
agonal crystals, m.p. 118 121®, 126-127® (Merck, Report for 
April-July 1943; Sept. 1943; M.l, 13), 125-127” (Squibb, 
S.3a, li), 132® (I.C.I., CPS.20, 10), 131-132®, 131-133®, 132- 
135® (Merck, Report for Aug. 1943; M.22, 4; 49, 14); [aln 
+417® (Merck, M.l, 13); [al.uo.j +500® (MeOH) (T.C.I., 
CPS.25), [a]D +435® U = 1 in MeOH) (Pfizer, P.2(l, 15): 
(synthetic), prisms, m.p. 133-135® (sintering 127®) (Merck, 
M.60, 1), 135-136®, 134-135® (Pfizer, P.26. 12; 28, 8): 

+411® (c = 0.156 in MeOH), +424® ic « 0.194 in 
MeOH) (Merck, M.51, 5), [a\v +450® (r = 1.0 in MeOH) 
(Pfizer, P.26, 12). I^ight aVisorption similar to that of 
benzylpenillic acid (Merck, M.3). 730, 2,230, 4,230, 

4,530 (max.), 4,530, 4,790, 6,790, 9,280 at X 2,600, 2,500, 

2.400, 2,350, 2,300,2,250,2,200,2,150 A, respectively (Merck, 
M.61, 5). 

p-Hydroxybenzylpenillic Acid, ('i(5Hih 06N2S, diamond 
shaped crystals, m.p. 217®, +478® (Na salt in water, 

pH 7.0). Light absorption, Xn.».*. 2,250-2,270 A, Ei,,m.^*^ 
240-245 (Catch, Cook, and Heilbron, CPS.2S), Xm**. 2,780 
A (?) (NRHL, C.9, 7), An acid which may have been 
identical had m.p. 212°, ** +509® (c = 0.3 as Na salt) 

(LC.L, Prog. Rep., Dec. 1943-Jan. 1944)• 

'‘Penilllc-IV Acid,” Ci 4 H 2 (, 04 N,S, hexagonal plates, m.p, 
176°, tofb*** +490°; X^a*. 2,365 A, 197 (Boon, 

Calam, Carrington, and Freeman, CPS.227), 

Penillic Acid (?), rosettes of irregular prisms, Ciflll 2204 N 2 S 
(?), m.p. 171-171,5°, +480° (c =0.46 in 0.02 N 

NaOH), Light absorption; Xm*,. 2,380 A, Em 5,900; Xmin. 
2,150 A, Em 3,400 (Squibb, S. 44 , 20). 

8»Peatenylisopeiullic Acid, C 14 H 20 O 4 N 8 S, fine hexagonal 
platea, m.p. 195-196° (deoomp.), pK vals. 3.32, 6.4 (base), 
10.2 (SH) (Abraham, Baker, Chain, and Robinson, CPS, 11), 
BenaylisopenUlic Acid, CieHuOiNtS, micro needles, m.p. 


174° (decomp.) (Squibb, S.24, H), 177-178® (Merck, M.S6. 
4). fajo *“ 6 . 0 ° (c = 0.34 in EtOII) (Squibb, S.24, 11), 
—30® (c * 2.5 in MeOH) (Merck, M.S6, 4). Light absorp¬ 
tion (water); Em 17,400 at 2,1()0 2,240 A (plateau), 18,500 
at 2,100-2,150 A (Squibb, S. 24 , 12). 

Methyl Benzylisopenillate, Ci 7 n 2 nO,jN:>S, m.j). 170", 

lab*^* -11®, 10, 50, 180, 310, 360, 390, at X 2,700, 

2,600, 2,500, 2,400, 2,300, 2,200 A, respectively (Merck, 
M.55, 9). 

Dimethyl Benzylisopenillate. Natural: (’ 1 HII 22 O 4 N 2 S, lus¬ 
trous prisms, m.p. Ill 112 ® and again at 127-129®, 126- 
127®; [«b -9.4® (c - 1.4 in MeOH), -3® (c = 0.94 

in n-propyl eth(T) (Merck, M.Sd. 4; 58, 2 ). Synth<‘tic: 
m.p. 126-129® (softening 119®), |ab“'^ — 6 ® (Merck, M.50, 
3), — 6 ® (r 1.15 in KtOH) (Merck, M.51. 4). Tight 

absorption at X 2,700, 2,500, 2,400, 2,300, 2,200 A, Em 
358, 8,660, 17,200, 17,800, 19,200 (EtOlIj; 1,020, 7,700, 
14,000, 18,400, 20,000 (0.05 N HCI in 50% laOH); 2,940, 
15,800, 20,000, 20,000—(0.05 N NaOH in 50% ethanol) 
(Merck, M.51, 4). 

2-Pentenylpenillamine Hydrochloride, (h.iH 2 o 02 N 2 SdlCl, 
plates, m.p. 175® (.sinters 170®), [al 54 ni’^‘’ - 88 " {c = 1.2 in 
water) (l)uffin and Srnitli, PEN.86). i'lie penillarnine from 
‘^penicillinic^’ acid formed fine lailis or needles ((.Jrowfoot 
and Rogers-Low, PEN.So); prcparaLiori (Abraham, Baker. 
Chain, and Robinson, PEN.79; 91). 

Amylpenillamine Hydrochloride, C^ 3 H 2202 N 2 S.HC 1 . 
Natural: needle clumps, m.p. 170® (dt*comp.); light absorp¬ 
tion: X,«ax. 2,180 A, 250 (in water) (Bentley, Catch, 

Cook, Elvidge, Hall, and Heilbron, PEN.105). Synthetic: 
n-forin, stellate clusters, m.p, 169-170® (dec.), [a]i) 2 i 
(c = 0.37 in water), —59.8® ic = 0.49 in water); n+orm, 
DL-foriii ((k)ok, Elvidge, Heilbron, and Shaw, CPS.36; 273). 

Benzylpenillamine Hydrochloride. Natural: C» 6 ilix 02 - 
NiS.IK^, long needles, m.p. 173® (softening 106®) (Boon, 
Calam, (iirrington, and Fn^eman, I.C.I., Prog. Rept, Feb. 
1944), 169-170® (Merck, M.l. 13), 174® (Dutcher, Mac- 
Phillamy, Stavely, and VVintiTstiiner, S.3>i, 12), 173® (doc.) 
(Freeman, CPS:21), 170® (dec.) (Merck, M.22, 4), 164-167® 
(Squibb, S.24, 9). -66® {l.C.l., Feb. 1944), [ab 

— 65.1" (in watiT) (Merck, Report for Oct. 19/^3), [<yb “*70.7° 
(in water) (Squibb, S.3<i, 12), [aji**" — 66 ” (c = 0.6 in water) 
(Freeman, CPS.27). Light absorption: end absorption, 
X,«.x. 2,200 A, Em 10,000; Em 16.3, 303, 343, 1,470, 5,870 at 
X 2,800, 2,575, 2,450, 2,400, 2,300 respectively (in water) 
(Merck, M.3, 3), Em 400 at 2,490 A (benzene inflexions at 
2,520, 2,580, 2,040 A), Em 1,200 at 2,400 A, 3,800 at 2,330 A 
(Farke-I)avis, PD.10, 1 ), pK values, 2.81, 6.98, 10.35 
(Merck, M.3, 3). 

Picrate, needh's or dendritic elusters, m.p. 156-157" 
(Squibb, S,3a, 12) 155-157® (Squibb, S.24, 9). Synthetic: 
D-hydrochlorido, prismatic needles, m.p. 173, 174” (dec.), 
fall)** —64® (c = 0.5 in water); picrate, rn.p. 156-157®. 

and DL-forms ((X)ok, lOlvidge, Heilbron, and Lew, 
CPS.67; 77; 313). , 

Some very interesting ol^servations relate to 
deuterium exchange in l)eiizylpenillic acid and 
deuteration in its formation process (Cornell 
Bioch., D.16, 2). 

Mono-sodium benzylpenillate contained 0.81 
atom of labile hydrogen as estimated by the deut¬ 
erium exchange method, and in a more reliable 
procedure wliere benzylpenillic acid was treated 
with one equivalent of NaOD in D 2 O and the solu¬ 
tion acidified with hydrogen chloride in D-A), 
the penillic acid (of unchanged cryst. form and 
m.p.) had 1.95 labile hydrogen atoms, two being 
demanded by the now accepted structure. 
Benzylpenillic acid formed in D 2 O and recrystal- 
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lized from normal aqueous media to remove labile 
deuterium from the carbox.yl groups contained in 
successive experiments 0.81 and 0.60 atom of non- 
labile deuterium; even after twenty liours^ contact 
with normal aqueous acid a penillic acid formed in 
deuterium still contained 0.60 atom of deuterium. 
The mode of introduction of this non-labile deut¬ 
erium, however, remains undetermined, though it 
would seem to liave a bearing on the mechanism of 
the penillic acid change. 

If, as has been suggested, there is an oxazolone 
intermediate, the hydrogen in the c^-position to the 
reactive carbonyl might well be replaceable. In 
penillic acid this becomes hydrogen in the a-posi- 
tion to the less potent activator, carboxyl, and thus 
might be less readily replaced. 

l^enzylpenillic acid titrated as a dicarboxylic acid 
containing one weakly basic group. The dimethyl 
ester showed no (0.4 mol.) active hydrogen atoms, 
3.31 mol. of Grignard reagent being bound. These 
facts Avere thought to be best summarized in the 
now accepted structure (Merck, MJ; 12). For the 
acid, pK values 3.2-3.4 and 7.7 were observed, but 
the spans were unequal and seemed to depend on 
the direction of titration (equiv. vals. 258, 375), and 
the curves were not reversible, suppo.sedly because 
of sensitivity to alkali (Merck, ilf.5, 5). A more 
precise determination revealed the following dis¬ 
sociation constants; 



(i) 

(ii) 

j Equiv. 


Put into 2 equiv. 

2.0 

2.0 

(1) 

CO 2 H 

of NaOH. 

2.6 

2.60 

1.00 

CO 2 H 


7.55 

7.70 

1.00 

NH 2 or iminazole 

In 50% ethanol... 

2.5 


(1) 

CO,H 


3.3 


1.00 

CO 2 H 


7.8 


1.00 

Nn 2 or iminazole 

A filtrate material 

2.0 


fl) 

CO 2 H 


2.5 


— 

CO 2 H 


4.7 


0.60 

NH- 


7.9 


0.50 

XH 2 or iminazole 


(Lilly, LJ7y 15; soc also (^hap. XIV.) 


The specific rotation of this penillic acid was 
observed under various conditions (Merck, Report, 
Phys, Chem., Sept. 194S): 


Sample 

pH 



c 

1 

0.1 N NaOH 

+678® 

+636® 

0.089 


2.05 

+609 

+505 

0.098 

2 

0.1 A NaOH 

+651 

+624 

0.188 


In boiling methanol the optical activity disappeared within 
twenty-four hours, with evolution of hydrogen sulphide. A 
non-crystalline dibasic acid (pKi.i 3,3, 6) with intense end- 
absorption resulted (Em 19,500 at 2,200A) (Merck, M,S4t 
Suppl. No. 2, 2). 


Chemical Pkopekties. The salient chemical 
properties of 2-])entcnyI-, amyl- and benzyl-penillic 
acids and the related pcnillamines form an integral 
part of the material discussed in Chapters II, 111, 
and IV. The following paragraphs describe some 
further rea(^tious, mainly of bcnzylpenillic acid. 

Gn refluxing 2-peritcnylpenillic acid, with a large 
excess of Raney nickel in methanol a profound 
breakdown was ol)servcd. One mole of carbon 
dioxide was evolved and the alcoholic solution gave 
on evaporation a waxy solid (55%) which was free 
from S and N (Found: C, 79.4; H, 12.25%) (I.C.I., 
Report of Nov. W^S). Benzylpenillic acid could not 
be hydrogenated in acetic acid owing to its low 
solubility (Lilly, L.^, 15), and dimethyl benzyl- 
penillate took up 1.48 H 2 instead of 3 or more, at 
25° over Adams catalyst in acetic acid {L.18, 5, 7). 
Hydrogenolysis of benzylpenillic acid in bicarbonate 
solution with Raney nickel catalyst gave two new 
products, m.p. 239-242° and 175-177°. In ethanol 
the reaction afforded a nickel complex (Merck, 
M.32, 3). On treatment with sodium in liquid 
ammonia, benzylpenillic acid gave an insoluble 
thiol acid (?) and a water-soluble fraction (Upjohn, 
UJ8y 13). Later experiments showed that 4 equiv¬ 
alents of sodium were consumed and a biologically 
inactive compound which was insoluble in water 
was obtained in small yield but its structure is 
unknown (Upjohn, U.19, 19). 

Oxidation of benzylpenillic acid with ammoniacal 
silver oxide gave a compound apparently nearly 
related to benzylpenillamine (Merck, M.15b, 6). 
Benzylpenillic acid and benzylpenillamine both 
lost their sulphur remarkably easily in presence of 
sodium plumbite, lead sulphide being precipitated 
within fifteen minutes. This lability was not 
shared by the sulphur in penicillin and in thiazoli- 
dines derived from penicillamine (Squibb, S.21, 7). 
Treatment with alkali alone seemed to liberate the 
thiol grouping without loss of carboxyl groups 
(Squibb, S.21, 9) (formation of isopenillic acid ?). 
Electrometric bromine titration of benzylpenillic 
acid in 2 A sulphuric acid consumed 6.0 equivalents 
of bromine, all being converted into bromide ion. 
The reaction was believed to consist in the forma¬ 
tion of a sulphonic acid as thiazolidines give 
cysteic acids in this way, and the dimethylcysteic 
acid obtained behaved typically on neutralization, 
though the equivalent values were somewhat 
variable. 

Calc. CbHhObNS: 197 
Found: 178-202 

(Merck, Report, Phys. Chem., Sept. 1943) (cf. the 
preparation of penicillaminic acid from 2-p6ntenyl- 
penillic acid). Benzylpenillic acid was oxidized 
by iodine though more slowly than simple thiazol¬ 
idines; at one and five minutes in dilute buffered 
solution (pH 6.9) it took up 5.8 and 6.3 equivalents 
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of iodine (Lilly, LJ9j 11). Penicillaminic acid 
appeared, from polarographic data, to be formed on 
digesting benzylpenillic acid with hot N nitric 
acid (half-wave potential —0.05 volt v.S.C.E.). 

Benzylpenillic acid (as sodium salt) gave no 
precipitate or coloration with ferric chloride or 
copper sulphate. Silver nitrate gave slow clouding 
and a precipitate on warming, mercuric acetate 
a cloudineSvS but there was no apparent reduction. 
Neither cold Tollen's reagent nor boiling Fehling^s 
solution was reduced. Diazotized sulphanilic acid 
gave an orange-red color (like penicillin). The 
nitroprussidc test was negative in strong alkali, but 
a faint persistent pink appeared using potassium 
cyanide instead of sodium hydroxide, or at pll 6.8. 
Similarly the ferricyanide thiol test (Anson, J. 
Gen, Phys,^ 2S, 24 (1939)) was negative in sodium 
bicarbonate and positive at pH 6.8. Benzylpenillic 
acid afforded no aldehyde on trciatmcnt with 
mercuric chloride (Squibb, S.3a^ 10). No amino 
group was detected in a Van ii]ykc estimation (Ab¬ 
bott, A.JOy ()), but the acid gave a strong azide 
reaction despite the absence of a thiol grouping, 
though not reacting with iodine alone (Merck, 
M,15a, 15; cf. Elks, Hems, and Robinson, CPS,22S), 

Dimethyl benzylpenillate and benzoyl fsocj^anate 
gave an amorphous material (Found: N, 6,37; S, 
7.83) (Abbott, AM, 1). 

Benzylpenillic acid, unlike benzjdpenicillin, when 
distilled with zinc dust yielded a base which ap¬ 
peared to be l-methyl-2-bcnzyl-4,5-dihydroimina2- 
ole (Upjohn, U,10, 10). 

Much attention was at one time given to the pos¬ 
sibility of Ihological react ivation of penillic acids, 
especially when a tricyclic formulation for penicillin 
was being considered. “Penicillin’^ w^ould on that 
hypothesis have been a lactone, isomeric with an 
a,/3 or /3,7 unsaturated (penillic) acid. How’ever no 
biological activities have been observed after ir¬ 
radiating 2-pentenylpenillic, amylpenillic, or benz¬ 
ylpenillic acid with sunlight or the light of a 
mercury arc, alone, or in presence of iodine, 
bromine, or benzoyl peroxide in various solvents, 
nor on treating with ethereal boron trifluoride, 
various acids, or phenyl isocyanate (Merck, M,5S^ 

1 ). It w^as not activated by irradiation in acetone or 
phosphate buffer at pH 7 for five hours, by treat¬ 
ment with aluminum chloride or ^er^.-butoxide in 
dioxane at 0® for 13^2 hours, with ascaridole in 
pyridine at 110® for fifteen minutes, or with per- 
benzoic acid in pyridine at 75® for three hours 
(Lilly, L,9j 3). Benzylpenillic acid had no stimulat¬ 
ing action on the production of penicillin by P. 
notatum (Lilly, L.6?, 4), though the complex of acid 
inactivation products of penicillin appeared to give 
a consistently positive increase in the yield of peni¬ 
cillin (Upjohn, UMf 5), 

Penfllamlnes and Isopenillic Acids* The forma¬ 
tion of 2-pentenyl- and amyl-penillamines by the 
mercuric chloride reaction and the isomerization 


of 2-pentenylpenillic acid to the fsopenillic acid 
have been described above. Similar reactions in 
the benzylpenillic series have been studied in still 
greater detail and certain complications have been 
revealed. Treatment of benzylpenillic acid in 
methanolic solution with mercuric chloride resulted 
in progressive low^ering of the rotation (Merck, 
M.loa, 14) with formation of benzylponillamine. 
Closer ex.'imination indicated the formation of 
mixtures of related com[)Ounds (Merck, M.^5, 6; 
cf. the formation of zsopenillic acid). Benzylpenill- 
amine was the sole crystalline substance isolated 
after inactivation of benzylpenicillin w ith benzoic 
acid in acetone, followed by treatment with mer¬ 
curic chloride; presumably benzylpenillic acid is the 
intermediate product (Scpiibb, S.32, 2). Reaction 
of benzylpenillic acid w ith 5 equivalents of methan¬ 
olic mercuric chloride at 23® resulted in a rapid 
fall in optical rotation (from + 483 to +150® in 10 
minutes to +125® in 30 minutes) followed by a 
slow^ fall ( — 38® after 22 hours, —60° afbir 46 hours, 
finally —81 to —84®). The penillic acid absorption 
w'as simultaneously replaced by strong end absorp¬ 
tion, much more intense than that observed wdth 
benzylpenillamine in presence of 5 eciuivalents of 
methanolic mercuric chloride. Similar effects were 
observed, though occurring more slowly, with 
mercuric cyanide. Successive reactions of penillic 
acid w^ere therefore indicated (Merck, Suppl. 

No. 2). Dimethyl benzylpenillate underw^ent a 
similar stepwise reaction, perhaps by way of an 
mpenillic derivative, though no crystalline pro¬ 
ducts were isolated. Benzyh'sopenillic acid was 
seemingly formed also by the methanolysis of 
benzylpenillic acid (Merck, M.38, 5). Both the 
simple methanolysis products and those from meth¬ 
anolic mercuric chloride showed no sulphydryl 
group in alkali (polarograph) though a strong thiol 
group (77% of calc. S) appeared in 0.5 N nitric 
acid. The former product showed also a reductive 
disulphide-like wave (Merck, M14). 

2 -Pentenyl- and amylpenillamines have been 
described previously. Benzylpenillamine hydro¬ 
chloride, m.p. 174®, Md —70.7® (in water), re¬ 
mained unchanged on treating with hot 0.1 AT 
sulphuric acid and could not be oxidized by bromine 
water to penicillaminic acid (Dutcher, MacPhil- 
lamy, Stavely, and Winterstciner, S.I, 6). Benzyl 
penillamine gave the usual thiol color reaction (cf. 
Abraham, Baker, Chain, and Robinson, PEN,79] 
88)y a faint ninhydrin reaction (blue pigment 
extracted by butanol), and an orange-red color with 
diazotized sulphanilic acid in alkaline solution. It 
w^as unchanged after refluxing for 23 ^^ hours with 
0.1 A stilphuric acid but consumed about 6 atoms 
of bromine on titrating w ith bromine w^ater (Squibb, 
S,3a, 12). 

On titration, benzylpenillamine hydrochloride showed 
three well defined spans (pH at midpoints: 2.81, 6.98, 10.35. 
Mean combining weight 328. Calc, for CiJInOjNjSCl: 
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325.5). It exhibited a definite? oxidative polarographic wave 
(half wave potential —0.05 volt v.S.C.K.) and was rapidly 
oxidized titrinietrically by 6 atoms of bromine. The ultra¬ 
violet absorption spectrum showfjd fine structure bands due 
to th(j phcmyl group (Xn«*. 2,520, 2,570, 2,040 A). The 
absorption was regardc’d as the resultant of that due to the 
cysteine, irninazole and phenyl groupings (Merck, tteporl^ 
Phys. ChetfL, Oct. h94S). Hydrogenolysi.s of bonzyl- 
penillamine (100 mg.) in 0.5% sodium bicarbonate at 70° 
gave crystals (30 mg.) whicli on recrystallizatiori from 
methanol-ether gave stout needles, m.p. 107-200° (dec.) and 
rectangular plates, m.p. 105 -210"^ idee.) (Merck, A/.,W, 6). 

The ultraviolet iibiiiorptiDn of benzylpenillic acid was more 
pronounced than that of the eorresj)onding penicillin (Km at 
2,800 A, 2,000; at 2,400 A, 0,500; at 2,100 A, 10,200) and 
showed a maximum at X 2,375 A, Km 0,000. The band was 
unchanged at pH 2-7 but was lowered 32% and moved to 
2,000 A at pll 10 (Merck, Report, Phys. Chem., Sept. 194S). 
In the 2-pentenylpenicillin .senies tl.is irreversible change in 
ultraviolet absorption at pH 10 was traced to isomerization 
to a tliiol acid (/sopeiiillic acid). Tlu‘ latter was not changed 
by aqueous mercuric chloride or boiling with 0.1 hydro¬ 
chloric acid for one liour (no fhiolactone formation). 
2-Pentenylisoperiiliic. acid was oxidized by bromine water, 
but the products neithen* furnished any f)enicillaminic. acid 
nor showed any chara(?tori.stic ninhydrin rea(‘tion (Abraham, 
(^hain, Baker, and Robinson, 67\S.//). Amylpenillic acid 
apparently did not undergo a similar change (I.C.S., CPR.5). 
An irreversibh? change in the ultraviolet sp<.‘ctrurn of 
2-pentenyl?«openillic acid in alkaline solution was due to 
aorial oxidation and did not take place under nitrogen. 
Further, under nitrogen at pH 10.5 there appeared spectro¬ 
scopically to be no conversion of 2-pentenylpenilIic acid 
into 2-pen ten yl/‘«open ill ic acid during three hours, though 
in oxygen there was definite evidence of the conversion. As 
there was no change in extinction, however, it appeared that 
there was at most only 50% conversion and variation of 
neither time nor of concentration of alkali (up to 0.5 A 
sodium hydroxide) affected this result (Holiday, CPS.47). 

As already mentioned, the absorption band of 
benzylpenillic acid at 2,375 A underwent a reversi¬ 
ble lowering at pH 11.6 and a slower permanent 
fall; the latter was not wholly accounted for by 
formation of benzyhsopenillic acid and seemed to be 
accompanied by decarboxylation and formation of a 
monobasic acid (Merck, A/.7, 3). Indeed under 
these conditions benzylpenillic acid seemed to give 
not an isopenillic acid but rather benzylpenicilloic 
acid (Merck, M./fS, 2). Dimethyl benzylpenillate 
was disrupted on standing with 1 equiv. of potas¬ 
sium hydroxide in -butanol for three hours 
(finally [aln*® +40°), but acid hydrolysis appeared 
to be partly successful. An attempted conversion 
with benzylamine to the benzylamide of methyl 
benzylpenicilloate gave a doubtful result (Merck, 
M.53^ 2). But by using barium hydroxide the 
product was recognized as the previously unknown 
benzylisopenillic acid (XV) (Squibb, 5.4^, 11; cf. 


CO 2 HCH— 

MejisH 


N—C(CH*Ph):N 

1 I 

6 h—=CCO iH 

XV 


formation of 2-pentenyh.sepenillic acid (above)), 
which was subsequently found to be best prepared 
by refluxing benzylpenillic acid in methanol or by 
the action of methanolic baryta. Dimethyl benzyl- 


penillato appeared to be rearranged to dimethyl 
benzylisopenillatem boiling xylene (Merck, M.S6, 1) 
and this ester was also formed when dimethyl 
benzylpenillate was kept in acetic acid solution 
(Merck, M.6S, 1). The formation of mpenillic 
derivatives, of which a monomethyl ester was ob¬ 
tained pure, hampered the selective hydrolysis of 
the ester groups of dimethyl benzylpenillate 
(Merck, M/) 0 , 0). 

Benzyh\s*epenillic acid could be made to lose 
hydrogen sulphide, but the impure product did not 
have the light absorption expected of 4-carboxy- 
2 -benzyl-l-iminazolyl+:l,iS-dimcthylacrylic acid 
(Merck, M.39, 6) and its nature remains undeter¬ 
mined. Just as more vigorous melhanolysis of 
benzylpenillic a(;id gave 4 (5)-carboxy-2-benzy 1- 
iminazole, so rncilianolysis of dimethyl benzylm- 
penillate afforded the analogous carbomethoxy 
compounds (Merck, A/.67, 9). 

Desthiopenillic Acids and Desthiopenillamines* 
Relationship to Penicillins. The hydrogenolys- 
is of benzylpenillic acid was mentioned above (p. 
114) and later reference was made to the formation 
and properties of desthiopenillic acid (Merck, 
M.49f 4; 59f 7) l)ut it does not appear to have been 
satisfactorily characterized and analyzed. It seems 
however that although it also arises from dimethyl 
benzylmpcnillate (Merck, M.50\ 9), it is not formed 
by hydrogenolysis of penicillin (Merck, 9), 

nor is there evidence for the conversion of desthio- 
benzylpenicillin (XVI) into dosthiobenzylpenillic 

CO 2 HCH—N-CO 

Mejin CHNHCOCHiPh 

XVI 

acid under the usual conditions (Merck, M.5S, 9). 

Synthesis of Desthio-benzyldihydropenili^ 
AMINE (Upjohn). Desulphurization of benzyl- 
penillamine (XVII) with Raney nickel catalyst was 
reported (see above) to yield a sulphur-free product, 
presumably a-(2-benzyl-l-iminazolyl)-isovaleric 
acid (XVni). 


COjHCH-NC(CH2Ph): N 



XVII 

COsHCH—NC(CH2Ph); N 

Me, in 

XVIII 

CO,HCH—N.C(UH,Ph): N 

Me, Ah Ah,-Ah, 

XIX 

The preparation of the dihydro derivative, 
namely,, a-(3-benzyl-l-irainazolinyl)-t«()-valericacid 
(XIX) was undertaken in order to explore feasible 
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routes which might be adaptable to the synthesis 
of XVin and of XVII itself. 

A number of approaches to the synthesis of 
XVIII and XIX were found to be unsuitable (Up¬ 
john, U4^ 21, 23; 5, 19, 21 ;6, l,3;i0, 1,3). 

Attempts to substitute suitable iminazoles have 
been mentioned above and many similar experi¬ 
ments were later made in the iminazolc and 
iminazolinc scries to obtain model compounds or 
desthio-ponillamines or dcsthio-])eni]Iic acids, but 
with almost uniformly unpromising results. Thus 
2 -benzyliminazolinc could not bo methylated by the 
action of methyl iodide on its silver salt, by moans 
of methyl sulphate, or with formic acid-formalde¬ 
hyde (Upjohn, Ujlj .33). 2-IienzyliminazoIo failed 
to react satisfactorily with chloroacetic acid or 
methyl chloroacetate alone, or in pyridine, xylene, 
or dimethylaniline solution (Winthrop, W.4, 2). 
Similarly silver iminazole was not alkylated by 
a-bromo 2 ,sovaleric acid or its methyl ('stor, and a 
similar reaction with 2-benzyl-4,.^>-dihydroirninazole 
in hot ethanol led only to an unidentified compound 
which formed massive scales, m.p. 198-200°, from 
methanol. 

Found: C, 73.12; 11, 7.19; N, 10.24 

(Upjohn, 17.7, 3). Failure to effect a similar 
condensation between sodio-2-benzyliminazole and 
ethyl a-brornofsovalerate wa^s also recorded (Ab¬ 
bott, A4y 3; Upjohn, 19; cf. Squibb, S.7, 4; 
Upjohn, f7.4, 21, who used the silver derivative 
of the iminazole). Efforts to alkylate 2-bcnzyl-4,5- 
dihydroiminazole with methyl a-bromoi«ovalerate 
in boiling xjdene led to a small yield of a base 
(picrate, m.p. 136-153°) and an attempt was made 
with a-bromof«ovalcric acid in diethylcarbitol 
(Upjohn, f/.J, 19). 

Similarly the reaction product of vinyh',vopropyl 
carbinol and thionyl chloride failed to condense with 
2 -benzyliminazole; and other attempts to condense 
phcnylacetimino ethyl ether hydrochloride with 
the hydrochloride, sodium salt, or an ester of 
N-aminoethylvaline were, under various conditions, 
fruitless apart from a product, m.p. 117-120°, from 
N-aminoethylvaline hydrochloride and phenyl- 
acetamidine. Treatment of ethyl dimethylglycid- 
ate with 2-benzyl-4,5-dihydro-iminazolc at 200° 
for twelve hours gave diphenylacetylethylenedi- 
amine as the only isolated product (Upjohn, U,W, 
2). The simplest route to XIX appeared to be the 
cyclization of N-(2-phenyl-acetamidoethyl)-valine. 
All efforts to effect this cyclization were unsuccess¬ 
ful; a similar route via an analogous amidine to 
desthiobenzylpenillamine was suggested (Winthrop, 
W4f 2). However, by taking advantage of the 
enhanced activity of the corresponding thioamide, 
ring closure occurred smoothly to yield XIX. The 
augmented activity of certain thioamides in com¬ 
parison with the corresponding amides was pointed 
out by English investigators (Abraham, Baker, 


Chain, and Robinson, CPS4^) 71; 74] Cook, 
Elvidge, and Heilbron, CPU.77). 

Condensation of monoacctylethylenediamine 
(Aspinall, J. Am, Chem. Soc.^ 63, 852 (1941)) with 
a-bromof.s‘ovaloric acid followed by acid hydrolysis 
gave N-(2-aminoethyl)-valine. Treatment of an 
alkaline solution of the latter with aqueous sodium 
phonyldithioacetate (Abraham, Ihiker, Chain, and 
Robinson, CPS.43) yielded N-(2-phenylthioacet- 
imidoethyD-valinc whicdi, upon heating in butanol, 
readily cyclizod to XIX with the loss of hydrogen 
sulphide (cf. Upjohn, U.11, 3). 

Attempts to dehydrogenate desthiodihydropenill- 
amiiio with Ranc^^ nickel catalyst in propylene 
glycol, ethyl l^enzoate, or ethyl cinnamate gave no 
recognizable product (Upjohn, U.12, 1). 

Synthesis of Penillamines. Synthesis of dL- 
Amylpenili.AMINE (Catch, Cook, and Heilbron, 
CPS.24) 30). The representation of the penill¬ 
amines as substituted iminazoles led to attempts 
to sjmthesizc nearly related substances by reaction 
between preformed iminazoles and derivatives of 
i3,i^-dimethylacrylic acid; but these experiments, 
already described in Chapter III, were unpromising. 
Attempts to synthesize penillamines (as well as 
penillic acids) from appropriate 2-chloromethyl or 
2 -carboxychlorom('thyl-thiazolidines and aceiimino- 
ethers were envisaged (Copp, Duffin, Smith, and 
Wilkinson, CPS.3; 72), but although the required 
thiazolidines were obtained, the later condensations 
did not proceed in the desired direction. 

A return to the attempted dehydration of 4-carb- 
oxy- 5,5 -dimethyl-2-acylamidomethylthiazoIidines 
such as XX was therefore indicated. Extended 
experiments with boron tri fluoride proved un- 
promi.sing, but it was found that under other condi¬ 
tions which were only later more rigidly defined, XX 
appeared to undergo dehydration in the desired 
manner. 

The conditions of tliis penillamine synthesis 
require careful control and selection. Thus pre¬ 
liminary unsuccessful attempts to dehydrate a 
benzylpenilloic ester by molecular distillation at 
295°/0.01 mm. in presence of magnesium powder 
were outlined (Lilly, L.4, 21) and similarly unsuc¬ 
cessful attempts to dehydrate synthetic L-benzyl- 
penilloic acid with phosphoryl chloride have been 
recorded (Upjohn, U.ll, 31). The acid XX did not 
dissolve to a clear solution in fresh cold phosphoryl 
chloride but did so in mixtures of the oxychloride 
with syrupy phosphoric acid. After standing, part 

CO2HCH-NH 

I I 

MezC—S—CHCHa-NHCOCiHu 

XX 

CO2HCH-NH 

Me*(!;— S—iHCHjNHCOCH*Ph 

xxin 
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MeoC-S- 

~-CMe2. 


XXII 

of the product was the neutral dikelopiperazine 
derivative XXI (R — n-CBlIn), but the minor part 
was acidic and was extracted from water l)y butan¬ 
ol. The latter product, unlike XX, gave, only a 
trace of carbonyl compound on treating with 
mercuric chloride and was in this way converted 
into a thiol hydrochloride which did not condense 
with acetone. Analysis indicated that this w^as 
the compound II (R — n-CslIn), the ni. modifica¬ 
tion of amylpenillamine. This formulation was 
strengthened by the appearance of an absorption 
band with Xm*.. 2,180 A, amylpenillamine having 
X«.*. 2,180 A. 

The ready dehydration of penicillamine deriva¬ 
tives to diketopiperazines w^as noteworthy and 
was observed under milder conditions than those 
used above. Thus treatment of 4-carboxy-2,2,5,5- 
tetramethylthiazolidine in warm pyridine with 
toluene sulphonyl chloride or acetylsulphanilyl 
chloride led exclusively to the diketopiperazine 
derivative XXII. Moreover, although the de¬ 
hydration of XX in the desired manner was essayed 
repeatedly under a variety of conditions with 
phosphoryl chloride-phosphoric acid, phosphorus 
pentachloride, phosphoryl chloride, or phosphorus 
trichloride in benzene, it was only moderately suc¬ 
cessful and then only with the three first-mentioned 
reagents; with phosphoric anhydride in chloroform 
only, XXI (R == n-CBHn) was obtained. Unfortu¬ 
nately the yield of the 'Mecarboxy]3enillic acid^^ 
was but 5% of theory at this time, and it seemed 
unlikely that enough might be accumulated for 
optical resolution to permit comparison with the 
natural material. A sample of the supposed amyl¬ 
penillamine was therefore submitted to Dr. Crow¬ 
foot who reported that ‘ ‘by optical and morphological 
examination under the microscope crystals of 
DL- and D-amylpenillamine hydrochlorides are not 
distinguishable from one another’*; further, that 
“both in position and intensity, certain of the X-ray 
reflections are practically the same in the n and dl 
crystals and one can be reasonably certain that the 
molecular structures are the same in the two.” 
The natural d and synthetic dl compounds had the 
same m.p. (170®), which was undepressed on admix¬ 
ture, and they had the same absorption maximum 
with about the same intensity of absorption. The 
chemical evidence together with the fact that the 
synthetic material behaved as a dl mixture rather 
than a racemic compound therefore left little doubt 
that the suggested structure of the penillamines 


was correct (cf. Crowfoot, Low, and Schmidt, 
CP SMS), 

4- Carboxy - 5,5 - dimethyl - 2-phenylacetamido- 
methylthiazolidine (XXni) prepared earlier was 
then dehydrated, with phosphoryl chloride, alone, 
or more rapidly, in boiling benzene. The insoluble 
diketopiperazine XXI (R — CH 2 Ph) w^as separated 
and the crude product undoubtedly containing 
decarboxybenzylpenillic acid was treated with 
mcthanolic mercuric chloride. The compound was 
recovered as a crystalline thiol hydrochloride, the 
analysis of which gave figures in excellent agreement 
with the structure II (R = ChUPh); it afforded 
a crystalline picrate. The m.p. of the synthetic 
compound was identical with that of natural 
benzylpenillamine hydrochloride, while the m.p. of 
the synthetic picrate was slightly higher than that 
recorded For the natural compound (cf. Squibb, 
S,Sa, 12); the light absorption characteristics of the 
natural and synthetic hydrochlorides appeared 
to be identical. There could be no reasonable 
doubt therefore that tlie synthetic material was the 
DL form of benzylpcnillarnine and, as with amyl¬ 
penillamine, it proved to bo a dl mixture rather 
than a racemic compound (Cook, Elvidge, and 
Heilbron, CPS£7), 

It was hoped to improve on these syntheses by 
removing II 2 S from the thioamides corresponding to 
XX. Dithiophenylacetic acid reacted readily with 
aminoacetal to yield phenylthioacetamidoacetalj char¬ 
acterized as its dinitrophenylhydrazone. The thio- 
acylamidoacetal was condensed with penicillamine 
to give the thiazolidine substantially identical with 
that obtained by an alternative route (Abraham, 
Baker, Chain, and Robinson, CPS,71), 

CO 2 HCH-NHHCI 
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Synthesis of dl-Benzylpenillaminb by way 
OP di^Decabboxybenzyepenileic Acid (Abraham, 
Baker, Chain, and Robinson, CPS.71). The 
thiazolidine XXIV (I.C.S., CPS.6) was prepared 
from aminodiethylacetal and DL-penicillamine in 
aqueous acid solution in 40% yield. This, when 
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coupled with dithiophenylacetic acid in weakly 
alkaline solution gave the thiazolidine XXV (30% 
yield). Ring closure of XXV to DL-decarboxy- 
benzylpcuiillic acid (XXVI) by heating in a solvent 
was complicated by the fact that both sulphur 
atoms tended to split out as hydrogen sulphide if the 
temperature was too high or the heating prolonged. 
However, after heating XXV in quinoline at 130° for 
thirty-five minutes in a stream of nitrogen, XXVI 
was isolated in 25%, yield. It had zwitterion 
properties and gave no coloration with ferric 
chloride. 

Dn-])ecarboxybenzylpcnillic acid was treated with 
mercuric chloride and the precipitate decomposed 
in the normal manner. Evaporation of the result¬ 
ing solution in vacuo left a syrup which soon crystal¬ 
lized throughout to a hard mass of small prisms 
(90% yield). Elementary analysis of this com¬ 
pound was in agreement with the view that it was 
the hydrochloride of II (R = ("el 1 5 CH 2 ). It showed 
strongly positive ferric chloride and nitroprusside 
reactions. Electrometric titration showed the pres¬ 
ence of three ionizable groups with pK values 
similar to those of 2 -pentenylpenillamine, and 
evidently corresponding to an acidic, basic, and 
thiol group. Measurement of the ultraviolet ab¬ 
sorption was carried .out by E. R. Holiday, who 
reported that it did not differ significantly from 
that of natural benzylpeiiillaminc hydrochloride 
(Merck, M,S, 3). 

Impkovkd Synthesis of dl-Benzylpenillamine 
(Cook, Elvidge, ai]d Heilbron, CPS.77). The 
thiazolidine obtained by direct condensation of 
phenylthioacctamidoacetal with penicdllamine was 
difficultly purified, and although there was little 
doubt that it would have yielded bcnzylpcnillamine 
by the following method, its isolation proved to be 
unnecessary. Ileating phenylthioacctamidoacetal 
with penicillamine for a few minutes in boiling 
butanol followed by treatment of the product with 
mercuric chloride led directly to DL-benzylpenill- 
amine. It was conveniently isolated as its almost 
insoluble picrate, from which the crystalline hydro¬ 
chloride was regenerated; these derivatives were 
identical with those described above. 

Synthesis of d- and l-Amylpenillamine. In 
view of the last-mentioned synthesis of DL-benzyl- 
penillamine, the similar use of dithio-n-caproic acid 
and its methyl ester as a route to D-amylpenillamine 
received preliminary investigation. 

Houben (Ber,, 40 , 1729 (1907)) prepared dithio- 
wocaproic acid by the standard method of treating 
woamyl magnesium bromide with carbon disulphide, 
although the yield was only 4.4%. In several 
of the present experiments under varying condi¬ 
tions, interaction of n-amyl magnesium bromide and 
carbon disulphide gave only 6-8% of the crude 
dithio-n-caproic acid. For convenience it was 
readily converted into methyl dithio^^proate. A 
mixture of this ester and aminoacetal evolved mer¬ 


captan spontaneously and copiously, but although 
the oily product still contained detectable amounts 
of sulphur after repeated distillation, it was not the 
anticipated thiocaproamidoacetal. In similar prep¬ 
arations relating to d- and L-benzylpcnillamine (see 
below) it was observed that although thiophenyl- 
acetamidoacetal could easily be prepared using 
dithiophenylacetic acid, the ester led remarkably 
easily to the thiazoline XXVII already dc'seribed 
(Abraham, Chain, Baker, and llobiiLson, CPS,7^3). 

PhCHsC: N—CH2 

I I 

S-CH-OF:t 

XXVII 

CsHn-CrN—CH 2 

0-inoEt 

XXVIII 

The product from dithiocaproic ester, however, ap¬ 
proximated in composition to ^•eihoxy-I-n-a.myU 
oxazoline (XXVIII), a structure which was (jonfirmod 
by the facile conversion into the dinitrophenyl- 
hydrazone of amylpenilloaldehyde (i.e. the acyl- 
and not the thioacylarnidoacetaldehyde). Methyl 
dithi<.)caproate was therefore not as useful as was 
hoped, and in view of the difficulty of preparing 
dithio-?/-caproic acid it was deemed more economi¬ 
cal to revert to the earlier method. It may per¬ 
haps be foreseen, on considering the greater 
reactivity of methyl dithiophenylacetate over that 
of dithiophenylacetic acid in the above cyclization, 
that the ester may lead to still simpler preparations 
of bicyclic compounds of the type of penillic and 
decarboxypcnillic acid. 

CO 2 HCH-NH SMe 

Me^C—S—in-CHX-NHj ^ is-R 
COjHCH-NCR:N 

Meii—s—in—A hx 

(X = R or COjH) 

When D- and L-penicillamine are condensed with 
n-caproamidoacctal and similar compounds, four 
individual thiazolidines are theoretically possi¬ 
ble (XXIX, a~d); each penicillamine configura¬ 
tion should yield two geometrically isomeric 
thiazolidines. 

Interaction of these compounds at 60® gave in 
each case an apparently homogeneous d- and l-4- 
carboxy’-5f5-’dimethyl-2-n-caproamidomethyl’~lhiazoli'- 
dine hydrochloride. In the benzylpenillamine series 
strong evidence was encountered to show that the 
relative orientations of the groups —00211 and R 
in such thiazolidines had a marked effect on the 
readiness with which closure of the second ring to a 
decarbox 3 npenillic acid was effected. For this 
reason, as well as because of an obvious bearing on 
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XXIX 


the stereochemical structure of the penillic ‘acids 
themselves, it seemed important eventually to 
determined the absolute configurations of these 
thiazolidines and to obtain the missing members of 
this and related series. From the identical m.p.^s 
and similar but opposed rotations it was clear that 
the present compounds were isomcrides of the same 
relative configurations (a, d, or b, c). The optical 
activity of each was reduced at about the same rate 
on heating in ethanol, though whether this was due 
to fission or mutarotation could not be avscertained. 
Each was dehydrated by phosphoryl chloride to 
give a diketopipcrazine which was rejected and a 
crude decarboxypenillic acid which was treated with 
mercuric chloride. The final products were the 
highly crystalline n- and h'-amylpenillamine hydro- 
chlorides, obtained in considerably better yield than 
was recorded for the DL-compound. The rotary 
values were practically identical and confirmed 


their optical purity; n-penicillamine gave rise to a 
laevorotatory penillamine and vice versa. It was 
confirmed that synthetic n-amylpenillamine hydro¬ 
chloride was cr>^stallographically identical with the 
natural material obtained from hydrogenated 
2 -pentenylpenicillin (Cook, Elvidge, and Heilbron, 
CPS,273; cf. Bentley, Catch, Cook, Elvidge, Hall, 
and Heilbron, PEN,102; 105), 

Synthesis of p- and l-Benzylpenillaminb 
(I. CAS.). At the commencement of this work the 
shorter penillamine synthesis via phenylthioacet- 
amidoacet;al was attempted with d- and L-penicill- 
amine, but with rather indifferent success. The 
following short account represents the summation 
of many experiments in this direction. 

In the first place it was found advisable, in prepar¬ 
ing the thioacylamidoacetal, to revert to the original 
method of Abraham, Chain, Baker, and Robinson 
(CPSJfS), for the action of methyl dithiophenyl- 
acetate on aminoacetal at ordinaiy temperatures 
led almoxt exclusively to 5-ethoxy-2--benzylthiazo- 
line (XXVII), charaeterizcHl as its hydrochloride. 
Interaction of D-penicillarninc liydrochloridc and 
phenylthioacctamidoacetal in boiling butanol for 
forty minutes resulted in free evolution of hydrogen 
sulphide, but the decarboxypenillic acid was very 
crude and a considerable yield of one of the two 
possible forms of D-thiohenzylpcmUoic acid hydro¬ 
chloride (XXX) was recovered. On the other hand 

CO 2 HCH-NHHCl 

I I 

Me2C—S~CIICH2NITCSCH2Ph 

XXX 

the preparation of this thiazolidine and its isorneride 
in bulk in pure condition by direct condensation 
with D-penicillamine was found to be impracticable 
because of the formation of 2-benzyl-5-ethoxy- 
thiazoline and also because of the apparent pre¬ 
ferential cyclization of one of the thiazolidine 
isomerides. Thus the thiazolidine XXX in boiling 
butanol liberated hydrogen sulphide only very 
slowly, whereas when D-penicillamine hydrochloride 
(800 mg.) and phenylthioacetamidoacetal (2.0 g.) 
were kept at 90® in butanol, the thiol reaction had 
disappeared after fifteen minutes and hydrogen 
sulphide was just detectable. The rate of evolution 
at reflux temperature was estimated by collecting 
the hydrogen sulphide in soda-lime; 50% of the 
theoretical amount had been evolved after less than 
fifteen minutes but the remaining 60% had not been 
completely eliminated after sixty-five minutes. It 
seemed reasonable to suppose that, since the cycliza¬ 
tion is an intramolecular reaction, two thiazolidines 
were undergoing cyclization, one more readily 
than the other, and that the two theoretically 
possible decarboxypenillic acids were being formed 
with very different ease. Perhaps for this reason 
the isolation of pure decarboxypenillic acids was not 
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achieved, and although j^henzylpcnillamine qncrate 
was obtained after treating the crude cyclized acid 
with mercuric chloride, this clearly did not provide 
a satisfactory route to the penillamine. Experience 
with the corresponding l compounds was similar, 
and a return was made to the original method (cf. 
Cook, Elvidge, and Heilbron, CPS£7). 

Condensation of d- and L-penicillamine hydro¬ 
chlorides with phenylacetamidoacetal gave d- and 
L-benzylpenilloic acid hydrochlorides (XXIII); al¬ 
though several analyses gave figures for C-content 
which were slightly but consistently low, these 
thiazolidincs were highly crystalline and there w^as 
no reason to doubt their structure and homo¬ 
geneity. That they had practically identical 
rotatory values suggested that, like the correspond¬ 
ing caproyl derivatives (Cook, Elvidge, and Heil¬ 
bron, CPS,27S), they were stereochemically simi¬ 
larly constituted. When each was dehydrated with 
cold phosphoryl chloride and the crude decarboxy- 
penillic acid treated with mercuric chloride, the 
highly crystalline thiols II (R — CIl 2 Ph) were 
obtained. As in the amylpenillamine series, the 
product from D-penicillamine was laevorotatory, the 
L-penicillamine product showing a corresponding 
rov(‘rsal in rotation. Tlui synthetic d form (Cook, 
Heilbron and Levy, CPS.sfS) had m.p. 174° (dec.), 
—04°; the picrate had m.p. 150-157° (dec.) 
after softening at 14()°. Benzyl penillamine lij’-dro- 
chloride has (see e.g. Squibb, /S.5a, 12) m.p. 174° 
(dec.) and the picrate has m.p. 15()-157° (dec.) after 
softening at 154°; [a]^ has been variously reported 
as —05 to —70° (see e.g. S,Sa; Merck, yi/.7, 13). 

It may be mentioned here, (hat attempts to pre¬ 
pare from pheiiylacetarnidoacetaldehyde and S-benz- 
ylpenicillamine methyl ester, a Schiff base, which 
might ttien have been deh 5 ''dratcd to a derivative 
of S-benzylpenillamine, were unsuccessfid (Merck, 
1())‘. 

Analogous Synthetical Studies in the p-Hydroxy- 
benzyl Series. The existence of p-hydroxybenzyl- 
penicillin was inferred by ("atch, Cook, and Heil¬ 
bron {CPS£S)j who obtained the related p-hydroxy- 
benzylpenillic acid from a penicillin fraction. The 
antibiotic itself was later isolated by the Northern 
Regional Research Laboratory {C.9) and was 
termed penicillin X. Exploratory work among 
p-hydroxyphenylacetic derivatives was therefore 
initiated. 

Veiy early attempts to prepare p-hydroxyphenyl- 
acetyl chloride led to unpromising products proba¬ 
bly of polymeric ester nature, and were soon aban¬ 
doned. Treatment of the hydroxy acid with acetic 
* anhydride gave the crystalline p-aceioxyphenylacetic 
acid in rather variable yield and the preparation of 
p^cetoxyphenylacetyl chloride presented no diffi¬ 
culty, On coupling with aminoacetal in sodium 
bicarbonate solution the well characterized p-aceir 
axyphenylacetamidoacetaldehyde diethylacetal was ob¬ 
tained and converted into the dinitrophenylhydrazone 


of the corresponding aldehyde. The acetoxyacelal 
was hydrolyzed with one equivalent of (raustic 
alkali to give ciiide p-hydroxyphenylacetarnidoacclal- 
dehyde diethylacetal y which furnished a pure di- 
nitrophcnylhydrazo7ie, identical in every respect with 
p-hydroxybenzylpenilloaldchyde dinitrophenylhy¬ 
drazone of natural origin. The structure assigned 
earlier ((^atcdi, (’ook, and Heilbron, CPS£S) to 
this derivative of p-hydrox 3 d)enzylpenicillin may 
thus be regarded as confirmed beyond doubt (Cook, 
Heilbron, and Graliam, CPS£J4)- 

C'ondensation of T>L-penicillamine hydrochloride 
with /^-acetoxyphenylacetamidoacetaldehyde di¬ 
ethylacetal in the normal manner gave dl-4- 
carboxy-5y 5-di'methyl-2--p-acetoxyphc7iylacela7nido- 
meihyl-lhiazolidme hydrochloride which was cyclized 
in the manner previously described. The composi¬ 
tion of the product indicated that the acetoxy 
grouji had been hydrolyzed, and as it contained a 
thiol group and yet did not condense with acetone, 
it was regarded as ^h-p-hydroxyhcnzylpenillarrime 
hydrochloride. D-renicillarninc was also condensed 
with the above acetal, but all attempts to cyclize 
the resulting D-thiazolidine gav(i lise to only im¬ 
practicably small yields of crystalline material. 

Other similar work in the p-hydrox 3 q)henylacetic 
series, not directly relevant to the present topic, 
w^as carried out by the Upjohn group (U.lSby 11 ) 
and is described in Chapter XVH. 

Synthesis of Penillic Acids. UL-BENZYLrENiLLic 
Acid. Attempts to apply the penillamine synthesis 
to that of penillic acid w'ere early recorded as 
unsuccessful (I.C.S., CPS.o) and other failures were 
reported elsewhere (Merck, M.'^Sy 17; SOy G; Mich. 
Chem., B.4y 11 ). Refluxing a xylene solution of 
a-methyl D- 7 -benzylpenicilloate for three hours 
gave a crystalline compound, m.p. 216°, probably 
Ci 7 Hi 804 N‘j for which the structure XXXI was sug¬ 
gested (Merck, M.S^y 5). The same compound 

CO 2 HC—N-CH==CC02Me 

II I I 

Me2C C(CH2Ph)=N 

XXXI 

was thought to arise by cyclizing a-methyl D-7- 
benzylpenicilloate, but although it behaved as 
anticipated on hydrolysis and esterification, it 
failed to add hydrogen sulphide or benzyl mercaptan 
and only doubtfull}'^ added hydrogen (Merck, M.SS, 
7; 37y 1). Other attempts to cyclize a-ethyl 
^-methyl D- 7 -benzylpenicilloate with phosphorus 
pentachloride gave no spectrographic indication of 
the formation of benzylpenillic acid (Parke-Davis, 
PD.lSy 2 ) and attempts to cyclize 4-carboxy-3- 
phenylacetyl-2-N-carb(?thoxyammomethyl-thiazoli- 
dine were also unsuccessful (Winthrop, W.8y 1 ). 
Renewed attempts to modify the penillamine syn¬ 
thesis were therefore made. 

Synthesis of Monomethyl dl-Benzylpknill- 
ATE OR A Stereoisomeridb THEREOF. Cycliza- 
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CO 2 HCH-NH 

I I 

MeaC-S—CHCHR'NHCOR 

XXXII 


COsHCH- 


McsC—S—CH- 

XXXIII 


N-C(R):N 

i 


CUR' 


CO 2 TICH-NCH(R)N 

I I li 

MejC—S-CIl-CR' 

XXXIIIa 

tion of XXXII (R' == CO 2 H, R = CsHn or C'MjPli) 
might, following the penillamine synthesis, have 
afforded Di,-aniylpenillie or DL-benzylpcnillie acid 
respectively (or stercoisomerides thereof with 
respect to the orientation of R/; if the double-linking 
is mobile as the high optical absorption of natural 
penillic acids indicates, this stereoisomerism wo\dd 
possibly have reference to the orientation of R as in 
XXXIIIa, or would possibly not he encountered 
under ordinary conditions). Where R' = C() 2 H, 
only XXXII (R = CjiHu) had been prepared and 
attempts to obtain it in sufficient quantity for 
cyclization led to considerable yields of l6cXII 
(R' - H, R = C5H11). Cyclization of XXXII (R/ 
= C02Rt, R = Cf,Hii) with cold phosphoryl (chlor¬ 
ide was therefore carried out. Tlic primary product 
was probably of type XXXIII, but again its isolation 
could not be completed without loss of the carboxyl 
group. 

lliere were obvious alternatives wffiich were tried 
without success. Thus, the preparation of the 
acetal of aminoformylacetic acid (diethoxyalanine) 
was described (Cornforth, Cornforth, Dewar; 
AVjraham, Baker, Chain, and Robinson, CPSM9). 
Similarly the diethylaccials of phenylacMamidoformyl- 
acetic acid and n-caproainidoformylacetic acid were 
prepared, but none of these could be condensed 
with penicillamine without loss of the labile carb¬ 
oxyl group, and the usefulness of an analogous 
thioacylamido derivative was examined. Inter¬ 
action of dithiophenylacctic acid and )9,i3-dicthoxy- 
alanine (Cook, Elvidp, and Heilbron, CPSJ99) 
gave the N-phenylthioacetyl derivative XXXIV in 
rather poor yield, later increased to 50%. This dif¬ 
ficulty was due in part to the sensitiveness of 

(OEt)2CH CS CHjPh 

cOjiiinTlH 

XXXIV 

PhCH2CSNHCH2C02H 

XXXV 

(OEt)2CH CSCHjPh 

C02MeiH— i!iH 

XXXVI 


XXXIV, and in one experiment carried out at 
40° only XXXV was obtained. Treatment of 
XXXIV with DL-penicillamine resulted either in no 
condensation or in loss of carboxyl when the tem¬ 
perature was raised. Methylation of XXXIV with 
diazomethane gave an oily ester which could not be 
distilled without decomposition, but the analysis 
of the (Tilde neutral product indicated that it was 
essentially the rnethyl c.s 7 (t (XXXVI). Condensa¬ 
tion of this in boiling butanol with Di.-pehicillamine 
gave the (uystalline ester XXXVII or an isomeride 
with double-linking in a different position. XXXVII 

C02H'CH—NCHCH.Ph): N 

MejC • S • C^H-CH COjMe 

XXXVII 

separated on acidifying an acpieous solution of its 
salt as the free acid (not as the salt of an organic 
base) in the form of thin laths or from aciueous 
acetone in cubes, in.p. 165°. It gave no color with 
ferric chloride and was slowly procipitaled by 
mercuric chloride. Like benzylpenillic acid it gave 
an orange-red coloration with diazotizijd sulphanilic 
acid. Its absorption spectrum w^as observed {CPS. 
199) in ethanol solution and compared with the 
mejst detailed data for b('nzyl[)enillic acid available 
(Merck, M.3y 5). 


Benzylpenillic Acid 


A 

1 

Em 

2,800 

400 

2,675 

3,400 

2,500 

5,000 

2,375 

6,600 

2,225 

5,750 

2,100 

10,100 

Synthetic Me Ester 

A 

Em 

2,680 

800 

2,600 

1,900 

2,540 

3,000 

2,430 

4,100 

2,350 

5,400 

2,250 

6,250 

2,140 

8,460 


It will be seen from these figures that the absorp¬ 
tions were remarkably similar. When it is remem¬ 
bered that the ester would be expected to absorb 
somewhat less intensely than the free acid, the 
very slight quantitative difference is no more than 
zni^t be accounted for by this circumstance and 
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by the difference in solvent. Natural dimethyl 
benzylpenillate has very similar absorption to that 
of benzylpenillic acid (Merck, Af.5, 7). On electro¬ 
metric titration, initially in 50% acetone-water, 
the compound behaved as a monobasic acid though 
the combining weight showed a variability recalling 
that described for benzylpenillic acid (Merck, M.J, 
4). After standing with 2 equivalents of 0.05 N 
alkali for one hour and back-titrating there was 
clear evidence of hydrolysis; the solution now 
behaved as a dibasic acid with an ecjuivalent weight 
(computed from the second neutralization point) of 
17G (calc. 174). The monoester, esterified by 
ethereal diazomethane, gave a neutral crj’^stalline 
ester which w^as not further examined. The mono¬ 
ester liberated an —SH grouping (ferric chloride 
color) to some extent with alkali after some hours, 
and liberated an —SH grouping freely on treating 
with aqueous mercuric chloride. Then^ can be no 
reasonable doubt, therefore, that the reatdions 
described led to the synthesis of a DL-compound 
with the ring structure of l)enzylpenillic acid 
iCPS.199), 

It W'as therefore the first synthetical (!onfirmation 
of the structure of penillic acids proposed by the 
Oxford workers {PENJ03) which in some (piarters 
had been considered inadeciuate to explain the 
ultraviolet absorption spectra of members of the 
group. 

A synthesis of the al)oA^e kind w^as foreshadow^ed by 
Abraham, Chain, Baker, and Robinson (CPS.43) 
and also by Baddiley, Openshaw, Sykes, and Todd 
{CPS,65), In attempts to repeat this synthesis 
no products were isolated (Squibb, 8,39^ 5; Lilly, 
LJ4f 13). The experiment w\as nevertheless twice 
confirmed at Imperial College. 

Synthesis of Optically Active Benzylpen¬ 
illic Acid (Merck). Meanwhile other attempts 
had been made to prepare compounds with most of 
the structural features of penillic acids. Thus 
cyclization of a-methyl D- 7 -benzylpenicilloate ap¬ 
peared to give the acid XXXVIII. The latter could 

CO2HC—NC(CH2Ph) :N 

II I I 

Me,C CH-^=-----CCOjMe 

xxxvni 

be hydrolyzed to a dibasic acid, afforded a dimethyl 
ester, but was only doubtfully hydrogenated and did 
not add hydrogen sulphide or benzyl mercaptan 
under various conditions. Again reaction of gly¬ 
cine or its methyl ester with phenylacetimino 
methyl ether gave the corresponding N-mr5- 
oxymethyl and N-carbomethoxymethyl derivatives 
XXXIX, but the latter could not be successfully 

PhCH2C(OMe): NCH2CO2R 

XXXIX 

condensed with methyl a-amino-/3-chIoropropionate 
(Merck, M,87, 3). Several attempts to condense 


2 -chloromethyl-thiazolidincs (synthesized in the 
usual way) with imino-ethers or imino-chlorides, in 
the hope of synthesizing penillic acids or penill- 
amines w^re unsuccessful (Copp, DufFin, Smith, 
and Wilkinson, CPS.72] Merck, M.29, 13). 

COsRCH—NH F:tO 

\ 

+ CCH.Ph 

// 

Me 2 CSCHCHR'.Cl HN 
(X) 2 R*Cn—NCHCHaPh) :N 

I i I 

M 02 C ■ S • CIT--—-CIIR' 

(R' = II, eO^R, etf.) 

Dimethyl, benzylpenillate was nltiinatel.y syn¬ 
thesized by the condensation of phenylacetimino 
ethyl (il.her wil.h 4-rarbomcthoxy-5,5-dimethyl-2- 
aminocarbomethoxymethyl-thiazolidine: 

('O^MeCH—NH McOC(:NH) CH 2 ph 

I I 

McaC—S--CH CH (NH 2 ) CO^Me 
COoMeCH—NC(CH 2 ph):N 

II I . 

MeoCSCH -CHCO^Me 

Using the optically pure thiazolidine from D-peni- 
cillamine the product had all tlie properti(‘s of the 
ester of nat ural origin, it being especially fortunate 
that the natural stereoisomeride was obtained. 
Concentration of the moth('r licpiors gave a second 
product identified as diineiliyl benzylfsopenillate; 
the latter could also be obtained as a major product. 
Idiis very satisfactory synthesis established beyond 
all reasonaVile doubt the st ructures which had been 
assigned to these degradation products (Merck, 
M,50, 1 ). It should be mentioned that the method 
was foreshadow^ed by Cornforth, (-ornforth; Abra¬ 
ham, Baker, Chain, and Robinson {CPS,57), 
similar reactions having been suggested even earlier. 
Thus it was stated (Oxford, CPS,2) that ethyl 
chloroformylacetate had been condensed with 
penicillamine but that the resulting thiazolidine 
XL reacted abnormally with phenylacetiminoethyl 
ether (see also Abraham, Chain, Baker, and Robin¬ 
son, CPS,72). Similar independent wmrk in the 
D-penicillamine series was also unsiK^cessful (Merck, 
M.29, 12 ). Analogous syntheses of ‘‘dimethyl 

CO 2 HCH — NH 

! ! 

MeoC-- S—CH-CHClC 02 Et 

XL 

penillate-X” and dimethyl amylpenillate were 
attempted, but the products w^ere not w^ell char¬ 
acterized (Pfizer, P,26, 14). The same was true of 
experiments to prepare dimethyl 3- and 5-pentenyl- 
penillates (Pfizer, P,28, 9). The preparation of 
dimethyl 2 -pentenylpenillate by this route was 
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frustrated by addition of hydrogen chloride during 
attempts to prepare the appropriate imino ether. 

Finally some miscellaneous attempts may be 
mentioned here. Penicillamine was condenKsed 
with 4-ethoxyrnethylene~2-styryloxazolonc under 
conditions wiiich miglit have afforded a penillic 
acid analogue, but tlie nature of the product re¬ 
mains obscure (Robinson, Robinson; Abraham, 
Baker, and Chain, CPS.19S). The biologically 
active product formed when 2-bcnzyl-4-methoxy- 
methylene-5-oxazoh)iie w'as condensed with penicill¬ 
amine containing radioactive sulphur, was diluted 
with authentic penicillin and recovered as tri- 
ethylamine salt. The r adioactivity was retained on 
extensive purilication, on conversion into sodium 
benzyl penicillin and finally on rearrangement into 
benzylpenillic acid. Tho results were therefore 
compatible with the view^ that benzylpcnicillin 
had indeed been synthesized and that the resulting 
benzylpenillic acid w’as in this limited sense also 
synthetic (Cornell Bioch., For further 

developments of these considerations see Chapter 
XXIII. 

EXPERIMENTAL 

Ultraviolet Absorption of “Penicillinic” Acid and 2-Pent- 
enylpenillic Acid (Holiday, PEN.89). Didernu nations 
were made at iV/C,000 in water (pH 3.3) and at increasing 
concentration of hydrochloric acid, up to A/1 which in¬ 
duced a progressive and reversible change. 2-PentcriyI- 
penillic acid, when placed in 0.1 N hydrochloric acid under¬ 
went a similar change (Xmm. 2,380 to 2,300 A; 192 

to 200). “Penicillinic” acid wjiS also examined at pll 5.0 
(acetate) and pH 10 (by titration) and after twenty minutes 
at pH 10 again examined at pH 3.3. The original curve ^vas 
not restored even after twenty-four hours at pH 3.3. More 
concentrated solutions (1 mg./ml.) were examined especially 
at 2,900 -3,600 A but no m(jre detail was revealed. 


*^Penicillinic** Acid 




XniAx. 



N . 

HCI 

2260 A 

222 

Reversible 

0.1 N . 

HCi 

2310 

1 220 

' Reversible 

0.01 N . 

HCI 

2360 

201 

Reversible 

pll 3.3. 

nc] 

2380 

197 

Reversible 

pH 5.0. 

IK^I 

2380 

197 

Irreversible 

pH 10.0. 


23SI) (infl.) 

150 

Irreversible 


Spectroscopic and Polarimetric Observations Bearing on 
the Yield of Penillic Acids from Penicillins. E. II. Holiday 
(PEN.89) studied tin* ultravioI(*t absorption of penicillin 
and penilli<; acids from dilTerent sources and made an esti¬ 
mate of the yield of 2-pentenyl|)enillic acid, computed as 
referring to dr 3 ’' penicillin acid (1 g. per liter). This cor- 
resf>on<led to 0 5 g. per liter, and similar estimations on 
anotiuir sample gave a yield of 73'/o, but this is considerably 
in excess of that realizable by isolation. However, a 
proportionality between the yield of penillic acid and the 
amount of penicillin inactivated was found spectroscopically. 
Moreover, the ratio of (‘stimated yields of penillic acid to 
the ratio of biological activiti(*s of different penicillins wa.s 
(piite close (0.(>90, 0.764 rc'spectivcly). A spectroscopic 
e.stiinate of the activity of pure jMuiicillin assuming that it 
would yield an equal weight of penillic acid gave a value of 
about 1,200 U/mg., but this was based on a higher yield of 
penillic acid than has usually been experimentally realized 
anti the estimate may be low for this reason. A yield of 
75% of penillic acid has becui claimed on a penicillin of 
850 U/ing. (Abraham, Baker, Chain, and Robinson, 
PEN.87). 

Hydrochloric; acid w^as added to an aqueous solution of 
barium 2-p(;ntenylp(;nicillifi at 37° so as to make the solution 
0.01 N with respect to free acid, and samples of the solution 
were examined at intervals spectroscopically in M /25 acetate 
buffer (pH 5.0) and biologically in A//15 phosphate buffer 
(pH 7.0). As inactivation proceeded, absorption at 2,250- 
2,450 A increased and taking the extinction at Xma*. for 
penillic acid (2,380 A) as a measure of the penillic acid 
formed there was observed a proportionality between this 


2.5 A HCI. 

Time (min.) 
laln“(+) 

3 

108 

11 

101 

23 

95 

47 

83* 

63 

75 

105 

69 

180» 

66 

3200 

66 



2 Eqiiiv. of HC"1, pH 1.95. 

Time (hrs.) 

.11 

.42 

.75 

1.5* 

2.0 

2.5 

4 

5 

8.75 

24 


[«)»“(+) 

279 

279 

279 

273 

270 

268 

260 

260 

256 

256 

1.07Equiv. of HOI. 

Time (hr.s.) 

.17 

.42 

.67 

1.0 

2.0 

3.5 

6.5» 





Wo»(+) 

286 

292 

298 

304 

307.5 

306 

304 




pll 2.9 (phosphate). 

Time (hrs.) 

0 

1.3 

2.5 

3.3 

6.0 

21.5^ 






[«]»”(+) 

278 

298 

302 

308 

310 

308 





pH 4.0 (acetate). . . . . 

Time (hrs.) 

0 

1.3 

2.5 

3.3 

6.0 

21.5^ 






Wn'"(+) 

200 

290 

285 

281 

273 

250 





15% HCI. 

Time (hrs.) 

.08 

.40* 

.83 

17 








[alu«(+) 

98.5 

90.5 

81 

81 







Penillic acid in 2.5 A H(J1. 

Time (hrs.) 

.25 

.73 

2.0 

68 








[aJo“(4-) 

460 

460 

460 

435 








Ultra violet absorption: 

’ Em (»t 2,350 A) 1,600 (no pcnillie acicO. 

* Inaoction Em (at 2,350 A) 4,100 (ponilUc acid). 

* Inaeetion Em (at 2.350 A) 4.400 (penillic acid). 

* InOection Em (at 2,350 A) » 5,000 (penillic acid). 

* End abciorption Em (at 2,350 A) *» 2,800 (no penillae acid). 

* End absorption Em (at 2,350 A) « 2,000 (no penillic acid). 
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and activity lost. The extinction at no loss of activity is 
possibly a reflection of the absorption of penicillin itself at 
X 2,380 A. 

In later preparations yields up to 60% by weight of 
benzylpenillic acid were obtained, together with a second 
ether-soluble acid regarded as benzylpenilloic acid (Merck, 
Report for Oct. 1943). The yield of benzylpenillic acid, 
estimated by the rotation and spectrometrically, decreased 
as the amount of hydrochloric aciil used was increased 
beyond 1 equivalent and, since the optical rotation and 
ultraviolet absorption of beiizylj)cnillic acid were unchanged 
by contact with 2.5 M hydrochloric acid, this effect could not 
have been due to decomposition. 

It appeared therefore that penicillin may be inactivated 
by two mechanisms in acid solution depending on tlie nature 
of the medium, only one route loading to pmiillic acid 
(Merck, M.H4, 10). 

Significant amounts of lienzylpenillic acid were formed 
only in essentially aqueous solutions at pl\ 2.5-3; in 0.5 N 
hydrochloric acid for example only benzylpenilloic acid was 
recovered {M.40y 1^). In alcoholic solution, also, the yield 
of benzylpenillic acid fell off sharply as judged spectro¬ 
scopically {M. 40 ^ 15). Sodium benzylpenicillinate or 

methyl benzylpeniidllinate exhibited complex changes in 
absorption spectrum when tht‘y were kept at 23° in 0.5 N 
hydrochloric aijid in 50% methanol, but the characteristic 
absorption of penillic acid did not appear nor could the 
changes be completely explained by postulating a dc;grada- 
tion ma penicilUiic di^rivatives. 

Early Work on 2-Pentenylpenillic Acid and Penillamine. 
So far as tin* early British work is concerned many of the 
more important properties of the penillic acids were first 
described by the Oxford work(*rs in relation to their “peni- 
cillinic acid. These included the behavior on acid hydroly¬ 
sis, the formation of penillamine by mercuric salts, oxidation 
of penillamine to penicillaminic acid, and the recognition of 
the chief functional groups of penillic acid and penillamine. 
The relevaiil (‘xperirnental dc^scriptions will be found in 
Chapter II; the details in regard to 'a-amylpenillic acid and 
n-amylpenillarnine are reported in (diapter 111. 

PrniKKMTioN OE Pkmciemn (Duffin and Smith, PEN.69). 
The penicillin used in tliesc experiments was prepared from a 
partially purified penicillin kindly supplied by C. G. Pope, 
Wellcome Physiological liesiiarch Laboratories. It was 
derived from tx Pcniciilium notaium strain, BB 102, olitainod 
from JSir Alexander Fleming through the courtesy of Profes¬ 
sor Itaistrick. It was further purified b 3 ^ a modification of 
the chromatographic method used hy C'atch, (V)ok, and 
Heilbron {Mature 150, 633 (1912)). The silica gel for the 
column was prepared by the* method of Martin and Synge 
{Biochem. J., 35, 1364, (1941)). It was treated with barium 
chloride solution followed by sodium carbonate solution, well 
washed with water and partially dried so that the product 
containe<l 5~10^>;. of barium carbonate and 50% of water. 
On passing an ethereal solution of penicillin through a 
column of this material, a large number of bands were formed 
which gave characteristic colors when viewed by ultraviolet 
light. The column was not cooled; better recoveries were 
obtained when the column was sucked dry in an atmosphere 
of carbon dioxide rather than air. The appropriate bands 
were cut out, extracted with 5% aqueous acetone and the 
extracts concentrated by freeze-drying. Overall recovery 
varied from 70 to 100% and the most active bands contained 
35 to 50 of the original activity. 

2-PENTRNyi.PENiLLic AcTD (Duffin and Smith, PEN.SI). 
A|0.6% solution of a partially purified barium salt of peni¬ 
cillin, activity 300-1,200 U/mg. was adjusted to pH 2-3 by 
adding N sulphuric acid and keeping for five hours at room 
temperature. During the initial period the optical activity 
of the solution increased to a degree which varied with the 
purity of the penicillin employed. After standing, the 
solution was centrifuged and extracted several times with 
ether which removed the levorotatory yellowish-green pig¬ 
ments and left a colorless dextrorotatory aqueous solution. 


This was extracted repeatedly with w-butanol until the 
solution showed no more than a slight dextrorotation. The 
butanol extracts were mixed, washed with a little water and, 
without drying, concentrated at low temperature under 
about 3 mm. pressure, using a receiver cooled in acetone and 
dry ice. The penillic acid separated in crystalline plates 
and was collected with the aid of a little acetone. The 
yields from barium penicillin containing 1,200 U/mg. 
amounted to 20% of the weight of the penicillin salt em¬ 
ployed. Less active material gave proportionately lower 
yields. 

2-PentenyIpenillic acid could be recrystallized by di.ssolv- 
ing in met-hanol containing 1% of water and evaporating 
the solution to low volume at room temperature in a current 
of dry air. Despite decomfiosition on boiling with water it 
could, by rapid working on a small scab*, be crystallized 
from hot water. It then separated in brilliant rhombs or 
hexagonal plates. 

Crystals prepared in this way were submitted to Dr. Crow¬ 
foot for X-ray analysis with the following results: 

Penillic acid crystallized in very beautiful orthorhombic 
plates, tending to he elongated along the h axis. The ap¬ 
pearance of the crystals under the microscope is shown in the 
diagram. The optic axial anghi is large. X-ray photo¬ 
graphs gave the following data: a =* 15.45 A, h =« 5.88 A, 
c « 18.70 A. Space group — P2i22i. n » 4. The density 
p - 1.29 ± 0.01. 



“From these data the weight of the crystallographic asym¬ 
metric unit is 333 ± 7. Tliere scorns every likelihood that 
this is the weight of the molecule itself (plus solvent of 
crystallization present), but it is formallj’' possible crystal- 
lographically that the molecular weight is either half or 
double this value. In the latter case the molecule itself 
vroiild have a two-fold axis of symmetry which seems un¬ 
likely. The molecular weight found agrees well with the 
value 330 calculated for C^4ll2oOeN2‘H20 or with 339 for 
CulLoOeNa-milsO.” 

2-Penlenylpenillic arid decomposed at about 175° with 
evolution of gas but without charring. In 2% aqueous 
solution it had [al.«i 46 i -f 600°. The aqueous solution was 
acid to litmus and had some of the properties of an amino 
acid. It gave a deep bluish-purple color with ninhydrin and 
was precipitated by phosphotungstic acid, mercuric chloride, 
and silver nitrate. It did not give the blue thiol reaction 
with ferric chloride. It readily decolorized bromine water. 

(1) For material crystallized from aqueious methanol; 
Specimen (o) dried in air at room temperature, 

Calc. 0 , 4112004 X 28-1 HHoO: C, 49.5; II, 6 . 8 ; H-A 8.0 
Found: C, 49.4; 11, 6.9; H 2 O, 8.0 

Specimen (6) dried in a vacuum at 100°, 

Calc. C, 4 H 2 o 04 N 2 S: 

C, 53.8; H, 6.5; N, 9.0; S, 10.3 
Found: C, 53.8; H, 6.7; N, 8.9 

Specimen (c) dried in a vacuum at 100°, 

Found: C, 53.8; II, 6.2; N, 8.9; S, 10.2 

(2) For material crystallized from hot water and dried in 
a vacuum at 100°, 

Found: C, 53.95, 54.0; H, 6.4, 6.45; N, 8.3 

Decarboxylation of Penillic Acid (Duffin and Smith, 
PEN.90). 2-Pentenylpenillic acid readily lost carbon 
dioxide on boiling with 2 N sulphuric acid. Penillic acid 




126 


PENILLIC ACIDS AND PENILLAMINES 


(4.767 nig.) gave carbon dioxide 0.700 mg. (14.7%) during 
half an hour at the boiling point. (Calculated for one mol. of 
carbon dioxide, 14.1%,. 

2-Penienyl'penillamme Hydrochloride (Duffin and Smith, 
PEN.86). Penillic acid (0.3%, solution in water) was 
treated with excess of 5% aqueous mercuric chloride, when a 
copious amorphous white precipitate formed while the 
aqueous mother liquor, originally strongly dextrorotatory, 
became slightly Icvorotatory. The precipitate, suspended 
in water and decom|)osed by hydrogen sulphide, gave a 


Further Penillic Acids and Their Derivatives. Benzyi^ 
PKNiLuc Acid. The following is of historical interest in 
that these experiments by chemists of I.O.I,, Ltd. provided 
the first definite proof (in England) of the existence of 
more than one penicillin (I.C.I., Prog. Hep.y Oct. 194*3). 

2-Pentonyl- and benzylpenicillin (the latter from Merck 
and Go., Inc.), each 800 U/mg., were converted in similar 
yields to the penillic acids by the technique already de¬ 
scribed. The acids were recrystallized from aqueous metha¬ 
nol when the.v had the following characteristics: 


2-Pentenylpenillic Acid Benzylpenillir, Acid 

Softens 164-170% ra.p. 173*" Softens 1S7“, ni.p. 180"' 

Mixed m.p. indefinite, about 172*^ 

-h527‘’ (±10°) 4-500° (±10°) 

Light Absorption 


Xm**. 2,380 A, 102 

Calc. GuH 2 o 04 N,S: C, 53.8; H, 6.4; N, 0.0; S, 10.3 
Found: C, 53.7; H, 6.3; N, 0.2; S, 10.6 

Icvorotatory solution which on evaporation over sulphuric 
acid in vacuo gave a colorless crystalline residue. After 
crystallization from acetone-ether, colorless plates sintering 
at 170° and melting at 175° were obtained. 2-Pentenyl- 
penillamine Jiydrochloride was very readily solubh* in water 
giving an acid solution. 11 had [ahuci*'* — 88° (e in water, 1.2). 
It gave the characteristic blue thiol reaction with ferric 
chloride, but no amino nitrogen when tested under the Van 
Slyke conditions. A neutralized solution boil(?d with nin- 
hydrin gave a fine red color. The product was dried at 85° 
ill vacuo. 

Calc. CnlljoCLNaS-HCn: 

0, 51.2; H, 6.9; N, 9.2; Cl, ll.C; S, 10.3 
Found: (a) (% 51.0; H, 6.7; N, 9.5; Cl, 11.3 

(b) (% 51.4; n, 6.9; N, 9.2; Cl, 11.6 

(c) S, 9.9, 10.3 

Bromine Oxidation of S-Pentenylpenillic Acid (Duffin and 
Smith, PEN.90; cf. Abraham, Chain, Baker, and Uobinson, 
PEN.79). A solution of 2-pentenylpenillic acid (100 mg.) 
in water (32 cc.) had aj, 46 i 4-1 -92° (1 dcin.). On the addition 
of freshly prepared bromine water the rotation rapidly fell to 
a final value of —0.18° (1 dcm.). The resulting .solution on 
evaporation on a steam bat h gave a residue from wdiich, by 
treatinent with acetone, colorless crystals of penicillaminic 
acid (24.5 mg.) were obtained. The product, recrystallized 
by adding acetone fo a strong aqueous solution, did not melt 
below 300° and had —22° (c in water, 1.0). The 

aqueous solution was acid to litmus, gave a blue ninhydrin 
reaction, no color with ferric chloride and no precipitate 
with mercuric chloride. 

Calc. CfiHiiOfiNS: C, 30.5; H, 5.6; N, 7.1; S, 16.3 
Found: C, 30.5; H, 5.5; N, 7.2; S, 16.0 

Bromine Oxidation of 2-Penienylpenillafnine Hydrochloride 
(Duffin and Smith, PKN.90). A solution of the hydro¬ 
chloride (30.6 mg.) in water (10 cc.) had —0.27° 

{1 dcm.). On the addition of freshly prepared bromine 
water (3.45 cc.) the rotation fell to —6.19° (1 dcm.). The 
solution when treated as above gave penicillaminic acid 
(7.4 mg.), having [aj 6481 —25° (ein water, 1.0). 

Bromine Oxidation of v-^Isopropylidene-^penicillamine Ily^ 
drochloride (cf. Abraham, Baker, Chain, and Robinson, 
PEN.97). The hydrochloride (489 mg.) in water was 
treated with freshly prepared bromine water (40 cc.). The 
solution was evaporated to dryness on the steam bath; 
the residue was redissolved in a little water and allowed to 
crystallize. (Yield 292 mg.). The crystals lost nothing 
on heating at 100° in vacuo and had [ajsiej*" —23.9°; Wd*® 
—20.3° {c in water, 1.45). 

L-Isopropylidenepenicillamine hydrochloride (172 mg.) 
treated as above gave 98 mg. of penicillaminic acid, [ot]*ui*® 
4-23.3° (c in water, 1.2). 


Xm**. 2,393 A, Kiom.'" M8.5 

Calc. CiJI,« 04 No{S: C, 57.5; 11, 5.4; N, 8.4; S, 9.6 
Found: (% 57.0; II, 5.53; N, 8.6; S, 9.9 

The diflerence could not be doubted. The empirical 
formula for benzylpenillic acid was identical with that for 
benzylpenicillin (Merck, Report for April through July 194S). 

Penicillin from chromatographieaJly distinct bands of 
“1249” origin furnished dilTereiit penillic acids {A and B). 

A. Flake-like plates, resembling 2-pen ten vlperiillic acid, 

m.p. 168° (softening 162-167°), [uId 4-567° ±10°; light 
absorption, Xa»x. 2,380 A, 198.5. 

Calc. CuILoO.NaS: C, 53.8; If, 6.5; N, 9.0; S, 10.3 
Found: C, 54.6; 11, 6.5; N, 9.1; S, 10.5 

B. Long hexagons resembling benzylpenillic acid, m.p. 187° 
(softening 162-186°); light absorption, 2,390 A, 

158.6. 

Calc. Cicni804N2S: 57.5; II, 5.4; N, 8.6; S, 9.6 
Found: C, 56.8; 11, 5.6; N, 8.6; S, 9.6 

The A acid therefore seemed identical with 2-penteriyl- 
penillic acid, but X-ray powder photographs (by Astbury) 
contradicted this view. The B acid was identified in this 
way with benzylpenillic acid Prog. Rep., Oct. and 

Nov. 1943), and the A acid was later identified with “peni- 
cillinic” acid (I.C.I., Prog. Hep., Dec. 1043, Jan. 1944; cf. 
Carrington, CPS.25). 2-Pentenylpenillie a(;id with diazo¬ 
methane yielded a pale yellow oil, b.p. 120°/10^^ mm., which 
did not crystallize (I.C.I., Prog. Rep., Oct. 1943). 

Calc, for dioster, OMo, 18.2; for monoester, OMe, 9.9 
Found: OMc, 14.5 

Preparation of Benzyi^penillic Acid (Merck, Report 
for Sept., 1943). Crystalline sodium benzyl penicillinate 
(213 mg.) was kept in water (50 cc.) containing 6.1 N hydro¬ 
chloric acid to neutralize the sodium present (pll after 
twenty-one hours 2.55). 


Time (hrs.) 

a 

0 

_ 

0.1 

4-1.204° 

1.0 

■41.325 

4.2 

41.338 

20.6 

41.288 


After long standing, bunches of fine needles separated 
(57.2 mg.), m.p. 18^-189°; Mu 4-644°; the filtrate had 
a 4-0.715°. A further crop (53.9 mg.), m.p. 181-182°, [a]x> 
4*637°, was obtained by evaporating the filtrate in vaciia 
and extracting the residue with dilute acetone. Crop I was 
analyzed. 
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Calc. C,6H,804N2S: C, 67.5; H, 5.4; N, 8.4 
Found: C, 57.1; II, 5.7; N, 8.1 

Another sample from penicillin of low potency was reerystal- 
lized repeatedly from methanol-water-acetonc, when it had 
m.p. 186-187”. 

Found: C, 57.3, 57.2; H, 5.6, 5.8; N, 8.0 

In another experiment crude penicillin (300-315 U/mK.) 
(54 g.) was treated with 2.5 N hydrochloric acid (pll 2.3) for 
forty-eight hours and the penillic acid extracted with butanol 
at pH 2-3. Three crops of benzylpenillic acid had ni.p. 
182-183”, 183-184” and 183- 185”‘respectively. The last 
mentioned separated from methanol-ethyl ac<‘.tatc (1:3) as 
hexagonal plates, m.p. 185-186”, with tivolulioii of gas but 
no darkening. 

Found: (\ 57.6; H, 5.5; N, 8.4 

[aln*® -f545“ (c in 0.1 sodium hydroxide, 0.09). (Crys¬ 
tallography, Chapter XII; Crowfoot, Low, and Schmidt, 
PKNJ17.] 

A specimen from another preparatior) of benzylpenillic 
acid (yield 56^’;,) liad m.p. 193-194” (dec.), fain +547” 
(dilute amTnonia ) or +538” ±11” (c in water, 0.0843). 

It was best purilied by solution in dilul(; alkali or ammonia 
and addition of the erjuiv’alcrit of acid (Squibb, 8). 

Appa.r(Mitly two crystalline mollifications of benzylpenillic 
acid were observed o?i inactiv.ating benzylpenicillin (100 mg.) 
in hydrochloric acid at pi I 2 at 60” for 15 minutes, and cool¬ 
ing and centrifuging; yield, 33.7 rng., m.p. 181- 188” (Ab¬ 
bott, A.4, 6). 

About one million units of penicillin (1,000 U/mg.) 
from various sources was (extracted from ether into 130 cc. 
of water as th(^ sodium salt ami achlified with A^ liydrochloric 
acid to pH 2.1. The various fractions used were shown by 
X-ray pictures of their l)enzylamine derivat iv(‘s to be rich in 
2-p(jntenylpt!nicillin, although .some benzylj)enicillin was 
known to be presinit. The oily material which separated 
on aeddiheation wa.y removed and found not to be very 
solubh* in ether or water. The clear liquid was then e.\- 
iracted afUir 18^2 hours wdth three 50-cc. portions of ether 
which removed 175 mg. of a yellow r(‘sin. The extracted 
solution w'as concentrated m vacuo btjlow 20” to about 25 cc. 
and refrigerated overnight, yielding 183 mg. of crystals 
(needles and ro.settes, apparently a mixture), rn.p. 165.5 - 
172”, A 160 mg, portion of this material was treated for one 
hour at 37” with 25 cc. of alcohol and 10 drops of xvater. The 
insoluble material (94 njg.), m.p. now 174-175.5”, was 
filtered off and the pale yellow solution put in the refrigerator 
overnight. In the morning, blades had separated. The 


indicating a mixture of similar substances. The residue 
gave an X-ray picture clniracteristic of benzylpenillic acid, 
but the analytical figures were low. 

Calc. C,JI, 8 N 204 S: C, 57.5; H, 5.4 
Found: (\ 56,4; IT, 5.4 

Ilecrystallization from methanol-c'thyl acetate failed to 
rai.se the melting point .significantly, 175 176°. 

The crystals obtained from th(i first extraction gave an 
entirely new X-ray picture. 

(\‘dc. CiAL 8 N 2 () 4 S: (\ 54.2; H, 5.9; N, 9.0 
ChIc. (b 4 ll 2 oX 204 S: ( \ 53.8: H, 6.5; 9.0 

Found: (\ 5+3; H, 6.2; N, 8.9 

The ah.sorption sj)f‘ctrum was almost identical witli that for 
benzylpenillic acid (NKLL, CM, 1). 

Sodium benzylponicillin (213 mg.) was kept W'ith two 
equivalents of hj’^drogen chloride in methanol (5 cc.) over¬ 
night at 0”, the solution cvjiporatiul to dryness and water 
(2 cc.) added. The residue, m.p. 191- 193”, had the absorp¬ 
tion spectrum of benzylpenillic acitl. A further crop sepa¬ 
rated from tlie filtrate* on standing (total yield 56.6 nig.) 
(Merck, 4/..'^";:A1). 

Found: C, 57.17; H, 6.04; N, 8.17 

An attempt was miielc* to follow .spectroscopically t,he con¬ 
version of benzylpeni(‘illin into bcnzylpemillic acid: after 3 
hours XinHx. 2,300, Fm 4,300; after 24 hours, X,xuix 2,350, Km 
5,900; after 48 hours X,wix. 2,380, F'm 5,200. The curves 
showed no detinit(! maximum ami it seemed that the reac¬ 
tion tend(*d to go to completion but was ob.scured by a 
secondary reaction (Dutcher, MacPhillamy, Stavely, and 
Wintc*r.steiiier, S.fMy 9). 

Dimethyl henzyljtenillale had m.p. 118-121” (Merck, /2e- 
pori for Sept. 

(ale. ('ulLA),N,8: ( \ 59.7; H, 6.1; N, 7.7 
Found: (), 59.8; H, 5.9; N, 7.6 

Prepared using diazomethanc in ethyl acetate, it crystallized 
from methanol and also fiom -butanol. CV)nc(?ntration 
of the mother liquor from synthetic dimethyl benzylpcnillate 
followed by 1r(*atmont with ferC-butanol gave dimethyl 
bimzylisopenillate, m.p. 125-126” (Pfizer, 13; 2S^ 8). 

The penillic ester (107 mg.) was refluxed for three hours 
with 8Sr hydrochloric acid, the solution extracted with ether, 
neutralized, and aqueous mercuric chloride added, but no 
precipitate was observed (Merck, Report for Sept. 1943). 

Benzylpenillic acid and dimethyl benzylpeiiillate were 
observed (Merck, M.38y 4) to exhibit the following changes 
in rotation: 


Benzylpenillic acid + 5 equiv. 
of HgCL in MeOH at 64”. 

Time (hrs.) 

0 

+455” 

2 

-69” 

3 

-84” 





No cryst. product 
but tliiol formed 

At 24°. 

Time (min.) 
[all)*' 

0 

3 

5.3 

11.3 

23.5 

38 

97 



+ 483° 

+ 244” 

+214” 

+158” 

4-128” 

+ 128” 

+95” 


At 24”. 

Time (hrs.) 

' tain*' 

2.4 

3.0 

3.9 

22 

30 

46 




+71” 

+54” 

+32” 

-38” 

-54° 

-60° 



Dimethyl benzylpcnillate + 5 
equiv. of HgCL in MeOH 
at 24”, 

Time (min.) 

+ 

So 

7 

-86” 

1.5 

-86° 

84 

-86” 






solution was further cooled for half an hour at —40” and 
filtered, yielding 24 mg. of crystals, m.p. 162-163.5”, 

A second extraction of the insoluble residue dissolved only 
28 mg. and gave 7 mg. of crystals melting at 166-166.6”. A 
mixed melting point of the crystals from the first extraction 
and the residue from the second extraction was 168.5-169.6”, 


The penicillinic acid from sodium benzylpcnicillinate 
(350 mg.; about 1,750 U/mg.) was transferred to ether, the 
solution removed in vacuo in the cold, and the glass (retain¬ 
ing 94% ofjthe original biological activity) held at 37” for 
three days when the following rotations and activities were 
observed (Boon, Calam, Carrington, and Freeman, CPS.227 ): 
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Time (days). 

0 

1 

2 

3 

fain*®.' .. 

+269° 

200° 

240° 

226° 

.* 

Activity (U/mg.) as Na salt.. 

1,640 

1,200 

217 



The solution was concentrated to 5 cc. in vacuo and the 
crystals (68 mg.) identified with benzylpeniliic acid, m.p. 
188-191“; after one erysiallizalion from a(pi(H)UK methanol 
it had m.p. 193°, 6-18° (r = 0.25 in 0.1 N NaOH). 

Sodium benzylpeiiieillin (140 mg.) in water (10 cc.) was 
treated with 20copper sulphate (1.0 cc.) in small portions, 
more producing no apparent change (pM 4.3). After one 
hour the precipitate (95 mg., m.p. 155-160°) was collected 
and more bright blue crystals (m.p. 170 172° (dec.), 
52.5 mg.) were dc'posited overnight (Squibb, 9). 

Calc. CuH220flN2S(;u: 

C, 44.28; H, 5.10; N, 6.16; S, 7.37; Cu, 14.68 
Found: C, 44.19; H, 5.02; N, 6.14; S, 7.30; Cu, 14.35 

The cupric salt (300 mg.) in methanol was freed from (;oppcr 
with hydrogen sulphide and the recovered residtie taken up 
in ethanol. The rods obtained were recrystallized from 
90% methanol when they had m.p, 186-187° (dec.) and 
gave no depression with authentic benzylpeniliic a<ud. 

Calc. C,6lIi804N2S: C, 57.5; H, 5.6 
Found: C, 57.4; H, 5.7 

[ajn +544° (wat(?r); light absorption (MeOM — KOII) 
Xnmx. 2,420 A; Em 4,550, 2,280 A, Em 3,800 (Squibb, 

SM, 12 ). 

Benzylpeuicillin methyl ester (23.7 mg.) in methanol 
(3.0 cc.) containing 1,0 equivalent of hydrogen chloride was 
allowed to stand at 25° wdien the following change wras 
observed (Merck, iMJff), 13): 


Time 

(mins.) 

2 

3 

4 

5 j 

6 

11 

1,020 

Wd. 

+310° 

+316° 

+318° 

+323° 

+323° 

+323° 

+318° 


Light absorption (after 17 hours); inflection X 2,375 A, Em 
5,220. 

In a similar experiment (Merck, MJfl, 13) benzylpenicillin 
methyl ester (73 mg.) was so treated, the solution was 
evaj)orated in vacuo^ and the ghissy solid ([ajp +136°, 
c 1.38 in methanol; inflection at X 2,375 A, Em 7,000) in 
ether (5 cc.) was treated with mercuric chloride. Working 
up the precipitate in the usual way and extracting the prod¬ 
uct with ether gave dimethyl benzylpeniHate, m.p. 130-133°, 
[«li> +400° (c « 0.223 in methanol), inflection at X 2,350 A, 
Em 5,800. In another experiment the hydrogen chloride 
was neutralized with pyridine and the recovered solid 
mixture treated with excess of diazomethane. The product 
(40 mg. from 98 mg. of penicillin methyl ester) separated 
from ether in hexagonal crystals, m.p. 132-135°, unde¬ 
pressed by authentic dimethyl benzylpenillate. 

Benzvlpenillamink. Benzylpenillamine hydrochloride 
was obtained by the usual method (Abraham, Chain, Baker, 
and Robinson, PEN,79; Duffin and Smith, PEN.86), It 
formed long needles, m.p. 173° (softening at 166°); [aI d*® 
- 66 °. 

Calc. CiJiuOaNaS HCl: C, 55.1; H, 5.8; N, 8.6; S, 9.8 
Found: C, 64.3; H, 6.1; N, 8.8; S, 10.4 

It gave sulphydryl reactions with ferric chloride and sodium 
nitroprusside (Boon, Calam, Carrington, and Freeman, 
I.(y.l., Prog, Rep.f Feb, 1944)- 

Benzylpeniliic acid (26.7 mg.) in methanol (10 cc.) was 
treated with 10% methanolic mercuric chloride (0.7 cc.) 
and the optical rotation observed (Merck, Report for Oct. 
I943y Structure, p. 7): 


Time (mins.). 

5 

+0.38” 

10 

+0.27° 

90 

+0.04° 

0 

r- 0 
d 

1 

Rotation (1 dcm.)... 

Time (inins ) . 

254 

-0.05° 

314 

-0.09° 

1290 

-0.14® 

Rotation (1 dcm.). 



The solution was diluted to 100 cc. with methanol, freed 
from mercury salts wit li hydrogen siilphwh^ in the usual W'ay, 
and the filtrate evaporated, when the residue partly crys¬ 
tallized. It was again treated w’ith mercuric chloride and 
isolated. Benzylpenillamine hydrochloride gave an intense 
blue color with ferric chloride, a positive test with niiro- 
prusside, and its polarographic behavior showed that it 
contained a thiol group. 

Calc. CifelfiflOaNaSCl: 

C, 55.1; TT, 5.8; N, 8.6; Cl, 10.9 

Found: C, 54.1, 54.8, 55.0; 11, 5.5, 5.8, 6.1; N, 8.6; Cl, 10.6 

In anoiht^r experiment benzylpeniliic acid (131.2 mg. as 
Ha salt) in boiled water (50 cc.) vvtvs treated with 5 equiva¬ 
lents of mercuric chloride in boiled water (10.6 cc.) at the 
room letnperatur(‘ and CO2 removed in N2. 

Calc, for 1 mole, CO2: 17.25 mg. 

Found; after 2}i hours, CO2: 17.2 mg. 

The suspension of mercaptide was acidificid (hydrochloric 
acid), freed from mercury, then from barium by adding 
sulphuric acid (I equivalent), and the filtrate lyophilised. 
The crystals were rcerystallized from acetone-benzene-ether 
to give benzylpenillamine hydrochloride (50.7 mg.; second 
crop, 67.8 mg.), m.p. 169-170° (dec.), [a]i:) —65.1° (in water). 
Equiv. wt. by titration, 328, calc. 320, 1 acidic, 1 basic, 

1 thiol group. 

Found: C, 55.6, 55.7, 55.2; H, 6.3, 6.1, 5.8; N, 8.5 

It appeared to give no phenylacctic acid on heating with 
dilute hydrochloric acid (Merck, Report for Oct. 1948;^ c(. 
Dutcher, MacPhillamy, Stavely, and Wintersteiiier, 8’.Sa, 
12; another similar preparation afforded a 52% yield, Boon, 
Carrington, and Freeman, CPS.27). 

Benzylpenillamine picrate separated from water in needles 
or dendritic clusters, m.p. 156-157° (dec.) after softening at 
154° (Squibb, S.Sa^ 12). 

Calc. C^iHziOgNftS: N, 13.6 
Found: N, 13.7 

For isolation of benzylpenillamine from the inactivation 
product of benzylpenicillin with acetic acid (Squibb^ S.24t 
8) see Chapter VIII. . . 

P-Hydroxvbbnzylpbnillic Acid. A sample containing 
4.2 X 10* units of penicillin from 1,249 strain as barium 
salt (4.0 g.) in water (500 cc.) was hydrogenated using Adams 
catalyst (uptake of hydrogen, 50 cc.). Catalyst was 
remove<l by filtration, the filtrate brought to pH 2.0 with 2 N 
sulphuric acid, barium sulphate immediately removed, and 
the solution kept for one hour. It was extracted with ether 
(4 X 500 cc.) brought to pH 6.0 with baryta, and evaporated 
in vacuo to 100 cc. Acidification to pH 2.0 with 2 N sul¬ 
phuric acid, rapid filtration and keeping overnight gave the 
crude acid (136 mg.), m.p. 190® (dec.) (Found: C, 64.5; H, 
6.6). Extraction of precipitated barium sulphate with 0.2 N 
sodium bicarbonate (6 cc.), and acidification of the filtrate 
to pH 2.0 gave a further 62 mg., m.p. 199® (dec.) (Found: 
C, 64.5; H, 5.7; N, 8.0). The material was virtually insolu¬ 
ble in cold or hot methanol or acetone, but appreciably 
soluble in hot water. It gave no precipitate with aqueous 
BaClfi, only a yellow color with ferric chloride, weak 
ninhydrin reaction, and an immediate and buU^ precipitate 
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with mercuric chloride. It was purified by methanol 
extraction and slow precipitation of the sodium salt with 
2 N hydrochloric acid. p-Hydroxybenzylpenillic acid was 
obtained as prisms or diamond-shaped crystals, m.p. 218® 
(dec.). 

Calc. CiJl 2 o 06 N 2 S: 

C, 54.6; H, 5.7; N, 8 . 0 ; S, 9.1 

CieHuOeNaS: 

C, 54.8; H, 5.2; N, 8.0; S, 9.2 

Found: 

C, 54.3, 54.1, 54.4; II, 5.4, 5.3, 5.2; ISF, 8 . 0 , 8 . 0 ; S, 9.4 

* “|“478® (as Na salt at pH 7.0 in water) ((vatch. Cook 
and Heilbron, CPSJ^S). 

A sample of p-hydroxyi)enzylp(millif^ acitl, obtained by the 
usual procedure from crystalline p-hydroxypenicillin, showed 
an absorption band with Xma*. 2,780 A (NRRL, C..9, 7). 

p-IIydroxybt‘nzylpenillic acid (59 nip.) a.s Na salt in water 
(10 cc.) -}-2.82°) was heated for seventy-five 

minutes, with frequent shaking, with 2 X sulphuric acid 
(3 cc.) and the solution then brought to pH 5 (fi:ir|t)^’ 0.277®). 
The solution gave no positive reaction with t he dinitrophen- 
ylhydrazine reagent. When cold it. was tr(.*at(Ml with an ex¬ 
cess of mercuric chloride, filtered after fifteen minutes, and 
a solution of 2,4-dinitrophenylhydrazine (35 mg.) in 5% hy¬ 
drochloric acid added in the cold. The copious precipitate 
(24 mg.) was cr 3 "stallized from ethanol to form small needles, 
m.p. 195® (dec.), quite different in appearance from the dini- 
trophenylhydrazone of phen,ylacetamidoacetaldehyde. 

Calc. CiflHuOflNa: C, 51.4; H, 4.0; N, 18.8 

ChoHnO.Nft: C, 51.2; H, 4.6; N, 18.7 

CifiHuO.Nfi: C, 53.4; H, 4.2; N, 19.6 
Found: C, 51.2; H, 4.1; N, 19.2 

These formulations correspond to carbonyl compounds 
C 10 H 11 O 3 N, CioHuOaN, and C 10 H 11 O 2 N (phenylacetamido- 
acetaldehyde), respectively (CPS.‘^3). 

p-Hydroxybenzylpcnillic acid (41 mg.) was boiled for three 
hour.s with 10% hydrochloric acid (5 cc.) and the solution 
Ulrica; extracted with an equal volume of ether. Clari¬ 
fication of the extract with sodium sulphate and concentra¬ 
tion gave colorless needles (9-10 mg.), m.p. 140-142®, 
with the characteristics of p-hydroxyphenylacetic acid. 
After sublimation in vacuo and recrystallization from a mix¬ 
ture of et her and light petroleum it had m.p. 148®. A mix¬ 
ture wdth synthetic p-hydroxyphenylacetic acid (m.p. 149®) 
had m.p, 149' (CPSM), 

p-Benzoxybenzylpenillic acid (Catch, Cook, and Heilbron, 
CPS,38), p-Hydroxybenzylpenillic acid (52 mg.) in an 
excess of aqueous sodium bicarbonate (4 cc.) was shaken 
overnight with benzoyl chloride (3 drops) and the solution 
brought to pH 2 , The precipitate was extracted thoroughly 
with cold benzene to remove benzoic acid and the crude 
material (91 mg., m.p. 180® dec.), then extracted further 
with warm benzene (10 cc.) (yield, 68 mg., m.p. 181-182® 
dec.). It was further purified by solution in aqueous 
sodium bicarbonate and acidification and could be crystal¬ 
lized, though with loss, from ethanol. p-Benzoxybenzyl- 
penillic acid separated in small needles, m.p. 186®. 

Calc. C„H„06NaS: C, 60.8; H, 4.9; N, 6.2 
Found: C, 60.8; H, 4.8; N, 6.2 

When 2-pentenylpenillic acid (authenticated by Dr. Crow¬ 
foot) was similarly treated it also gave a changed product, 
purified by precipitation with acid from aqueous bicarbonate, 
when it had m.p. 160®. 

Calc. C«H 2 iO«N,S: C, 67.8; H, 6 . 0 ; N, 6.5 
Found: C, 58.9; H, 6 . 2 ; N, 6.5 

n-HuPTYLPENiLUC AciD (Boon, Calam, Carrington, and 
Freeman, CPS.S37), Barium penicUlin-‘aV'^ (0.37 g.) 
(621 U/mg.) in water (60 cc.) was brought to pH 2.2 with 


N sulphuric acid, and the aqueous solution after removing 
barium sulphate kept at 37® for one hour. The cold solution 
was extracted with ether, the aqueous sohition concentrated 
to 5 cc. in vacuo, and “penillic-I V'" acid (38 rng.) recrystal¬ 
lized from water. It formed hexagonal plates, m.p. 176®, 
+490®. 

Calc. C, 6 H 2 ., 04 N 2 S: C, 56.5; H, 7.1; N, 8 . 2 ; 8 , 9.4 
Found: C, 53.6; H, 0.2; N, 9.1; S, 9.8 

Light absm'ption: Xmi»x. 2,365 A, Kirxn.^'' 197. 

Crude ammonium //,-h(‘j>tylpenieilUnate (504 mg. ) in water 
(70 cc.) was brought to pll 2 using 0 .1 iV hydrociiloric acid 
and kept at room temperature for twenty-four hours. The 
turbid solution was extracted several times with ether (ex¬ 
tract, 10 mg.) and the; aqueous phase; concentrated to 30 cc. 
i?i vacuo wIkmi rosette.s of irregular prisms (77 mg.) separated. 
The 7 <-heptylpenillic acid was soluble in acetic acid, from 
which it was precipitated in crystalline form by ethyl acetate, 
and noticeably soluble in water. It was purified bv solution 
in dilute ammonia and fweeipitation with acid and had m.p. 
171-171.5®, +480® (c = 0.46 in 0.02 N NaOIl), Xmax. 

2,380 A, Km 5,900: X„.in. 2,150 A, I%i 3,400 (M.W. 310) 
(Squibb, S./,/,, 20; cf. S. 40 , 21). 

Calc. C,Jl 2404 NoS: (\ 56.45; H, 7.11; S, 9.42 

Found: (’, 50.03, 56.11; H, 7.05, 7.16; S, 9.33 

Model Compounds. Ethyl Phenylacetamidocyano- 
ACETATE (Bentl(*y, C’atcb, Cook, Heilbron, and Shaw, CPS, 
207). To ethyl isonitrosocyanoacetate (7.5 g.) (Conrad and 
Schulze, Her., 42 , 739 (1909)) and amalgamated aluminum 
(2.5 g.) in boiling ether (250 cc.) water (14 ec.) was added 
during Ihz hours. I'lie rnixtun; was allowed U) stand over¬ 
night, filtered, and evaporat(‘d. (Vude ethyl ainiijocyano- 
acetate, so obtained (12 g.), in ether (150 cc.) was shaken 
with sodium bicarbonate; (10 g.) in water (100 cc.) and 
phenylacetyl chloride (10 g.) added dropwiso. The acyl 
compound soon separated from the eth(*real phase and was 
filtered (yield, 12 g.). Ethyl phenylacetamidocyanoacetate 
separated from chloroform-light petroleum in very small 
needles, m.p. 129®. 

Calc. CnlluOaN^: C, 63.4; H, 5.7 
Found: C, 63.4; H, 5.7 

a-pHENYLACETAMiDO-/3-ALANiNE (Barbcr, Gregory, Lang¬ 
ford, Slack, Stickings, and Woolman, CPS.SS/i), Ethyl 
a-phenylacelamidocyanoacetat.e (39.03 g.) was stirred with 
sodium hydroxide (79.71 cc. of 1.99 N NaOH + 80 cc. of 
w^ater) for five hours. Solution was complete after a few 
minutes and after about two hours the solution began to 
cloud, the precipitate not dissolving on dilution with water. 
The alkaline solution was charcoaled and filtered before 
reduction. The <y-phenylacctamidocyanoacetic acid so 
obtained had m.p. Ill® (doc.). 

Calc. CiiHioOaN*: N, 12.9 
Found: N, 12.6 

Reduction of the sodium salt wa.s effected using 30% 
Raney nickel catalyst at 60® and 50 atm. overnight in pres¬ 
ence of 5 moles of ammonia to prevent secondary amine forma¬ 
tion. The reduced solution was concentrated to about 120 
cc. in vacuo at 80-90®. The concentrate was then cooled to 0® 
and concentrated hydrochloric acid added until it was only 
faintly alkaline. Tlie while precipitate obtained (35 g.), 
m.p. 217-218® (yield 100 %), was crystallized from water 
(25 g. from 1,250 cc.); rt-phcnylacetamido-j 8 -alanine ( 6.8 g.), 
m.p. 233-234° (dec.), was obtained, and also 2.5 g., m.p. 
229-230® (dec.), were obtained from the liquors. 

Calc. CuHiiOsNa: N, 12.6 
Found: N, 12.2 

o-PHBNYLACBTAMIDO-jS-BENZAXflDOPROPTONIC AciD (CPS, 
386\ Barber, Gregory, Slack, and Stickings, CPS,691), 
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a-Phenylacetamido-/?-alanine (1 g.) in 2 sodium hydroxide 
(7 cc.) was shaken viKorously w ith benzoyl chloride (0.5 cc.). 
After three? minutes the sodium salt of the benzoyl derivative 
separated and redissolved on dilution wdth w^ater to 40 cc. 
The solution wnis then made stronj 2 ;ly acid to Congo lied at 
O**, when the benzoyl derivat ivew^as obtained as a gum, wdiich 
solidified in contact with aqueous methanol. The solid 
was collected, dried in vacuo, and crystallized from aqueous 
ethanol. «-Pheny!acetamido-/:l-b«'nzanii(lopropionie acid 
(0.91 g.) has m.p. 160 161°. 

Calc, for C, 8 H,« 04 N 2 : N, 8.6 
Found: N, 8.5 

A mixture of a~phenylao(d.amido-^-benzamidopropionie 
acid (1.5 g.) and acetic anhydride (15 cc.) w^as heated on the 
st<?ain batli for ,30 minutes. A white solid began to separate 
before all tlu? acid passed into solution. The mixture was 
cooled and the solid dried in vacuo over potash to give 0.91 g., 
ni.p. 180“ 187°. A small amount of the same substance 
was obtained on evaj)orating the liquors to dryries.M. The 
solid was recrystallized from ethanol (80 cc.) w'lieii 0.5 g. of 
very fine needles, m.]j. 178 180°, w^en? obtain%?d. 

Calc, for (’lalluOsNs; N, 9.1 
Found: N, 9.0 

{i) A mixture, of the above auhydro-product (0.2 g.) and 
aniline (0.519 ec.) was heated at U)0°, then boiled for a short 
time, cooled, and eth(‘r added. The w hite anilide (0.23 g.), 
m.p. 25.3 -254°, after drying in vacuo ov(?r potash, crystal¬ 
lized from anisoh' as fine nee?dles, m.p. 251-252°. 

Calc. Cull^iiihNi: xN, 10.5 
Found: N, 10.5 

(«) The anhydro-dcrivative (0.5 g.) was .stirred with 0.1 
N sodium hydroxide (24.45 cc.) at room teinp<?rature for 
one hour. Practically all the solid had dis.solved in thirty 
minutes. The solution was filtered through Ilyflo to remove 
a trace of undissolved solid and then made acid to Congo Tied 
at 0 °. Tlie solid wixs crystallized from aqueous ethanol; 
yield, 0.46 g.; m.p 159-160°. 

(Hi) The anhydro-dcrivative (0.3 g.) was dissolved in 
chloroform (20 cc.) wdth slight warming; benzylamine 
(0.13 cc.) was added, and the solution kept at room tem¬ 
perature. After forty minutes a white flocculent precipitate 
began to separate. The mixture was stirred for twenty 
minutes and then the solid ( 0.2 g.), m.p. 220 - 221 °, was 
collected and dried in vacuo. On evaporating the filtrate 
to dryness, 0.17 g., m.p. 217-218°, was obtained. The 
benzylamide was crystallized from aqueous ethanol; yield, 
0.31 g.;m.p. 220“221°. 

Calc. CwHuOaNa: N, 10.1 
Found: N, 10.4 

(iv) The anhydro-derivative (0.3 g.) was heated at 110 - 
120° for thirty minutes with N sulphuric acid (2 cc.). 
Kthanol (I cc.) was then added and the solution refluxed for 
several hours. The solution was evaporated to dryness and 
the residue (0.28 g.), m.p. 150^“162°, crystallized from aque¬ 
ous ethanol, when it had m.p. 153-1,54°. Mixed m.p. with 
a-phenylacetamido-i3-benzamido-propionic acid, 146-147®, 
wdth phenylacetamide, 130°. 

a-PinQNYLACETAMlDO-/3-CARBOBENZyLOXYAMIDO-PBOPIONIC 
Acid (CPS.691). a-Phenylacetamido-^-alanine (7 g.) in 
2.05 N sodium hydroxide (31.6 cc.) was cooled to 0° and 
carbobenzyloxy chloride (5.41 g. in toluene) and 4.09 N 
sodium hydroxide (15.8 cc.) were added simultaneously over 
about twenty minutes. The solution was stirred for 
seventy-five minutes and the crystalline sodium salt was 
filtered, dissolved in the minimum of water, and made 
acid to Congo Red at 0 °. A gum was precipitated, and this 
solidified on standing to give 3.43 g. of the crude carbo¬ 
benzyloxy derivative. a-Phenylacetamido-f!l-carbobenzyl- 


oxyamido-propionic acid (2.72 g.), crystallized from ethylene 
dichloridc, had m.p. 126-127°. 

Calc. N, 7,9 

Found: N, 8.1 

The filtrate from tlie sodium salt was acidified to Congo Red 
at 0°. A pale yellow solid (2.77 g.) separated, which was 
extracted with hot ethylene dichloridc (60 cc.); 1.15 g. 
remained undissolved and 0.25 g., m.p. 112 -114°, separated 
on concentrating the filtrate. The insoluble material crys¬ 
tallized from water in colorless prismatic needles, m.p. 
228- 229° (dec.). Mixed m.p. (with the original amino-acid, 
m.p. 243-244° (doc.)) 240° (dec.). 

A solution of a;-phenylacctarnido-/3-carbobenzyloxyamido- 
propionic acid (3.45 g.) in acetic anhydride (34.5 cc.) was 
kept for eighteen hours at tlu' room temperature and then 
eoneentrated in vacuo (().,5-0.7 mm.), leaving an almost color¬ 
less gum which could be distill(?d at lO”^ mm. A portion of 
the gum was tn^ated with aniline in dry ether and left over¬ 
night at 0 °. The sticky solid formed was tritunated with dry 
etluT and the anilide crystallized from ethanol in needles, 
m.p. 207-208° (dee.). 

C^ale. (U.IUhO.'S,: N, 9.8 
Found: 9.8 

t>-PllEN Vl.A(’ETAMll) 0 -,:i-EORM A.MIOO-PUoriONIC Acil) (CPS. 
501). <^-Phenylacetamido-/:l-fil}inine (1 g.) in 90^;; formic 
acid (4.6 cc. ) was siirreil, heated to 60°, and acetic anhydride 
(1.53 cc.; added dropwlse to maintain thi^ temp(?riitur(' at 60°. 
The solution was evaporated to dryness in vacuo on the 
steam bath and the .solid residm? stirrisl wit h dry ether. 
o!-Phenylacetamido-^:i-formamido-propi()nic acid ( 1.0 g.), 
m.p. 164'-16()° (dec.), was crystallized from water to give 
0.74 g., m.p. 180-181° (dec.).* 

Oalc. CisTT.J 4 O 4 N 2 • 11.2 
Fouud: N, 11.1 

N-(/?-CAHBBTnOXy-/?-BENZAMII>OETnYLIl>BNE)-GLY- 

CINE Ethyl Ester (Brodrick, Peak, and Wilson, CPS./, 17, 9). 
Ethyl sodioformylhippiiratc (25 g.) was suspended in ethanol 
(80 cc.), and a solution of glycine ester hydrochloride 
(13.75 g.) in water (75 cc.) added. The resulting clear 
solution soon became turbid. C^autious addition of ethanol 
and seeding gave a mass of needles, which were washed with 
aqueous ethanol; yield 18.2 g., m.p. 113-114°. A further 
crop (3.25 g.; m.p. 112-113°) was obtained by spontaneous 
evaporation of the rnothcr-liquor. Recrystallization from 
ethanol gave N-(ii^-carbethoxy-/?-benzamidoethylidene)-gly- 
cine ethyl ester as long needles, m.p. 114—115°. 

Calc. C 16 H 20 O 5 N 2 : C, 60.0; H, 6 . 2 ; N, 9.0 
Found: V, 59.8; H, 6.0; N, 8.8 

With dinitroi)henylhydrazino in aqueous HCl it rapidly 
gave the dinitrophenylhydrazone of ethyl formylhippurate. 

N-(^-Carboxy-/:?-benzamidoethyl)-glycine (CPS.41 T', 
9). The above e.ater (20 g.) in methanol (100 cc.) was 
hydrogenated at atmospheric pressure in presence of freshly 
prepared Raney nickel catalyst (25 g.). Absorption was 
rapid at first but soon slaokonod, and it ceased after 24-48 
hours. Reduction, even when carried out under pressure, 
was never complete, as judged by the positive test with 
dinitrophenylhydrazine. The filtrate was kept for five 
hours with 6 N sodium hydroxide (40 cc.), the exact equiva¬ 
lent of 6 AT hydrochloric acid then added, and the solution 
concentrated in vacuo to crystallization. N-(/ 8 -Carboxy-i 8 - 
benzamidoethyI)-glycine (yield, 6.6 g.), had m.p. 192-193®, 
not raised by further recrystaJlization. 

Calc. Ci 2 Hi 406 N 2 : C, 64.6; H, 5.3; N, 10.5 
Found: C, 54.3; H, 6 . 6 ; N, 10.6 

It was soluble in dilute hydrochloric acid and gave no precipi«» 
tate with dinitrophenylhydrazine. A further crop^of crude 
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material was obtained by concentration of the aqueous 
mother-liquor and was purified by solution in H(^I and 
reprecipitation with NaOH. Benzoylation under Schotten- 
Baumann conditions gave the benzoyl deriv^ative, m.p. 194— 
195“, depressed by the starting material to 185“. 

Calc. CiJIisO^Na: N, 7.6 
Found: N, 7.6 

N-(/3-Carboxy-j9-benzamidoethyl)-glycine (6.4 g.) in N 
sodium hydroxide (50 cc.) was stirred at 0“ during the simul¬ 
taneous addition of 4.6 N sodium hydroxide (9.0 cc.) and 
carbobenzyloxy chloride (5.9 cc.). The solution was 
extracted with ether, acidified with concentrated hydro¬ 
chloric acid (12 cc.), and the gummy product isolated with 
ether. Evaporation of the ether, finally in vac/uo^ gave the 
crude carbobenzyloxy derivative as an amorphous, powdery 
solid (8.93 g.), m.p. about 65“. 

Calc. C20H20O7N2: N, 7.0 
Found: N, 6.9 

This eo\ild not be crystallized. The benzylamine salt, how¬ 
ever, separat(jd from methanol-ether or dioxane in micro¬ 
crystalline form, m.p. 147“ 149®. 

Calc. (\ 4 ll 3807 N 4 : N, 9.1 
Found: N, 9.2 

Regeneration of the free acid gn ve only arnorphoiis material. 

Th(! carbobenzyloxy derivative* ( 0.1 g. ) was dissolved in 
acetic anhyilride (0.25 cc.). After three hours at room 
tenip(*ratureth(*acetic anhydride was quickly removed under 
reduced pressuri^ at room ternperatun^ the viscous residue 
dissolv(‘(l in dry Ijcnzene (3 cc.) n,nd an (.‘xcess of benzylamine 
(0.2 cc.) added. Next day, flic solution wa.s extracted with 
N sodium hydroxide (2.5 ee.), the alkaline extract acidified 
after the addition of a litth* (‘thc'r and the very sparingly 
soluble })(‘nzylainid(' collecti'd. It c.rystallized from ethanol 
in needles (i? mg.), m.p. 185-186“. 

Calc. C 27 H 27 O 6 NS: C, 66 . 2 ; H, 5.5; N, 8.6 
Found: 66.1; II, 5.6; N, 8.7 

The remainder of the starting material was a neutral gum 
obtained by evaporation of the btmzcne layer. 

In a further experiment in which aliquot-s were removed 
and worked up as above, the yields of azlactone, estimated 
as benzylamide, were 4, 15, 13 and 9% after 1, 3, 6 and 9 
hours respectively and thereafter decreased to zero after 
24 hours. 

2-BENZYLiMiisrAZOLE (Upjohn, U.8; I/, 33). 2-Benzyl- 
4,5-dihydroiminazole formed an oily pierate, but the oxalate 
crystallized from ethanol, m.p. 168-169“. 

Calc. C,aHi 404 N,: N, 11.2 
Found: N, 11.4 

A mixture of 2-benzyliminazoline (10.15 g.) and Raney 
nickel catalyst (1 g.) was heated in a metal bath. After 
ten minutes at 210“ the evolution of gas subsided and the 
temperature was finally raised to 230-243“. The mixture 
was extracted with hot water, and several crops of crystals 
were obtained. The total yield was 5.35 g. of ^benzylimin- 
azole, which showed no depression when mixed with 2-benz- 
yliminazole prepared according to the method of Bonn and 
Greif (Ber. 66, 1900 (1933)). 

The same compound can also be obtained (Squibb, B.7,4) 
by the conventional condensation of phenylacetaldehyde 
with glyoxal and ammonia. 

1-Mbthtl-2-bbnztliminazole Pickatb (Upjohn, U . li , 
33). 2-Bensyliminazole was treated with so^um hydroxide 
and methyl sulphate in alcoholic solution; the oil yielded 
Umethyl-^bensyliminasole pierate, which separated from 
ethanol and had m.p. 111-112''. 

Calc, for CnHtrf)TNi: C, 60.9; H, 8.8; N, 17.5 
Found: C, 61.4; H, 3.7; N, 17,6 


Condensation of 2-Benzyliminazoi.e with Ethyl 
a-BROMo-z^j/tf-DiMETiiYLACRYLATE (Parke-J>avis, PI),If), 1 ). 
A suspension of 2-benzyliirunazole (2 g.) in benzene (20 ec.) 
was refluxed for 6 * *2 hours with potassium (0.495 g.) and kept 
for forty-four hours. The solvent was removed, replaced 
by ethyl acetate, and the whole, along with ethyl a-bromo- 
itl,| 8 -dimethylacrylate (2.61 g.), refluxed for forty-eight hours. 
The solution was treated with (ithcr (50 cc.) filtered (char¬ 
coal), and distilled, ultimately invaevo (2 mm.). After the 
rejection of unchanged bromo-estiT, addition of ether 
to the second fraction gave uncluiuged 2 -benzyliminazolo 
(0.32 g.), and the mother liquor afforded an oil (1 g.), b.p. 
167-182“/2 mm. 

Calc. C, 9 H 2 o 02 N 2 : C, 71.8; H, 7.1 
Found: C, 70.0; H, 7.6 

Methyl 2-BENZYLiMiNAZOLE-4-cARRoxyLATB (Squibb, 
S.^i, 10 ). 2-Benzyliminazole-4(5)-oarboxylic acid, pre¬ 
pared by the imjthod developed for the 2 -phenyl derivative 
by Fargher and Pyman {J. Cham. Soc., UG, 217 (1919)) 
and |M)sseHsing the propertie.s reported by Sonn and Greif 
(Ber.j 00, 1900 (1933)) was osterified with ethereal diazo- 
methane to give the methyl ester, m.p. 214-215“ (slight 
softening at 2 () 0 “). 

Calc. Ci 2 Hi..OaN 2 : 66.7; H, 5.6 
Found: C, 66.7; H, 5 5 

This e.ster was identical with the thermal decomposition 
product of dimethyl benzylpenillate. This result supported 
the formulation of penillic acids as containing an iminazole 
or dihydroiminazole grouping and established the (jarboxylic 
nature of the second acid group. 

2-BKNZVIJMINAZOLINE-4-CAKBOXYLIC A(‘iD (Squibb, S.W, 
8 ). I^henjdacetamidine, liberated from its hydrochloride 
(6 g.) with 40^; potassium hydroxide at 0 “, was extracted 
with chloroform (50 cc.), the solution dried and refluxed 
for ten hours with Q',/^^-diaminopropionic acid hydrohromide 
(1 g.j. The precipitate was crystallized from water at 
0“ (yield, 0.65 g. or 66 %), m.p. 285“ (dec.), and finally 
had m.p. 302-304“ (dec.). 

Calc. Cii 1 I, 202 N 2 : C, 64.7; II, 5.9; N, 13.8 
Found: (\ 64.5; II, 6 . 0 ; N, 13.5 

This form A liberated ammonia when boiled with 10% potas¬ 
sium hydroxide. Tlu^ mother-liquor diluted with ethanol 
and held at 0“ gave needles, m.p. 205° (dec.), obtained in 
large amounts as follows: 

The solid obtained from chloroform after eighteen hours 
as above was crystallized from water by adding ethanol. 
Two crops were obtained: (i) less soluble, m.p. 198-199“. 

Found: C, 30.0; H, 6.5; N, 15.8; structure unknown 

(ii) more soluble, m.p. 210-211“ after recrystallization 
(yield, 0.5 g.) 

Calc, for CnHiaOaNriiHjO: C, 62.2; H, 6.1; N, 13.1 
Found: C, 62.2; H, 6.0; N, 13.7 

This apparent hemihydrate was unchanged after six hours at 
110“, but gave the anhydrous 2-bcnzylirninazoline-4-carb- 
oxylic acid (form A above), m.p. 302-304®, after several 
recrystallizations by adding ethanol. Light absorption: 
Form A, Em 2,300 at 2,400 A, 3,870 at 2,300 A; “hemi¬ 
hydrate,” Em 1,020 at 2,400 A, 2, 220 at 2,300 A (i.e. end- 
absorption only). The differonce may have been due to 
isomerism in the iminazoliiie ring. 

Ethyl 4-Carbethoxy-2-benzyuminazole-1-acetate 
(Merck, MMt H; 46, 6). This was synthesized from 
phenylacetonitrile and glycine ethyl ester hydrochloride by 
an adaptation of the process described by Cornforth, Corn- 
forth; Abraham, Baker, Chain, and Robinson (CPS.d7), It 
formed needles, m,p. 111-112“. 



132 


PENILLIC ACIDS AND PENILLAMINES 


Calc. C,7H,o04Na: C, 64.5; H, 6.4; N, 8.9 
Found: C, 64.6; H, 5.8; N, 9.05 

This ester (70 mg.) was heated to 100® for forty hours with 
methanol (7 cc.). The ethyl methyl ester, m.p. 132-133®, 
was recovered. 

Calc. ClHisOiNj: C, 63.6; H, 6.0; N, 9.3 
Found: C, 63.5; H, 6.1; N, 9.S 

Condensation of Phbnylacetimino Ethyl Etheb 
WITH dl-Valine and EJthylenediaminb (Squibb, S.Sl, 12). 
In an attempt to prepare an imidazoline, dl- valine was 
suspended in glycerin and warmed with 1 mole of phenyl- 
acetimino ethyl ether to 150®, when gas was evolved and two 
layers separated on cooling. The yellow oily layer sup¬ 
plemented with an tither (ixtract of the glycerin gave a 
syrup which, boiled in ethanol with ethylene diamine and 
concentrated, gave crystals, m.p. 184-185® (softening 175"), 
which could be recrystallized from ethanol. The product 
was insoluble in dilute acid, sodium hydroxide, or carbonate. 

Calc. CJIioON: C, 73.0; H, 6 . 8 ; N, 9.5 
Found: C, 73.3; H, 6.9; N, 9.7 

C -ONDENSATION of 4-ETnOXYMETIIYLENF^2-8TYRYLOXAZOL- 
onk with Penicillamine (Uobinson, Robinson; Abraham, 
Baker and Chain, CPS. 198). A mixture of the oxazolone 
(0.29 g.) (sec Chap. XXI), penicillamine hydrochloride 
(about 0.2 g.) and acetic acid (3 g.) wa.s heated on the steam- 
bath for tw'O hours, and the white .solid washed with benzene 
and methanol; the product had m.p. 219® (dec.). 

Calc. C, 54.6; H, 5.6; N, 7.5; S, 8.6 

Found: C, 54.2; 11, 6.0; N, 7.7; 8 , 8.8 

It was very sparingly soluble in most solvents, slightly solu¬ 
ble in hot dioxane and ethyl acetoacetate, soluble in aciueous 
soda and reprecipitated by acids. It formed sparingly 
soluble Cu, Ilg", Fe'" and Pb salts. 

Chemical Properties of Penillic Acids. Exchanokable 
Hydrogen (('ornell Bioch., D.16\ 3). Berizylpenillic 
acid (34.1 mg.), m.p. ISO-lHO", in 1 equivalent of 0,0965 
N NaOD in 99.5% D 2 O vvas acidified (Congo Red) with 
8 % hydrochloric acid in 99,5% D^O, the crystals washed 
with a few drops of D 2 O and dried (yield, 30.6 mg., m.p. 
186-189®). Combustion yielded water containing 10.81 ± 
0.85 atom % of D (i.e. 1.95 atoms of labile D/mol.). 

Action of Heat and of Reducing Agents. Benzyl- 
penillic acid (116 mg.) was heated to 200®/2.5 mm. Water 
(1.46%), carbon dioxide (17.11; 1 mol. requires 13.16%), a 
wdiite crystalline sublimate (8.9 mg.) mixed with yellow oil, 
and a glassy residue (83.9 mg.) w^erc obtained (Merck, 
Report for Oct. 19J!fS). In exactly comparable experiments 
(Squibb, S.19, 9) benzylpenillic acid (200 mg.) afforded a 
yellow oily distillate which gave a picrate, m.p. 173-175®, 
after crystallization from methanol. 

Calc. C 20 H 19 O 7 N 4 : C, 54.5; H, 4.3; N, 15.9 
Found: C, 55.2; II, 4.3; N, 15.5 

This was derived, apparently, from a base Ci 4 Hi«N 2 , possi¬ 
bly 2 -ben zy 1-1 -fsobuteny lim in azole. 

Benzylpenillic acid (350 mg.) {S.19^ 9) was pyrolyzed (at 
200®/2 mm.) in presence of copper chromite (5 mg.) the oily 
distillate converted into picrate and decomposed with 
hydrochloric acid and other. The aqueous phase yielded a 
hydrochloride which crystallized from ethanol-ether and 
had m.p. 209-214®. 

Calc. Cx 4 Hi*N, HC1: C, 61.5; H, 5.8; N, 9.6 
Found: C, 61.3; H, 5,9; N, 9.9 

Dimethyl benzylpenillate (220 mg.) was heated (8.19, 
10) in a porcelain boat at 115® in a stream of carbon dioxide 
for four hours; hydrogen sulphide was evolved at 90-100®. 
50 mg. volatilized from the boat and the residue was crys¬ 


tallized from acetone (charcoal) repeatedly, reaching the 
m.p. 213-214®. 

Calc. CijHijOaNa: C, 66.7; H, 5.6; N, 13.0; 1 OMe, 14.3 
Found: C, 66 . 8 ; H, 5.9; N, 12.9; OMe, 14.5 

The substance was regarded as possibly 4 -carbomeihoxy -2 
benzyliminazole. Both the mother liquors from the ester 
and the water in the receiver gave positive aldehyde reactions. 

Benzylpenillic acid (19.3 mg.) was distilled (Upjohn, U.IO, 
11 ) with a large excess of zinc dust, an ethereal solution of 
the distillate concentrated in nitrogen to 0.5 cc., and treated 
with saturated ethereal picric acid (1.0 cc.). After washing 
with ether the picrate ( 7.9 mg.) formed needles, m.p. 172- 
174®. 

Calc. C 17 H 17 O 7 N 4 : N, 17.5 
Found: N, 17.1 

The base was identified as l-methyl-2-bciizyl-4,5-di - 
hydroiminazole. 

Benzylpenillic acid was hydrogenolyzed (Merck, M.32, 3) 
with Raney nickel catalyst in bicarbonate solution, ni(;kel 
removed, and the bicarbonate rieutralizc^d. ('rystalliza- 
tion of the residue from methanol gave slender needles, m.p. 
175-177®. 

Found: C, 60.5; H, 7.3 

A by-product (rosettes, m.p. 239-242") was isolated but not 
analyz(;d. 

Benzylpenillic acid (173.3 mg.) and sodium (60 mg.j were 
added (Upjohn, U.PJ^ 29) slowly and alternately to liquid 
ammonia (75 cc.). Excess sodium was discharged by am¬ 
monium chloride (200 mg.), ammonia removed, the residue 
dissolved in watfii* and t he filtrate acidified in the cold. The 
precipitate (22.2 mg.) had m.i). 144-147'’ (dec.) and gave a 
faint sulphydryl test with ferric chloride; it had no charaet(*r- 
istic absorptioiL 

Found: C, 63.6; H, 5.5; N, 8.3; S, 10.4 

Action of Oxidizing and Desulphurizing Agents. 
Benzylpenillic acid absorbed 0 . 8 -1.3 atoms of oxygen/mol. 
(Merck, Report for Oct, when oxidized by the ShalTor- 

Hartmann micro method wdth an alkaline (topper solution. 
Oxidation with periodic acid resulted in uptake of 3.2-3.3 
atoms of oxygen/mol. 

Benzylpenillic acid in the minimum of dilute ammonia w^as 
treated (Merck, M.lBb, 6 ) wdth 5 mol. equivalents of ain- 
moniacal silver oxide at 0 ®. A white precipitate appeared 
after a few minutes and w’as kept for several days; it may 
have contained some metallic silver. The precipitate was 
suspended in very dilute ammonia, freed from silver with 
hydrogen sulphide, and the product dissolved in methanol 
and recovered by evaporation as an amorphous buff powder, 
m.p. 140-160® (micro-block), giving a blue color with ferric 
chloride; it was probably closely related to benzylpenillamine. 

Found: C, 60.1; H, 6.3; N, 10.0 

[<*]d —62® (methanol). 

Dimethyl benzylpenillate (1 mg.) in alkaline sodium 
plumbite (0.4 cc.) at 100 ® gave (Dutcher, MacPhillamy, 
Stavely, and Wintersteiner, S.3a, 11 ) an almost immediate 
precipitate of lead sulphide. A similar reaction with benzyl- 
peniUic acid took thirty seconds and did not take place after 
four hours with benzylpenicillin. 

Hydrolysis by Acids. Penillic acid was refluxed (Merck, 
Phys. Chem. Report, Sept, 1943) in water at pH 2 for three to 
five hours; [a] fell to about 150®, about 92% of 1 mol. of 
carbon dioxide was liberated, the absorption band disap¬ 
peared and gave place to very weak general absorption. A 
non-crystalline product was extracted by other and behaved 
as a weak monobasic acid (pK, 4,75; equivalent value, 328; 
equivalent value from bromine titration, 320; Mwai +105®, 
+84® (in water). No phenylacetic acid was liberated. 
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Dimetliyl benzylpenillato (107 mg.) was refluxed (Merck, 
Report for Sept. 194S) for three hours with 8 % hydrochloric 
acid, the solution extracted with other, neutralized, and 
treated with mercuric chloride; no complex was precipitated. 

Bonzylpenillic acid (115 mg.) was heated with water 
(Merck, Report for Oct. 194S) in a sealed tube at 100® for 
twelve hours (Found: CO 2 , 12,52. 1 CO 2 required 13,16%). 

The aqueous solution was continuously extracted with ether, 
and the solution evaporated. The white amorphous 
benzylpenilloic acid (132.4 mg. or 98.2%) had [a]i) +47® 
(MeOH). 

Calc. CiftHsoOiNjS: C, 58.4; H, 6.5; N, 0.1; S, 10.4 
Found: C, 58.5; II, 6 . 6 ; N, 9.1; S, 10.3 

Benzyl pen illic acid (28 mg.) was refluxed (Merck, Report 
for Oct. W43) in water (25 cc.) for two hours and carbon 
dioxide (93 %> of 1 mol.) removed in a stream of nitrogen, 
dried, and collected in a tared ascarite tube. The solution 
on evaporation in vacuo left a yellow oil. The crude product 
(benzylpenilloic acid ?) was acetylatcd according to Ratner 
and Clarke (,/. Am. Chem. Soc., 69, 200 (1937)) but the prod¬ 
uct was a glass. 

Calc. C 17 H 1 JO 4 N 2 S: 1 acetyl, 12.3 
Found: acetyl, 13.3 

The high value was attributed to the phenylacetyl group, a 
blank giving about 1 %. 

Dimethyl benzylpenillate (89 mg.) in 0.1085 N sulphuric 
acid (10 cc.) was kept for twenty hours at room temperature 
(Meirk, M'.6S, 2; 66, 9); fell from +405® to +365®. 

Removal of sulphate ion and lyophilization gave the hydroly¬ 
sis product, 

(^alc.: OMe, 8.9 
Found: OMc, 8.3 

The same ester (0,5 g.) in acetic acid (125 cc.) was kept at 
23" for twenty-four hours (Mcr<+, M.68, 2) and the rotation 
observed: 


Time (hr.s.). 

0.15 

1 

1 

2 

3 

4 

1 

! 6 

8 


+375 

+240 

+ 134 

+73 

+35 

+8 

1 j 


.. 

-fij 


The solution was dried lyophilically, the orange gum in ether 
(40 cc.) washed with aqueous sodium bicarbonate and water, 
and the neutral ethereal solution evaporated to a small 
volume. Lustrous prisms (235 mg.) of dimethyl benzjd- 
isopenillate were obtained which after crystallization from 
n-propyl ether (charcoal) had m.p. 126-127®; a further crop 
of 110 mg. increased the yield to 70%. 

Calc. Ci,H 2 , 04 N,S: C, 59.7; H, 6.1; N, 7,7 
Found: C, 60.0; H, 6.5; N, 7.8 

[a]i>** —3® (c « 0.94 in n-propyl ether). 

Action of Alkali. Benzylpenillic acid w^as hydrolyzed 
(Dutcher, MacPhillainy, Stavely, and Wintersteincr, S.Sa, 
11 ) with hot baryta for three hours. No ammonia was 
evolved but carbon dioxide ( 0.6 mol. as barium carbonate) 
and hydrogen sulphide (0.4 mol.) were liberated. The 
filtrate contained ether-soluble aldehyde, and, after acidi¬ 
fying and extracting with ether, phenylacetic acid ( 11 % of 
1 moh) was obtained. 

Benzylpenillic acid (72 mg.) was held (Merck, M.S6, 6 ) 
in 0.2 AT baryta at 40-42® for fifteen hours, when [aje** was 
+13.4®, The products in solution were hydrogenolyzed 
with Raney nickel catalyst to give crystals, m.p. 265-268® 
(dec.) or 274-276® (dec.) on more rapid heating, unchanged 
on recrystallization from aqueous methanol. 

The same acid was kept (Merck, M. 4 ^, 2) at 23®, pH 11.0, 
and the rotation and light absorption observed: 


Time (hrs,). 

1 

1 ' 

19 

26 

43 

Wd”. 

+.500 

+ 43.5 

+394 

+322° 

£m 2,355 A. 

1 

4,450 

4,100 

3,550 

3,070 


The results were unaffected by tlie atmospheric environment 
(hydrogen or oxygen). In another experiment benzylpenil¬ 
lic acid (50 mg.) in water (10 cc.) containing 3.5 equivalents 
of sodium hydroxide was kept for eleven days; [a]i>*'* +42®; 
no penillic absorption band was ol)8crvablc. The acid 
recovered by extracting the acidified solution with other, 
examined potentiometrically, indicated a mixture of penicil- 
loic (30% ) and penilloic (70%)) acids. Dr}^ decarboxylation 
and crystallization from water gave benzylpenilloic acid, 
m.p. 85-105°, fa] +56° (c « 0.44 in ethanol) (see also Iso- 
pcnillic Acid below). 

Methanolysts (Merck, M./il, 9). Benzylpenillic acid 
(95 mg.) in methanol (10 cc.) at 100® showed the following 
rotational changes: 


Time (hrs.). 

0 

1 

2 

3 

20 

. 

+480 

1_ 

+16 

-21 

-18 

0® 


After twenty hours fine colorless needles (3 mg.), m.p. 114- 
116°, .separated on cooling, having the following light absorp¬ 
tion cliaracteristics: 


X (A). 

3,000 

2,800 

2,050 

2,500 

2,350 

2,300 

2,200 

. 

85 

160 

108 

140 

232 

270 

282 


The crystals were insoluble in cold watc^r or ethanol and gave 
no azide reaction. The filtrate was evaporated to 1 cc., the 
crystals removed and ro(;rystallized from 85% methanol 
(3.5 cc.) (yield, 13 mg.). It appeared to be 4(5)-carboxy-2- 
benzylirninazole. 

(^alc. CUH 10 O 2 N 2 : C, 65.4; II, 5.0; N, 13.9 
Found: C, 63.9; li, 4.7; N, 13.8 

Kquiv. wt. 208, ?>K G.3. (Authentic 4(5)-carboxy-2-benzyl- 
irninazole has 202, pK 0.5.) Light absorption: 


X (A) 

pH 3.2 

pH 7.04 

pH 9.05 

2,500 

800 ( 800)1 

5,800 ( 6,100) 

6,700 ( 7,200) 

2,375 

5,700 ( 6,200) 

10,500 (10,500) 

11,500 (12,200) 
(max) 

2,315 

10,800 (11,500) 

11,200 (11,200) 

10,800 (11,500) 

2,200 

14,600 (15,700) 
(plateau) 

11,700 (11,700) 
(plateau) 

10,200 (10,500) 


> Fizures for authentic 4(5)-oarboxy-2-bon8ylimina2oIe in parentheses. 


The m.p. behavior was confused: 



Known 

Unknown 

Known 

HCl 

Micro block. 

250° (dec.) 
248° (dec.) 

268° (dec.) 
250° (dec.) 


Capillary. 

210-211® 



A methanolysis product, m.p. 171-173®, was isolated. 

Calc. CuHisOiNiS: C, 57.5; H, 5,4; N, 8.3 
Found: C, 55.6, 57.4; H, 5.5, 5.9; N, 8.4 
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This had previously been obtained (M.SS, 5) by heating a Bcnzylpenillic acid was kept (Squibb, S.!34i li) in 0.2 JV 
2% solution of bcnzylpenillic acid in methanol at 64° for baryta; after 24 hours [ajo 4-190°, after 48 hours [a]p 4-70°; 
sixty-seven hoiirs in a sealed tube, and did not appear at 37° afUir 3 days IoiJd —20°. No barium carbonate was 


spectrally to be a 2-benzyliminazole-4(5)-c*arboxylic acid 
derivative. It had —78° (c » 0.40 in methanol) and 

apparent equivalent weights of 381 and 356 (pKi.a 3.2, 6.4) 
with evidence of binding at about pH 10.7 (A/.4I, 9). It 
apparently contained a thiol group and showed the following 
spectral characteristics in methanol and in buffer at pH 8.4: 


X (A). 

2,600 

1 

2,500 

2,400 

2,300 

2,250 

2,200 

Em (MeOH). 

2,000 

5,800 

9,800 

!i2,100 

!13,000 

13,600 

Em (pH 8.4). 

1,500 

5,800 

10,300 

12,400 

12,700 

13,000 


These absorption data did not support an isopen ill ic struc¬ 
ture (M.S8, 6). 

In another experiment 2) benzylpiniiilic acid 

(204 mg.) was alcoholyzed at 64° for seventy-two hours in 
methanol (15 cc.); final [ajD*® —66°. Five crystal fractions 
were isolated; they had m.p. 160--172° to 171-176° (dec.), 
(a]i)” —54 to —72° (c *= about 0.7 in methanol), and similar 
light absorption characteristics, e.g.: 


X (A). 

2,500 

2,400 

2,300 

2,200 

(pH 3.2). 

72 

216 

413 

474 

(pH 0.1). 

159 

307 

390 

397 


Isopenillic Acids. 2-PENTENynisoPENiLiJC Acid (Abra¬ 
ham, Chain, Baker, and Ilobinson {CPS, 11). 2-Pentenyl- 
penillic acid was kept in 0.2 N baryta at 37° overnight. 
2-PentenyIisopenillic acid was liberated and crystallized 
from 70% acetone in fine hexagonal plates (yield, 25-30%J, 
m.p. 195-196° (dec.). 

Calc. CiJl 2 o 04 NaS: C, 53.8; 11, 6.4; N, 9.0; S, 10.3 
Found: C, 54.2; H, 6.2; N, 9.2; S, 10.0 

It was sparingly soluble in water, moderately soluble in N 
hydrochloric acid and freely so in aqueous alkalies. It gave 
a red color with alkaline nitropru.sside and a transient blue 
with ferric chloride. Electrometric titration indicated two 
acidic centres (pKi < 3, pKj 3.2), one basic group (pK 6.4), 
and a thiol group (pK 10.2). The second acidic group was 
weaker than the second acidic group of 2-pentenylpenillic 
acid, and the basic group was weaker than the basic group of 
ponillamine. 

The crystal structure of 2-pentenyh’sopenillic acid showed 
a marked relation to that of other pcnillic acids (Crowfoot, 
Low, and Schmidt, CPS.S3 ): 


a 

h 

c S 

Space group 

n 

P 

14.33 

6.49 

17.2 — 

P2i2i 2i 

4 

1.321 


BBNZTLisoPEmLLic AciD. Benzylpeuillic acid (138 mg.) 
was kept (Squibb, SM, 9) in methanolic potassium hydrox¬ 
ide (10 cc.) at room temperature for twenty-four hours when 
[a] fell from 4-600° to —72°; no alkali was consumed and a 
test portion liberated no carbon dioxide or hydrogen sul¬ 
phide on acidifying and heating. The neutralized solution 
was evaporated in vacuo at 40° to small volume and acidified 
to give a white amorphous precipitate. The latter gave an 
intense blue-violet, then greenish precipitate with ferric 
chloride; a white precipitate but no lead sulphide with 
lead acetate; a slight precipitate on standing with mercuric 
chloride; a brown green precipitate with cupric sulphate; lead 
sulphide with sodium plumbite. 


formed. After acidification with hydrochloric acid, extrac¬ 
tion with ?t-butanol, evaporation of the butanol in vacuOy 
treatment of tlie residue with ethanol gave platelets, more 
being obtained from the mother-liquor; yield, 33 mg. from 
168 mg. of benzylpenillic acid. After recrystallization from 
ethanol, benzylisopenillic acid had m.p. 174° (dec.) after soft¬ 
ening at 172°. 

Calc. f^ 6 H,s 04 N 2 S: (5, 57.5; H, 5.4 
Found: C, 56.2; H, 5.3 

[q!]d —6.0° (c 0.34 in ethanol); light absorption (water): 
plateau at 2,160-2,240 A, Em 17,400; Em 18,5(K) at 2,100- 
2,150 A (similar to 2-benzyliiniiiazoIe-4-carboxylic acid). It 
was somewhat more readily soluble in winter than benzyl¬ 
penillic acid, gave a strong blue color with ferric chloride, 
and a pink with nitroprusside in sodium carbonate. 

Benzylpenillic acid (100 mg.) in methanol (60 cc.) was 
refluxed (Merck, M.36\ 4) for 18-20 hours when the rotation 
was zero, and concentrated to dryness in recrystalliza- 

tioii of the residue from methanol gave benzylisopenillic 
acid as micro-needles, m.p. 177-178° (dec.), hut depending 
on rate of heating; Wd — 30° (c ~ 2.5 in methanol). It gave 
a positive test with ferric chloride. 

Calc. C,cH, 8 O 4 N 2 S: C, 57.5; H, 5.4 
Found: C, 57.1; 11, 5.3 

Benzylpenillic acid was kept (A/..%‘, 5) at 40-42° for forty 
hours in 0.2 N baryta w^hen [a]i>*‘» 4“3.9°, The solution gave 
a transient blue with ferric chloride and gave a white 
amorphous solid on acidification. 

Dimethyl Benzvlisopenillate (?). Dimethyl benzyl- 
pen illate (38 mg.) was refluxed {M.S6\ 4) for four hours in 
xylene (2,5 c(;.) (slight evolution of hydrogen sulphide), 
solvent removed in vacuo and residual oil treated with a few 
drops of methanol. The product W'^as rocrystallized from 
ctbor when it had m.p. 111-112°, and after solidifying 
remeJted at 127 129°. 

Calc, for C,hH 2204N2S: C, 50.7; II, G.l; N, 7.7 
Found: 0, 59.8; H, 6.4; N, 8.0 

[ajn —9.4° (c * 1.4 in methanol). 

Dimethyl benzylponillate (2 g.) in 0.9022 N sulphuric acid 
(12.3 cc.) w^as diluted to 25 cc. with 0.1085 IV sulphuric 
acid and kept (M.SS, 9) for twelve hours; ferjo*® 4-362°. 
The solution was neutralized to pH 6 at 0°, extracted with 
butanol, the dried extract evaporated, and the residue 
digested with warm benzene (2 X 35 cc.). The benzene 
extracts yielded crystals (0.37 g.), m.p. 170° (dec.), of the 
monomethyl ester of benzylisopenillic acid, [o]d** —11°. 

Calc. CitHjoOiN^S: C, 58.6; H, 5.8; N, 8.0 
Found: C, 68.7; H, 6.1; N, 7.8 


Light absorption (ethanol): 


X(A). 

2,700 

2,600 

2,600 

2,400 

2,300 

2,200 

. 

10 

60 

180 

310 

360 

390 


Benzylisopenillic add (100 mg.) in methanol (10 cc.) was 
treated (Sf.33, 6) with iV methanolic potassium hydroxide 
(1.2 00 .) for forty hours at room temperature, neutralized 
and evaporated in vactio to dryness. Hydrogen sulphide 
was detected in one expeiiment. The gum granulated on 
rubbing with methanol and ether. It showed end absorp* 
tion, 318 at 2,230 A. 

Dimethyl benzylisopenillate (43 mg.) in methanol (0.6 co.) 
(sealed tube) was heated (MM, 9) for seventeen hours on 
the steam bath. Dn eool^, prisms (10 mg.) of 4-earbo« 
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methoxy-2-benzyliminazole, m.p. 205-219®, separated, iden¬ 
tified with an authentic sample. 

Action of Acetic Anhydride on Dimethyl Benzylpenillate. 
Benzylpenillic acid (10 mg.) in the minimum amount of 
10% aqueous potassium acetate and sodium hydroxide (1 
equivalent) (total volume 10 cc.) was treated (Af.5/, 6) with 
four 0.1 cc. portions of acetic anhydride at two-minute 
intervals. The rotation indicated a reaction: 


Portions 

0 

1 

2 

3 

4 


+490 

+225 

+ 177 

+ 153 

+ 145® 


Dimethyl benzylpenillate appeared to undergo reaction in 
acetic acid as well as in acetic anhydride 6): 

Dimethyl benzylpenillate (17.82 mg.) in acetic acid (5cc.). 


Time (mins.). . 

3 

10 

40 

83 

158 

287 

346 

452 

fain". 

+359 

+341 

+ 254 

+ 163 

+70 

+ 15 

-8 

-8® 


Dimethyl benzylpenillate (89.7 mg.) in acetic anhydride 
(2 cc.). 


Time (mins.). 

3 

5 

9 

12.5 

15 

25 

-] 

46 

60 

90 

Wd”. 

^•344 

4-290 

-f212 

4-190 

-M38 

4-60 

+ 9.2 

-11.6 

-19.2* 


At the end of the latU^r exp(?riinent the solvent was evapo¬ 
rated in vacuo at room tcjmpe.rature, the gum taken up in 
ether and an oil, dimethyl N-acetyl-benzylpenicilloate (?), 
precipitated with light petroleum. 

Calc. CaoHafiOftNiS: C, 50.9; II, 6.2; N, 6.6 
Found: C, 56.^1; II, 6.2; N, 0.9 

Rotation and absorption spectrum determinations indicated 
no reaction with alcoholic mercuric chloride and testa with 
azide and ferric chloride were negative. It exhibited no 
penillic absorption band. It did bind alkali up to /ill 9.5 
where saponification (1 equiv.) took place; back titration 
(1.13 equiv. based on M.W. 422) revealed a pK value of 3.7 
(20% ethanol) whereas /^-methyl N-acetyl-D-7-benzylpeni- 
cilloate had pK 3.25 (20% ethanol). The results were not 
different in specially purified acetic anhydride (A/.5/, 8). 

The glassy product from dimethyl benzylpenillate and 
acetic anhydride 3) seemed analytically to be a 

N-acotyl-benzylpcnicilloate. 

Calc. CaoHaflOflNaS: C, 56.9; H, 0.2; N, 6.6; OMe, 14.7 
Found: ‘ C, 56.7; H, 6.4; N, 6.5; OMe, 13.7 

Dimethyl benzylpenillate was treated (Abbott, A.6j 2; 
8f 1) with a small excess of benzoyl isocyanate in ether. 
An amorphous precipitate (9 mg.) separated. 

Found: N, 6.4; S, 7.8 

Several crystalline substances were obtained from the 
mother liquor. 

Desthiodihydropenillamine. Condensation of Mono- 

PHENYLACBTYLBTHYLENEDIAMINB WITH a-BROMOISOVALERIC 

Acid (Upjohn, UMy 1; li, 1). The reaction, performed 
under three sets of conditions, apparently yielded N-phenyl- 
aoetamidoethylvaline, m.p. 227-227.5®. 

Calc. Ci«H„OaN,: C, 64.7; H, 8.0; N, 10.1 
Found: C, 65.5; H, 7.9; N, 10.1 


This could not be cyclized by acetic anhydride alone or in 
acetic acid, phcnylacetic anhydride, phosphorus pen bi¬ 
chloride in carbon tetrachloride, sulphuric acid, phosphorus 
pimtoxide in xylene, heating alone under 10“® ram. pressure, 
or in tetralin or in presence of calcium oxide. 

Condensation of monoacetylethylonediamine with «- 
bromoisovalcric acid and acid hydrolysis of the product, 
which separated from aqueous ethanol and had m.p. 214- 
216®, gave N-aminoethylvaline monohydrochloridc, m.p. 
117-120®. 

Calc. CTHuOzNaCl: N, 14.3; Cl, 18.0 
Found: N, 14.2; Cl, 17.5 

This on condensation with phonylacetainidino yielded im¬ 
pure phenylacetamide; oilier atbunpts failed to give desthio- 
benzylpenillamine although an unidentified product, m.p. 
184-186®, was obtained. 

Found: C, 59.1; H, 7.1; N, 14.0 

The picrate melted at 216-218°. 

Found: C, 48.0; H, 4.3; N, 19.4 

Fusion of phenylae.etic acid with N-aminoethyl valine at 
300® gave only diphimylacetylethyleuediamine and various 
further attempts to cyclize phenylacetamidoethylvaline 
(phosphorus pentachloride, phosphoryl chloride, or 80% 
sulphuric aeid at 100®) were unavailing. 

N- Acetamidoetuvlvaline ( I 4). Monoacetylethyl- 
enediamine (30 g.; 0.30 mole) in 95% ethanol (5 cc.) was 
treated slowly and with continuous shaking with a-bromo- 
isovaleric acid (10 g.; 0.055 mole). Ethanol (5 cc. of 95%) 
wa.s added and the solution heated for ten minutes on a steam 
bath; the resulting solution was cooled and kept overnight at 
0®. The resulting slimy pnjiupitate was washed three times 
with acetone and the acetone removed by centrifugation. 
After the final washing, the product was sufficiently pure for 
use in the next step. N-Acetamidoethylvaline (9.0 g.; 
80%) crystallized from aqueous acetone and had rn.p. 214- 
216® (uncorr.). 

Calc. CsHigOaN.,: C, 53.4; II, 9.0; N, 13.8 
Found: C, 53.8; H, 9.0; N, 14.0 

N-Aminoethvlvaline Hydrochloride 4). The 

crude material was refluxed for four hours with concentrated 
hydrochloric acid (50 cc.); fresh acid (5 cc.) was added every 
hour. The acid was distilled in vacuo and the residue taken 
up in 95% ethanol (about 150 cc.). Pyridine (20 cc.) was 
added and the mixture held at 0® overnight. The centri¬ 
fuged precipitate was recrystallized from dilute ethanol to 
give N-aminoethylvaline hydrochloride (yield, 6 g.; 67%), 
m.p. 254-256® (uncorr.), with darkening at 230®. 

Calc. CtHitOsN^CI: N, 14.3; Cl, 18.0 
Found: N, 14.2, Cl, 17.5 

Passing dry hydrogen chloride into a solution of the amino 
acid hydrochloride in isopropanol at room temperature gave 
the diiiydrochloridc, m.p. 213 215° (uncorr.). 

Calc, CtHikO^NuCI,: C, 36.1; II, 7.7 
Found: C, 36.0; 11, 8.1 

N-Phenvlthioa<;etamidokthylvaline (U.29y 5). N- 

Aminoethylvaline monohydrochloride (9.5 g.) was dissolved 
in water (20 cc.) containing sodium hydroxide (2 g.) and an 
excess of sodium phcnyldithioacctatc added. The solution 
was kept at room temperature overnight, and a small 
dark precipitate removed by centrifugation. The solution 
wavS acidified (pH 2.0), the precipitate collected, and crys¬ 
tallized from dilute ethanol. N-Phenylthioacetamidoothyl- 
valine (yield, 7.5 g.; 53%) melted at 197-199® (uncorr.). 

Calc. CisHaaOsNsS: N, 9.5; S, 10.9 
Found: N, 9.8; S, 10.9 
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«-(2-BENZyii-l-IMINAZOLINYL)-ISOVALERlC AciD (DeSTHIO- 
dihydkobenzyjj’Enillamine) (U,29^ 5). N-Phenylthio- 
acetamicloethylvaline (3 g.) was heated under reflux with 
n-butanol (150 <h;.) until no more hydrogen sulphide w^as 
evolved (about forty-six hours). The butanol was removed 
in vacuo, the precipitate taken up in ethanol and the latter 
evaporated. An oil remained, which, upon addition of 
acetone and some scratching, yielded a white precipitate, 
a-(2-Benzyl-l-irninazolinyl)-isovaleric acid (1.6 g.; 61%) 
had m.p. 211 213® (uncorr.), with darkening at 200®. 

Calo. CuHioOsNa: C, 60.2; H, 7.7; N, 10.8 
Found: C, 69.0; H, 8.0; N, 10.8 

Synthesis of Penillamines. dl- a - Amylpenillamine 
(Bentley, Catch, Cook, Klvidge, Hall, and Heilbron, 
PKN.llH; C’ook, Elvidge, Heilbron and 8haw, CPS.S6). 
DL-Penicillamine hydrochloride (100mg.) and ^^-caproalnido- 
acetal (Chapter JII) (150 nig.) were wannc<l in 2 A' hydro¬ 
chloric acid (2 cc.) until the oily acetal just disappeared 
(about 1 minute) and the solution evaporated in cacao over 
phosphorus pentoxide. 4-Carboxy-5,5-dimethyl-2-WM*apro- 
amido-methylthiazolidine hydrochloride (XX) (“rystallized 
and was rocrystallized from inethanoI-etln*r in needles, m.p. 
201 ® (dec.). 

Calc. CuIHsOaNjSCl: 

C, 48.1; H, 7.7; N, 8.6; 8. 9.9; Cl, 10.9 
Found: C, 48.5; 11, 7.8; N, 8.5; 8, 9.9; Cl, 11.0 

The compound gave no color with ferric chloride unless the 
aqueous solution was first boiled for a few minutes. 

The preceding thiazolidine hydrochloride (22.1 g.) was 
suspended in phosphoryl chloride (190 cc.) and syrupy phos¬ 
phoric acid (5 cc.) added. The next day solution was com¬ 
pleted by warming to 35® and shaking mechanically, the 
behavior at this stage being rather variable. The solution 
was concentrated to 50 cc. in vacuo, the residue was diluted 
with an equal volume of dioxane and the liquid dropped into 
a stirred solution of sodium bicarbonate (50 g.) in ice water 
(1 liter), adding more sodium bicarbonate (110 g.) during 
the operation. Filtration gave the insoluble diketopiper- 
azine derivative (XXI; R *= n-CsHn) (5”4) g.) which was 
purified by solution in dioxane and reprecipitation followed 
by crystallization from ethanol containing a little water; it 
formed shining plates, m.p. 185^186®. 

Calc. C2iH4404N4Sa: C, 57.8; H, 8.2; N, 10.4 
Found: C, 67.6; H, 8.2; N, 10.3 

The filtrate was extracted with butanol (200,100,100 cc.), 
solvent removed from the extract in vacuo and the residue 
dissolved in a little chloroform and precipitated by ether. 
The solid **decarboxyamylpenillic acid” was dissolved in 
water (20 cc.) containing methanol (2 cc.) and treated with 
6 % aqueous mercuric chloride (100 The precipitate 

was decomposed with hydrogen sulphide in the normal 
manner and the product recovered on evaporation as gummy 
crystals from which the gum was removed by treating with 
ether and a little acetone. Di.»-n-Amylpenillamine hydro¬ 
chloride (II; R ** n-CsHn) (0.5 g.) separated from acetone 
containing a little methanol and ether in small prisms, m.p. 
170®, giving an intense blue color with ferric chloride. 

Calc. Ci,Ha«0,NaSCl: C, 50.9; H, 7.6; N, 9.1 
Found: C, 51.0; H, 7.6; N, 9.0 

The melting point was not depressed when the substance 
was mixed with n-araylpenillamine hydrochloride (m.p. 170®) 
of natural origin. Light absorption (water): Xm»». 2,180 A, 
230; D-amylpenillamine hydrochloride has Xm**. 
2,180 A, 260 (Chap. III). 

CycWZATION of DI/-4-CABBOXY-6,5-DIMETHYL-2-n-CAPBO- 
AMIDOMETHYLTHIAZOLiniNE HyOROCHLORIDK UNDER OTHER 
Conditions (Cook, Elvidge, Heilbron, and Shaw, CPS-$$; 
unreported details). The thiazolidine hydrochloride XX 


(2 g.)> phosphorus pentoxide (3 g.), and dry chloroform 
(26 cc.) were refluxed together for seven hours. I'iltration, 
concentration of the filtrate in vacuo, and addition of 
dry ether gave the diketopiperazine (XXI) (H «« n-C6Hn), 
m.p. 179® after softening. 

The thiazolidine hydrochloride (2 g.), dry benzene (26 cc.), 
and phosphorus pentaehloridc (2.3 g.) were refluxed for one 
hour and solvent removed in vacuo. Working up as in the 
above preparations of penillamines gave DL-amylpenillamine 
hydrochloride, m.p. 170-172", hlentical with the previous 
preparation (yield, 16 mg.). 

Dry benzene (20 cc.), the Ihiazolidine hydrochloride (2 g.) 
and phosphoryl chloride (5 cc.) were refluxed for thirty 
minutes. Working up in the usual manner gave OL-amyl- 
penillamine hydro<*hloridc (20 mg.), m.p. 170®. 

2-w-AMYL-5-ETH()xyoxAZ(.)UNK (XXVIII) (Cook, Elvidge, 
and Heilbron, CPS.^7.'f). A (Irignard solution prepared 
from nrnyl bromide (50 g.), magnesuim (7.5 g.) and other 
(150 cc.) was cooled to 0® and treated dropwise, with stirring, 
with carbon disulphide (23.7 g.) in ether (25 cc.) over one 
hour, and then kept for twelve hours. After the addition of 
concentrated hydrochloric acid (40 cc.) in water (60 (!c.) the 
acid product was extracted from the ether with 10% aqueous 
so<lium (;arbonato (200, 100, 100 (tc.). The acid was 
returned to ether and ether reunoved from the dried solution 
(the average yield of enuh; dithiocaproic acid was 3 g. or 
6 %,). The acid was taken up in cold 1 N sodium hydroxide 
(15 cc.) and treated with dimethyl sulphate (2 g.) for five 
minutes. The oil was taken up in ether and distilled. 
Metliyl dithio-n-caproate was obtained as an oil, b.p. 
50®/3 mm. 

Calc. CtITuS^: C, 51.8; H, 8.7 
Found: C, 51.7; H, 8.6 

The ester (2.7 g.) was mixed with aminoacctal (2.3 g.) in 
a little ether when mercaptans w«jre evolved over forty-five 
minutes. Distillation gave a pale yellow oil (2.1 g.), b.p. 
80®/3 mm., and considerable tarry residue. Although it 
contained a little sulphur the oil i)robabIy c,onsisted mainly 
of 2-w-amyl-5-ethoxyoxazoline (XXVIII), 

Calc. C,oHi«OaN: C, 64.5; H, 10.3 
Found: C, 64.0; H, 10.8 

di^Benzylpbnillamine (I.C.S., CPS.6; Cook, Elvidge 
and Heilbron, CPS.07; Cook, Elvidge, Hall, Heilbron and, 
Shaw, CPS.270, 3). Aminoacctal (20 g.) was acylated in the 
normal manner with phenylacctyl chloride (23 g.) in ice-cold 
5% aqueous sodium hydroxide (200 cc.). Phenylacetamido- 
acetaldehydc diethyJacetal (yield, 21.7 g.) had b.p. 160- 
165®/4 mm. and solidified to a crystalline solid, m.p. 33-35®. 

Calc. CuHnOjN: C, 66.9; H, 8.4 
Found; C, 66.7; H, 8.7 

Phenylacetamidoacetaldohyde 2,4-dinitrophenylhydTazone 
separated from ethanol in matted long yellow needles, m.p. 
201 -202® (dec.). 

Calc. CieHuOfiNj: C, 63.8; H, 4.2; N, 19.6 
Found; C, 63.8; H, 4.2; N, 19.6 

Phenylacetamidoacetaldehydc diethylacetal (1.7 g.) was 
condensed with DL-penicillamine hydrochloride (1.0 g.) 
in warm methanol (5 cc.) for five minutes. The product 
was repeatedly evaporated with methanol and finally 
crystallized. 4-Carboxy-6,5-dimethyl-2-phenylacetamido- 
methyl-thiazolidine hydrochloride (XXIII) separated slowly 
from ethyl acetate containing ether in prisms or rhombo- 
hedra, m.p. 193-195® (dec.). 

Calc. Cx.H2xO,N2 SC1; C, 62.2; H, 6.1 
Found: C, 61.9; H, 6.9 

The preceding thiazolidine hydrochloride (4 g.) was dis¬ 
solved in phosphoryl chloride (15 cc.) and the solution al- 
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lowed to stand for forty hours. The syrup obtained after 
evaporating in vacuo was dissolved in dioxane (20 cc.) 
and the red solution dropped into vigorously stirred ice-cold 
5% sodium bicarbonate solution (200 cc.). Insoluble di¬ 
ke topiperazinc was filtered and the filtrate (jxtracted with 
butanol (3 X 50 cc.). The diketopiperazine derivative 
(XXI, R » CHjPh) which separated from a mixture of 
chloroform and dry ether had m.p. 234-235®. 

Calc. C3ona.04N4S2: C, 62.1; H, 6.3 
Found: C, 62.0; H, 6.0 

Removal of butanol in •vacuo gave “decarboxybenzyl- 
penillic acid’* as a white solid. Tin* solid in 50% methanol 
(20 cc.) was treated with a 7.5% solution of mercuric 
chloride in 50% methanol (20 cc.) and water cautiously 
added to precipitate the complex. The first portion, con¬ 
sisting of a gummy red jirccipitatc, was rej(*cted and the 
pure white flocculent material collected and decomposed 
with hydrogen sulphide in tlie normal manner. The 
filtrate from iiKjrcuric sulpliidf* gave an intense blue colora¬ 
tion with ferric chloride but on evaporation gave only a gum. 
Solution of the gum in a mixture of methanol and acetone 
and addition of a little ether caused the maUirial to crystal¬ 
lize (yield, 80 mg.). DL-Benzylpenillamine hydrochloride 
(II; R ~ CllaPh) (30 mg.) separated from a mixture of 
acetone and ether, containing a few drops of nuithanol, 
in prismatic needles, rii.p. 173-174°, after shrinking .slightly 
at 168° (natural i)-benzylpenillamine hydrochloride has 
m.p. 174° after shrinking at 170° (Scpiibb,12)). 

Calc. CUH18O2N2S IICI: C, 55.1; II, 5.8; N, 8.6 
Found: C, 55.0; H, 5.9; N, 8.6 

Light absorption (water): inflection at X 2,220 A, 305 

(Em 10,000), max. at X 2,150 A, 350 (the natural 

material had possibly Xma*. 2,220 A, Em about 10,000 
(Squibb, S.Sa^ 12)). 

The remaining hydrochloride (50 mg.) was treated in 
warm aqueous solution with picric acid. ni^Heuzylpenill- 
arnine picrate separated immediately in yellow needles 
which were crystallized repeatedly from water; it had m.p. 
160" (dec.) (natural n-lamzylpenillamine picrate has m.p. 
156-157® (dec.) after softening at 154° (S,Sa, 12)). 

Calc. CaiHaiOgNftS: C, 48.6; H, 4.1; N, 13.7 
Found: C, 48.7; H, 4.1; N, 13.7 

Dn-4-CARBOXY-5,6-DIMETIIYL-2-AMINOMBTHYI^THIAZOLID- 
INE (Abraham, Baker, Chain, and Robinson, CPSJl). nb- 
Penicillamine hydrochloride (1.48 g.) and aminoacetal 
(1.08 g.) were dissolved in N hydrochloric acid (16 cc.) and 
the mixture kept at 37® for fifteen hours. After concentrat¬ 
ing the solution in vacuo the residual syrup set* to a crystal¬ 
line mass. The product was dissolved in the minimum 
amount of 95% methanol, glacial acetic acid (1 vol.) and 
a drop of concentrated hydrochloric acid were added. On 
addition of ether the dihydrochloride crystallized in long 
prisms (720 mg.), m.p. 194® (dec.). 

Calc. C7Hi40aN,S-2HCl: C, 31.9; H, 6.1 
Found; C, 31.5; H, 6.1 

DL*4-CARBOXY-5,6-DIMBTHYL-2-BENZYLAMINOMETiryiv-THI- 
azOlidinb (CPSJl), Penicillamine hydrochloride (180 
mg.) and benzylaminoacetaldehyde dicthylacetal (230 rag.) 
were dissolved in N hydrochloric acid (2 cc.) and the mixture 
kept at 37® for fifteen hours. On concentrating the pink 
colored solution in vacuo the product crystallized. Impuri¬ 
ties were removed by wasliing at the centrifuge with small 
amounts of ethanol. The white residue was dissolved in the 
smallest possible amount of 90% methanol, and an equal 
volume of glacial acetic acid added. On addition of ether 
the 4^carboxy-6,5-dimethyl-2-benzylaminomethyl-thiazolid- 
ine dihydrochloride crystallized in long prisms (140 mg.), 
in*p. 207®, 


Calc. CuHio 02N2S-2HC3: C, 47.7; II, 6.2; 8, 9.1 
Found: C, 47.4; H, 6.4; S, 9.3 

DL-4- CaHBOXY- 5,5- I>IMETHYL-2-PnENYI/rillOACET- 
amidom ETir vl- Tii IA zo LID I NE ( CPS. 71). i)L- 4 - ( ‘arbox v- 
5,5-dimethyl-2-aminoniothyl-thiazoli(iine dihydrochioride 
(680 mg.) was dissolved in 2 A' sodium hydroxide (3.9 cc.). A 
2 jV solution of the sodium salt of dithiophenylacotic acid 
was added (1.3 cc.) and the mixture, which was alkaline to 
phenolphthaleiii, held at room temperature for fifteen hours 
under nitrogen. The brown colored cloudy solution was 
centrifugtal (dt'ar and then brought to pll 2.5 with hydro¬ 
chloric acid, when a greyish, sticky iDrecipitate formed. The 
whole was extracted four times with one quarter of its 
volume of ehloroforrn, when the precipitate dissolved. The 
dri(»d chloroform solution was treated with dry hydrogen 
chloride, when the liydrochloride was collected on the centri¬ 
fuge, and crystallized by dissolving in the smallest possible 
amount of methanol, adding a drop of concentrated hydro¬ 
chloric acid, and precipitating with glacial acetic acid. It 
then formed white prisms (300 mg.), m.p. 188° (dee.). 

Calc. Ci5H2oOaN28, HCl: C, 49.9; II, 5.8; N, 7.7; 8, 17.8 
Found: C, 50.2; H, 5.9; N, 8.2; 8, 18.1 

djv-Diccahboxybenzylpenillic Acid (CPS.7I). The pre¬ 
ceding tliiazolidine hydrochloride (270 mg.) was hiiated in 
quinoline (1.1 cc.) at 130° in a stream of nitrogen, hydrogen 
sulpliide being rapidly evolved. After thirty-five minutes 
the solution was diluU'd with benzene (7 cc.) and the mixture 
extracted with water until the final extract (after bringing 
to pll 7 and extracting with ether to remove quinoline) 
gave no precipitate on addition of mercuric chloride .*?olution. 
The faintly yellow aqueous solution was brought to pH 7 
and extracted with ether to remove quinoline. The pH was 
then adjusted to 6.5, the solution concentrated in vacuo to 
7 cc., and extracted 5 times with half its volume of iso- 
butanol. Evaporation of the isobutanol in vacuo yielded 
crystalline material mixed with gum (160 mg.). The gum 
was removed by stirring with chloroform (3 cc.) and centri¬ 
fuging, when a white solid remained (70 mg.). The solid 
was dissolved in a small amount of glacial acetic acid, a 
little insoluble material was removed by centrifuging, and 
an equal volume of pyridine was added to the clear solution. 
On adding ether the first precipitate was amorphous and was 
rejected. On slow addition of more ether the product 
crystallized in boat-shaped plates (50 mg.). DL-Decarboxy- 
benzylpenillic acid had m.p. 196°; it was not readily soluble 
in alcohol or water, but dissolved easily in dilute hydro¬ 
chloric acid. It gave no coloration with ferric chloride or 
sodium nitroprusside. 

Calc. CuHiaO^NS: C, 62.0; H, 6.2; N, 9.7; S, 11.0 
Found: C, 61.1; H, 6.2; N, 9.2; S, 10.6 

m^BENZYI.PENIl.LAMINE HyDKOCHLOIUDE (CPS.7J). Dc- 
carboxybenzylpenillic acid (33 mg.) in water (5 cc.) (pH alxiut 
4) was treated with mercuric chloride solution until no more 
precipitate formed. The mixture was held for thirty 
minutes and the white precipitate centrifuged and washed 
twice with a little water. It was then suspended in water, 
N hydrochloric acid (0.15 cc.) added, and decomposed with 
hydrogen sulphide. Evaporation of the supernatant 
solution in vacuo left a syrup which soon crystallized through¬ 
out to a hard mass of small prisms (34 mg.). DL-Benzyl- 
penillamine hydrochloride had m.p. 193® after shrinking at 
190°. It gave strongly positive ferric chloride and nitro¬ 
prusside tests for the thiol group. Electrometric titration 
showed the presence of three ionizable groups having pK 
values of 1.8, 7.0 and 10.5 respectively. 

Calc. CuHisOaNjS-HCl: C, 55.1; H, 5.8; N, 8.6; S, 9.8 
Found: C, 54.3; H, 5.9; N, 8,6; S, 9.4 

Phenylthioacktamidoacbtaldbhydb Diethylacetal 
(Abraham, Baker, Chain, and Robinson, CPS.J^S), Amino- 
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acetal (3 cc.) was added to a solution of dithiopheny lace tic 
acid (G.3 g.) in water (60 cc.) containing sodium carbonate 
(4 g.). A turbidity soon appeared, and after tyfelve hours 
the solution was extracted with ether, the extracts shaken 
with aqueous sodium carbonate, dried and distilled, yielding 
a fraction b.p. 165-158^/0.07 mm. ( 2.4 g.). 

Calc. CuHaiOjNS: C, 62.8; II, 7.0; N, 5.2; S, 12.0 
Found: C, 62.6; H, 8.1; N, 5.7; S, 12.0 

The dinitrophenylhydrazonc (Cook, Elvidge, and Heilbron, 
CPS.77)j prepared in the normal manm^r in warm alcoholic 
solution, separated from ethanol or a mbeture of ethanol and 
ethyl acetate in yellow needles, m.p. 194“ after softening at 
190“. 

Calc. CiJIu 04 NfiS: O, 51.5; H, 4.0; N, 18 8 
Found: C, 61.8; H, 4 . 1 ; N, 19.0 

2-BENZYL-5-ETHOXYrHtAy.OL[NE (XXVII) (Abraham, 
Baker, (.-hain, and Robinson, CPS.43). The preceding 
acetal (1.3 g.) in a mixture of 2 N hydrochloric acid (13 cc.) 
and alcohol (2 cc.) was held at 45“ for two hours. The 
solution was neutralized, when a colorless oil .separated 
which soon crystallized. On recrystallization from light 
petroleum it formed tablets, m.p. 6 tl“. 

Calc. CuHuONS: C, 65.2; H, 6 . 8 ; N, 6 . 3 ; S, 14.5; OEt, 20.4 
Found: C, 65.3; H, 6.9; N, 6 . 6 ; S, 14.1; OEt, 20.4 

When a mixture of aminoacetal (4.0 g.) and methyl di- 
thiophenylacetate (5.46 g.) was allowed to stand (Cook, 
Heilbron, and Levy, CPS.SIS)^ heat and mercaptan were 
evolved. After forty-eight hours distillation gave the same 
thiazolinc, b.p. 126~130°/3r-4 mm., and practically none of 
the anticipated thioamide was obtained. The thiazoline in 
ether was treated with ethereal hydrogen chloride to give the 
hydrochloride which crystallized from a mixture of ethanol 
and ether in masses of needles, m.p. 124-125“ (dec.). 

Calc. CuHuONSCl: C, 55.9; H, 6.2 
Found: C, 55.4; H, 6.3 

dj^Bb:nzylpbnillamine (Cook, Elvidge, and Heilbron, 
CPS.77). Phonylthioacetamidoacetal (0.3 g.) and dl- 
penicillamine hydrochloride (0.2 g.) were heated to 100“ with 
1 drop of 2 N hydrochloric acid for ten minutes and the 
mixture (?vaporatod in vacuo. The white powdcir remaining 
after rubbing with ether containing hydrogen chloride was 
free from penicillamine and eventually crystallized by care¬ 
ful addition of ether to a solution in methanol and chloro¬ 
form. The microcrystalline powder had m.p. 165“ and 
was probably n*^4-carboxy-5,5-diinethyl-2-phenylthioacet- 
amidomethylthiazolidirie hydrochloride* (p. 137); it readily 
lost hydrogen sulphide on warming in butanol. 

Phenylthioocetamidoacetal ( 1.2 g.), DL-pcnicillamine 
hydrochloride ( 0.8 g.), and butanol (10 cc.) were refluxed for 
thirty minutes. Neither of the reactants liberated hydro¬ 
gen sulphide on heating separately with butanol but the 
mixture evolved the gas' copiously. Oude “decarboxy- 
benzylpenillic acid'^ was precipitated with ether (160 cc.). 

It was dissolved in methanol (10 cc.) and treated with 
6 % aqueous mercuric chloride (10 cc.) and water (200 cc.). 
Decomposition of the precipitate wdth hydrogen sulphide in 
the usual manner gave brownish impure Di^benzylpenillamine 
hydrochloride (115 mg.). This was purified with some loss 
by dissolving in hot water (6 cc.) and treating with warm 
saturated aqueous picric acid. Pure DL-benzylf>eTiillamine 
picrate was precipitated at once and was Altered after cool- 
ing; the yield (85 mg.) at this point corresponded to 7%, 
calculated on the penicillamine used. The picrate had m.p. 
159-160“ and was identical with that described above. 

Found: C, 48.7; H, 4.1 

Solution of the picrate in 2 N' hydrochloric acid (6 cc.), 
extraction of picric acid with ether, and evap>oration of the 
aqueous solution gave i>i^benzylpenillamine hydrochloride 
with all the properties described above. 


D- and l-Amylpenili-amine (Cook, Elvidge, and Heil¬ 
bron, CPS.27S). Ti-Penicillamine hydrochloride (2.6 g.) 
was warmed with ri-caproamidoacetaldehyde diethylacetal 
(3.1 g.) to 60“ when after a few minutes the melt set solid. 
The crude product (yield, 3.8 g.) after being washed with 
ether, contained no thiol grouping. ir. 4 -Carboxy- 5 , 5 -di- 
methyl- 2 -n-caproamidomethylthiazolidine hydrochloride 
crystallized from acetic acid or a mixture of methanol and 
ether in small elongated prisms, m.p>. 193-194“ (dec.). 

Calc. C 18 H 26 O 3 N 2 SCI: C, 48.1; H, 7.7; N, 8.6 
Found: 48.0; 11 , 7.8; N, 8.4 

It had —82.3“ {c * 0.875 in ethanol), and after being 

heated to 50“ for ten minutes had —76.5“. 

D-4-Carboxy-6,6-dimethyl-2-ri-(*aproaniidomcthylthiazol- 
idine hydrochloride (XX) was prepared similarly; it crystal¬ 
lized from acetic acid or methanol-ether in small elongated 
prisms, m.p. 193-194“ (dec.). 

Found: C, 48.0; II, 7.8; N, 8.2 

-+-82.0“ (c « 1.195), -f83.7“ (c « 0.239 in ethanol), 
after ten minutes at 50“, +75.3“. The rotatory values 

wore a little higher but more variable in 50% ethanol. 

The optically pure thiazolidine hydrochlorides (XX; R » 
n-t’fcHn) (1.5 g.), each in phospihoryl chloride (10 cc.) were 
kept at room temp)erat*ure for forty hours; clear solutions 
were observed after four to five hours. Solvent was 
thoroughly removed in vacuo and the residues were taken up 
in dioxan (20 cc.) and added dropwise to ice-cold 5 % aqueous 
sodium bicarbonate (100 cc.). The filtrates from the 
diketopiperazine l>y-product (about 0.4 g.) were acidified 
and extracted with butanol (50, 40, 25 cc.) and the washed 
extracts evaporated at 40-50“ in vacuo. The crude “de- 
carboxypenillic acidswere taken up in chloroform, precipi¬ 
tated with ether, and finally dissolved in methanol (5 cc.) 
and treated successfully with 10 % mothanolic mercuric 
chloride (10 cc.) and 5% aqueous mercuric chloride in excess. 
The precipitate was freed from mercury in the usual manner. 

n-w-Amylpenillamine hydrochloride (II; R ■» n-CjHu) 
was obtained in crude form as a completely crystalline solid, 
m.p. 160“ (dec.) (yield, 128 mg.). It wa.s recrystallized from 
a mixture of acetone and ether in stellate clusters, m.p. 169- 
170“ (dec.). 

Calc, for C 13 H 23 O 3 N 2 SCI: C, 50.9; II, 7.6 
Found: C, 51.3; 11, 7.9 

—59.5“ (c « 0.37 in water), —59.8“ (c « 0.49 in 
water); light absorption, inflection at X2,190 A, Eicm.^^" 190. 

li-n-Amylpenillamine hydrochloride (yield 89 mg.), m.p. 
(crude) 165“ (dec.), was likewise crystallized from a mixture 
of acetone aiid ether to give needle clusters, m.p. 167-168“ 
(dec.). 

Calc. C, 2 ll 2 , 0 *N 2 SCl: C, 50.9; H, 7.6; N, 9.1 
Found: C, 50.9; H, 7.7; N, 8.8 

(a]p*^ +60.0“ (c » 0.35in water);light absorption, inflection 
at X 2,180 A, Eiom.^'^‘'243. 

p- AND iz-IiENZYLpENiLLAMiNB ((/ook, Heilbron and Levy, 
CPS.3IS). D-Penieillamine hydrochloride (1.2 g.) and 
phenylthioacotamidoacetaldehyde diethylacetal (1.75 g.) 
were refluxed in butanol (10 cc.) for forty minutes during 
which hydrogen sulphide was evolved. The solution was 
diluted with ether and freed from penicillamine by washing 
with small quantities of water; the organic solvent was 
removed in vacuo and the residue taken up in chloroform 
and extracted with aqueous sodium bicarbonate. The 
major part of the color remained in the chloroform, most of 
the remainder being precipitated with the crude decarboxy- 
benzylpenillic acid as a brown powder by acidifying the 
extract. The filtrate on standing gave well-formed crystals 
which separated from chloroform in laths which softened 
on heating and finally had m.p. 196® (dec.); this material 
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gave no immediate thiol reaet ions hut gave a heavy precipi¬ 
tate with mercuric, cliloride and was itself a hydrochloride; 
it is thought to be one form of i>-thiobenzylpeih11oic acid 
hydrochloride (XXX). 

Calc. CifiHaiOaNgSsCl: C, 49,9; H, 5.8 
Found: C, 49.8; H, 5.9 

The crude decarboxypenilUc acid and residues present in 
the filtrate from the thiazolidine were precipitated with 
mercuric chloride (see below) and recovered jienillamine 
precipitated from aqueous solution with saturated aqueous 
picric acid. i>-Beiizylpenillamine picrate separated from hot 
water in firm laths or needle clusters (18 mg.), m.p. 156-157® 
after softening at 14G®. 

Calc. CgillziOoNtS; C, 48.6; II, 4.1; N, 13.5 
Found: C, 48.5; II, 3.8; N, 13.4 

,L-Penicillamine hydrochloride (1.8 g.) and phcnylacet- 
amidoacctal (2.5 g.) wore melted together, heated at 67® for 
ten minutes and the product washed wit h ether (50 cc.) and 
with methanol-ether (5 cc.; 20 cc.). L-Benzylpenilloic acid 
hydrochloride (XXIII) separated from methanol-ether in 
prisms (2g.), m.p. 194-195° (dec.). 

Calc. CuHaiOaNaSCl: C, 52.2; 11, 6.1 
Found: C, 51.6; II, 5.9 

Wd** —70° (c « 1.0 in ethanol). This pcnilloic acid (1.8g.) 
was kept with pliosphoryl chloride* (8 cc.) for sixty to 
seventy hours and the halide then removed in vacuo. 
The ro.sidue was taken up in warm dioxane (6 cc.) which was 
dropped into rapidly stirred, ice-cold, N sodium bicarbonate 
(65 cc.) (one hour). The filtrate was adjusted to pH 4 wdth 
2 N hydrochloric acid (about 3 cc.) and extracted with 
butanol (4 X 50 cc,). The extract was evaporated in vacuOf 
taken up in chloroform and precipitated with ether.* The 
solid decarboxypenilUc acid (?) was taken up in methanol 
(10 cc.) and precipitated with excess of aqueous methanolic 
mercuric chloride. Recovery in the usual way gave ii-benz- 
ylpenillamine hydrochloride which separated from acetone- 
ether in regular, prismatic needles (27 mg.), m.p. 166-167° 
(dec.). Recrystallization from the same solvents gave the 
pure compound in prismatic needles, m.p. 173-174° (dec.), 
which gave an instantaneous deep blue color with aqueous 
ferric chloride. 

Calc. CuH, 902 N 2 SC 1 : C, 55.1; II, 5.8; N, 8.6 
Found: C, 54.9; H, 6.0; N, 8.8 

[afc** 4*65° (c « 0.5 in water). 

In similar fashion n-penicillamine hydrochloride (1.52 g.) 
and phenylacetamidoacetal (2.1 g.) gave D-benzylpenilloic 
acid hydrochloride (XXIII), which separated from methanol- 
ether in prisms, m.p. 193-194° (dec.) (yield of recrystalUzed 
material, 94% of theory). 

Calc. CuHiiOsNaSCl: C, 52.2; H, 6.1 
Found; C, 51.5; H, 6.2 

4-70.8° (c a» 1.0 in ethanol). The rotation showed no 
change after standing for eighteen hours. 

The penilloic acid hydrochloride (2.2 g.), cyclized in 
phosphoryl chloride (10 cc.) as above, gave n-benzylpeniU- 
amine hydrochloride (67 mg.) which separated from 
acetone-ether in prismatic needles, m.p. 172-173°. Further 
crystallization from the same mixture gave the pure com¬ 
pound (33mg.), m.p. 173-174° (dec.). 

Calc. CuHLOaNaSCl: C, 55.1; H, 6.8; N, 8.6 
Found; C, 55.2; H, 5.6; N, 8.9 ’ 

—64° (c «■ 0.5 in water). 

* It bat been observed several times that pure distilled phosphoryl 
obloride is unsuitable for such oyolisations and recovered material^ or 
**aged** halide, or halide which been '*aged*’ artificially by adding 
a few drops of water or phosphoric acid wae used preferably. 

* It appeared very important to ensure complete removal of butanol, 
otherwise the later fiseion with mercuric chloride was unsatisfactory. 


Some p-Hydroxybenzyl Compounds. p-IlYi)RoxYruK\- 
YLACBTic Acid (Cook, Heilbrori, and Graham, CPS,,il4). 
The preparation of this substance ai)p('ar.s to he inadequately 
described in the literature and the following modifications 
are suggested. p-Nitrobenzyl eyaiiido {Org. Syn.^ Coll. 
Vol. 1, 396) is converted into ethyl 7 )-nitrophenylaceiate 
(Ferber and Bendix, Her., 73, 839 (1939) I; yield, 92';. The 
ester (50 parts) in ethanol (250 parts) is hydrogenated 
over Adams catalyst (0.2 parts) at room tenqxTature and 
pressure (tJie yield of ethyl /)-aminophenyla(jetai(‘ is 
and the ester hydrolyzed b^^ boiling with 4 jiarts of 2 A' so¬ 
dium hydroxide. 7 >-Aniiiiophenylacetic acid (20 g.) in 50% 
sulphuric acid (200 cc.) was diazotized with sodium nitrite 
(9.2 g.) and the diazonium solution dropped into boiling 2 N 
sulphuric aci<l (about 250 cc.). On cooling a pari of the 
hydrox 37 )henyJa(^eti(^ acid separates and the rest is extracted 
with ether. The yield of practically pure though slightly 
discolored material is about 80%;. 

p-AcEToxYeuKNYLACETic Acii) {CPS.314). 7 )-Hydroxy- 
pheiiylacetic acid (-1.5 g.) w^as dissolved in ac€4ic anhydride 
(15 cc.) and treated with sulphuric acid (3 drops). On being 
cooled, diluted, and allowed to stand the aceioxy compound 
separated (the yield was variable but was about 4 g.).j It 
crystallized from wat(‘r in small plates, m.p. 108°. 

Calc. (hoHio 04 : C, 61.8; 11, 5.2 
F'ound: C, 61.6; 11, 4.9 

P-Acetoxyphenylacetyl (%iloride (CPS.314)- The 
acetoxy acid (1.5 g.) was allow^od to stand with thionyl 
chloride (I g.) for twenty-four hours. After removal of 
exce,ss reagent the acid (ddoride w^as distilled as a colorless 
liquid, b.p. U6°/4 mm., which solidified; needles (1 g.) from 
light petroleum, m.p. 42°. 

(^ale. CiolUOiCU C, 56.5; H, 4.3 
I'ound: C, 56.6; II, 4.2 

P-Acetoxyphenyi.acetamidoaedehyde Diethylacetae 
(CPS.S14). An ice-cold solution of aminoacetal (2.7 g.)iin 
water (100 cc.) containing sodium bicarbonate (2 g.) was 
stirred dropwise with the above acid chloride (4 g.) in ether 
(20 cc.) over one hour. The ether layer was removed and 
the aqueous solution extracted with more ether. Concentra¬ 
tion of the ethereal solution to a small bulk gave the acyl- 
amido acetal in crystalline form (yield, 3.5 g.; 59%); long 
needles from ether, m.p. 76°. 

Calc. CuH 2 « 05 N: C, 62.1; H, 7.4; N, 4.5 
Found: C, 62.0; H, 7.4; N, 4.5 

The 2,4-dinitrophenylhydrazone separated from ethanol- 
ethyl acetate, or better from methanol-benzene, in masses 
of small, lemon-yellow^ needles, m.p. 207° (slight dec.). 

Calc. CisHitOtN^: N, 16.9 
Found: N, 17.1 

P-HyDROXYB BN ZYLPE N1LLOA LDEHYDE Dl NITROPHBN YLHY- 

ORazone (CPS.S14)- The acetoxyacetal (1 g.) was shaken 
with water (60 cc.) and sodium hydroxide (6.3 g.) for two 
hours w’hen a clear solution w^jis obtained. Treatment with 
carbon dioxide precipitated oily crude p-hydroxyphenyl- 
acetylamidoaeetal which was extracted with ether. The 
acetal, which could not be distilled at 1 mm. pressure without 
decomposition, was converted directly into the dinitro- 
phenylhydrazone of p-hydroxybenzylpenilloaldehyde which 
crystallized from ethanol in orange needles or plates, m.p. 
196°. 

Calc. CibH, 60«N*; N, 18.8 
Found: N, 18*8 

It was identical with the dinitrophenylhydrazono of the 
penilloaldchyde of natural origin (Catch, Cook, and Heil- 
bron, CPS.2S) and the m.p. of a mixture was undepressed. 
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4~Cakboxy~5,5-i>imethyi>2-/)-acetoxyphenyi»acetamido- 
MBTHYi.THiAZOLiDiNE HYDROCHLORIDE (unrepofted continu¬ 
ation of CPS,SI/f), DL-Penicillamimi hydrochloride (1.8 g.) 
and p-iicetoxyphenylacctamidoHCotaldehyde dicthylacetal 
(3.1 g.) were mixed intimately and heated at 70-80° for thirty 
minutes when the melt gave only faint thiol reactions. The 
cold product was repeatedly washed with quantities of 
ether (15 cc.) containing methanol (1 cc.) and the solutions 
poured into elhor (25 cc.). The bulked solutions soon 
deposited the thiazolidine hydrochloride in crystalline form 
(2.9 g.). After several recrystallizations from methanol- 
ether it separated in compact rosettes, m.p. 198-199° (dec.). 

Calc. CnHssO^NjSCl: 0, 50.7; II, 5.8; N, 7.0 
Found: 0, 50.0; II, 5.9; N, 7.3 

i>l-p-Hyduoxybenzylpenillamine Hydrochloride (un¬ 
reported continuation of CPS.314)- The preceding thiaz¬ 
olidine hydrochloride (2.0 g.) was added to ‘‘aged” phos- 
phoryl chloride (18 cc.). Solution was complete after 
thirty minutes but the liquid w’as kept for forty-eight hours 
and then evaporated in vacuo at 50°. The residual syrup 
was taken up in dioxane (6 cc.) and run into ice-cold satu¬ 
rated aqueous sodium bicarbonate solution (80 cc.). The di- 
ketopiperazine product was collected, the filtrate brought to 
pH 2,0 and treated with an excess of aqueous mercuric 
chloride. Decornjiosition of the complex in the normal 
manner with hydrogen sulphide gave a crystalline thiol 
(54 mg.), m.p. 175-176°, which gave an intense blue color 
with ferric chloride but did not condense with acetone. 
Recryatallization from methanol-acetone, containing a little 
ether, gave the product, regarded as DL-p-hydroxybenzyl- 
pcnillamino hydrochloride, in clusters of long prismatic 
needles, m.p. i75”'170°. 

Calc. CuHifOsNaSC^: 52.5; H, 5.6; N, 8.2 
Found: C, 52.9; H, 5.7; N, 8.1 

4- CaRBOXY- 5,5- dim ethyl- 2-n-CAPROAMIDOMETHYL-THI- 
AZOLIDINE (XX) (Cook, Elvidge, and Heilbron, CPS. 199), 
4-Carboxy-5,5-dimethyl-2-ri^caproamido-carbcthoxymethyl- 
thiazolidine (XXXII; R' « COzEt, R « C^Hu) (4 g.) was 
held for forty-five hours with phosphoryl chloride (25 cc.). 
The solvent was removed in vacuo and a solution of the 
residue in dioxane run into ice-cold 5% aqueous sodium 
bicarbonate (200 cc,). Filtration, acidification and extrac¬ 
tion, first with ether and then with butanol (50, 50, 25 cc.) 
removed the product (1.47 g.). Treatment with baryta 
(0.5 N, 22 cc.) followed by working up in the ordinary way 
gave a product which crystallized from acetone-ether, when 
it had m.p. 195° (dec.). It was not the expected inactive 
amylpenillic acid of similar m.p., but a hydrochloride 
identified as that of the thiazolidine XX (R' =* H, R » 
C\Hii). 

Calc. CuHasO^N^SCl: C, 48.0; H, 7.7 
Found: C, 47.7; H, 8.0 

Synthesis of Penillic Acids. 4-Cabbox y-5,5-dim ETHYiy 
2-chloromethyltiiiazolidine Hydrochloride (C<3pp, Diif- 
fin, Smith, and Wilkinson, CPS.72). A solution of 
penicillamine hydrochloride (800 rng.) and hydroquinone 
(40 mg.) in warm acetic acid was cooled and kept for one 
hour with chloroacctal (740 mg.) under nitrogen. Seeding 
gave 4-carboxy-5,5-dimethyl-2-chloromethyIthiazolidine hy¬ 
drochloride which crystallized from methanol on rapid 
addition of ether as prisms, m.p. 170° (dec.). 

Calc. CTHiaOaNSClj: C, 34.1; H, 5.3; N,-5.7; Cl, 28.9 
Found: C, 34.0; H, 6.2; N, 5.6; Cl, 26.2 

DIi-4-CARBOMETHOXY-6,5-I)IMETHYl./-2-CHLOROMETHYLTHI- 
azolidine {CPS.72). Penicillamine methyl ester hydro¬ 
chloride (800 mg.) and chloroacetal (^TOO mg.) were condensed 
as in the preceding preparation, and the hydrochloride 
product precipitated from acetic acid with ether. Basifica- 


tion at — 20 ° with sodium carbonate and sublimation of the 
oil in vacuo at below 40® gave the thiazolidine in small yield 
as slender needles, m.p. 39-40°. 

Calc. CgHuOsNSCl: Cl, 15.9 
Found: Cl, 15.9 

DL - 4 - CaRJBOMETIIOX Y - 5,5 - DIMETHYL - 2 - AMINOMBTH YL- 
THiAZOLiDTNE DiHYDROCHLORiDE (CP *8.7^2?). Peni¬ 
cillamine methyl ester hydrochloride (200 rng.) in acetic 
acid was treated with aminoacetal hydrochloride (170 mg.) 
and hydroquinone (10 ing.). After twenty-four hours shak¬ 
ing, the solution was evaporated in vacuo and the residue 
boiled with ether. The crystalline product was recrystal¬ 
lized from cold methanol-ether when the thiazolidine 
dihydrochloride separated in prisms, m.p. 161-162°. 

Calc. ChH, 802 N 2 SC 12 : C, 34.5; H, 6.5; N, 10.1 
Found: C, 34.7; II, 6.9; N, 10.3 

Treatment of Penicillamine Hydrochloride with 
Ethyl Chloroformylacktate {CPS.72). Penicillamine 
hydrochloride (1 g.) and ethyl chloroforrnylacctate (1.03 g.) 
were shaken with acetic acid (10 cc.) and kept for twenty- 
four hours when no thiol remained. Evaporation in vacuo 
and addition of ether gave a white solid, m.p. 125-127° (dec.). 

Calc. C 10 HUO 4 NSCI: C, 42.6; H, 5.7; N, 5.0; S, 11.4 

C 10 H 1 TO 4 NSCI 2 : C, 37.7; H, 5.3; N, 4.4; S, 10.1 

Found: C, 39.7; H, 6.2; N, 5.7; S, 11.6 

D- 4 - Carboxy- 5,5-dimethyl-2- CHLOiioc a im ethoxy meth- 
ylthiazolidine (Merck, M.'29f 12). D-Poriicillamine hydro¬ 
chloride (1.86 g.; O.Ol mol.) in water (20 cc.) was mixed with 
crude ethyl chloroformylacetate ( 0.01 mol.) in ethanol 
(20 cc.); after one hour the solution was evaporated in 
vacuo until an oil appeared. Scratching and cooling gave 
crystals which were recrystallized from benzene; m.p. 114- 
115° (dec.). 

Calc. C,oHu 04 NSC 1 : C, 42.6; H, 5.7; N, 5.0; Cl, 12.6 
Found: C, 43.1; H, 6.1; N, 5.4; Cl, 10.4 

It was not usefully condensed with phenylacetiraino ethyl 
ether. 

Pyrolysis of Methyl Benzylpenicilloate (Merck, M,S2, 5; 
SSf 10), A suspension of a-methyl D- 7 -benzylpenicilloate 
(5.0 g.) in xylene (50 cc.) was heated under reflux, with 
agitation until solution had taken place (five minutes), and 
then for three hours longer. When cold, the crystalline 
product (2.9 g.) was recrystallized from methanol; diamond 
shaped jilates, m.p. 216°. It was optically inactive, con¬ 
tained no sulfur, and was believed to be a-(4-carbomethoxy- 
2 -benzyliminazolyl)-^,j 8 -dimethylacrylic acid. 

Calc. Ci 7 Hi 804 N 2 : 

C, 65.0; H, 5.8; N, 8.9; OMe, 9.9; Ncut. equiv. 314 
Found: 

C, 65.1; H, 6.2; N, 9.2; OMe, 11.2; Neut. equiv. 323, 318 

a-(4-CARBOXy-2-BENZYLIMINAZOLYL)-/3,/3-DIMBTHYLACRYLIC 
Acid (Merck, M.S7y 1; 44 , 8). The above pyrolysis produot 
(202 mg.) was kept overnight with methanol (6 cc.) and 
0.1 AT potassium hydroxide (16 cc.), the solution acidified 
(Congo Red) and evaporated to dryness. The residue was 
extracted with cold methanol, the solution evaporated and 
the dibasic acid hydrochloride (178 mg.) crystallized from 
acetone; m.p. 224-225°. 

Calc. CieHi^OiN*: C, 64.0; H, 5.4; N, 9.3 
Found: C, 64.2; H, 6.2; N, 9.0 

M,ETHYL a- (4-CARBOMBTHOXY-2-BBNZTLIMINAZOLTL)-j8,^- 
DIMBTHYLACRYLATE {M.S7f 2). A suspension of the original 
pyrolysis produot (628 mg.) in ether (40 cc.) was treated 
with diazomethane from nitrosomethylurea (1 g.) for several 
minutes at 0°; after removal of yellow impurities (charcoal)^ 
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concentration, and addition of light petroleum, crystals 
separated. The dimethyl ester (322 mg.) crystallized from 
ether in prisms, m.p, 117°. 

Calc. CUH 20 O 4 N 2 : 0, 65.8; H, 6.1; N, 8.5 
Found; C, 65.9; H, 6.5; N, 8.8 

The ester was unchanged on heating in xylene for twenty- 
four hours or without solvent at 140° for three hours. It 
was oxidized by chromic acid but no neutral non-volatile 
producet was isolated. ' 

M ETHYL «-(4-CARBOMETHOXy-2-BENZYLIMINAZOLyL)-l- 
isovALERATE (Merck, M,37^ 2; 25). The above dimethyl 

e.ster was slowly hydrogenated (four to five hours) in methan¬ 
ol over Adams catalyst. The product crystallized from 
ether and had m.p. 106-107° (sharp), depressed by starting 
material. 

Calc. C,gH 2204 N 2 : C, 65.4; H, 6.7; N, 8.5 
Found: C, 65.8; H, 6.9; N, 8.6 

Light absorption: XmA*. 2,365 A, Em 12,050 (cf. dimethyl 
benzylisof)enillate: XmA», 2,380 A, Em 11,500b The new 
ester was not cleaved at 140 °for three hours. 

Synthesis of Penilloic Acids. N- 7 i-CAPROYii-^,/ 3 -niETH- 
oxYALANiNE (Cook, Elvidgc, and Ileilbron, CPS.199). 
/3,/J^-I)iethoxyalanine (0.8 g.) in ice-cold 5% aqueous sodium 
liydroxido was shaken with w-caproyl chloride (0.7 g.) in 
acetone (1 cc.). Acylation occurred readily. Acidification 
and direct extraction with eth(?r r(!moved only a small 
amount of acyl compouml and the aqueous solution w'as 
rerluced to 1 cc. before extraction. Concentration of the 
extract and addition of light petroleum gave a wliite precipi¬ 
tate, easily soluble in chloroform or alcohols, less so in ether, 
from which it crystallized in needles, m.p. 65°. It appeared 
to retain water of crystallization and was analyzed after 
drying in tlic air (it lost its crystal form over phosphoric 
anhydride). 

Calc. 54.4; II, 9.2 

Found: C, 51.4; H, 9.1 

A similar degree of hydration was postulated for the parent 
dicthoxyalanine (Cornforth, Oornforth, Dewar, Abraham, 
Baker, Chain, and Robinson, CPS.69). 

Contact for several hours with a saturated solution of 
dinitrophenylhydraziiie in 2 N sulphuric acid led to de¬ 
carboxylation and the formation of amylpenilloaldehyde 
dinitrophenylhydrazone, identical with that prepared by the 
direct route. 

N-PHENYLACETYL-(b(^-niETIIOXyALANINE {CPS.199). A 
similar acylation of diethoxyalanine (0.8 g.) in 5% sodium 
hydroxide (8 cc.) using phenylacetyl chloride ( 0.8 g.) in 
acetone (1 cc.) afforded N-phenylacetyl-^,i9-diethoxyalanine 
(yield after one crystallization, 0.6 g.); it separated from 
chloroform-light petroleum in radiating clusters of leaflets, 
rn.p. 110 ° with evolution of gas. 

Calc. CuILiOftN: C, 61.1; H, 7.1 
Found: C, 61.1; H, 6.9 

An attempt to effect the acylation in pyridine was 
unsuccessful. 

N-PHENYLTHIOACETYl^i9,j8-I)IBTHOXYALANINE (XXXIV) 

{CPS.199). /5(,^-Diethoxyalanine (2.3 g.) in 5% aqueous 
sodium hydroxide (23 cc.) was acylated with dithiophenyl- 
acetic acid ( 1.9 g.) in 10 % aqueous sodium bicarbonate 
(14.5 cc.), the temperature being allowed to rise during 
reaction. After 105 minutes, acidification and extraction 
with chloroform gave the known N-phenylthioacetylglycine, 
m.p. 140-142°. 

Calc. C 10 H 11 O 2 NS: C, 57.4; H, 5.3 
Found; C, 57.7; H, 5.6 

The acylation of /?,/3-diethoxyalanine (27.6 g. in six por- 
tioiui) was repeated, the temperature being kept down to 


that of the room. Acidification and extraction of the com¬ 
bined red solutions with chloroform gave a red oil which, on 
solution in a mixture of ether and light petroleum and chill¬ 
ing, crystallized in colorless, scintillating rosettes of needles, 
m.p. 65-70° (total yield, 10.6 g.; 22% of theory). Recrys¬ 
tallization from ether-light petroleum gave long, slender 
rods, or needles, m.p. 70°. 

An attempted acylation in pyridine was unsuccessful. 

The acid dissolved in ammonium bicarbonate with effer¬ 
vescence (unlike the parent diethoxyalanine); it readily 
decarboxylated on melting and with a warm solution of 2,4- 
dinitropbenylhydrazine in 2 N sulphuric acid gave glyoxal 
dinitrophenylosazone. With cold dinitrophenylhydrazine 
reagent it gave an excellent yield of the 2,4-dinitrophenyl- 
hydrazone of phenyltluoacetylamidoacetaldehyde (Cook, 
Elvidge, and Heilbron, CPS.77) identified by m.p. and mixed 
m.p. 

Attempts to condense this acid with penicillamine without 
loss of CO 2 were unavailing; in boiling butanol loss of H 2 S 
also took place, probably with the formation of the decar- 
boxypenillic acid. 

The acid (3.0 g.) in other (20 cc.) was treated with diazo- 
methane (about 0.5 g.) in ether (50 cc.). After one hour 
the neutral oily ester was recovered (the esterification was 
also effected with methyl sulphate and alkali). The crude 
ester distilled in vacuo with some decomposition. 

Calc. C 16 H 25 O 4 N 8 : C, 59.1; H, 7.1 
Found: C, 58.0; II, 7.1 

In three condensations the yields were poor but comparable; 
e.g. 2.8 g. of the methyl ester gave 14.0 mg. of crystalline 
material precipitated from bicarbonate solution. 

Dinitkophenylhyorazonks (Cook, FJlvidge, and Heilbron, 
unreported details). N-w-Caproyl-/3,^i-diethoxyalanin(^ in 
water was added to a saturated solution of 2,4-ilini- 
trophenylhydrazino in 2 N sulphuric acid. After several 
hours n-caproamidoaeetaldehydo 2,4-dinitropheuylhydraz- 
one had separated, m.p. 171-175°, undepressed on mixing 
with authentic material. N-Phenylthioacetyl-/3,^-diethoxy- 
alaninc similarly afforded phcnylthioacetamidoac(‘taldehyde 
2,4-dinitrophcnylhydrazone, m.p. undepressed by authentic 
material. 

Penilloic Acids (Cook, Elvidge, and Heilbron, unrepor¬ 
ted details), nir-Penicillamine hydrochloride (100 mg.) and 
N-phenylacetyl-/a,it?-diethoxyalanine (180 mg.) in acetic 
acid (2-3 cc.) was heated in a sealed tube to 50-60° over¬ 
night. On diluting with ether prisms of DL-benzylpenilloic 
acid hydrochloride separated, m.p. 180*182°, identified by 
mixed m.p. with authentic material. Similarly, condensa¬ 
tion of penieillamine hydrochloride with N-n-caproyl-/3,/3- 
dicthoxyalanine at 60-60° overnight in acetic acid, or for 
three days at room temperature in ieri.-butanol, gave dl- 
amylpenilloic acid hydrochloride, m.p. 198° (dec.) giving no 
depression with authentic material (cf. CPS.^73^ 4). 

N-Thiophenylacetyl-/3,^-diethoxyalanine (Lilly, L.IS^ 
8 ). An ethereal solution of dithiophenylacetic acid (from 
1.5 mol. of benzyl magnesium chloride) was extracted with 
4.16 N sodium hydroxide (120 cc.) and the aqueous extract 
held for twenty hours with /3,^^-diethoxyalanine (98 g.) in 
4.16 A sodium hydroxide D33 cc.). The solution was 
filtered, washed twice with ether, diluted to 5(X) cc. and 
acidified dropwise with rapid stirring at 0 ° with 5.91 N 
hydrochloric acid (169 cc.). The product was extracted 
(2 X 300 cc.) with ether, the solution washed (2 X 200 cc.) 
with water, dried, concentrated to 200-250 cc. and the boil¬ 
ing solution diluted with light petroleum (1 liter). After 
being washed with light petroleum and dried, the acid (118 g., 
74%) had m.p. 67-68°, not changed by recrystallization. 

Calc. CuHaiOiNS-HHaO: O, 56.3; H, 6.9 
Found: G, 56.6; H, 7.2 

N-Thiophenylacetylalaninb (L.f5, 9). N-Thiophen- 
ylaoetyl-/3,j3-diethoxyalanine ( 6.6 g.) in ethanol (30 cc.) was 
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added to D-peiiicillamine hydrochloride (3.76 g.) in 1.03 N 
liydrochloric acid (20 cc.) under nitrogen. After forty-eight 
hours a little COj had been evolved. On working up, a 
white solid thought to be N-thiophenylacetylalanine was 
obtained; after preci|>itation from chloroform with light 
petroleum it had m.p. 140-143® (softening, 130®). 

Calc. CuHiaOaNS: N, 6.3 
Found: N, 6.5 

Synthetic Monomethyl DL-Benzylpenillate (Cook, KIvidgc, 
and lieilbron, CPS.199). Methyl thiobonzylponaldate 
diethylacetal (0.5 g.) was heated under reflux for 

thirty minutes with DL-penicillamino hydrochloride (0.3 g.) 
in anhydrous Initanol (5 cc.). Much hj-^drogen sulphide 
was evolved. The cold solution w^as treated with ether 
(3-4 cc.), washed with winter until the washing gave no 
thiol reaction, and evaporated in vacuo. The residue, dis¬ 
solved in ether, showed the characteristic inflection band 
of benzylpenillic acid (Xma*. 2,350 A, Eicm.^^ 200 ). Extrac¬ 
tion with <!old 5% aqueous sodium bicarbonate and acidifi¬ 
cation to pH 2 gave the ester (yield less than 5% of the 
theoretical amount); small cubes from dilute acetone, m.p. 
165®. 

Calc. C, 7 ll 2 o 04 N 2 S: C, 58.6; lb 5.7; N, 8,0 
Found: C, 58.7; 11, 5.4; N, 7.8 

4-CARBOMETHoxy-2-BENZYLTHi.\zoi.j(; (Squibb, S.31, 9). 
Methyl thiobenzylpenaldatc diethylacetal (875 mg.) and 
D-penicillaminc hydrochloride (500 rng.) in acetic acid (8 cc.) 
were kept at room temperature for eight days. The solution 
was taken to dryness in vacuo; the residue was taken up in 
chloroform, washed with aqueous potassium carbonate, 
concentrated to an oil and treated with ether (5 ca:.) at —35®. 
The recrystallized product (175 mg.) had m.p, 63-64®. 

Calc. CiaHuOaNS: C, 61.8; H, 4.8; N, 6.0 
Found: C, 61.6; H, 5.0; N, 6.7 

Light absorption (ethanol): Xi»*. 2,350 A, 370, dip¬ 
ping at X 2,250 A, 343, end absorption (i.e. similar 

to penillic acid). 

An acidic fraction (118 mg.) was obtaint^d from the 
alkaline washings. After recrystallization from chloro¬ 
form it had m.p. 165-166® and was identified (mixed m.p.) 
with 4 -carboxy- 2 -benzylthia 2 ole. 

Attempts (Merck, Af.47, 22 ) to prepare monomethyl 
D-benzylpenillate from n-penicillamine under the conditions 
described in CPS. 199 failed, the only product being 4-carbo- 
methoxy- 2 -benzylthiazole, m.p. 61--62®. 

Found: C, 62.0; H, 4.9; N, 5.6 

Light absorption: Xmax. 2,350 A, 345. 

The same product was also obtained {M.47, 22) on heating 
N-thiophenylacetyl-/3,i3-diethoxyalanine in butanol contain¬ 
ing a small amount of hydrogen chloride. Hydrolysis gave 
the corresponding acid, m.p. 165®. The sodium bicarbonate 
extract of the original reaction mixture gave on acidification 
an oil ( 6 %) which formed a glass, Wd** +48® (c « 1,0 in 
ether). The latter yielded a benzylamine salt which 
crystallized from ethanol and had m.p. 192-193®, [ajo** 0® 
(c « 0.348 in ethanol). 

Found: C, 63.1; H, 7.6; N, 7.9; OMe, 2.15 or OEt, 3.13% 
Light absorption: end absorption only. 

No pcnillate was obtained in butanol, isopropanol, ethanol, 
acetic acid, or in absence of solvent. 

Synthesis of Dimethyl n-Benzylpenillate. o-4-Carbo> 
METHOXY - 5,5-DIMETMyL-2-AMINOCARBOMETHOXYMETHyLTHI- 
AZOLiDiNB (Merck, M.60, 1; cf. 47^ 28). Sodio-a-formyl-N- 
fonnylglycine methyl ester (200 g.) in water (260 cc.), 
acidified with concentrated hydrochloric acid, was treated 
with benzylamine (140 g.) and kept overnight. The oil on 
trituration with ether yielded the Schiff's base, m.p. lOB- 


109® (70.5g.). The latter (48 g.) in warm methanol (100 cc.) 
was treated with n-penicillainine methyl ester hydrochloride 
(41.1 g.) in water (80 cc.) at 70° for fifteen minutes, and the 
cooled solution extracted with benzene. The oil obtained 
on evaporation (48 g.) was dissolved in 8.5% methanolic 
hydrogen chloride (160 cc.) held overnight at 0 °, evaporated 
to dryiies.s, dissolved in a little methanol, and poured slowly 
into excess potassium bicarbonate solution. Benzene 
extraction and concentration, followed by evaporative 
distillation at 100® and 10“** mm. gave D-4-carbomethoxy- 
5,5-dimethyl-2-aminocarbomethoxymethyl-thiazolidine as a 
pale amber s 3 Tup (18 g.). 

Dimethyl d-Benzyi^peniligate (M.50, 3). The above 
ester (1.60 g.) in ethylene dichloride (9 cc.) was added to 
ethyl phenylacetirnino other hydrochloride ( 1.22 g.) in 
ethylene dichloride (9 cc.), ammonium chloride being im¬ 
mediately deposited. After sixteen hours at room tempera¬ 
ture, the solution was clarified with norite and concentrated 
to a syrup in vacuo below room temperature. Extraction 
with boiling ether and concentration gave dimethyl n- 
benzylpenillato, m.p. 133-135® (micro-block, with slight 
sintering at 127®), undepressed by admixture with natural 
material; +411” (methanol). 

Calc. C 18 H 22 O 4 N 2 S: C, 59.7; H. 6 . 1 ; N, 7.7 
Found: C, 59.6; H, 6 . 2 ; N, 7.8 

Concentration of mother liquors yielded a second crop of 
dimethyl benzylisopcnillate, m.p. 1^5-126® (0.20 g.), show¬ 
ing no depression with natural material, but depressed with 
the first crop of dimethyl benzylpenillate. 

Dimethyl Benzylisopbnillatb (M.30, 3 ). D-4-Carbo- 
methoxy-5,5-dimethyl-2-aminocarbomethoxymcthyl-thiazo- 
lidinc ( 2.0 g.) in ierf.-butanol (8 cc.) was treated with a slurry 
of ethyl phenylacetirnino ether hydrochloride (1.39 g.) in 
ferf.-butanol (15 cc.). Ammonium chloride was slowly 
deposited and, after forty-eight hours, the mixture was 
filtered and concentrated in vacuo below room teniperature. 
Digestion with benzene (20 cc.), clarification with norite, 
and evaporation in vacuo gave an oil which crystallized after 
standing for four days. The oily crystals were pressed on a 
tile, triturated with light petroleum and ether to yield di¬ 
methyl benzylisopenillato (0.48 g.), m.p. 126-129® (micro¬ 
block), after recrystallization from n-propyl ether, [ajo** 
— 6 ®. The m.p. was undepressed on admixture with ma¬ 
terial of natural origin. 

N-Phenylacetyl-^-ciiloroalanine {M.GO, 4). Phenyl- 
acetyl chloride was treated with the methyl ester of /5-chloro- 
alanine in the presence of sodium bicarbonate solution to 
yield N-phenylacetyl-/3-chloroalanine, recrystallized from 
ether-light petroleum, m.p. 93-94®. 

Calc. CnlluO^NCl: C, 56.4; II, 5,5; N, 5.5 
Found: C, 56.5; H, 5.6; N, 5.4 

Methyl a-PnENYLACETAMino-ACRYLATE {M.60, 4). This 
chloro-compouTid reacted with amines such as benzylamine 
and with liquid ammonia to yield methyl a-phenylacetamido- 
acrylate, m.p. 53-64® after recrystallization from light 
petroleum. 

Calc. C»HiiO»N: C, 65.7; H, 6.0; N, 6.4 
Found: C, 66 . 2 ; H, 6 , 0 ; N, 6.9 

Analogous Studies in Other Series. Ethyl n-CAPROYL- 
iMiNOETHER HYDROCHLORIDE (Pfizer, P.26^ 13). A mixture 
of caprouitrile (9.7 g.), ethanol (4.6 g.) and anhydrous ether 
(4 cc.) was saturated with hydrogen chloride and kept at 
0® for seven days. Excess reagents were removed in vacuo 
and the'residue treated with ether; on cooling in carbon 
dioxide-acetone, ethyl n-caproyliminoether hydrochloride 
(16.2 g.), m.p. 66-67°, separated. 

Calc. G*H,«ONa: C, 68.5; H, 10.0; N, 7.8; Q, 19.8 
Found: C, 53.6; H, 10.2; N, 7.7 
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Condensation with 4-carbomethoxy-5,5-dittiethyl-2-amiiio- 
carbomethoxypOLOthylthiazolidine was attempted in ethylene 
dichloride at room temperature but the product was oily. 

Ethyl p-Hydroxyphenylacktiminobther Hydrochi.or- 
IDE (Pfizer, PM, 14). p-Hydroxyphonylacetonitrile (13.3 
g.), ethanol (4.6 g.) and hydrogen chloride were condensed 
at 0® overnight in presence of ether (4 cc.). llemoving 
reagents in vacuo and washing the rcjsidue with ether gave 
ethyl p-hydroxyphenylacetiminoether hydrochloride (20.3 
g.), m.p. 142®. 

Calc. C 10 H 14 O 2 NCI: C, 55.7; H, 6.5: N, 0.5; Cl, 16.5 
Found: C, 55.7; H, 6 . 0 ; N, 6.4; Cl, 16.5 

It was condensed with 4-carbomethoxy-5,5-dimethyl-2- 
aminocarbomothoxymethylthiazolidinc but the prodiuji was 
amorphou.s, m.p. 84-88®. 

IIexenoamidbs (Pfizer, PM, 3). 2 --nexenoyl chloride 
(70.2 g.) and anhydrous ammonia were run simultaneously 
into ether (500 cc.) at 0®; the reaction mixture was evapo¬ 
rated to dryness, and washed with ice-water to remove 
chloride ion. In a similar procedure with the compound 
much amide was recovered from the aqueous washings; the 
A‘ comi>ound was extracted from the mixture with am¬ 
monium chloride by means of ethanol. The amides cry.stal- 
lized from ethanol. 

2- Hexenoamide (yield, 80%) had m.p. 124-125®. 

Calc. CfiHuON: C, 63.7; H, 9.7; N, 12.4 
Found: C, 63.6; H, 9.9; N, 12.4 

3- IIexenoamide (yield, 82"X ) had m.p. 88-89® (literature, 
60®, 75®). 

5-llexenoamide (yield, had m.p. 83®. 

Found: C, 63.7; H, 9.3; N, 12.3 

IIbxenonitriles {Pm, 4). 2-Hexenoamidc (12 g.), 
benzene (25 cc.) and phosphorus pentoxide (8 g.) were 
refluxed for eighteen hours. The gummy deposit was 
triturated with warm water, extracted with benzene, and the 
combined benzene solutions distilled. 2-Iicx(monitrile had 
b.p. 66®/2G mm. or 60®/21 mm. (yield, 50%), 1.4353. 


Calc. C, 75.8; IF 9.5; N, 14.7 

Found: C, 75.4; H, 9.2; N, 14.4 

3-Hexenonitrile (yield, 50%.) had b.p. 61-62®/21 mni.. 
65725 mm., 1.4280. 

Found: N, 14.4 

5-Hexcnonitrile prepared similarly (yield, 44 %) had b.p. 
62®/21 ram., 1.4273. 

Found: N, 14.3 

An attempted preparation of 2-hexeiionitrile using phos- 
I^horyl chloride gave, in small yield, an oil b.p. 98-100®/ 
26 mm, 

(\alc. CfillioNCl: N, 10.7 
Pound: N, 10.7 

Hexenoiminorthyl Ether Hydrochlorides {P.28, 6). 
E(|uimolccular mixtures of the above nitriles ami ethanol 
in ether (about 40 cc./mol.) were saturated at 0® with 
hydrogen chloride, kept for four to five days, and reactants 
removed in vacuo. The residue was treated with ether at 
about —60° and the iminoelhers colle(!ted. 

3-Hexenoiminoethyl ether hydrochloride had m.p. 86-87®. 

Calc. (MlieONCl: C, 54.1; H, 9.0; N, 7.9; Cl, 20.0 
Found: C, 53.7; H, 9.0; N, 7.9; Cl, 20.2 

5-lh?xenoiminocthyl ether hydrochloride had m.p. 34-36®. 

P^ouml: C, 54.2; H, 9.4; N, 8.1 

The 2 -hexenonitrile, however, gave 2 (?)-chloro-rwjapro- 
irainoetliyl ether hydrochloride, m.p. 94-95®. 

Calc. CgHnONCh: 

C, 44.9; H, 7.9; N, 6.5; Cl, 33.2; ionizable Cl, 16.6 
P^ound: C, 45.0; 11, 8.1; N, 6.7; Cl, 33.1; ionizable Cl, 16.7 

3-Hexenoiminoefthyl ether hydrochloride was condensed 
with methyl 2-(aminocarl)omethoxymeihyl)5,5-dimethyl- 
thiazolidinc-4-carboxylate in ethylene dichloride; almost 
the theoretical amount of ammonium chloride was deposited 
ill the cold. The oily product could not be purified. 
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INTRODUCTION 

The status of the structure studies on benzyl- 
penicillin in December 1943, or at the beginning of 
the overall collaboration V)etween American and 
British laboratories, has been reviewed in Chapter 
IV. Although considerable progress had been 
made during 1941-1943 on the isolation and struc¬ 
ture of benzylpenicillin, there remained many 
incomplete and unsolved aspects of the chemistry 
of benzylpenicillin. There were also new aspects 
of the chemistry to be subsequently discovered. 
Certain investigations on the structure of benzyl¬ 
penicillin which took place during 1944-1945 are 
reviewed in this chapter. These investigations in¬ 
clude studies on the reactions of benzylpenicillin 
and its methyl ester, the sulfone and sulfoxide of 
benzylpenicillin, benzylpenillonic acid, and ben- 
zylpcnicillenic acid. Other investigations on the 
structure and chemistry of benzylpenicillin, which 
also took place during 1944-1945, have* been re¬ 
viewed in other chapters of this monograph. 

SOME REACTIONS OP BENZYLPENICILLIN 
AND ITS METHYL ESTER 

A review of the esters, including the methyl ester, 
of benzylpenicillin is included in Chapter V on the 
isolation and characterization of benzylpenicillin. 
This review on esters includes details of their 
preparation and data on their chemical, physical, 
and biochemical properties. 

The methyl ester as well as the sodium salt of 
benzylpenicillin were both important forms of 
benzylpenicillin for purification and structure 
investigations. The methyl ester of benzylpenicil¬ 


lin was employed in very early chromatographic 
and other purification work, and amorphous 
preparations were used for reaction with iodine to 
test for unsaturation (Merck, Report for November I, 
to February 15^ 19/i.S, pp. 3-5). The prepa¬ 
ration of the amorphous methyl ester from crystal¬ 
line sodium benzylpenicillin (Merck, Report for 
July 16 to August 20, 1943, p. 3), and finally the 
preparation of the crystalline methyl ester (Squibb, 
S.9y 1; Merck, M.12b, 1; Abbott, A.4, 5) afforded 
a completely satisfactory ester of benzylpenicillin 
for reaction with various reagents. It was later 
found that the triethylamine salt of benzylpenicil¬ 
lin could be converted directly to the methyl ester 
of benzylpenicillin in good yield by treatment with 
diazomethane (Pfizer, P.24, 12). The solubilities 
of the methyl ester in respect to those of the sodium 
salt offered advantages for certain organic reac¬ 
tions which were examined in the hope that new 
structural information would result. 

A solution of the methyl ester of benzylpenicillin 
in 66% ethanol-water was treated with one equiva¬ 
lent of alkali at a pH of not over 12.9 by a potentio- 
metric saponification technique. The reaction 
required eighty-nine minutes at 24°. Titration of 
the solution with hydrochloric acid revealed a span 
length which was equivalent to 92% of that 
calculated for the formation of one new carboxyl 
group. The solution was allowed to stand at pH 
2.5 and 24° for tw^enty houns, and back-titrated with 
alkali. The result of the titration with alkali 
showed that decarboxylation had occurred and that 
only 25% of the newly-formed carboxyl group re¬ 
mained. In other words, at least 75% of the 
methyl ester of benzylpenicillin had been saponified 
to /3-mcthyl D-a-benzylpenicilloatc (I) wdiich de- 
carboxylated to yield methyl benzylpenilloate (II) 


S 

CeH.CHaCONHCH—CH ^C{Ca^)2 


HOiii NH—in- 


CO,CH, 


s 

CeHsCHjCONHCHj—CH '^C(CHa), 

NH-iHCOsCH, 

II 


when the solution was allowed to stand at pH 
2.5. Since it appeared that the decarboxylation 
reaction was incomplete, the treatment of the 
methyl ester of benzylpenicillin with alkali under 
these conditions resulted in the formation of the 
/3-methyl ester (I) in high yield (Merck, M.4i> 5). 
The result of this experiment on the saponification 
of the methyl ester of benzylpenicillin may be com- 
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pared with previous results which showed that the 
methyl ester of benzylpenicillin could be saponified 
by a specially devised procedure to give benzylpeni¬ 
cillin in a 22-24% yield (Merck, M.S6, 3; Chapter 
V). 

A .1 % solution of the methyl ester of benzylpeni¬ 
cillin in absolute methanol was stable at room 
temperature during tw^enty-four hours as evidenced 
by observation of the optical rotation of the solu¬ 
tion; however, a 1% solution of the sodium salt of 
benzylpenicillin in absolute methanol changed 
markedly in optical rotation. The rotation de¬ 
creased at a rate characteristic of the formation 
of a-mcthyl D-a-benzylpenicilloate (Chaj)ter IV). 
The addition of sodium benzoate to the methanol 
solution of the methyl ester caused a rapid decrease 
in the rotation comparable to that ol)served for the 
methanol solution of the sodium salt of benzyl- 
penicillin (Pfizer, P.^4, 10). Unless the methanol 
used as a solvent for benzylpenicillin methyl ester is 
extremely pure, the ester is markedly unstable. 
Traces of alkali metals or amines present in the 
methanol appear to be sufficient to catalyse the 
methanolysis reaction (Squibb, SA2j 1) (cf. Chap¬ 
ters IV and XVIII). 

Although there was no apparent reaction between 
the methyl ester of benzylpenicillin in dioxane solu¬ 
tion and selenium at the reflux temperature, there 
W'as a definite reaction when selenium dioxide was 
used as evidenced by changes in the optical rotation 
of the solution (Pfizer, P.IP, 6-6). A previous 
experiment on the treatment of benzylpenicillin 
with selenium yielded phenylacetamide (Dutcher, 
MacPhillamy, Stavely, and Wintersteiner, Squibb, 
Report for September to October^ 19Ji3, p. 5; S./, 4; 
Chapter IV). 

It was found that there was no reaction between 
phenyl isothiocyanate and the methyl ester of 
benzylpenicillin at 100® (Merck, M.22^ 8). The 
reaction of benzylpenicillin with thiocyanic acid is 
discussed in Chapter X. There was no reaction be¬ 
tween ketene, diazomethane, or methyl iodide and 
the methyl ester at room temperature (Merck, 
M,22y 8; 28, 10; JfS, 6; ^6, 14). When solutions of 
benzylpenicillin methyl ester in methyl iodide or 
benzyl chloride were refluxed, changes took place 
and the ultraviolet absorption spectra indicated 
the partial formation of methyl benzylpenicillenate 
(Merck, M.22, 8). The treatment of either benzyl¬ 
penicillin or its methyl ester with acetic anhydride 
at temperatures of 70-120® resulted in changes. 
No pure product was isolated, although the presence 
of benzylpenicillenic acid or its ester was indicated 
as evidenced by the ultraviolet absorption spectra 
(Merck, 7; 32, 2). Benzylpenicillin methyl 

ester reacted with benzylamine in benzene solution 
to give the a-benzylamide of /?-methyl benzyl- 
penicilloate (see Chapters IV and XVIII). With 
dry gaseous ammonia in absolute benzene solution, 
benzylpenicillin methyl ester did not show any 


change in three hours. On standing, however, a 
product witli [ajo +79° was formed. The product 
was probably the a-amide of ^-methyl benzyl- 
penicilloate (sec Chapter XVIII). Benzylpenicil¬ 
lin methyl ester reacted with aniline in benzene 
solution; the rotation fell to [ajp +(>2® in ninety-two 
hours. The methyl ester of benzylpenicillin did not 
react with phenol in benzene solution. Phenol 
did react with sodium benzylpenicillin in a mixture 
of 95% phenol and 5% water (see Chapter 
XVIII) (Pfizer, PA7, 7). Benzylpenicillin methyl 
ester dissolved in chloroform or tetrachloroethane 
reacted with bromine, using up approximately two 
atoms of bromine per mole of ester (Pfizer, P.25y 9; 
Merck, M 62, 7). Bromine also reacted with the 
triethylamine salt of benzylpenicillin. The product 
appeared to be a benzylpenicilloic acid hydro¬ 
bromide (Pfizer, P.25, ,10). 

Inactivation of sodium benzylpenicillin (see 
Chapter IV) was effected by a number of metal 
ions, including Fe^ ^, Fe+++, CiU*^, Cd*^*^ and 
(Pfizer, P.9, 3). Benzylpenillic acid separated in 
crystalline form from a solution of sodium benzyl¬ 
penicillin in aqueous copper sulfate when the pH 
was fairly low. Inactivation with zinc caused only 
slight change in rotation. 

The triethylamine salt of benzylpenicillin in 
chlorobenzene solution was heated at the reflux 
temperature for one-half hour to give a crude prod¬ 
uct wffiich appeared to be a n-benzylpenicilloic 
acid (Pfizer, P.24y 13; 25, 11). Esterification of the 
product by means of diazomethane gave an ester. 
Analyses on the ester agreed fairly well with the 
values calculated for dimethyl D-benzylpenicilloate; 
the product did not, however, appear to be dimethyl 
D-a-benzylpenicilloate (see Chapter XVIII). 

Pbenylacetylaminoacetone. The methyl ester of 
benzylpenicillin reacted with methylmagnesium 
iodide in ethereal solution to give a crystalline 
product, m.p. 125-129®, which formed a semicar- 
bazone. The properties of this reaction product 
and its derivative were identical with those of a 
synthetic specimen of phcnylacetylaminoacetone 
(HI) and its semicarbazone. The authentic phenyl- 
acetylamihoacetone was prepared by the oxidation 
of the corresponding alcohol (IV) with chromic acid. 

0 

C,H5CH,C0NHCH2(!!!CH, 

m 

t OH 

CaHsCH,CONHCH,iHCH, 

.IV 

Acetylation of an oily fraction of the Grignard 
re^tion mixture yielded a crystalline compound 
which melted at 103-105.6®. For comparison with 
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this compound, the acetyl derivative of 2-methyl-3- 
phenylacetylaminopropanol (V) was sought 3301 - 
thetically. However, the synthetic product melted 

CeHsCHjCONHCHsCHCHsOCOCHs 

ill, 

V 

at 67-68®, and was not identical with the acetyl 
derivative of the Grignard reaction product. 
When the Grignard reaction between the methyl 
ester of benzylpenicillin and methylmagnosinm 
iodide was repeated, but with isoamyl ether as the 
solvent and under other conditions, phonylacetyl- 
aminoacetone was the only product which was 
isolated from the bulk of the reaction mixture. 

When a solution of methyl benzylpenicillin in 
isoamyl ether was treated with six moles of methyl- 
magnesium iodide at 50®, the reaction mixture 
was not homogeneous, and again only phenylacetyl- 
aminoacetone was identified as a reaction product 
(Abbott, A.6\ 1 ; <S‘, 1 ). 

w-Phenylacetylaminoacetophenone. The reac¬ 
tion of methyl benzylpenicillin with six moles of 
phenyl magnesium bromide yielded a mixture of at 
least four crystalline compounds in addition to 
biphenyl. One of the products melted at 99-100® 
and had the composition Ci 6 lIi 6 N 02 . This product 
and a synthetic specimen of co-phenylacetylamino- 
acetophenom^ (VI) were identiciul. The semi- 
carbazonos of this product and the synthetic ketone 
W'erc also identical. The second crystalline reac- 

O 

CeHsCHiCONHCHsIlCaHs 

VI 

tion product was a neutral nitrogen-containing 
compound which yielded a dinitrophenylhydrazone, 
m.p. 187-190®. The other two compounds could 
not be characterized, because of the small amounts 
of them which were formed. The bulk of the 
reaction mixture was oily (Abbott, A.8, 1; 10, 6). 

A solution of the methyl ester of benzylpenicillin 
in xylene was allow’ed to react with methylmagne- 
sium iodide in isoamyl ether, and then benzoyl 
chloride in xylene solution was added to the mix¬ 
ture. The steps which were used to examine the 
reaction products finally jdelded a brownish-orange 
viscous oil which was converted into a crystalline 
dinitrophenylhydrazone. This hydrazone melted 
at 215-216® and had the composition CjjHigNsO,, 
and was different from the 2,4-dinitrophenylhydra- 
zone of phenylacetylaminoacetone which melted at 
164® (Abbott, A.18, 6 ). 

4-Methyl-2-phenyl-6(4)-oxazolone (VI) (Mohr 
and Strosohein, Ber,, 2521 (1909)) in ethereal 
solution was allowed to react with excess phenyl- 


O 

^CC,H5 


CHaCH-N 

VI 


(C,H6)aCOH 

CHain— 

VII 


COCaHa 

NH 


magnesium bromide. There was obtained from the 
reaction mixture a product, m.p. 192-193®, which 
had a nitrogen content agreeing with the composi¬ 
tion C 22 H 21 NO 2 , corresponding to 2-benzoylamino- 
1,1-di phenyl propanol (VII). A test with 2,4-di- 
nitrophenyl hydrazine gave no evidence for the 
presence of ketonic material in the mother liipiors 
(Abbott, A,8^1). 

When 2-phenyl-5(4)-oxazolone was allowed to 
react with methylmagnesiurn iodide in ethereal 
solution, the majority of the product was a magne¬ 
sium salt from which no definite compound could bo 
obtained (Abbott, A£, 2). It is evident from the 
al)ove results of the reactions of benzylpenicillin 
and a ^‘modeP^ oxazolone with Grignard reagents 
that the benzylpenicillin reacts differentl}^; benzyl¬ 
penicillin reacts to form a ketone and the “model'' 
oxazolone reacts to form a tertiary alcohol. 

An ethereal solution of benzylpenicillin was al¬ 
lowed to react with ethylmagnesium iodide and 
then methyl iodide was added to the mixture. 
From the reaction mixture much unchanged ben¬ 
zylpenicillin and a small amount of an unidentified 
compound which melted at 76-78® were isolated 
(Merck, A/.56', 8). In another case, in which the 
reaction mixture w^as heated at idO®, there was 
obtained a small amount of crystalline material 
w^hich melted at 164-167®. When the heating 
was omitted, about one-half of the original benzyl¬ 
penicillin meth 3 d ester was recovered (Pfizer, P.2Sy 
13; 2/iy 11). The addition of benzoyl chloride to 
the reaction mixture before decomposition with 
ammonium chloride solution yielded gummy prod¬ 
ucts, and no starting material was recovered 
(Pfizer, P,23y 14). 

Alkylation of Benzylpenicillin with p-Bromo- 
benzyl Bromide. Sodium benzylpenicillin was 
treated with sodamidc and p-bromobenzyl bromide 
in liquid ammonia. The acidic reaction products as 
triethylaminc salts were fractionated with methanol 
and ether. Some of the benzylpenicillin was re¬ 
covered as the tricthylamine salt. There was also 
obtained a crystalline monobasic acid which con¬ 
tained halogen. The infra-red absorption spectrum 
of this product showed no band at 6.6 as expected 
for the conversion of a monosubstituted amide 
group to a disubstituted amide group. This 
product had the composition, C 24 H 27 N 206 SBr, 
which corresponds to the N-p-bromobenzyl deriva¬ 
tive of a-methyl n-a-benzylpenicilloate (VIII). 
It appeared that the p-bromobenzyl derivative of 
benzylpenicillin (IX), which probably formed as a 
result of the alkylation reaction, w^as converted into 
the benzylpenicilloate by reaction with methanol 
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during the fractionation procedure (Merck, M.75, 
3). 


BrC,H4CH, S 

I / \ 

C,H5CHsCONCH—CH C(CH,)2 

CHaOsi NH-inCOsH 

VIII 

BrC.H4CH2 S 

CeHaCHjCON CH—CH ^.(CHs)* 

io—-incoaH 

IX 

a-Benzamido-/3,/3-dimethylacrylic Acid Methyl 
Ester. To a solution of dimethyl D«ri-amylpeni- 
cilloate (X) in pyridine, benzoyl chloride was added 
and the mixture was refluxed for one minute. The 
crude benzoylated product, which did not crystal¬ 
lize, was then subjected to a saponification treat¬ 
ment with a methanol solution of potassium 
hydroxide. There was obtained from the alkaline 

S 

CsHnCONH CH—CH "^0(01118)2 

CHjOsi NH-CHCOjCII, 

X 


CgHsCONHCCOjCH, 

XI 

solution a neutral compound which melted at 
136.5-137®. It was identified as a-benzamido-^,iS- 
dimethylacrylic acid methyl ester (XI) (Merck, 
MABCy 11). It was of interest to apply this 
degradation of a thiazolidine with an unsubstituted 
>NH group to benzylpenicillin, because of the 
question existing at that time as to whether or not 
a hydrogen atom is attached to the nitrogen atom of 
the thiazolidine nucleus in benzylpenicillin. 

Benzylpenicillin was partially recovered after it 
had been treated with benzoyl chloride in pyridine 
solution at ice temperature. From a methanol 
solution of the recovered material it was possible, 
after boiling, to isolate a small amount of benzyl- 
penillic acid which had been formed (Merck, M£8y 
6 ). 

On the other hand, reaction between the methyl 
ester of benzylpenicillin and benzoyl chloride did 
take place in hot pyridine solution. After one 
minute at the reflux temperature, the mixture was 
cooled. The crude benzoylated reaction product 
did not contain halogen. It was dissolved in a 
methanol solution of potassium hydroxide and the 
mixture was allowed to stand at room temperature 


for thirty-six hours. n-Benzamido-jS,/3-dimethyl- 
acrylic acid methyl ester (XI) was obtained from this 
alkali treatment. Since an intermediate N-benzoyl 
derivative could not be obtained in pure form for 
characterization, a conclusion could not be made 
concerning the attachment of a hydrogen atom to 
the nitrogen atom of the thiazolidine nucleus in 
benzylpenicillin. The experimental conditions of 
the benzoylation reaction were sufficiently drastic 
that a reaction other than direct benzoylation might 
have occurred. In accord with later studies on the 
constitution of benzylpenicillin, a reaction which 
resulted in the formation of a secondary thiazolidine 
nitrogen atom must have preceded benzoylation 
(Merck, M.22, 4). 

The above-described treatment of the methyl 
ester of benzylpenicillin with benzoyl chloride in 
pyridine for one minute at the reflux temperature 
was repeated by other investigators. In these 
experiments, the intermediate crude benzoylation 
product was treated with benzylamine in an at¬ 
tempt to determine whether the ‘‘potential carb¬ 
oxyl group’’ of benzylpenicillin remained after the 
benzoylation. Although the result of the treatment 
with benzylamine was not definitive, an extremely 
small yield of crystals which melted at 69-75® was 
obtained (Abbott, A.JO, 3). 

Sodium benzylpenicillin was suspended in dry 
pyridine and benzoyl chloride was added. This 
benzoylation reaction was attempted under nine 
different sets of conditions. A benzoyl derivative 
could not be characterized, and the only reasonably 
well-defined product was benzylpenicilloic acid 
(Abbott, A.10, 1). 

In the experiment on the degradation of dimethyl 
D-n-amylp€micilloate (X) to a-benzamido-/3,i3-di- 
methylacrylic acid methyl ester (XI), the inter¬ 
mediate N-benzoyl derivative was a dark-colored 
gum which was insoluble in 2.5 N hydrochloric acid 
(Merck, M.loe, 11). This degradation was applied 
later to the crystalline dimethyl N-benzoyl-n-y- 
benzylpcnicilloate (XII). When a pure specimen of 


S 

CaHbCHaCONHCH—CH \(CH,), 


CH 




N 

A 


-in-i 


CO^H, 


0C,Hs 


xn 


this N-benzoyl derivative was treated with potas¬ 
sium hydroxide in methanol solution, a product was 
obtained which again was identified aso-benzamido- 
/3,/5-dimethylacrylic acid methyl ester (XI) (Merck, 
M.S3, 8). 

It was also foun d tha t j9-methyl Nrbenzoyl-i>-y- 
benzylpenicilloate (XJII) in a metiumol solution 
which contained two equivalents of potaaedtun 
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S 

CjHsCHsCONH CH—CH ^C(CH,)s 

HOsi i-incOjCH, 

ioc.pis 

XIII 

hydroxide was converted partially into a-benza- 
mido-/?,i(3-dimethylacrylic acid methyl ester (XI). 
The formation of the acrylic acid methyl ester 
derivative in this degradation provided confirmation 
that the a-carbomethoxy group of dimethyl N-ben- 
zoyI-D- 7 -benzylpenicilloate (XII) was selectively 
saponified to yield the /3-methyl ester (XIII) 
(Merck, M.33, 8 ). 

The degradation of benzyl penicillin through its 
reactions with acids, alkalies, alcohols and amines 
to give benzylpenilloic acid and benzylpenicilloic 
acid and their derivatives constituted an integral 
part of the investigations on the structure of the 
benzylpenicillin molecule during 1944-1945. These 
studies involved the demonstration of the thiazoli- 
dine nature of the benzylpenilloic and benzyl¬ 
penicilloic acids and yielded much information 
concerning the stereochemical aspects of these com¬ 
pounds. The degradative and synthetic work on 
these topics is discussed fully in Chapter XVIII. 

The investigations on pseudobenzylpenicillin 
methyl ester, a substance produced by the reaction 
of benzylpenicillin methyl ester with hydrogen 
chloride in ether, are discussed in Chapter XIV. 

Nitrosation Experiments on Benzylpenicillin and 
Some “Model” Compounds. Methyl benzylpenal- 
date diethyl acetal (3QV) in dioxane-acetic acid solu¬ 
tion did not react with nitrous fumes to give an 
N-nitroso derivative. Neither did dimethyl N-ben- 
zoyl-D- 7 -benzylpenicilloate (XII) nor the methyl 

C6H6CH2C0NITCHCH(0C2H6)2 

iojCH, 

XIV 

C,H6CH,C0NH-CH—CH» CH(CH,)2 

io—A—(I jh-cosCh, 

XV 

ester of desthiopenicillin (XV) react with nitrous 
fumes under similar conditions (Merck, M.54, 6 , 7). 

In order to interpret the effect of treating the 
methyl ester of benzylpenicillin with nitrous fumes 
in glacial acetic acid solution, it was desirable to 
determine whether the acetic acid inactivation 
(Chapter VIII) of benzylpenicillin was significant 
under the conations which were to be emplo 3 red. 
It was found that the methyl ester of benzyl- 
penicillin was stable in a 1:5 dioxane-acetic acid 
Solution at 5.5^ for thirty minutes. The ester 
was recovered in an 86% yield. Under these con¬ 


ditions, it was found that the methyl ester reacted 
rapidly with nitrous fumes to yield a poorly-defined 
product which contained a nitroso group and one 
or two additional oxygen atoms. The product was 
an orange-red gum which was without significant 
biological activity in vitro. 

An attempted hydrogenation of the nitrosation 
product of benzylpenicillin methyl ester did not 
yield material which showed significant activity 
in vitro. The nitrosation product was treated with 
mercuric chloride in aqueous methanol solution 
and the results were compared with the behavior of 
dimethyl N-nitroso-D- 7 -bcnzylpenicilloatc with 
mercuric chloride under the same conditions. (The 
N-nitroso derivative of the dimethyl ester was 
prepared by the reaction of diazomethane with 
a-methyl N-nitroso-D- 7 -benzylpenicilloate.) The 
results of the treatment with mercuric chloride 
indicated that the presence of the nitroso group in 
the benzylpenicilloate and in the benzylpenicillin 
reaction product stabilized the molecules so that 
they were not as readily cleaved by mercuric chlor¬ 
ide. The formation of 2,4-dinitrophenylhydrazoneB 
of the mercuric chloride cleavage products was very 
slow as compared with their formation from a benz¬ 
ylpenicilloate or from benzylpenicillin. The prod¬ 
uct, which was obtained by treating the mercury 
precipitate of the benzylpenicillin-nitrosation prod¬ 
uct with hydrogen sulfide, appeared to have an 
N-nitroso type of ultraviolet absorption and a 
modified benzylpenicillenate-like absorption. The 
treatment of the methyl ester of benzylpenicillin 
with nitrous fumes appeared to involve reactions 
other than direct nitrosation (Merck, M.54y 9). 

a-Methyl N-nitroso-n-y-benzylpenicilloate 
(XVI) was obtained as a crystalline compound by 

S 

C 6 H 5 CH 2 CONHCH—CH "^ 0 ( 0113)2 
CHjOsi N-CHCO 2 H 

I 

NO 

XVI 

the reaction of the corresponding penicilloate in 
aqueous dioxane solution with nitrous acid. How¬ 
ever, nitroso derivatives of dimethyl D- 7 -benzyl- 
penicilloate or the methyl ester of benzylpenicillin 
were not obtained under these experimental condi¬ 
tions and the initial compound was recovered in 
each case (Merck, M.54y 11). A nitroso derivative 
of dimethyl D-a-benzylpenicilloato was obtained by 
using 15% hydrochloric acid as the solvent; the 
amorphous nitroso derivative was fairly stable 
below room temperature, but rapidly turned to a 
gum and decomposed at room temperature (Merck, 
M,73, 6 ). 

The l^nzylamine salt of 2-carbobutyloxy-5,5-di- 
methyl-3-nitroso-4-thiazolidinecarboxylic acid 
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(XVn) and the benzylamine salt of 4-carboinethoxy- 
S 

/ \ 

C^HbOjCCH C{CH ,)2 

I ! 

ONN-CUCOjH-IIsNCHsCaHi 

XVII 


s 

CellaCHjNHaHOjCCH \l(CHa )2 


ONN- 

xvni 


-OH (-O 2 CH 3 


5,5-diinethyl-3-nitroso-2-tliiazolidinecarb()xvlic acid 
(XVIH) were? obtained as crystalline compounds 
after nitrosation of the corresponding acids in 
aqueous solution. The latter salt was converted 
into a crystalline acid (Merck, MM9, G). 

Preparation of Nitroso Derivatives with Nitrosyl 
Chloride. France, Heilbron, and Hey (J. Chem. 
Soc.j 3G9 (1940)) described a new method for the 
preparation of nitrosoacylarylamines which em¬ 
ployed nitrosyl chloride as a reagent. The reac¬ 
tion was carried out in glacial acetic acid (or in a 
mixture of acetic acid and acetic anhydride) and in 
the presence of fused potassium acetate and phos¬ 
phorus pentoxido. This method was used suc¬ 
cessfully for the preparation of a yellow crystalline 
nitroso derivative of N-mothvl phenvlacetamide 
(XIX). This nitroso derivative was characterized 

NO 

CcHsCH.-CON'^ 

\ 

CHa 

XIX 


by two intense infrared absorption bands at 5.81 g 
and 6 .GG fi. Apparently, the nitroso derivative 
of N-methyl cyclohexylacetamide was obtained as a 
low melting solid and of ethyl phenaceturate as a 
yellow oil. Both of these nitroso derivatives had 
infrared absorption bands similar to those of the 
N-nitroso derivative of N-methyl phenylacetamide, 
and it appeared the >N—N—O group is character- 
izjed by a band at 6.6-"6.7 n and the >(]—0 group 
of N-nitrosoamides is characterized by a band at 
6.8 ju (Merck, M,74y 2 ). 

The methyl ester of benzylpenicillin and the cor¬ 
responding sulfone were allowed to react with 
nitrosyl chloride under similar conditions. Both 
reaction products were obtained as yellow unstable 
oils. Each exhibited an infrared absorption spec¬ 
trum which was not in disagreement with the 
assumption that in both cases the N-nitroso 
derivatives of the otherwise unchanged benzyl- 
penicillin molecules were obtained. The N-nitroso 
derivative of the /3-lactam of / 8 -anilino-a-phenyl- 
acetamidopropionic acid (XX) was apparently 


obtained in low yield as a yellow crystalline com¬ 
pound. It was not satisfactory analytically, but 

NO 

C6H5CH2CONCH—CHa 

io'-NCeHs 

XX 

showed two infrared bands at 5.72 and 6.64 it 
which were characteristic of such nitrosoamides 
(Merck, M.74, 2 ; 79, 5). 

N-Nitroso Derivative of DesthiobenzylpeniciUin. 

A yellow crystalline nitroso derivative of desthio- 
I)enicillin (XXI) was obtained which melted at 
62-70°, was satisfactory analyticsally, and showed 
infrared bands at 5.75 n and 6.59 a- The properties 

NO 

CeHsCHjCON CII—CHj CII(CH3)2 

j I I 

CO— N—CHCOaCHs 

XXI 

of this compound substantiated the interpretation 
of the presence of a phenylacetamido j;roup in 
dcsthiobenzylpenicillin or the i3-lactam structure of 
dcsthiobenzylpenicillin and benzylpenicillin ((.Rap¬ 
tor IX). It was also observed that these nitroso 
derivatives, which were prepared with nitrosyl 
chloride and compounds wuth monosubstituted 
amide group, show two characteristic ultraviolet 
absorption bands at 4,250 A and 4,050 A. This 
absorption was assumed to be characteristic of the 

I 

ON—N—-CO— group (Merck, M.74, 3; 79, 4, 5 ). 

Methyl Ester of Benzylpenicillin Sulfone. 'V^en 
the methyl ester of benzylpenicillin was dissolved 
in a mixture of dioxane and a phosphate buffer and 
oxidized with potassium permanganate, a crystalline 
product was obtained in yields up to 86 %. The 
analytical data for this product show the addition 
of two atoms of oxygen. From these and subse¬ 
quent data, it was concluded that the product is 
the methyl ester of benzylpenicillin sulfone (XXII) 
(Merck, M.66, 7; 69, 21)‘. 

0 O 

\ / 

S 

CeHjCHsCONHCH—cll ^C(CH,)* 

io—N-incosCH, 

xxn 

It was found later that this sulfone (XXH) could 
be prepared more conveniently by carrying out the 
oxidation with potassium permanganate in 80% 
acetic acid solution. In this experiment the vol¬ 
ume was smaller and the sulfone crystalliaed 
directly from the reaction nuxture (Merck, M. 04 , 
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9). It had been known that N-acylthiazolidines 
gave sulfones on oxidation whereas the correspond¬ 
ing thiazolidines without the N-acyl group on 
similar oxidation gave products which resulted from 
cleavage of the thiazolidinc ring (Ratner and 
Clarke, J, Am, Chem. Soc,^ 59^ 200 (1937)). Fur¬ 
thermore, dimethyl N-benzoyl-D- 7 -benzylpenicil- 
loate (Xn) had been oxidized with either potassium 
permanganate or hydrogen peroxide to the cor¬ 
responding sulfone (XXIII) (Merck, M,89^ 4). 


0 O 

\ 

S 

CellbCHsCONIICH—CH "^C(CH 3)2 

1 I i 

CHsOgC N-CII'COoCHa 


COCell, 

XXIII 


The conversion of benzylpenicillin methyl ester 
into a sulfone substantiated the formulation of it 
as an N-acylthiazolidin(‘ (the /S-lactam structure). 
It was then of interest to study the reactions of 
this sulfone and com))are the results with those 
of comparable reactions of benzylpenicillin. 

The sulfone (XXII) was (Converted into the methyl 
ester of the hexahydrobenzylperiicillin sulfone 
(XXIV) by catalytic hydrogenation with Adams 
platinum catalyst in dioxane-hydrochloric acid 
solution at 40 lbs. pressure or in glacial acetic acid at 
4,500 lbs. pressure. 

The relative rates of methanolysis of the methyl 
ester of benzylpenicillin sulhme (XXII) and its 
hexahydro derivative (XXIV) were studied by fol- 


O O 


\ Z’ 
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CeHiiCHiCONIICH-CH 






;0—N- 

XXIV 


C(CH,)j 

I 

-CHCOjCHs 


lowing the rates of change of the optical rotation 
and the ultraviolet absorption. The reactions were 
carried out in methanol-chloroform solution which 
contained 1 % N-ethylpiperidine as a catalyst. 
Both sulfones appeared to react with methanol at a 
similar rate (Merck, M.62, 6 ; 64, 7). 

It had been known (Kohler and Potter, J. Am. 
Chem. Soc., 67, 1319 (1935)) that | 8 -phenylethyl 
tolyl sulfone (XXV), j 8 ,j 8 -diphenylethyl tolyl sulfone 

O 

C,HsCH*CHic.H4CH, 

I 

. XXV 
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t 

(C6H5)2CHCn,SC8H4CH, 


XXVI 
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T 

CHsSCJKCII, 
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XXVII 


(XXVI), iind methyl tolyl sulfone (XXVII) reacted 
with a Grignarfl reagent to liberate methane. This 
reaction, wdiich involves a hydrogen atom on a 
carbon atom adjacent to a sulfone group, was fairly 
rapid for the sulfones XXV and XXVI at 50- 
75° and slow for the sulfone XXVII at room 
temperature. 

When the active hydrogen determinations were 
carried out in anisole solution at 95-100° for 
twenty minutes, both dimethyl N-benzoyl-n-y- 
benzylpenicilloate sulfone (XXIII) and the methyl 
ester of benzylix'nicillin sulfone (XXII) yielded an 
amount of methane wdiich w^as equivalent to two 
active hydrogen atoms. These results are con¬ 
sistent wdth the penicilloate and /S^-lactam formulas 
since each shows a carbon atom adjacent to the 
sulfone group wdiich has a hydrogen atom, ( con¬ 
versely, these results art^ not compatible with 
formulas for those sulfones whicii have no hydrogen 
atom on a carbon atom adjacent to the sulfone 
group. 

Although the benzylpenicilloate sulfone (XXIII) 
yielded two moles of methane in five minutes, the 
benzylpenicillin sulfone (XXII) yielded only about 
one-half of the methane or one mole in five minut^es. 
Dimethyl N-benzoyl-D- 7 -benzylpenicilloate (XII) 
yielded the expected one mole of methane in 
five minutes. Dicyclohexylene sulfone (XXVIII) 
yielded about one equivalent of methane after a 
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five-minute determination, and the methyl ester of 
D-3-benzoyl-5,5-dimethyI-2-phehyl-4-thiazolidine- 
carboxylic acid 1-dioxidc (XXIX) yielded about 
one and one-half moles of methane and seemed to 
undergo decomposition (Merck, M.62y 7; 65, 4). 

In showing two active hydrogen atoms, the 
methyl ester of benzylpenicillin sulfone (XXII) 
showed one more active hydrogen atom than the 
methyl ester of benzylpenicillin, which is explained 
by the reactivity of the >CHS 02 C(CH 3 ) 2 — group. 
The Zerewitinoff determination on benzylpenicillin 
methyl ester itself was not entirely satisfactory, 
because of apparent decomposition of the com¬ 
pound in anisole at 95*^ (Merck, M.12b, 2; 62, 7). 
The exchange of hydrogen for deuterium, wlien 
sodium benzylpenicillin w^as equilibrated with 
heavy water, showed the presence of one active 
hydrogen atom and was a satisfactory determina¬ 
tion (Cornell Bioch., D.ll, 1). 

The methyl ester of benzylpenicillin sulfone 
(XXn) reacted rapidly wdth benzylamine in chloro¬ 
form solution at 25*^ and the reaction was almost 
completed in two hours as evidenced by the 
decrease in the optical rotation. A crystalline 
product w^as obtained from this reaction which was 
identified as the betizylamide of a-phenylacetamido- 
/5-benzylaminoacrylic acid (XXX). This benzyl- 
amide (XXX) formed solvates whicli show consider¬ 
able variation in the melting point depending upon 
the method w’^hich is used. After recrystallization 
from methanol or ethanol, the benzylamide^ (XXX) 
melted at 66-67® or 118-119®, respectively, and 
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ester with benzylamine to give the a-benzylamide 
of D-a-benzylpenicilloic acid (XXXHI) had been 
established (Chapter XVIII), it was not to be 

S 

CaHtOHjCONHCH—CH ^C(CH,)2 

C,H6CIl2NHCO Nil- illCOjH 

XXXIII 


0 0 
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CeHsCHjCONIICH-CH C(CH,)2 

CeH6CH2NHio NH-CHCOjCH, 

XXXIV 

expected that the reaction of benzylamine with 
the sulfone of benzylpenicillin methyl ester (XXII) 
would produce the corresponding penicilloate sul¬ 
fone (XXXIV) as a stable compound. The in¬ 
herent instability of a compound of structure 

XXXIV had been realized (Merck, M,56, 1; cf. 
a-aminosulfone derivatives, Meyer, J. prakt. Chem,, 
(2) 63, 167 (1901); Kohler and lleimer. Am, Chem. 
J., 31, 163 (1904)). 

If the penicilloate sulfone (XXXIV) were the first 
unstable intermediate formed, it would be ex¬ 
pected to rearrange into a penicillamine derivative 

XXXV or (less probably) the sulfone XXXVI. 
Further reaction wdth benzylamine would then pro- 

CeHsCHsNHs^ SO.r 

\ 

C,H5CH2C0NHC=—<JII C(CH3)2 
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C.HsCHsNHCO NH-CHCO 2 CH, 
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contained alcohol of crystallization correspond¬ 
ing to the solvent used. Treatment of this benzyl- 
amide (XXX) with Brady’s reagent yielded the 
2,4-dinitrophenylhydrazone of the benzylamide of 
benzylpenaldic acid (XXXI). The benzylamide 
(XXX) was also obtained by the reaction of ben¬ 
zylamine with 2-benzyl-4-ethoxymethylene-5(4)- 
oxazolone hydrobroraide (XXXII) (Merck, M.56, 7; 
59, 14-16; 12a, 8). 

Althouj^ the reaction of benzylpenicillin methyl 

* The anbydroui form of this eompound melted at Id2-~ld4" (ITpjolui. 
U.e, 5). 


duce the insoluble benzylamide of a-phcnylacetami- 
do-d-benzylaminoacrylic acid (XXX) (Merck, M.59, 
2-3). 

A solution of benzylpenicillin methyl ester sulfone 
(XXII) in 1:1 methanol-chloroform solution or in 
^oxane containing 1 % N-ethylpiperidine was 
unchanged after sixteen hours and the sulfone 
was recovered. However, when N-ethylpiperidine 
was added to the solution of the sulfone in methanol- 
chloroform, reaction took place readily. It ap¬ 
peared that the unstable penicilloate sulfone 
(XXXVn) was formed which rearranged into the 
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penicillaminic acid derivative XXXVni. The latter 
compound apparently was responsible for the ultra- 
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violet absorption band at 2,775 A of the product 
in absolute ethanol solution. The product was 
readily hydrolyzed by water, and when treated 
with Bradyreagent in methanol, yielded the 2 , 4 - 
dinitrophenylhydrazone (XL) of methyl bcnzyl- 
penaldate (XXXIX) (Merck, M.69, 11 - 12 ). 

When toluene or pyridine solutions of the methyl 
ester of benzylpenicillin sulfone were heated at 100 ® 
for thirty to sixty minutes, an acidic substance was 
formed wdiich showed an ultraviolet absorption 
band at 3,180-3,190 A, characteristic of a benzyl- 
penicillenate derivative (Merck, M,59, 13). 

The methyl ester of benzylpenicillin sulfone was 
much more stable than the methyl ester of benzyl¬ 
penicillin in a mixture of 0.2 N hydrochloric acid 
and dioxane or in glacial acetic acid. The sulfone 
was recovered from the hydrochloric acid-dioxane 
solution after sixty hours at 25® and from glacial 
acetic acid solution after nineteen hours at 25® 
(Merck, M.69^ 13-14). 

A treatment of the methyl ester of benzylpenicil¬ 
lin sulfone in glacial acetic acid solution with ozone 
or 30% hydrogen peroxide resulted in an 86-95% 
recovery of the starting material (Merck, M,68y 7 ). 

It was not found possible to obtain a crystalline 
product corresponding to /S-methyl N-acetyl-n-a- 
benzylpenicilloate sulfone when benzylpenicillin 
methyl ester was inactivated in glacial acetic acid 
and then the product was oxidized with hydrogen 
peroxide. Neither was it possible to prepare the 
methyl ester of benzylpenicillin sulfone by oxidation 


in glacial acetic acid solution with hydrogen 
peroxide (Merck, 8 - 9 ). 

The reaction of oxalyl chloride with methyl 
phenaceturate, N-methylphenylacetamide, and 
N-benzylphenylacetamide in ether solution gave 
oxazolidine-4,^diones which have structures XLI, 
XLIa and XLIb (Abbott, A.lSy 1 ; Chapter VIII). 
It was also found that xylene could be employed as 

C 6 HbCH---C—NR 
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XLI R - -CHzCOzCHa 
XLIa R = -CII 3 
XLIb R - -CHaCcHb 


the solvent for the preparation of the oxazolidine- 
dione (XLI), and that oxalyl chloride reacted with 
methyl /?-benzoxy-a-phenylacetamidoacrylate, 
methyl benzylpenaldatc dimethyl acetal, methyl 
jS-mel hox 3 ^-a-pheny kicetamidoacrylate, and dimethyl 
N-l)enzoyl-D- 7 -bonzylpenicilloate to give the new 
oxazolidine-diones XLII-XLV, respectively. Xylene 
was used as the solvent for the preparation of these 
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new oxazolidine-diones and the yields were 60-80 
per cent. The dione (XLV) from the n-v-benzyl- 
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penicilloate was a pale yellow compound which 
melted at 203-204°. These oxazolidine-tliones 
showed ultraviolet absorption maxima of * Em 
9,600-12,800 at 3,475-3,525 A in tetrachloroethane 
solution (Merck, M.60, 14; 66, 5, 6 ). 
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The methyl ester of benzylpenicillin sulfone 
(XXn) was allowed to react with oxalyl chloride in 
xylene solution at 25® for forty minutes. The 
product showed an ultraviolet absorption band at 
3,250 A, w^hich is not characteristic of the oxazoli- 
dine-diones, but which could be due to the presence 
of the benzylpenicillenate XLVI. Upon the as- 

HO2S 
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N-C V—C11 C (C 3)2 

CeHsCHsC CO NH- CViCihClU 

\ / 
o 

XLVI 

sumption that the absorption is accounted for by 
the benzylpenicillenate XLVI which has a sulfinic 
acid group and which would be quantitatively 
similar to methyl benzylpenicillenate in absorption 
intensity, the extinction indicated that al)out 50% 
of the sulfone was transformed into this product. 
Since about 50% of the sulfone was recovered from 
the reaction, not more than a few per cent of the 
sulfone could have reacted with oxalyl chloride to 
give the oxazolidine-dione derivative (Merck, M.05, 
6 ). 

The methyl ester of benzylpenicillin sulfone 
reacts at a faster rate with benzylarnine and with 
aqueous alkali than docs the methyl ester of benzyl¬ 
penicillin (Merck, M.Ol, 6 , 7). 

The ultraviolet and infrared absorption spectra of 
the methyl ester of benzylpenicillin and its sulfone 
w'ere found to be similar. The infrared absorption 
spectrum of N-methylphenylacetamide was com¬ 
pared with that of N-methylcyclohcxylacetamide, 
and the infrared absorption spectrum of benzyl¬ 
penicillin sulfone methyl ester was compared with 
that of hexahydrobenzylpenicillin sulfone methyl 
ester. Both pairs of compounds showed strikingly 
similar absorption spectra which clearly indicate 
that the contribution of the phenyl group in these 
compounds is not significant. The presence of 
strong bands at 6.55 m in the spectra of both amides 
and of the strong bands at 6.66 m in the spectra of 
both sulfones is significant. These results provided 
evidence that the band at 6.66 m in the spectrum 
of benzylpenicillin does not arise from the substi¬ 
tuted phenyl group in I)enzylpenicillin. The re¬ 
sults also support the assumption (Shell, Sh.^, 5 ) 
that the band at 6.66 m arises from a monosubsti- 
tuted amide group (Merck, M.61, 3; 5, 6 ). 

The extremely low solubility of the methyl estier 
of benzylpenicillin sulfone in water did not permit 
a satisfactory test of its activity in vitro. When the 
sulfone ester was treated first with a 0.1 AT sodium 
hydroxide-pyridine mixture at about zero for one 
minute, diluted wdth buffer and tested, the solution 
showed 40 U/mg. The sulfone was tested for 
eflScacy in vivo in mice which had been injected with 


lethal doses of Diplococcus pneumoniae Type I, #37. 
One hundred per cent survival was observed when a 
single dose of 0.3 mg. of the sulfone or 300 units of 
sodium benzylpenicillin was injected subcuta¬ 
neously. Complete survival was observed on oral 
administration of 5 mg. of the sulfone or 1,000 units 
of sodium benzylpenicillin (Merck, MM, 15-20). 

Methyl Ester of Benzylpenicillin Sulfoxide. The 
oxidation of various thiazolidines with sodium 
metaperiodatc showed that rupture of the thiazoli- 
dine nucleus occurred for those compounds having 
an unsubstituted >NH group, whereas N-acyl- 
thiazolidines readily yielded sulfoxides (Sykes and 
Todd, CPS.526). This behavior of thiazolidines 
to oxidation by sodium motaperiodate paralleled 
the behavior of thiazolidines to oxidation by hydro¬ 
gen peroxide. The latter studies originated with 
Ratner and Clarke (J. Am. Chem. Soc., 59, 200 
(1937)) who prepared the sulfoxide and the sulfone 
of 3-acetyl-4-thiazolidinecarboxylic acid and the 
sulfone of acetylthiazolidine by oxidation under 
various conditions. These studies were extended 
to benzylpenicilloic acid derivatives with similar 
results, sulfones being obtained by oxidation with 
potassium permanganate or other oxidizing agents 
(Merck, M.S9, 4). 

It w^as found {CPS.520) that 3-acetyl-5,5-di- 
methyl-2-phenyl-4-thiazolidinecarboxylic acid was 
oxidized by sodium metaperiodate to give the cor¬ 
responding sulfoxide. The same reaction took 
place with hydrogen peroxide. Numerous model 
compounds including substances with, a free —SH 
group and substances with an N-unsubstituted 
thiazolidine nucleus were subjected to oxidation by 
periodate, iodate, or iodine, and it appeared that 
the end product w^as a thiolsulfonate or a sulfonic 
acid. Oxidation of benzylpenicillin by sodium 
metaperiodate was carried out in the hope of secur¬ 
ing clarification of the structural problems. How¬ 
ever, attempts to isolate the oxidation product from 
benzylpenicillin were not successful. Application 
of the conditions (Merck, M.56, 7) used to make 
benzylpenicillin sulfone methyl ester to oxidation 
experiments with sodium metaperiodate readily 
yielded a crystalline sulfoxide of the methyl ester of 
benzylpcmicillin (XLVII) {CPS.526, 5). This sulf¬ 
oxide melted at 123® and had a composition which 
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corresponded to the benzylpenicillin sulfoxide 
methyl ester hemihydrate. It was biolo^cally in¬ 
active when tested under conditions where benzyl- 
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penicillin methyl ester showed an activity of 
70 U/mg. 

The formation of a sulfoxide from benzylpenicillin 
methyl ester in this way is an additional piece of 
evidence showing the closer resemblance of benzyl- 
penicillin to N-acylthiazolidines than to simple 
thiazolidines containing a free > NH group. 

The reactions of the sulfoxides were then studied 
(Sykes and Todd, CPS.G77, 1). 3-Acetyl-5,5- 
dimethyI-2-phenyl-4-thiazolidinecarboxylic acid 
(XLVIII) is stable to alkali but is readily decom¬ 
posed by mineral acid to give benzaldehydc and 
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penicillamine. The corresponding sulfoxide, on 
the other hand, is stable to a(;id, but treatment 
with warm alkali yields benzaldehyde and a-acet- 
amido-/3,/3-dimethylacrylic acid, with elimination of 
hydrogen sulfide. The corresponding sulfone re¬ 
sembles the sulfoxide in its instability to alkali, 
hydrogen sulfide being eliminated, but it also 
breaks up readily with acid to give benzaldehyde 
and a resinous acid. Benzylpenicillin sulfoxide 
methyl ester shows remarkable stability towards 
acids (Merck, M.59y 21). This sulfoxide is stable in 
methanol, but when treated with methanolic hydro¬ 
gen chloride it undergoes slow decomposition yield¬ 
ing phenylacetamidoacetaldehyde. The sulfoxide 
is less stal)le to acids than simple N-acylthiazoli¬ 
dines, but is more stable than benzylpenicillin 
methyl ester. 

Benzylpenicillin sulfoxide methyl ester was ap¬ 
parently hydrolyzed to benzylpenicillin sulfoxide 
(XLIX) Avhen allowed lo stand with sodium hydrox- 

0 

T 

s 

/ \ 

CsHiiCHiCONHCH—CH C(CHa)j 

I I I 

(X)—N-CHCOaH 

XLIX 


ide in aqueous methanol or dioxane, but underwent 
more extensive change on refluxing with alkali. 
The product in the latter case was a pale yellow 
resin which could not be crystallized, but which 
when treated with benzylamine yielded a product 
which appeared to be the benzylamine salt of 
benzylpenicilloic acid sulfoxide {CPS.677, 2). The 
reaction of benzylamine with benzylpenicillin 
sulfoxide methyl ester at room temperature yielded 
a sulfur-free product which had the properties of 
the benzylamide . of /3-benzylamino-a-phenylacet- 
amidoacrylic acid {XXX.) {CPS.677), a substance 


which had previously been obtained from the 
benzylamine degradation of benzylpenicillin sulfone 
methyl ester (Merck, M.56, 7; 59, 2, 14). With 
Brady’s reagent this product gave the 2,4-dinitro- 
phonylhydrazone of the benzylamide of benzyl- 
penaldic acid (XXXI) {CPS.677, 2; M.59, 14). 

CeHsCHjCONHC—KXl 

I I 

0 cH 11 ^NIICO N HC HjC oH s 


XXX 

CJTkCIljCONIICH-CH 

I II 

CeHtCHjNHCO N--NC.H3(N02)» 

XXXI 

The 7 -lactam of a-benzamido-4-carboxy-5,5-di- 
methyl-2-thiazolidinepropionic acid (L) (Cornell 
Bioch., D.2G; CPS.677, 5; Chapter XXVII) was 
readily oxidized with sodium metaperiodate to the 

CII. S 

/ \ / \ 

CeH.CONH-C^H C^H C(CH8)j 

III 

CO-N-CIICOjH 
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corresponding sulfoxide. This sulfoxide was fairly 
stable to cold alkali but decomposed on heating 
the alkaline solution to give the aldehydo-acid LI 
which was isolated as a 2,4-dinitrophenylhydrazone, 
and a-amino-/3,0-diraethylacrylic acid which was 

CIIsCHO 

I 

CcHhCONIICH 

I 

COOH 

LI 

isolated in the form of its acetyl d(*ri vative. Broadly 
speaking, the alkaline degradation of the sulfoxide 
of the 7 -lactam of a-benzamido-4-carboxy-5,5-di- 
methyl-2-thiaz()lidinepropionic acid proceeded in a 
manner analogous to that of N-acylthiazolidine 
sulfoxides, except that the large acyl residue was 
removed from the nitrogen of the 
dimethylacrylic acid, presumably by a secondary 
reaction; it differed markedly from the correspond¬ 
ing degradation of benzylpenicillin sulfoxide methyl 
ester. 

Although alkaline treatment of benzylpenicillin 
sulfoxide methyl ester appeared to yield benzylpeni¬ 
cilloic acid sulfoxide, the latter compound could not 
be prepared by oxidation of benzylpenicilloic acid 
with periodate (Sykes and Todd, CPS.626), The 
degradation results are compatible with a /3-lactam 
structure if it is assumed that the course of alka¬ 
line fission is determined by the stability of the 
>N—CO— linkage. If attack on the sulfinyl 
group, with consequent ring fission, occurs before 
hydrolytic removal of the N-acyl group, then 
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degradation to a derivative of a-amino-ii3,iS-di- 
methylacrylic acid will occur; if the contrary is the 
case, then the product is simply the alkali-stable 
thiazolidine sulfoxide containing a free >NH group 
(Sykes and Todd, CPS,677, 3). 

Benzylpenillonic Acid and Methyl Benzylpenil- 
lonate. During a study of the stability of benzyl- 
penicillin methyl ester (LII) it was discovered that 
heating a solution of the ester in p-cymene at 170® 
caused complete inactivation and gave rise to a new 
isomeric compound. Phenaceturic acid (LIII) was 
also formed as a result of degradation (Merck, 
M,3^, 1 ). 

S 

/ \ 

Cellr-CHsCONH CH- (Ui C(C1T,)2 

io—N-iH-COjCH, 

LII 

C8H5CH2CONHCII2COOH + CnH2oN204S 

Lin 

The new isomeric compound was designated 
methyl benzylpenillonate. It is neutral, melts at 
152-i54®, and shows +318® (in methanol) and 
+298® (in chloroform). Benzylpenicillin methyl 
ester melts at 97-98® and shows +276® (in 
methanol) and +175® (in chloroform). A molecular 
weight determination on methyl benzylpenillonate 
gave a value of 313 (calc., 348) (Merck, M.36, 1). 
It was apparent that this new compound is a molec¬ 
ular rearrangement product of benzylpenicillin. 

It was subsequently found that methyl benzyl¬ 
penillonate was formed from benzylpenicillin methyl 
ester when a solution of the latter in xylene was 
heated at 140® for thirty minutes. The rearrange¬ 
ment was also effected by refluxing for three hours 
a toluene solution of benzylpenicillin methyl ester 
to which had been added a crystal or two of iodine. 
The yield of once-recrystallized methyl benzylpenil¬ 
lonate from this latter procedure was about 33% 
(Merck, M.S6^ 1). The formation of phenaceturic 
acid was negligible when toluene was used as solvent 
for the rearrangement reaction. 

Methyl benzylpenillonate showed the presence of 
one active hydrogen atom by the Zerewitinoff deter¬ 
mination. Under the same conditions, N-methyl- 
phenylacetamide showed one, methyl phenaceturate 
showed one, and phenylacetyl-DL-alanyl-n-valine 
methyl ester showed two active hydrogen atoms 
(Merck, M.S6, 1; 63, 7). 

In the ultraviolet, methyl benzylpenillonate 
showed maxima characteristic of phenyl-group 
absorption with Em 470 at 2,576 A (benzylpenicillin 
methyl ester showed Em 260 at 2,675 A) and end 
absorption about the same as for benzylpenicillin 
methyl ester (Merck, M.63, 7). In the infrared, 
methyl benzylpenillonate showed bands at 2.66 m 
( weak), 5.81 m, 6.08 m and 6.66 m (weak) (Shell, 


Sh,4, Fig. 30; Merck, MM4t 4). It was reported 
later (Shell, Sh,7, 79) that a 20% solution of methyl 
benzylpenillonate in chloroform showed a weak 
band at 2.87 m- 

Saponification of methyl benzylpenillonate with 
methanolic sodium hydroxide gave benzylpenillonic 
acid, m.p. 185-187®, [a]jy +342®. Potentiometric 
titration of the acid showed it was monobasic and 
gave a neutral equivalent of 342 (calc. 342) with 
pK. 3.0. The ultraviolet absorption spectrum of 
the acid was about the same as that of the methyl 
ester (Merck, M.36, 3). 

The sodium salt of benzylpenillonic acid was 
prepared by neutralizing a sarnide of the free acid 
with the calculated amount of standard sodium 
hydroxide. By freeze-drying the solution, the salt 
was isolated as an amorphous white powder, [a]T> 
+306® (Merck, M.57, 9). 

The formation of phenaceturic acid (LIII) during 
the rearrangement reaction, when p-cymcnc or 
xylene was used as the solvent, was evidently due to 
thermal decomposition of methyl benzylpenillonate. 
When methyl benzylpenillonate was heated in 
p-cymene solution at 150-170®, phenaceturic acid 
was produced. No phenaceturic acid was formed 
if a little pyridine was present in the solution, and 
the methyl benzylpenillonate was recovered (Merck, 
M.46, 19). 

Alkaline hydrolysis of methyl benzylpenillonate 
yielded phenylacetic acid. The water-soluble por¬ 
tion of the hydrolysis mixture gave a blue color with 
ferric chloride and a precipitate with mercuric 
chloride. Decomposition of the mercuric chloride 
precipitate by means of hydrogen sulfide, and 
evaporation of the aqueous filtrate to dryness, 
yielded a crystalline hydrochloride. This crystal¬ 
line product gave a blue color with ferric cliloride 
solution and was identified as penicillamine (Merck, 
M.39, 2). 

Acid hydrolysis of methyl benzylpenillonate with 
hot methanolic hydrochloric acid for four and one- 
half hours caused nearly complete loss of the optical 
rotation. A positive ninhydrin test and a blue color 
with ferric chloride were given by the hydrolysis 
solution which indicated the presence of penicill¬ 
amine. Ether extraction of the solution removed 
methyl phenylacetate which was saponified to 
phenylacetic acid. Methyl benzylpenillonate was 
not hydrolyzed by 0.02 N hydrochloric acid in 60% 
methanol at 75® for two and one-half hours (Merck, 
M,S9, 3; 4^, 18). Hydrolysis of methyl l)enzyl- 
penillonate was then carried out by dissolving it in a 
mixture of equal parts of methanol and concentrated 
hydrochloric acid and refluxing the solution for two 
hours. Evaporation of the solution left a crystal¬ 
line residue from which ether extracted crystalline 
methyl phenaceturate, m.p. 87^-89® (Merck, M.4^, 
18). 

Hydrolysis of methyl benzylpenillonate with hot 
0.1 N hydrochloric acid in 60% dioxane for four 



INVESTIGATIONS ON BENZYT.PENICILLIN, 1944-1945 


159 


and one-half hours caused a decrease in optical 
rotation. The solution was continuously extracted 
with petroleum ether which removed phenylacetic 
acid and some starting material. The aqueous 
residual solution was evaporated to a glassy residue 
which gave a blue color with ferric chloride solution, 
a positive Folin-Denis test for the sulfhydryl-group, 
and a positive ninhydrin test. A solution of this 
residue in aqueous sodium bicarbonate slowly 
deposited crystalline material. This product melted 
above 200° and was not identified (Merck, ilf .50, 9; 
62 , 6 ). 

Methyl benzylpenillonate did not react with 
benzylamine in xylene solution at the reflux tem¬ 
perature. However, after methyl benzylpenillonate 
was heated with benzylamine at 150-170° for 
seventy-five minutes, there was f)btained phcnace- 
turic acid benzylarnide, m.p. 179-180° (Merck, 
il/./A 4). 

Comparison of the potentiometric titration data 
of benzylpenillonic acid and N-acylpenicillamine 
derivatives showed that benzylpenillonic acid has 
the partial structure LIV, The hydrolytic de- 

/ 

CioHioNOj C(CH,)i 

(-CO—N—in-cOjH 

LIV 

gradations and the reactions of benzylpenillonic 
acid with methanol and vdth benzylamine showed 
that phenaceturic acid or its derivatives and 
penicillamine are key degradation products. Fur¬ 
ther structural information was gained from the 
results of degradations of the hydrogenolysis 
products of methyl benzylpenillonate and benzyl- 
penillonic acid. 

Hydrogenolysis of methyl benzylpenillonate with 
Raney nickel catalyst in methanol gave crystalline 
methyl desthiobenzylpenillonate, m.p. 104-106°. 
The analytical data on this substance were in 
agreement with the formula C17H22N2O4, and 
showed that the hydrogenolysis had resulted in the 
removal of the sulfur atom from methyl benzyl- 
penillonatc and its replacement with two hydrogen 
atoms (Merck, M40, 20; 50, 7-8). 

In the infrared, methyl desthiobenzylpenillonate 
showed bands at 5,84 and 6.04 fx, but did not show 
any band in the 2.5-3.3 m region (Merck, M.6‘4, 3; 
68, compound 53; 70, 3). Thus methyl desthio¬ 
benzylpenillonate does not have an NH group. 

Desthiobenzylpenillonic acid was obtained by 
saponification of methyl desthiobenzylpenillonate 
with methanolic sodium hydroxide. The acid 
crystallized from acetone, melted at 211-213° and 
showed Wd +22° (Merck, M,B0, 9). Desthio¬ 
benzylpenillonic acid was also prepared by hydro¬ 
genolysis of an aqueous solution of sodium benzyl- 
penillonate with ]l^ney nickel catalyst. When the 


acid was recrystallizcd by careful acidification of an 
aqueous solution of its sodium salt, there was ob¬ 
tained desthiobenzylpenillonic acid hemi-hydrate, 
m.p. 194-195°. Potentiometric titration of the 
hemi-hydratc gave a neutral equivalent of 314 (calc., 
313). Recrystallization of the hemi-hydrate from 
acetone gave the anhydrous acid, m.p. 211-213° 
(Merck, M.50, 8, 9). 

Acid hydrolysis of desthiobenzylpenillonic acid 
with hydrochloric acid in aqueous dioxane for 
seventeen hours yielded phenylacetic acid (Merck, 
M.52, 6). Methyl desthiobenzylpenillonate was 
heated at 150-190° with benzylamine, and phenyl¬ 
acetic acid benzylarnide, m.p. 121-122°, was ob¬ 
tained (Merck, MM, 6). Synthetic phenylacetic 
acid benzylarnide was prepared for comparison by 
the reaction of phenylacetyl chloride with benzyl- 
amine in pyridine solution. The synthetic product 
melted at 122-123° (Merck, MM, 7). 

Hydrolysis of desthiobenzylpenillonic acid was 
then carried out with a 3:2 mixture of concentrated 
hydrochloric acid and water in a sealed tube at 120° 
for six liours. The hydrolyzate was diluted with 
water and freed of phenylacetic acid by ether 
extraction. The residual aqueous solution was 
then evaporated to a partially crystalline residue. 
P^xtraction of the residue with acetone left white 
crystals. The acetone extract on evaporation 
yielded a partially crystalline residue. PYom a 
portion of the a(*etone-insoluble material, there 
was obtained by treatment with 2>-(p-hydroxy- 
phenylazo)-benzenesulfonic acid, a crystalline salt 
'which melted at 235-240° (dec.). This salt was 
shovTi to be identical with the glycine salt of 
jy-(p-hydroxyphenylazo)-benzencsulfonic acid (LV). 





OH SOaHvNHaCHoCOOH 

LV 

C6H5CONHCH2CO2H 

LVI 

Benzoylation of anotlier portion of the acetone- 
insoluble material by the Schotten-Baumann pro¬ 
cedure yielded hippuric acid (LVI). Benzoylation 
of the acetone-soluble material by the Schotten- 
Baumann method gave a good yield of N-benzoyl- 
DL-valine (LVII) (I\icrck, M,64^ 4). 

CH(CIl8)2 

CeHoCONHCHCOaH 

LVII 

Desthiobenzylpenillonic acid was hydrolyzed at 
120° with hydrochloric acid, as described above, 
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and then the hydrolyzate was diluted with water, 
buffered to a pH of 4.5 and treated with dimedone 
for reaction with formaldehyde (Yoe and Reid, 
Ind. Eng. Chem., Anal. Ed., IS, 238 (1941)). There 
was obtained a yield of the formaldehyde-dimedone 
condensation product LVIII corresponding to about 
90% of the amount calculated for one molar 


Ha 

(CH.,)a/N--0 0= 


Ha 


H. 


-Clla 


O O 

LVIII 


(CHa)a 

Ha 


equivalent per mole of desthiobenasylponillonic acid 
(Merck, M,68y 5). 

The identification of phenylacotic acid, glycine, 
valine, and formaldehyde as hydrolysis products 
of desthiobenzylpcnillonic acid and the other above- 
mentioned data on benzyipcnillonic acid are in 
agreement with structure LIX for desthiobenzyl- 
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penillonic acid. Since benzylpenillonic acid differs 
from desthiobenzylpenillonic acid only in the re¬ 
placement of the sulfur atom by two hydrogen 
atoms, structure LX corresponds to benzylpcnil- 
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Ionic acid (Merck, M.68, 2). 

During the course of the elucidation of the struc¬ 
ture of benzylpenillonic acid, the synthesis of 
methyl benzylpenillonatc was achieved. The syn¬ 
thesis was effected by heating at the reflux tem¬ 
perature a solution of methyl benzylpenicillenate 
(LXI) in toluene with addition of a few crystals of 
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iodine (Merck, M4e, 18). 


Both natural'^ and synthetic methyl benzyl¬ 
penicillenate were dissolved in toluene containing a 
very small amount of iodine. The solutions were 
refluxed for three hours, then evaporated to dryness. 
Solutions of the residues were seeded with natural ** 
methyl benzylpenillonatc, and methyl benzylpenil- 
lonat^e crystallized. The synthetic product, m.p. 
151-152°, [ajo +322 to +320°, showed no depres¬ 
sion of the melting point when mixed with methyl 
benzylpenillonatc obtained from benzylpenicillin 
methyl ester (Merck, M.4^, 18, 20; 50, G).* 

The use of a minute amount of sulfuric acid for 
the synthesis of methyl benzylpenillonatc was 
found to give approximately the same yields as when 
iodine was employed. No significant formation of 
methyl benzylpenillonatc was observed when a 
toluene solution of methyl benzylpenicillenate with 
no iodine present was heated for three and one-half 
hours. The rotation was unchanged (Merck, M.50, 
6 ). 

Saponification of synthetic methyl benzylpenil- 
lonate with methanolic sodium hydroxide gave 
excellent yields of benzylpenillonic acid, m.p. 185- 
186° (Merck, M.50, 7). 

A study of the mechanism of the rearrangement of 
benzylpenicillin methyl ester to methyl benzylpenil- 
lonate was carried out by following the changes in 
the optical rotation, ultraviolet absorption, and 
biological activity of a refluxing solution of benzyl¬ 
penicillin methyl ester in toluene containing a 
minute amount of iodine. The rotation decreased 
to a minimum value of about +137° after 

three minutes, then rose to a value of +193° 
after six minutes, and became constant at 
+210° after about twelve minutes. In the ultra¬ 
violet, a maximum appeared at once at 3,200 A 
which rose in intensity to a peak value of Em 1,507 
after six minutes of the heating period. The Em 
at 3,200 A decreased to about G74 after twelve 
minutes, and then slowly decreased. The biological 
activity dropped rapidly; no detectable acti\dty re¬ 
mained after about nine minutes. The immediate 
drop in rotation and loss of biological activity coin¬ 
ciding with the rise in intensity of the band at 3,200 
A indicate intermediate formation of methyl 
benzylpenicillenate. Methyl benzylpenillonate 

could be isolated from aliquots removed after about 
twelve minutes of the heating period (Merck, Af .45, 
20 ). 

Benzylpenicillin methyl ester was heated for six 
hours in a sublimation apparatus at 130-135° at a 
pressure of 1-3 microns. A light yellow gum was 
slowly deposited on the condensing surface which 

*Janeen and Robinson (private communioation) have efTooted a 
direct synthesis of methyl bensylpenillonate (analysis, undepressed 
mixed m.p.. and comparison of proportios) by reaction of 2-bensyl-6(4)- 
ozaeolone and methyl 5,6«dimethylthiasoline>4*oarboxylate in cold 
ethereal solution. This indicates a possible mechanism of the rearrange* 
ment of methyl bensylpenicillenate. tliat is, formation of the oxasolone* 
thiaiolidine, scission to the above-mentioned oomponents, and resyn* 
thesis. It is of interest'that this view was foreshadowed by R. B. 
Woodward (letter to K. F. of January 2. 1946) from theoretioal 
considerations. 
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amounted to about half of the total weight of 
original material. Treatment of the sublimate 
with a drop of acetone caused the whole mass to 
crystallize, m.p. 148-150®; +325®. The 

sublimate was nearly pure methyl benzylpenil- 
lonate. The sublimation residue showed an ultra¬ 
violet absorption maximum of Em 3,280 at 3,250 A 
after fifteen minutes of the heating period, of Em 
4,690 at 3,300 A after one hour, and of Em 4,400 
after another hour. Some methyl benzylpenil- 
lonate could be isolated with difficulty from the 
final sublimation residue (Merck, M.G2, 4). How¬ 
ever, when synthetic methyl benzylpenicillenate 
was similarly heated at 120-125® at 1-3 microns 
pressure, a sublimate was obtained which also 
crystallized on treatment with a drop of acetone, but 
this crystalline product melted at 185-187®. 
Recrystallization gave a compound which melted 
at 192-194® and was identical with authentic 
a-phenylacetamido-jS-methoxyacrylic acid (LXII). 
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LXIII, and benzylpenicillenic acid has stnicture 
LXIV. Benzylpenicillenic acid (LXIV) has been 
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This compound must have been present as an 
impurity in the crude methyl benzylpenicillenate. 
No methyl benzylpenillonate could be isolated in 
this experiment on the thermal treatment of crude 
methyl benzylpenicillenate. It appeared possible 
that in these sublimation experiments, methyl 
benzylpcnicillin was being transformed directly 
(i.e., not via methyl penicillenate, although this 
substance is present) into methyl benzylpenillonate 
through ring expansion for diminution of ring 
tension (Merck, M,68, 3; 7^, 2 ). 

An analogous rearrangement of methyl D-n-amyl- 
penicillenato to meth}^ D-n-amylpenillonate has 
been shown to occur (Merck, MMO, 10 ; 76, 4). 
Crystalline synthetic methyl n-n-amylpenicillenate 
was dissolved in toluene containing a trace of 
iodine, and the solution was heated at the reflux 
temperature for three hours. The solution was 
evaporated to dryness to give a pale brown gum, 
[a]if +207®. The starting material show^ed an 
ultraviolet absorption band of Em 28,000 at 3,175 A, 
but the rearrangement product showed only a 
shoulder of Em 1,030 at 3,175 A. A study of the 
change in optical rotation showed that refluxing 
of the solution for one hundred minutes caused an 
increase in rotation of the solute to [a]D®* +236®. 
The product was isolated as a glassy solid. Chro¬ 
matographic purification yielded a colorless amor¬ 
phous product, Md*® +314®. The substance on 
analysis gave results which w^ere in agreement 
with the formula CUH 24 N 2 O 4 S; and infrared bands 
at 6.80 and 6.06 m were observed (Merck, M,76, 4). 

Benzylpenicillenic Acid and Related Compounds. 
The penicillenic acids have the general structure 


characterized as a molecular rearrangement product 
of benzylpcnicillin (LXV). Benzylpenicillenic acid 
is an oxazolonc, and bears a close structural relation¬ 
ship to the oxazolone-thiazolidine structure (LXVI) 
which was considered at one time as a possible 
structure of bcnzylpenicillin. The knowledge of 
the chemistry of benzylpenicillenic acid is partly 
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due to the results of experiments on the degradation 
of benzylpcnicillin, and partly to the results of 
experiments on syntheses which were designed to 
yield compounds of general structure LXVII. It 
was soon realized that the characterizable products 
of the syntheses had the penicillenic acid structure 
(Lxm) rather than the oxazolone-thiazolidine 
structure (LXVII). However, the reaction of 
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penicillenic acids (LXIII) with an amine (RNHj) or grade benzylpenicillin with mercuric chloride to 
an alcohol (ROII) gives penicilloates (LXVIII); and the oxazolone (LXIX). These experiments involved 
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/ \ 

R'CONIICH-CH C(CHs)j 
(RNII- , RO—)- CO NH-ill-COsH 
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\ / 
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in this sense they give the same reaction products 
that would be expected from compounds of ox- 
azolone-thiazolidine structure (LXVII). There are 
possible stereochemical differences, hovcver, in 
the penicilloate(s) (LXVIII) which may be produced 
from the penicillenic acids (LXIII) or the possible 
oxazolone-thiazolidines (LXVII). 

It w^as concluded tliat compounds of the ox- 
azolone-thiazolidine structure (LXVII) are very 
unstable and readily rearrange into the penicillenic 
acids (LXIII). Certain investigations led to the 
conclusion that the oxazolone-thiazolidinc (LXVI) 
can be formed from benzylpenicillin, but that it 
is so unstable that it is capable of only transitory 
existence. The unstable oxazolone-thiazolidine 
(LXVI) has been designated pseudobenzylpenicillin 
and is reviewed in Chapter XXIV. 

Most of the degradative and synth(dic work on 
the chemistry of benzylpenicillenic acid (LXTV) 
and related pcnicillenates (LXIII) emerged some¬ 
what intermittently between December 1943 and 
October 1944. Certain aspects of these dcvelo|>- 
ments on benzylpenicillenic acid and related com¬ 
pounds are reviewed in the following paragraphs. 

Probably the most characteristic physical prop¬ 
erty of the benzylpenicillenic acids is their pro¬ 
nounced ultraviolet absorption band at about 
3,200 A. Benzylpenicillenic acid was first detected 
in solution and as a contaminent in solid materials 
by the observation of tlie appearance of this band 
at 3,200 A. A solution of benzylpenicillin in chlo¬ 
roform, which had been manipulated at room tem¬ 
perature or below, was found to yield material 
which showed an ultraviolet absorption band at 
3,200 A. This band at 3,200 A also appeared when 
an aqueous solution of sodium benzylpenicillin was 
allowed to stand one day or longer. Furthermore, 
this band was observed in the spectra of some prepa¬ 
rations of methyl and ethyl esters of benzylpcnicil- 
lin. In the case of the esters, the substance 
responsible for the band at 3,200 A was apparently 
extracted with the benzylpenicillin prior to the reac¬ 
tion with diazomethane or diazoethane. Thus, tliis 
substance wdiich is responsible for the band 3,200 A 
and w^as later designated penicillenic acid can be 
formed from benzylpenicillin under very mild 
conditions (Merck, M,3, 9; 12c, 19; Squibb, SAj 12). 

Because of the early interest in the oxazolone- 
thiazolidine structure (LXVI) for benzylpenicillin, 
experiments were initiated in an attempt to de- 
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the treatment of benzylpenicillin witli mercuric 
chloride in ethyl acetate and acetone solutions, but 
satisfactory results were not obtained (Merck, 
M.6*, 1; 8, 4, 5). 

Subsequently, the treatment of benzylpenicillin 
with mercuric chloride in an organic solvent was 
extended to the methyl ester. It was found that 
the treatment of the methyl ester of benzylpenicil¬ 
lin in ethyl acetate solution wdth mercuric chloride 
yielded a product wdiich showed an ultraviolet 
absorption band of Em 11,000 at 3,200 A. The 
specific rotation of this product w^as much lower, 
i.e. When benzylpenicillin methyl ester 

w’'as treated with acetic anhydride at the reflux 
temperature for tw^o hours, the resulting material 
show'ed an absorption band of Km 20,000 at 3,300 
A (Merck, MM, 7, 8). 

Synthetic studies w^ere described in w^hich the 
condensation of DL-penicillamine methyl ester 
(LXX) with 4-ethoxyracthylene-2-phenyl-5(4)-ox- 
azolone (LXXI) yielded a crystalline product, me thy 
phenylpenicillenate (LXXII). Structure LXXII 
was assigned to the condensation product after a 
rather extensive study of its properties and reactions. 
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Similar reactions between dl- and n-penicillamine 
methyl ester (LXX) and 2-benzyl-4-methoxymfithyl- 
ene>5(4)>oxazolone (LXXIH) gave the methyl nn- 
and D-benzylpenicillenates (LXXIV) which were 
obtained in non'crystalline form. The latter 
product showed an ultraviolet absorption band 
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LXXIII 
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HSC(CH3)2 

EjN-inCOjCH 


LXX 


of Em 10,000 at 3,200 A. The condensation 
of D-penicillamine hydrochloride with 2-benzyl- 
4-methoxymethylene-5(4)-oxazolone gave crude 
non-crystalline n-benzylpenicillenic acid (LXXV) 
(Merck, MJO, 13; 12a, 13, 17; 15c, 21-23; 2S, 19, 
21; 37. 16, 23; 4^, 2; Ii7, 3; 76, 1; Upjohn, U.16, 23). 
It is this crude D-benzylpenicillenic acid which con¬ 
tains the small amount of synthetic benzylpenicillin 
which has been discussed se])arately in Chapter 
XXIII. 

It appears that the purest specimen of methyl 
D-benzylpenicillenate was one which showed an 
ultraviolet absorption band of Em 20,600“21,G00 
at 3,175 A. This specimen was prepared by the 
reaction of both freshly prepared D-penicillamine 
methyl ester and 2-ben zyl-4-mcthoxymethylene- 
6(4)-oxazolone in benzene solution at room tem¬ 
perature. A solution of the light yellow oily 
product in chloroform was washed with phosphate 
buffer, and after recovery showed a band of Em 
20,600 at 3,175 A. After passing a solution of this 
product in benzene over acid-washed alumina, the 
product showed a band of Em 21,600 at 3,175 A 
(Merck, M.76, 1). 

It was clear that the compound formed from 
benzylpenicillin or its methyl ester which shows a 
band at 3,200 A is probably identical with benzyl- 
penicillenic acid or its methyl ester. However, 
further evidence on this relationship was needed, 
since the oily nature of the products made satis¬ 
factory purification and comparison of the products 
difficult (Merck, 3). This further evidence, 

which proved the identity of the natural'^ and 
synthetic benzylpenicillenic acids resulted from 
several subsequent lines of investigation. 

The properties of a few synthetic compounds, 
wliich were crystalline and pure, were known which 
supported the penicillenic acid structure (LXIII). 
The condensation of D-S-benzylpenicillamine and 
its methyl ester (Chapter XVI) with 2-benzyl-4- 
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LXXVI R = H, m.p. 147° 
Em 28,000; 3,225 A 


LXXVn R = CH,, m.p. 54-55“ 
£h S»,000; 3,200 A 
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methoxymethylene-5(4)-oxazolone gave S-l)enzyl- 
benzylpenicillenic acid (LXXVI) and its methyl 
ester (LXXVII), Both of these crystalline penicil- 
lenates showed the characteristic ultraviolet absorp¬ 
tion band at 3,200-3,225 A. The condensation 
product (LXXVni) of DL-alanine and 2-benzyl-4- 
methoxymethylene-5(4)-oxazolone showed a similar 
absorption band. The ultraviolet absorption band 


CH 


3 


N- C^VJl I 

1! I \ ! 

C«H 6 CH 2 C CO NH—CIICO 2 H 

\ / 


0 

LXXVIII m.p. 147-148° 
Em 26,000; 3,200 A 


at 3,200 A is shifted to about 3,000 A in compounds 
such as 2-benzyl-4-methoxymethylene-5(4)-oxazol- 
one (LXXin) which do not have the penicillamine 
moiety attached to the conjugated chromophoric 
moiety (LXXIX). These comparisons of spectra 
substantiated the interpretation that the penicill¬ 
amine and benzyloxazolone moieties were present 
in the benzylpenicillenic acid. The ultraviolet 
absorption band at 3,200 A for benzylpenicillenic 


N-C=CH— 





=0 


\ / 


0 

LXXIX 


acid is shifted to 3,500 A for phenylpenicillenic acids 
(Merck, 4; 15b, 18; US, 18; 30, 8, 10; 40, 16; 

40.3). 

An ethereal solution of benzylpenicillin methyl 
ester was treated with mercuric chloride to give an 
insoluble mercuric complex. Decomposition of the 
complex with hydrogen sulfide in a buffer solution 
yielded a “neutral” gummy product in which it 
was believed that “the labile carboxyl group re¬ 
mains intact.” This “neutral” gummy product 
had a low specific rotation ([ajp +20.8°) and reacted 
with benzylamine to give crystalline products 
melting at 115-125° and 154-157°. Structure 
LXXX was considered possible for the benzylamine 
reaction product (m.p. 154-157°) (Abbott, A.6, 
3-5). Later work on this guxmny product, which 
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was described as a ^'neutral oil/^ showed that it 
exhibited an ultraviolet absorption band with Em 
11,700 at 3,150 A. This neutral oilreacted with 
benzylaminc to give a low^ yield of a benzylamide 
which melted at 110-118°. The ultraviolet absorp¬ 
tion spectrum of the benzylamide, in.p. 116-118°, 
was in agreement with that expected for structure 
LXXXI and not for structure LXXX (Abbott, 
A.Sj 2*5). The composition of the insoluble mer¬ 
curic complex obtained from mercuric chloride 
and benzylpenicillin methyl ester seemed to have 
the composition Ci 7 Hi 9 N 204 SllgCMIgCl 2 (Abbott, 
A Jo, 3). When pinene wiis added to the ethereal 
reaction solution to remove the hydrogen chloride, 
there was no significant loss of the benzylpenicillin 
methyl ester (Abbott, AJ^, 2-3). 

The azlactonization of synthetic /^-methyl n-y- 
benzylpenicilloate (LXXXII) with benzoyl chloride 
and pyridine in chloroform solution gave a neutral 
gum which had an ultraviolet absorption band of 
Em 18,000 at 3,200 A and was relatively pure 
methyl benzylpenicillenate (LXXIV) (Merck, M.37, 
20). This formation of the methyl benzylpenicil- 

S 
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CeHsCHjCONHCH—CH C(CH,)2 

III -> 
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lenate by azlactonization of the penicilloate 
Lxxxn was substantiated by the azlactonization 
of /8-methyl D-n-amylpenicilloate (LXXXIII) to a 
pure crystalline compound which corresponded in 
chemical and physical properties to methyl D-n- 
amylpenicillenate (LXXXIV) (Merck, M.47', 2-3). 
The condensation of n-penicillamine methyl ester 
(LXX) with 2-amyl-4-methoxymethylene-5(4)-ox- 
azolone (LXXXV) also gave the crystalline methyl 
D-Ti-amylpcnicillenate (LXXXIV) (Merck, M.ffO, 
11 ). 
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The purity of the methyl n-benzylpenicillenate 
(LXXIV) wdiich was prepared by the azlactonization 
reaction was comparable (spectra comparison Em 
18,000, 3,200 A) to the average product (calc, and 
found analytical differences, C, —0.52%; H, 
+0.08%; N, — 0.2%>) which w^as prepared by the 
condensation reaction. As noted above, the purest 
available preparation of methyl D-benzylpenicil- 
lonate showeel Em 21,600, 3,200 A. The prepara¬ 
tion of methyl D-benzylpenicillenate is reproducible. 
The product has been found to contain impuities- 
related to the oxazolone, such as a-phenylacetarmido 
iS-methoxyacrylic acid (LXII), Many attempts to 
obtain methyl D-benzylpenicillenate in pure crystal¬ 
line form failed. 

When methyl D-benzylpenicillenate, prepared by 
either the azlactonization reaction or the condensa¬ 
tion reaction, was allowed to react with benzyl- 
amine, a benzylamide melting sharply at 116-118° 
was obtained. (There was no depression of the 
melting point of a mixture of the beiizylamides 
derived from the two sources.) Thus, it was highly 
probable that this benzylamide was identical with 
the one melting at 11^118° which had been re¬ 
ported from the Abbott Laboratories (Merck, M.37, 
20, 23). However, it is diastereoisomeric with the 
a-benzylamide of /S-methyl D-a-benzylpenicilloate 
(LXXXI), m.p. 68-70°, which is derived directly 


CeHbCHaCONH CH—CH ^C(CH3)2 


CeHsCHiNnio I^H- CHCOjCH, 

LXXXI 
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from benzylpenicillin without any known change of 
configuration. ' 

Methyl D*benzylpeniciUenate (LXXIV) was also 
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obtained by the azlactonization of jS-methyl 
D- 7 -benzylpenicilloate (LXXXII) when phosphorus 
tribromide and pyridine were used as reagents. 
In this experiment, the crude penicillenate reacted 
with benzylamine to give a mixture of diastereo- 
isomeric a-benzylamides of jS-methyl D-benzyl- 
penicilloates (LXXXI). One fraction of crystals of 
the benzylamides melted at 154--160® and ap¬ 
parently corresponded to the benzylamide fraction 
from the Abbott Laboratories described as melting 
at 154-157® (Merck, M.S7, 18). 

The Abbott procedure for the preparation of 
methyl benzyl penicillenate from benzylpenicillin 
methyl ester in ether solution with mercuric 
chloride was repeated. The ultraviolet absorption 
of the penicillenate was compared with that of a 
freshly prepared synthetic sample which was ob¬ 
tained by the condensation reaction; the two prepa¬ 
rations had substantially identical bands at 3,200 A. 
The ^^naturar^ penicillenate reacted with benzyl- 
amine and a benzylamide (LXXXI) melting at 
116.5-118.5® Avas readily obtained. A mixture of 
this ‘^naturar’ benzylamide and the synthetic, ben¬ 
zylamide (m.p. 116 118°, obtained from the (*on- 
densation product) melb'cl without any depression. 
The specilic rotations of the ‘^naturaP’ and syn¬ 
thetic benzylamides wer(^ also identical. Thus, the 
identity of the benzylamine njaction produces of 
‘^naturaland synthetic methyl benzylpenicil- 
lenates was established. Furthermon', the dis¬ 
tinctive character of methyl benzylpenicillenate 
which is obtained from benzylpenicillin methyl 
ester by mercuric chloride in an inert solvent was 
apparently established. On the basis of this 
structural evidence, and because of the existence of 
numerous synthetic compounds of related struc¬ 
ture, the trivial name penicillenic acid was intro¬ 
duced (Merck, 6 , 10, 11 ). 

The transformation of /3-methyl D- 7 -benzylpeni- 
cilloate via methyl D-benzylpenicillcnate into the 
a-benzylamide of j 8 -methyl D-benzylpenicilloate 
has been confirmed (Upjohn, UJ6y 23, 24). 

W hen * ‘ natural methyl benzylpenicillenate 
(LXXIV) was treated with sodium hydroxide solu¬ 
tion, the molecule was cleaved and a crystalline 
sodium salt was obtained which was identical with a 
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synthetic crystalline specimen of the sodium salt 
of 2-benzyl-4-hydroxymethylene-5(4)-oxazolone 
(LXXXVI)* By these stepwise reactions, a crystal¬ 
line degradation product having a known oxazolone 
structure has been obtained from benzylpenicillin 
(Merck, AT. 46 *, 11 - 12 ). 

The possibility that the crystalline sodium salts 
do not have structure LXXXVI but have struc¬ 
ture LXXXVII instead was eliminated by the nature 
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of the properties of 2-benzyl-4-(;arboxyoxazole 
(LXXXVIII). The oxazole (LXXXVIII) does not 
give an enol color test with ferric chloride as does 
the oxazolone (LXXXVI) and has a very different 
ultraviolet absorption spectrum (Merck, 

24-25). 

A precedent for the cleavage reaction of the 
methyl benzylpenicillenate with sodium hydroxide 
was the conversion of the crystalline methyl phenyl- 
penicillenate (LXXII) into the crystalline sodium 
salt of 4-hydroxymethylene-2-phenyl-5(4)-ox- 
azolon(' (LXXXIX) by the same experimental condi¬ 
tions (Merck, M’l2b, 15-16). 
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“Natural” methyl benzylpenicillenate was sub¬ 
jected to hydrogenolysis treatment with Raney 
nickel catalyst to produce methyl desthiobenzyl- 
penicillenate (XC) which was treated with sodium 
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hydroxide solution to give the same crystalline 
sodium salt of the oxazolone (LXXXVI). This 
intermediate hydrogenolysis step precludes the 
possibility that methyl benzylpenicillenate has the 
alternative structure XCI. The hydrogenolysis 
reaction in this case would have produced valine 
methyl ester (XCII) and 2-benzyl-4-methylene- 
5(4)-oxazolone (XCIII) (or a further hydrogenation 
product), and the alkaline hydrolysis reaction to 


CR(CU,)2 


NH 2 -CH CO 2 CH 3 


XCII 

N-(^-=cn 

II 1 

CeHiCHsC CO 

\ / 


O 

XCIII 


2 


give the oxazolone (LXXXVI) would be impossible 
(Merck, M46, 12-14). 

Methyl DL-desthiobenzylpenicillenate (XC) was 
synthesized by condensing DL-valine with 2-benzyl- 
4-mcthoxymethylene-5(4)-oxazolone to give the 
crystalline penicillenate which was then treated 
with diazomethane. Methyl n-desthiobenzylpeni- 
cillenate (XC) was synthesized by condensing 
directly n-valine methyl ester with the oxazolone. 
In each case, the products were oils which 
showed ultraviolet absorption bands of Em 24,000 
-26,000 at 3,200 A (Merck, M.50, 10; 47, 2). 

It is apparent from the available evidence that 
benzylpenicillin (LXV) (and also the methyl ester 
of benzylpenicillin) rearranges under the influence 
of certain experimental conditions into an unstable 
isomer, probably pseudobenzylpenicillin (LXVI), 
and thence into the stable benzylpenicillenic acid 
(LXIV). There is no evidence which would support 
a postulated intermediary formation of the un¬ 
saturated thio-jS-lactam (XCIV). 


jS-Methyl n-phenylpenicilloate (XCV) was con¬ 
verted into the methyl n-phenylpenicillenate 
(LXXn) by azlactonization with benzoyl chloride 
and pyridine, or with phosphorus tribromide and 
pyridine, or with acetic anhydride. The peni- 
cillenates thus obtained reacted with benzylamine 
to give the corresponding a-benzylamide of /9-methyl 
D-phenylpenicilloate (XCVI) (Merck, M.S7, 17, 19, 
20 ). 
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The condensation of n-cysteine methyl ester 
(XeVn) with 4-ethoxymethylene-2-phenyl-5(4)- 
oxazolone (LXXI) gave a crystalline product which 
melted at 124-125® and was solvated with benzene. 
The product showed an ultraviolet absorption band 
at 3,500 A corresponding to methyl desdimethyl- 
phenylpenicilloate (XCVIII) (Merck, M.lSc, 23). 

Treatment of /3-methyl DL-desdimethylbenzyl- 
penicilloate (XCIX) with benzoyl chloride and 
pyridine for azlactonization gave an amorphous 
product corresponding in ultraviolet absorption 
to methyl nn-desdimethylbenzylpenicillenate (C) 
(Merck, M.SS, 10). 
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Condensation of n- and DL-pcnicillamine methyl 
esters with 4-ethoxymctliylene-2-styryl-5(4)-ox- 
azolone gave crystalline methyl d- and DL-styryl- 
penicillenates (Cl) (Merck, 3f.£3, 23-24; see also 


IIS 

\ 

C™C (^(CH3)2 

i I I 

CO NH-CIICOjCHa 
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Cl 

Robinson, Abraham, Baker, Chain and Robinson, 
CPS.198, 1). 

The reactions of synthetic methyl benzylpenicil- 
lenate with mercuric acetate (Squibb, S.63, 8) and 
thiocyanic acid (Squibb, S.5S, 1 , 4, 8) are described 
in Chapters VIII and X. 


€6lH(HI--CH 


N- 


EXPERIMENTAL 

Saponiflcatioii of the Methyl Eater of Benzylpeniciilio in 
Ethanol-Water Solution (Merck, M. 41 , 5). Using potentio- 
meiric saponification technique, the hydrolysis of the methyl 
ester of bonzylpenicillin was studied in 66% ethanol-water 
solution. Sufficient 1.03 N sodium hydroxide was added to 
raise the apparent pH of the solution to 12.9. Alkali was 
then added portion-wise to hold the pH constant as hy- 
drolysifl progressed, until one equivalent had been used. 
This required eighty-nine minutes at 24®. The system was 
then titrated with 1.03 N hydrochloric acid and was found 
to have a binding span of pH^^ « 5.1, and a span length 
equal to 92 % of one theoretical oqxuvalent. The titration 
eystem was allowed to stand at a pH of 2.5 and 24® for 
twenty hours, following which it was back titrated with 
1.^ JV sodium hydroxide. Back titration showed that only 


25% of the acidic group (iorresponding to the original 
pH^^ » 5.1 span remained. The decarboxylation of benzyl- 
penicilloic acid under these conditions was known to involve 
the rt-carboxyl group. The results therefore indicab'd that 
at least 75 % of the original methyl ester of benzylpeiiicillin 
inu.st have been hydrolyzed to yield ^-methyl bonzyl- 
penicilioato under the conditions used. To account for the 
25% of binding in the pH 5.1 region following the pH 2.5 
treatment, two explanations appeared possible*. Twenty- 
five per cent of the benzylpenicillin methyl ester may have 
been saponified to free benzylpenicillin which was then 
rapidly converted to free benzylpenicilloic acid at pH 12.9. 
The latter would be decarboxylated at pH 2.5 to benzyl- 
penilloic acid which would be manifested on subsequent 
back titration. Tliis appeared to be unlikely siniM} under 
such circumstances the residual binding region should have 
moved to a higher pH. Benzylpenilloic acid is known to 
be a weaker acid than /'i^-inethyl benzylpenicilloic acid. 
Actually the forward and reverse binding spans lay in 
identical pH rcjgions. A more likely explanation is that 
the decarboxyhilion of the /i-methyl benzylpenicilloatc was 
merely incomplete under the arbitrary conditions of twenty 
hours at 24“ and pH 2.5. 

No trace of any binding in the region of pH above 7 was 
observed at any time; hence no benzylpenillic acid was 
formed at pH 2.5. 

Benzylpenicillin Methyl Ester from the Triethylamine 
Salt of Benzylpenicillin (Pfizer, P/Ji4, 12). A solution of 
5 g. of the triethylamine salt of benzylpenicillin in UK) cc,. of 
dioxane was treated with a slight excess of an ethereal solu¬ 
tion of cliazomethane. After standing for one-lialf hour, 
the mixture was evaporated m vacuo and the residue crystal¬ 
lized from ethyl acetate-petroleum ether. In this way there 
was obtained 3.4 g. of the methyl ester of benzylpenicillin, 
in.p. 93-94“, in tlie first two crops. This is 85% of the 
theoretical amount. Wlien this product was mixed with an 
authentic speiumen of benzylpenicillin methyl ester, there 
was no depression of the melting point. 

Action of Methanol on Sodium Benzylpenicillin and 
Benzylpenicillin Methyl Ester (Pfizer, PJ4, 10). A 1% 
solution of the methyl ester of benzylpenicillin in absolute 
methanol had [aln -f 289“, After twenty-four hours, it still 
had [ar]i> -j-288“. A 1 % solution of crystalline sodium benz- 
ylpenicilliri in absolute methanol had [aln -f299“. In two 
hours this had dropped to [a)D 4-250“, in four hours to [^Jd 
4-235“ and in twenty-four hours to f«)D 4-159“. A 1% 
solution of the methyl ester of benzylpenicillin in absolute 
methanol was then mixed with .a molecular equivalent of 
sodium benzoate. The rotation fell to [«1d 4-251“ in two 
hours, Md 4-233“ in four hours and [oId 4-115“ in twenty- 
four hours. This experiment indicated that in the absence 
of sodium (or other metal) ions, benzylpenicillin methyl ester 
was stable in methanol for twenty-four hours. However, 
when sodium ions (in the form of sodium benzoate) were 
added, the drop in rotation was similar to that of sodium 
benzylpenicillin itself in methanol. 

Treatment of the Methyl Ester of Benzylpenicillin with 
Selenium and Sdlenium Dioxide (Pfizer, 5-6). A 

solution of 250 mg. of the methyl ester of benizylpenicilUn in 
25 cc. of dioxane was refluxed and the rotation read .at 
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various intervals. This was repeated with the addition of 
250 mg. of selenium and also with 250 mg. of selenium diox¬ 
ide. The preliminary indications were that very little 
reaction occurred in the case of the methyl ester of benzyl- 
penicillin alone or with selenium. However, a definite 
reaction took place when selenium dioxide was added. 

Treatment of Pure Benzylpenicillin Methyl Ester with 
Diazomethane (Merck, 14). A solution of 187 mg. 

of the methyl ester of benzylpenicillin (m.p. 97-98.5®) in 
50 cc. of ether was treated at room temperature with an 
ethereal solution of approximately four equivalents of 
diazomethane, and the mixture was allowed to stand for 
23^^ hours at room temperature. On working up, 165 mg. of 
pure methyl benzylpenicillin, melting above 97“, was ob¬ 
tained in three crops. Slow coiuuuitration of the mother 
liquor fn^m the third crop gave a crystalline residue (20 mg.) 
of m.p. 87-92®. It was concluded that at least 95 % of the 
ester was unchanged after this treatment. 

Treatment of Benzylpenicillin Methyl Ester with Phenyl 
Isothiocyanate (Merck, M,22y 8). A sample of benzyl¬ 
penicillin methyl ester, 26.0 mg., was dissolved in 1.0 cc. of 
phenyl isothiocyanate and heated on the steam bath for 
forty-five minutes, then allowed to stand at room tempera¬ 
ture overnight. The phenyl isothiot^yanate w'as removed in 
vacuo leaving 26.9 mg. of a faintly yellowish oil. On stand¬ 
ing for a few hours, this oil crystallized in the manner of 
methyl ester of benzylpenicillin. The crystals melted at 
92-97® (micro-block), showed no depression of melting point 
when mixed wdth pure penicillin methyl ester, and had [a]© 
4-286® (in methanol). The solubility, mixed melting point, 
and rotation show that the ester was unchanged under these 
conditions. 

Treatment of the Methyl Ester of Benzylpenicillin with 
Ketene (Merck, M,S8f 10), Ketene was bubbled through 
a carbon tetrachloride solution of benzylpenicillin methyl 
ester at 20® for thirty minutes. Acetylation was not ac¬ 
complished as evidenced by the recovery of the ester. 

Treatment of the Methyl Ester of Benzylpenicillin with 
Methyl Iodide (Merck, MJfS, 6). To a solution of 45.6 mg. 
of the methyl ester of benzylpenicillin in 2 cc. of benzene 
2 drops of methyl iodide were added. The molar ratio of 
methyl iodide to benzylpenicillin methyl ester \ras approxi¬ 
mately 1:1. The solution was allowed to stand in the cold 
room for four days; no precipitate or color was produced. It 
was then concentrated to dryness in vacuo and the residue 
crystallized from ether. The first crop weighed 26.5 mg., 
m.p. 97-99®. A second crop of 10.2 rag. was obtained from 
the mother liquor, giving a total recovery of crystalline 
starting material of 36.7 mg. or 80.4 %. 

Reaction of the Methyl Ester of Benzylpenicillin with 
Methyl Iodide and Benzyl Chloride (Merck, Af 8). The 
methyl ester of benzylpenicillin when refluxed for fifteen 
minutes with methyl iodide yielded a product which had 
[aln 4-120®. Another sample refluxed with benzyl chloride 
for fifteen minutes gave a product which had [ajn 4-64®. 
Bands appeared in the ultraviolet at about 3,200 A in each 
case, but the Em was quite low. 

Reaction of the Methyl Ester of Benzylpenicillin with 
Acetic Anhydride (Merck, 7-8), A sample of the 

methyl ester of benzylpenicillin was dissolved in acetic 
anhydride and the solution was refluxed for fifteen minutes. 
The product, after removal of acetic anhydride in vacuo^ had 
Wn -4*182® (in methanol). In the ultraviolet a band ap¬ 
peared at 3,250 A with Em (based on the concentration of 
ester originally present) of 4,500. When another sample of 
the methyl ester of benzylpenicillin in acetic anhydride 
solution was heated at reflux temperature for two hours, the 
product had [ajp 4-22®. In the ultraviolet a band appeared 
at 3,300 A with Em 20,(XX), 

Found: C, 56.30; H, 6.02; N, 7.09. 

Reaction of Free Benzylpenicillin with Acetic Anhydride 
(Merck, M.Sj?, 2-3). In one experiment a solution of ben¬ 
zylpenicillin in acetic anhydride was held at about 70®. 


Aliquots were removed at intervals. In the ultraviolet a 
band appeared at 3,200 A. The intensity of this band 
slowly increased in the course of the experiment to Em 5,300 
after twenty-four hours. Simultaneously, a low band at 
2,900 A was observed. Efforts to isolate a product from 
the mixture yielded only a small amount of crude material 
which effervesced at 160® and melted at 165-175® (micro¬ 
block). A test for sulfhydryl with alcoholic ferric chloride 
was negative. 

A second experiment was carried out in which the behavior 
of free benzjdpenicillin in acetic anhydride was compared to 
that of the synthetic compound, S-benzyl-i)4)enzylpenicil- 
lenic acid- Tlie benzylpenicillin sample developed a band in 
the ultraviolet at 2,800 A with Em 8,800 after 2H hours at 
120 ®. Continued heating for a total of five hours gave a 
product vdth two bands, one at 2,800 A with Em 5,500 and 
one at 3,200 A with Km 5,700. 

The synthetic, compound originally had a band in the 
ultraviolet at 3,250 A with Km 18,050. This band was lost 
on refluxing in acetic anhydride solution. After 2}'i hours 
there appeared a broad band at 2,900 A with Em 8,200. 

No ptire products were isolated from the rea(;tion mix¬ 
tures. No (!olor reaction was given with alcoholic ferric 
chloride. 

Reactions of Sodium Benzylpenicillin and Benzylpenicillin 
Methyl Ester (Pfizer, P.17, 7). A 1% solution of benzyl- 
penicillin methyl ester in benzene was treated witli two 
equivalents of benzylamine. The solution, read immedi¬ 
ately, had Wd 4-281®; at the end of four hours it had [alo 
4-115®; after twenty-four hours [ab 4-63°; in ninety-six 
hours [orb -462®. The solution was then washed with dilute 
hydrochloric acid and water, dried over sodium sulfate and 
lyophilized. The benzylamide of /3-methyl benzylpenicil- 
loatc was obtained in amorphous form. 

Calc, for C24H2«N,04S: N, 9.23 
Found: N, 9.34, 9.37 

It was shown (Cornell Bioch., 0.16^ 8) that sodium benzyl¬ 
penicillin did not react with liquid ammonia under anhydrous 
conditions. We thought it would be of interest to try a 
similar reaction with the methyl ester of benzylpenicillin. 
A 1 % solution of benzylpenicillin methyl ester in dry benzene 
was treated with dry gaseous ammonia for three hours. At 
the end of this time the rotation had not changed and the 
solution was allowed to stand overnight. A jelly-like 
precipitate formed and was washed with benzene and dried. 
An analysis at this point showed 10.5% nitrogen. This 
precipitate was triturated in water to give a white powder 
which on drying melted at 94-96® and had [ctId -479®. 

Found: C, 55.91; H, 6.58; N, 10.50; S, 8.65 

A 1 % solution of benzylpenicillin methyl ester in benzene 
was treated with 10 % of its weight of aniline. The solution 
had Wd -4211®, changing to +142® in twenty-four hours, 
+102® in forty-eight hours, +99® in seventy-two hours, and- 
+62® in ninety-two hours. The product from this reaction 
was not isolated. 

In lino witli the reported stability of 2-pentcnylpenicillin 
or p-hydroxybenzylpenicillin, we have studied the reaction of 
phenol on benzylpenicillin methyl ester and sodium benzyl¬ 
penicillin. A 1 % solution of the methyl ester of benzylpeni¬ 
cillin in benzene was treated with 1 % of its weight of phenol. 
The rotation at the end of forty-eight hours had not changed. 
Rapid extraction with dilute alkali followed by evapordr 
tion of the benzene solution gave unchanged benzylpenicil¬ 
lin methyl ester which melted at 96-97®. 

A l(X)-mg. sample of sodium benzylpenicillin was dissolved 
in 10 cc. of 95 % phenol-5 % water mixture. The solution 
was read at once and had [ajn +196®; at the end of 4 hours it 
had [«1d +176®; after 24 hours, [aln +138®; at the end of 
72 hours, [ab +114®; after 96 hours, bb +71®; at the end of 
120 hours, [ah +68®; and after 216 hours, W© +50®. This 
seems to indicate the formation of a benzylpenicilloate 
derivative. The product hM not been characterized. 
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Treatment of Benzylpenicillin Methyl Ester with Bromine 
(Pfizer, 9). A solution of 1 g. of benzylpenicillin 

methyl ester in 50 cc. of purified tetrachloroethane was 
treated with 0.113 N bromine in carbon tetrachloride solu¬ 
tion. With this strength solution 53 cc. is one mole equiva¬ 
lent. A starch-iodide outside indicator was used. Bromine 
was absorbed rather readily until 10 cc. had been added. 
After this, considerable time intervals had to elapse before 
the tests became negative. When 25 cc. had been added, a 
precipitate formed and hydrogen bromide evolution became 
very noticeable. Further additions of bromine increased the 
precipitate until 30 cc. had been added when no further 
precipitation occurred and twenty minutes standing was 
necessary to give a negative tost. The gummy precipitate 
has not been characterized. 

Reaction of Benzylpenicillin Methyl Ester with Bromine 
(Merck, 7). A sample of benzylpenicillin methyl 

ester weighing 60 mg. was dissolved in 3.0 cc. of chloroform 
and titrated with 0.05 M solution of bromine in chlorofonn. 
A starch-iodide outsidt? indicator was used for determination 
of the presence of unreacted bromine. Wlien broiuiiK? solu¬ 
tion corresponding to 1.98 atoms of bromine per mole of 
benzylpenicillin methyl ester had ])oen added, free bromine 
remained in the solution. Instant dcoolorization of the 
first drops of bromine occurred. A yellow color not due to 
free bromme appeared after about one-tenth of the bromine 
had been added. 

Treatment of the Triethylamine Salt of Benzylpenicillin 
with Bromine (Pfizer, P.2/), 10). A solution of 1 g. of the 
triethylamine salt of benzylpenicillin in 50 cc. of chloroform 
was treated with a solution of bromine in chloroform which 
was made up to be 0.05 M. A starch-iodide outside indi¬ 
cator was used. The first 40 cc. of bromine was absorbed 
quite readily; then for the next 10 cc, the absorption became 
quite slow but speeded up again and the test did not become 
definitely positive until 80 cc.. had been added. This would 
cornjspond to two niole.s except for the fact the chloroform- 
bromine solution was quite unstable. Therefore, no definite 
conclusions can be drawn as to the amount of bromine used. 
Hydrogen bromide was evolved and a precipitate appeared. 
This precipitate was filtered, washed with chloroform and 
dried. There was obtained 0.58 g, of product which decom¬ 
posed at 103®, and had feejn 430® (c « 1.0 in methanol). 
The crude material had no biological activity. From the 
analysis it appeared that the product was a benzylpenicil- 
loic acid hydrobromide. 

Calc, for CieHaiNjOfiSBr: 

C, 44.34; H, 4.84; N, 6.46; S, 7.39; Br, 18.47 
Found: 

C, 43.21; H, 4.95; N, 6.41, 6,44; S, 7.58, 7.77; Br, 18.45 

In a subsequent experiment using tetrachloroethane as a 
solvent and bromine in carbon tetrachloride, the methyl 
ester took up three atoms of bromine before a definite excess 
was present, and the same precipitate was noted. Here 
again hydrogen bromide was evolved. However, in an 
experiment using exactly one mole of bromine solution, no 
hydrogen bromide was noted. 

Inactivation of Benzylpenicillin (Pfizer, P.9^ 3). In a 
search for decompositions of benzylpenicillin w^hich might 
give products of use in further structure determination, the 
observation by Abraham and Chain (Brit J, Exp, Path,y 2Sy 
103 (1942)) that penicillin was inactivated by a number of 
metal ions, was confirmed for the ions Fe++, Fe+'’"*^, Cu*^'+, 
Cd*^ and 2txP^, The procedure was to treat a 0.4 % solu¬ 
tion of sodium benzylpenicillin with one molar equivalent of 
the metal salt. The results are given in Table I. 

The indic.ations were that gave a relatively rapid 
and complete inactivation with a large rotation change. 
Therefore it was decided to follow the absorption spectrum 
of sodium benzylpenicillin treated with Zn’^+, 

With the exception of a small rise in the peak at 3,200 A 
very little change in absorption took place in the inactiva¬ 
tion. As regards the 8,200 A peak, the Merck group has 


^PABLE J 
Inactivation 


Metal corn pound 

pH 

Hours 

% i(‘ft 

ti'Kt 

Rota¬ 

tion^ 

FeS04-7H.,0. 

4.45 

1 

80 

42 . 0 ® 



24 

GO 

420 ® 



72 

14 

42 0® 

CdS04-4H20. 

4.35 

1 

100 

42 . 3 ® 



72 

18 

1 42 . 2 ® 

Zn(02Hg02)r2Ho0. 

5.05 

1 

70 

41 . 3 ® 



2 

.50 

41 



3 

50 

410 ® 



20 

10 

40 . 4 ® 



40 

2 

40-4® 


Fcj(SO4):j(80%). 90 pn*.cipitntcd at onoc*. 

(^iH 04*5H20. Jicnzylpcnillic acid crystMllized. 

pH very low. 


1 The rotation of 0.4 % Na beiizylpeuieillm in water without ti»c metal 
ions was 

shown that it can be brought to Em 20,000 by various in¬ 
activations. Therefore with an Km 160 observed for the 
Zn ’ ’ inactivation, this reaction does not appear to take 
the same course as tliat giving rise to 3,200 A absorption. 
The next step seemed to be to determine, whether or not the 
inactivated benzylpenicillin would yield benzylpenillic 
acid at pH 2. Therefore, the inactivation w\as carried out 
as before and after forty hours the reaction mixture was 
adjusted to pH 2 and an absorption spectrum taken two 
hours later. No benzylpenillic acid crystallized out, and the 
absorption spectrum did not indicate its formation. 

Pyrolysis of the Triethylamine Salt of Benzylpenicillin 
(Pfizer, P.24f 13; ^5, 11 ). Two grams of the triethylamine 
salt of benzylpenicillin in 80 cc. of chlorobenzene was 
refluxed for one-half hour, cooled and evaporated to dryness. 
The residue was taken up in dioxane and lyophilized. The 
c^nide amorphous powder so obtained showed no activity by 
bioassay and had Md 424®. 

Found: C, 57.62; H, 6.85; N, 8.79, 8.67 

The analytical data correspond fairly well with the values 
calculated for the formula CicHjgN 2 O 4 S. The crude product 
obtained from this pyrolysis therefore seemed to be isomeric 
with free benzylpenicillin. However, other evidence pointed 
to the fact that this crude material was a mixture. It was 
also found possible to inactivate the triethylamine salt in 
chlorobenzene by stirring at 100 ° for one-half hour. 

Two grams of the triethylamine salt of benzylpenicilhn 
in 80 cc. of chlorobenzene was heated at 100 ° for one-half 
hour. The solution was cooled and extracted wnth dilute 
bicarbonate solution. From the chlorobenzene layer after 
evaporation in vacuo there was obtained 250 mg. of an 
unidentified gummy product.. The bicarbonate solution 
was adjusted to pH 2 w'ith dilute hydrochloric acid, which 
caused the precipitation of a wldte flocculont material. 
There was obtained 1.01 g. of product wdth no definite melt¬ 
ing point. This material decomposed in the neighborhood 
of 150® and had [^Jd 476° (c « 1.0 in methanol). From its 
analysis and optical activity, this compound may be n-a- 
benzylpenicilloic acid. 

Calc, for CuHsoNaOgS: 

C, 54.54; H, 5.68; N, 7.95; neut. equiv., 176 
Found: C, 54.60; H, 5.94; N, 8.11, 8,05; neut. equiv., 197 

A 200 -mg. sample of the acid product was dissolved 
in dioxane and treated with an excess of diazomethane 
in ether. After standing for one-half hour, the solution 
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was evaporated to dryness and the oily product dissolved 
in dioxane and lyophilized. Analyses of the resulting 
crude product agreed fairly well with those expected for a 
dimethyl benzylpenicilloate. 

Calc, for Ci*H 24 N 205 S: C, 56.84; H, 6.31; N, 7.37 
Found: C, 50.42; II, 6.15; N, 7.19, 7.20 

This ester was dissolved in a mixture of acetone and 
ether and treated with petroleum ether just to cloudi¬ 
ness, but did not respond to seeding with dimethyl 
i)-a-benzylpenicilloato. 

Reaction of the Methyl Ester of Benzylpenicillin with 
Methylmagnesium Iodide (Abbott, A. 6 ‘, 1-2). An ethereal 
solution of benzylpenicillin methyl ester was treated with an 
excess of methylmagnesium iodide. A precipitate formed 
immediately. The mixture was refluxed for an hour, and 
then decomposed with a solution of ammonium chloride. 
The strongly alkaline solution was neutralized and the ether 
layer separated. From the ether solution a fair yield of a 
crystalline compound was obtained, lliis substance melted 
at 125*“129® (micro-block), after recrystallization from 
ac'etone-petroleum ether. When this substance was mixed 
with synthetic phenylaeetylaminoacetone there was no de¬ 
pression of the melting point. 

Calc, for CnHuNO,: C, 69.1: H, 6 . 8 ; N, 7.3 

Found: C, 68.82; H, 6.83; N, 8.36 

The compound reduced Tollens reagent, and gave a 
crystalline semicarbazorie which m(dted at 165-167° (micro- 
block). Admixture of this semicarbazone with synthetic 
phenylaeetylaminoacetone* semicarbazone gave no depres¬ 
sion of melting point. 

Calc, for C 12 HHN 4 O 2 : N, 22.6 

Found: N, 22.6 

From an acetylation mixture of an oily fraction from the 
Grignard reaction, a small amount of a crystalline compound 
melting at 103-105° (micro-block) was obtained. 

For comparison with this crystalline acetyl derivative, 
2-methyl-3-phenylacetylaminopropanol and the correspond¬ 
ing acetate were synthesized. Isobutanolamine was treated 
with phenylacetyl chloride in the presence of sodium hydrox¬ 
ide, at 10-15°. The ether extracts were washed with water, 
acid, and bicarbonate and then concentrated. The residual 
oil solidified. Crystallization from ether gave pure ma¬ 
terial, m.p. 67-68°. 

Calc, for CijHnNO*: N, 6.76 
Found: N, 6.86 

Acetylation of the product with acetyl chloride in ether 
gave two oily fractions, one insoluble in ether. These did 
not crystallize. Acetylation of the product by heating on 
the ste^m bath with excess acetic anhydride, and concentra¬ 
tion to dryness gave a low melting solid. After crystalliza¬ 
tion from ether, this acetyl derivative melted at 67^8°. A 
mixture of this acetyl derivative with starting material 
softened at 60° and melted at 62-66°. This acetylation 
product is probably l-phenylacetylamino-2-methyl-3-prop- 
anol acetate. It is obviously not identical with the Grignard 
product. 

The Grignard reaction was repeated with isoamyl ether 
as a solvent, in the hope that the reaction mixtxire would 
remain homogeneous. Some precipitate did form, although 
it was less bulky than when ethyl ether was used as the sol- 
vemt. The reaction was carried out at 50°, and the mixture 
was decomposed with sodium acetate buffer of pH 5 , to 
prevent alkalinity. Phenylaeetylaminoacetone was also 
isolated from this reaction, but the bulk of the reaction 
products have not been identified. 

Synthesis of Phenylaeetylaminoacetone (Abbott^ A. 6 f, 1 ). 
Phenylacetyl chloride (7,7 g.) was added to 8.7 g. of iso- 
propanolamine in 10 cc, of water. The 1-phenylacetyl- 


amino-2-propanol separated as an oil; more came out on the 
addition of potassium carbonate. The product could not be 
induced to crystallize and was used in the crude state, A 
7.4 g. portion w^as oxidized with 2 g. of chromic oxide in 
20 cc. of w^ater and 1 cc. of sulfuric acid. A gummy solid 
separated. This was triturated with ether, pressed out on a 
porous plate and crystallized several times from other- 
benzene; yield of phenylaeetylaminoacetone, 100 mg., m.p. 
128-129°. 

Calc, for OuHnNO.,: N, 7.3 
Found: N, 7.6 

Reaction of Penicillin Methyl Ester with Grignard 
Reagents (Abbott, A.S, 1-2; 10, 6). The methyl ester of 
benz 3 dpenieillin in isoamyl ether was treated with six moles of 
methylmagnesium iodide at 50°. The reaction mixture w’^as 
not homogeneous. It was decomposed with an acetate 
buffer of pH 5. The only identifiable product was a small 
iinumnt of phenylaeetylaminoacetone. 

B<mzylponicillin methyl ester in ethyl ether was added 
slowly to a solution of six moles of phenyl magnesium 
bromide in isoamyl ether. A precipitate formed which did 
not dissolve even at 100°. The reaction mixture was treated 
with an acetate buffer of pTI 5. The ether solution contained 
at lea.st four crystalline corn pounds in addition to biphenyl, 
but the yields were so small that only one of these has been 
identified. This was w-phenylacetylaminoacctophenone; 
m.p. 99-101° (micro-block). When this sample was 
mixed with a synthetic specimen of w-phenylacetylamino- 
acetophenone (Robinson, J. Chem. Soc,, 9S, 2167 (1909) gives 
m.p. 104°) there was no depression of the melting point. A 
semicarbazone of this product was obtained which melted 
at 188-191° after recrystallization from 50% alcohol. 
When mixed with a synthetic sample of the semicarbazone 
of ci)-phenylacetylaminoacetophenone (m.p. 189-192°), there 
was no depression of the melting point. 

Calc, for C, 7 H,*N 402 : N, 18.1 
Found: N, 18.3 (Dumas) 

The second crystalline reaction product from treatment of 
benzylpenicillin methyl ester with phenylrnagnesium bromide 
was a neutral nitrogen-containing compound insoluble in 
benzene but soluble in warm alcohol. It was insoluble in 
acid or alkali. 

Found: C, 68.9; H, 6.7 

This substance reacted slowly with dinitrophenylhydrazine 
to give a product melting at 187-190°. 

IVo other crystalline compounds were isolated, but they 
were not pure enough for characterization. The bulk of the 
reaction mixture remained oily. 

Reaction of the Methyl Ester of Benzylpenicillin with 
Methylmagnesium Iodide and Benzoyl Chloride (Abbott, 
A,18f 6-‘7). A solution of 308 mg. (0.866 millimole) of 
benzylpenicillin methyl ester in 22 cc. of dry xylene was 
chilled to —13°, and 7.6 cc, of 0.433 M methylmagnesium 
iodide in isoamyl ether was added over a twenty minute 
period. The amount of Grignard reagent was just sufficient 
to react with the active hydrogen and binding groups of the 
benzylpenicillin methyl ester molecule. After one hour in 
the ice bath, the turbid solution was stirred at room tempera¬ 
ture for thirty minutes. An atmosphere of nitrogen was 
maintained during this reaction with the Grignard reagent. 
To the reaction mixture 3.4 cc. of a 1 3f solution of benzoyl 
chloride in xylene were then added. This was a slight 
excess of benzoyl chloride over the amount of methyl- 
magnesium iodide added. After forty-five minutes at room 
temperature and sixteen hours at &"10°, the yellow reaction 
mixture was diluted with ether and decomposed with pH 4,6 
acetate buffer. After four additional ether extractions, the 
extracts were combined, washed three times with water, 
dried over anhydrous sodium sulfate, and vacuum distiUed 
to remove the solvents. The residue was extracted with 
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ether to remove a dark oily substance. The ether solution 
contained 489 nig. of rnattjrial. I'he latter was extracted 
with light petroleum to remove benzoic acid and other im¬ 
purities. The residue, weighing 190 mg., was extracted 
several times with a total of 13 cc. of carbon tetrachloride to 
separate it from a brown insoluble oil. 

The carbon tetrachloride solution was vacuum distilled to 
yield 176 mg. of a brownish-orange viscous oil. Hiis was 
dissolved in 2 co. of 95 % ethanol and converted to a crystal¬ 
line 2,4-dinitrophenylhydrazone which, after two recrystal¬ 
lizations from chlorofonii-95 % ethanol, m(‘h.ed at 215-216“ 
(micro-block). The yield was 40 mg. (The 2,4-dinitro¬ 
phenylhydrazone of phenylacetylaminoacetone melts at 104“ 
(micro-block).) 

Calc, for C’.aHioN^Oo: C, 59.8; H, 4.15; N, 15.18 
Found: C, 59.7; H, 4.44; N, 15.38 

2-PhenyI-5(4)-oxazolone (Abbott, A.6*a, 1). A mixture 
of 100 g. of hippuric acid and 300 cc. of acetic anhydride was 
heated on the steam bath with stirring until a clear solution 
resulted. 'I'lie solvent was removed under reduced pressure 
while the mixture was still bedng heated, l^he liot solution 
was then treated with 200 cc. of hexane and th(; mixture 
was allowed to cool. Theni was deposited a pinkish solid 
which was collected on a biter, washed with hexane and 
dried in a desiccator. The produtT was (irystallized from 
absolute ethanol; yield 44 g. (49% of the theoretical amount) 
of 2-phenyl-5(4)-oxazolone, m.p. 91-92“. One more re¬ 
crystallization gave 38 g. of product which melted at 92.5- 
93.5°. Further purification raised the melting point to 
94 '- 95 °. 

Reaction of Azlactones with Grignard Reagents (Abbott, 
A.(7, 2). 2-Phenyl-5(4)-oxazolone, m.p. 94-05“, wa.s pre¬ 
pared from hippuric acid and acetic anhydride, followed 
by crystallization from absolute alcohol. Addition of an 
ether solution of the aziactonc to four moles of methyl- 
magnesium iodide gave a heavy precipitate which, upon 
hydrolysis with dilute acid, yielded a small amount of oil. 
'rhe major part of the product was obtained as an inorganic 
salt which was not decomposed by cold dilute acid or alkali. 
Boiling with strong acid dissolved the product wliich is ap¬ 
parently the magnesium salt of a polymer. Adding the 
Grignard reagent to the azlactone yielded the same products. 

Reaction of Azlactones with Grignard Reagents (Abbott, 
A.8^ 7). 2-Pheiiyl-4-methyl-5(4)-oxazolone was prepared 
according to the general directions of Mohr and Stroschein 
(Ber.y 4^1 2521 (1909)). The azlactone which was distilled at 
92-94“ and 0.1 mm. melted at 41-42“ (Mohr and Stroschein 
reported 39"). 

An ethereal solution of 6.0 g. (0.038 mole) of 2-phenyl-4- 
inethyl-5(4)-oxazolonc was slowly added to excess (0.2 mole) 
phenylmagnesium bromide. A precipitate formed but this 
later redissolved during six hours of refluxing. The reac¬ 
tion product was hydrolyzed with ice and dilute acid. 
Extraction with ether and concentration of the ether extract 
gave 4.6 g. of solid; m.p. 188-191“. By crystallization from 
ethyl acetate, material melting at 192-193“ was obtained. 
From the original filtrate more of the solid continued to 
separate slowly. The material appeared to be 2-benzoyl- 
amino-1, l-diphenylpropanol. 

(ialc. for CijHjiNOa: N, 4.23 
Found: N, 4.24 

The mother liquors gave a negative test for ketone with 
2,4*4initrophenylhydrazine. 

Treatment of iBenzylpenicillin with Ethylmagnesium 
Bromide Followed by Methyl Iodide (Merck, M,66f 8). 
One gram (0.9028 mole) of sodium benzylpenicillin was dis¬ 
solved in 10 cc* of cold water and acidified to pH 2 
with concentrated hydrochloric acid. The suspension was 
extracted thoroughly with ether which was dried over anhy¬ 
drous magnei^uiU stilfate and concentrated at room tem- 
|»eratujre on the water pump. The fiufiy white product 


was dried in vacuo. The benzylpenicillin was thtiri slowly 
dissolved in 50 cc. of dry ether. To tliis Kolution was addt'd 
ethylmagnesium bromide in 30 cc. of dry ether prepared 
from 0.60 g. (0.0056 mole) of ethyl bromide and 0.146 g. of 
magnesium. Inhere was an imrnediat(^ whiter precipitate. 
After five minutes 0.79 g, (0.0056 mole) of nudJiyl iodid(i was 
added. The mixture was refluxed for 2^ 2 hours. The ether 
suspension was washed with dilute hydrochloric acid. The 
clear ether solution was then extracted witlv three 25-cc. 
portions of pH 7 phosphate buffer. The buffer solution was 
acidified to pH 2 with conr(;ntrated hydrochloric, acid and 
then extracted with ether. The ether was dri(*d over 
anhydrous magnesium sulfate and concentrated. The 
Huffy product weighed 0.7G g. This was nearly com- 
plet(;ly dissolved in 10 c(!. of watcT containing 0.19 g. 
of sodium bicarbonate. The solution was wa.shed with 
ether and filtered. It was then lyophilized. 4'he color¬ 
less fluffy product weighed 0.78 g. Bio.'issay in phosphate 
buffer showed activity comparable to that of the start¬ 
ing soditim benzylpenicillin. 

The ether solution, after extraction with the three 25-cc. 
portions of buffer, was dried over anhydrous inagTiesium 
sulfate and concontrat(‘d. On drying in vacuo the product 
crystallized, weight 0.020 g. Hioassay of the crude product 
in buffer containing 20% acetone showed activity of ap¬ 
proximately 1 IJ/ing. The product, crystalliz(id from ether- 
petroleum ether, melted at 76-78“. 

In a run in which the refluxing was extended to sixteen 
hours, sodium benzylpenicillin was recovered with activity 
comparable to that of the starting benzylpenicillin. 

Treatment of Benzylpenicillin Methyl Ester with One 
Mole of Ethylmagnesium Bromide (Pfizer, P,23^ 13). Oner 
one-hundredth moh^ of ethylmagnesium bromide in anhy¬ 
drous ether was added slowly to 3.5 g. (0.01 mole) of benzyl- 
penicillin methyl ester dissolved in a mixture of 100 cc. of 
anhydrous ether and 100 cc. of dry toluene. A flocculent 
white precipitate foniuid immediately. A 50-cc. aliquot was 
removed from the well-stirred solution and heated at 100“ 
for one-half lioiir after the ether had evaporated. At the end 
of tliis time the mixture was cooled and treated with am¬ 
monium chloride solution. I'hc toluene layer was separated, 
dried and evaporated in vacuo. The residue was taken up in 
ethyl acetate and treated with petroleum ether to crystal¬ 
lize. A very small crop of crvstals was obtained which 
melted at 1647167“. 

Found: (\ 62.18; H, 6.35; N, 7.67 

Tin* main portion of the solution, without any heating, 
was treated with ammonium chloride solution, the organic 
layer separated, dried, and evaporated to dryness under 
diminished pressure. The residue was taken up in ethyl 
acetate and crystallized by the addition of petroleum ether. 
There was obtained 1.30 g. of benzylpenicillin methyl ester 
melting at 97-98“. This is 52% of the V)enzylpenicillin 
methyl ester used originally. 

Treatment of Benzylpenicillin Methyl Ester with One 
Mole of Ethylmagnesium Bromide (Pfizer, P,2/t, 11). A 
solution of 3..5 g. (0.01 mole) of benzylpenicillin methyl est^er, 
in a mixture of 100 cc. of anhydrous ether and 100 cc. of dry 
toluene, was treated slowly with an ethereal solution of 0.01 
mole of ethylmagnesium bromide. A white flocculent pre¬ 
cipitate formed immediately and the mixture was heated on 
a steam bath to evaporate the ether. After the ether had 
been removed, heating at 100“ was continued for one-half 
hour. At the end of this time the mixture was cooled and 
decompo.sed with ammonium chloride solution. The toluene 
layer was evaporated to dryness, taken up in benzene and 
lyophilized to give 2.1 g. of brown gum, which as yet, has 
not been identified. Biological assay indicates that only 
one-twentieth of the activity of the original 3.5 g. of benzyl¬ 
penicillin methyl ester existed in this fraction. 

•Thore was also obtained 5.6 g. of dark gum which was 
not soluble in either the aqueous or the toluene layer. Most 
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of this glim dissolved in dioxane, leaving a small amount of 
white crystalline material melting at IGB-IGS**, which seems 
to be the same product also isolated before in very small 
yields from this same reaction (Pfizer, P,2S, 13). However, 
the analysis differs somewhat from that obtained previously. 

Found: C, 63.50; H, 6.64; N, 7.51, 7.57, 7.33 

These results seem to fit the formula Cion 2 (iN 203 S. 

The material obtained by lyophilizing the dioxane solu¬ 
tion of the toluene-insoluble portion could be dissolved 
in alkali and reprecipitated by acid with considerable loss to 
give an amorphous product with an [a|D +38“. 

Found: C, 59,68; H, 5.74; N, 7.78, 7.94 

These analyses are in approximate agreement with the 
formula Ci 8 HtcN 204 S. 

Treatment of Benzylpenicillin Methyl Ester with Ethyl- 
magnesium Bromide Followed by Benzoyl Chloride (Pfizer. 
PMy 14). A solution of 3.5 g. of benzylpenicillin methyl 
ester in a mixture of 75 ce. of dry toluene and 75 cc. of dry 
ether was treated with one equivalent of ethylmagnesium 
bromide in ether. The suspension of magnesium com¬ 
pound was then treated slowly with a solution of one equiva¬ 
lent of benzoyl chloride in ether. There was no apparent 
change in the appearance of the material, and at the end of 
the reaction a strong odor of benzoyl chloride remained. 
After stirring overnight, an ammonium chloride solution was 
added, the organic layer separated, dried, and evaporated 
in vacuo. Attempts to crystallize the residue in the manner 
usually used for benzylpenicillin methyl ester resulted in 
gummy precipitates. The residue was therefore taken up in 
benzene and lyophilized to a powder. This crude product 
was then analyzed. 

Found: C, 62.17, 62.09; H, 6.39, 6.09; N, 6.48, 6,57 

Reaction of Sodium Benzylpenicillin with Sodamide in 
Liquid Ammonia Followed by Treatment with p-Bromo- 
benzyl Bromide (Merck, M.75, 3). An ammonia solution of 
sodamide was prepared from 64 mg. of metallic sodium in 
about 75 cc. of anhydrous ammonia using platinum black as 
a catalyst. To this solution, 1.07 g. of sodium benzylpenicil- 
Un was added and after all of it had dissolved, 730 mg. of 
p-bromobenzyl. bromide was added. The mixture was 
shaken for about five minutes and then the solution was 
evaporated to dryness. All operations were performed un¬ 
der attempted anhydrous conditions. 

The residue from the above reaction was dissolved in 
ice-cold water and quickly extracted with ether. The 
aqueous solution was then adjusted to pH 2-3 and rapidly 
extracted wdth ether. This ether extract was washed twice 
with cold water, dried with magnesium sulfate, filtered and 
evaporated to dryness to yield 929 mg. of residue. 

Ilie acidic residue was then dissolved in about 10 cc. of 
methanol and slight excess of tiicthylamine was added. The 
amine salts were precipitated by the addition of ether. A 
yield of 512 mg. was obtained. 

Fractional crystallization of the salts from methanol by 
the addition of ether gave 160 mg. of the triethylamine salt 
of benzylpenicillin, m.p. 125-130“ (dec.) (micro-block), 
[aln** +257® (c « 0.33 in water). Continuous fractiona¬ 
tion in the same manner gave 66 mg. of a partially crystalline 
material, m.p, 98-120® (dec.) (micro-block), [ajn** +44® 
(e » 0.38 in methanol), which gave a positive BeiLsteln test 
for halogen. Potentiometric titration in aqueous alco¬ 
hol showed this material to be a monobasic acid with a 
pPLyi of 4.95. The infrared absorption spectrum showed 
broad general absorption from 5.75 m to 6.17 m and no band in 
the region of 6.6 m* 

Calc, for Ct 4 Ht 7 N»OiSBr: C, 53.83; H, 6.08; N, 5.23 
Found: G, 63.80; H, 4.67; N, 6.22 

Hydrolysis of the Crude Benzoyl Derivative of Dimethyl 
i>-n**Amylpenicilloate (Merck, 11). To a solution of 


1.3 g. of dimethyl D-n-amylpenicilloate (0.0036 mole) in 
10 cc. of pyridine, 1.01 g. benzoyl chloride (0.0072 mole) 
was addc(i. The solution was heated to boiling for one 
minute and allowed to cool. The volatile material was 
rcmovc<l under reduced pressure. Water was added and the 
mixture was extracted with chloroform. The chloroform 
extract was washed with sodium carbonate solution and then 
with water, dried, and evaporated under reduced pressure. 
The rcjsidue was further dried in a vacuum desiccator over 
concentrated sulfuric acid. The crude product was a 
dark-colored gum. Unlike the starting material it was in¬ 
soluble in 2.5 N hydrochloric acid. 

To 1.95 g. of the crude benzoyl derivative (0,0042 mole, 
theory for tijc pure substance) in 10 cc. of methanol, 10.2 cc. 
of 0.82 uV methanolic potassium hydroxide (0.0084 mole) was 
added. After standing overnight the methanol was evapo¬ 
rated under reduced pressure and the residue was taken up in 
water. The alkaline solution was extracted with ether. 
On evaporation of the ether extracts a crystalline material 
wa.s obtained; yield, 0.41 g. It was insoluble both in 
aqueous alkali and in acid. After washing with petroleum 
ether the substance melted at 132-134“. It was recrystal- 
lizod from acetone-ether, m.p. 130.5-137.5®. The melting 
point was 136.5-137° when this stimplc was mixed with an 
authentic sample of a-benzamido-/3,/3-dimethylaerylic acid 
methyl ester. 

Calc, for CuHisNO,: C, 60.93; H, 0.48; N, 6.01 
Found: C, 07.15; H, 0.81; N, 6.24 

The alkaline solution, after extraction with ether, was 
acidified with dilute sulfuric acid. An oil precipitated, but 
no crystalline material could be isolated. 

Reaction of Benzylpenicillin with Benzoyl Chloride and 
Pyridine (Merck, 6). Pure sodium benzylpenicillin 

(256 mg.) was converted to the free acid in the usual way. 
This was dissolved in 1 cc. of dry pyridine and treated 
with one molar equivalent of benzoyl chloride in 0.5 cc. of 
dry pyridine at ice temperature. After five minutes, the 
solvent was removed leaving a crystalline residue which was 
dissolved in chloroform and extracted with 0.2 M sodium 
bicarbonate. The bicarbonate extract was cooled, acidified, 
and extracted with chloroform. Evaporation of the chloro¬ 
form left 213 mg. of a faintly yellow, partially crystalline 
product which was precipitated twice from chlorofonn with 
petroleum ether. The final precipitate weighed 154 mg. and 
was amorphous. Biological assay showed it to bo about one- 
half as active as pure benzylpenicillin. The substance 
showed [ajn +235® (c * 0.39 in methanol). 

Calc, for Ci 6 H, 8 Na 04 S: C, 57.47; H, 5.43; N, 8.38 
Found: C, 57.07; H, 5.70; N, 8.41 

A portion of this material weighing 43 mg. was dissolved 
in absolute methanol. The solution was heated for four 
hours at reflux temperature. The solution was evaporated 
to dryness in vacuo. The residue was crystallized from 
methanol-ether to yield 4.4 mg. of a colorless crystalline 
product which melted at 18fi-187® (micro-block). This 
product appeared to be benzylpenillic acid. 

Calc, for C,eHi 8 N, 04 S: C, 57.47; H, 6.43 
Found: C, 57.10; H, 5.64 

The above evidence indicated that little, if any, benzoyla- 
tion ot benzylpenicillin had occurred m this experiment. A 
study of the stability of benzylpenicillin activity toward ben¬ 
zoyl chloride and pyridine in ether showed that one to ten 
moles of benzoyl chloride and an excess of pyridine in dry 
ether solution caused the loss of only about 60-60% of ben¬ 
zylpenicillin activity in three days at temperatures below 
80®. 

Reaction of the Methyl Ester of Benzylpenicillin with 
Benzoyl Chloride .and Degradation of the lihroduct to tiie 
Methyl Ester of a-^Benzaiiiido^/8-»4imothylaciylic Acid 
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(Merck, MM, 4 — 5). Benzylpenicillin methyl ester, 130 
mg., and one molar equivalent of freshly distilled benzoyl chlo¬ 
ride in 1 cc. of dry pyridine were heated to boiling for one min¬ 
ute. On cooling to room temperature a considerable amount 
of pyridine hydrochloride separated. The mixture was evapo¬ 
rated to dryness in vacuo, taken up in water, and extracted 
with chloroform. The chloroform extract was washed with 
dilute acid, dilute sodium bicarbonate, and with water, and 
was dried and evaporated to dryness. The brown glassy 
residue was taken up in methanol, and two molar equiva¬ 
lents of methanolic potassium hydroxide were added. The 
solution was allowed to stand at room temperature for 
thirty-six hours, then evaporated to dryness. The residue 
was taken up in water and extracted with ether. The ether 
extract on evaporation left about 90 mg. of a partially crys¬ 
talline solid. Two recrystallizations from ether gave a 
product melting at 130-131® (micro-block). When mixed 
with authentic a-benzamido-/8,/3-dimethylacrylic acid methyl 
ester, there was no change in melting point behavior. 

Calc, for CisHuNOa: C, 66.03; H, 6.48; N, 6.01 
Found: C, 67.09; H, 6.63; N, 6.04 

In order to obtain data on the intermediate b(;nzoylated 
compound, another sample of benzylpenicillin methyl ester 
was benzoylated in the same way and isolated as a yellow 
glassy solid. This product was soluble in chloroform, ether 
and acetone, an<l showed [«]u H-165° (in methanol). 

Calc, for CaJInNaOBS: N, 6.10 

Found: N, 6.72; halogen, absent 

Since analysis showed no halogen to be present, it was 
evident that no benzoyl chloride remained in this product. 
Two molar equivalents of methanolic potassium hydroxide 
were added to 03.5 mg. of the substance and the solution was 
allowed to stand at room temperature for thirty-six hours. 
It was then evaporated to dryness, dissolved in water and 
extracted with ether. The ether extract was evaporated to 
dryness leaving 44 mg. of a yellow gum which crystallized 
partially on standing. The product was twice recry.stallized 
from ether to give material which melted at 130 -131® (micro- 
block). When mixed with authentic a-benzamido-/3,/5-di- 
inethylacrylic acid methyl ester there was no change in 
melting point behavior. 

Treatment of Sodium Benzylpenicillin with Benzoyl 
Chloride (Abbott, A. 10, 1-3). The benzoylation of sodium 
benzylpenicillin was attempted employing nine different 
sets of conditions. Although the amounts of sodium benzyl¬ 
penicillin used for each experiment were quite small (20- 
25 mg.), it was believed that the information gathered would 
be of value for planning further larger scale experiments. 
Some of the results are presented in tabular form. 


Exp. 

No, 

Moles 

benzoyl 

chloride 

Temp, of 
reaction 

Time of 
reaction 

Per cent of 
activity 
remaining 

1 ! 

1 

1 

25® 

25 mins. 


2 ! 

2 

25® 

70 mins. 

62.5 

3 

2 

100® 

3 mins. 

38.5 

4 

1 

100® 

3 mins. 

57.5 

5 

2 

116® 

1 mins. 

17.7 

6 

2 

25® 

4 hours 


7 

2 

25® 

18 hours 

43.7 

8 

2 

40® 

19 hours 
Semins. 

16.2 

9 

• 2 

26® 

65.3 


In a typical experiment (No. 3), to 26.4 mg. of sodium 
beni^peniciliin in 1 cc. of dry pyridine were added two 
equiyaiants of benzoyl chloride in pyridine. The sodium 


benzylpenicillin suspended in the pyridine dissolved im¬ 
mediately on mixing with the added benzoyl chloride. This 
was p(3rhaps due to mixed anhydride formation. The flask 
was immersed in a boiling water bath for three minutes 
and was then immediately cooled in an ice bath. The pyri¬ 
dine was evaporated in vacuo. The residue was partly soluble 
in chloroform. The chloroform insoluble material was soluble 
in water. The chloroform solution was extrac.ted several 
times with water and the water extracts were combined. 
The total activity in the water-soluble portion of the reac¬ 
tion mixture was 8.1 % of the starting activity. 

The chloroform solution was extracted with dilutee hydro¬ 
chloric acid, then with watejr, and then sei>arately with 
sodium bicarbonate solution to a permanent pll of 8.0- 
8.5 in the aqiieous extract. The total activity in the latter 
extract was 30.4% of the starting potency. This solution 
was acidifi('d and extracted at ice temperature with ether. 
The ether was evaporated giving 16.8 mg. of residue. The 
first aqueous extracts containing 8.1 % of the starting activity 
gave 5 mg. of an acid residue after similar treatment. The 
chloroform solutkin still contained a brown pigment. On 
evaporation of the chloroform, 5.6 rng. of a brown gummy 
residue was obtained. Various attempts at purifying this 
sub.stance were fruitless. The amount of the brown pigment 
formed appears to depend on the eon d it ions of treatment 
with benzoyl chloride; for example,0.4 mg. was produced in 
Exp. 2,ami 9.9 mg. in Exp. 5. 

The 16.8-mg. quantity of material mentioned above was 
extracted repeatedly with warm hexane. The insoluble 
residue remaining weighed 11.2 mg. The material had an 
activity of 156 IJ/mg. 

Calc, for CibHisN^OiS: N, 8.38 
Calc, for CieHjoNaOBS: N, 7.95 
Calc, for N, 6.38 

Found: N, 7.47 

A similar substance produced in Exp. 4 contained 7.38% 
of nitrogen and had an activity of 144 U/mg. 

The product from Exp. 5 contained 7.07 % of nitrogen and 
had an activity of 133 U/mg. 

The material insoluble in hexane, formed in Exp. 6, was 
extracted with absolute ether. The ether insoluble material 
was a non-crystalline white powder melting at 122-127®. 

Found: N, 7.68 

The substance formed similarly in Exp. 9 gave analyses 
in agreement with the values calculated for bonzylpenicilloic 
acid. 

Calc, for CibH 2 oN,ObS: C, 54.55; H, 5.68; N, 7.95 
Found: C, 54.32; H, 5.67; N, 7.98 

Treatment of the Methyl Ester of Benzylpenicillin with 
Benzoyl Chloride (Abbott, A JO, 3-4). There have been 
described (Merck, MM, 4-5) conditions for treating benzyl- 
penicillin methyl ester with benzoyl chloride to give an 
amorphous product containing 6.72% of nitrogen (0.53% 
high for benzoylated methyl benzylpenicillin). This prod¬ 
uct gave a-benzamido-i3,/3-dimethylacrylic acid methyl ester 
on treatment with methanolic potassium hydroxide, indi¬ 
cating that benzoylation of the penicillamine nitrogen 
occurred. 

It seemed very important to establish whether or not the 
potential carboxyl group still remained after benzoylation of 
the penicillamine nitrogen. It appeared possible that this 
point could be settled by (a) demonstrating rapid reaction 
witli beuzylaminc and (b) determining whether one equiva¬ 
lent of carboxyl appears on short standing at pH 11-12. 

To a solution of 25 mg. of the methyl ester of benzylpeni¬ 
cillin in 1 cc. of pyridine, 1 equivalent of benzoyl chloride in 
pyridine was added. After boiling for one minute, the pyri¬ 
dine was evaporated in vacuo. The residue was dissolved in 
chloroform and extracted successively with dilute hydro¬ 
chloric acid, water, and bicarbonate. The chloroform solu- 
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tion was dried with sodium sulfate and the chloroform 
evaporated. 

The residual light yellow oil weighed 26.4 mg. This was 
extracted repeatedly with warm hexane. The residue 
weighed 18.5 mg. This material was treated with slightly 
more than 1 equivalent of henzylarnine. After standing 
several "weeks an. extremely small quantity of crystals 
(needles) were obtained. These melted at 69-75®. 

In another experiment 100.4 mg. of the methyl ester of 
benzylpeniciilin was dissolved in 1 cc. of pyridine and treated 
with 1 mole of benzoyl chloridtj as described above. A very 
viscous oil weighing 109.8 mg. was produced. This was 
extracted once with hexane wdiich reniovc^d a very small 
amount of mat(^rial. The insoluble residue was then purified 
by dissolving in a few drops of chloroform and precipitating 
with hexane. This was done three times. The final precipi¬ 
tate was dried at 60® und(!r liigh vacuum for several hours. 
The product was a glass weighing 76.8 mg. 

Calc, for C 24 H 24 N 2 O 6 S: N, 0.19 
Found: N, 6.89 

Cleavage of Dimethyl N^-Bcnzoyl-n- 7 -ben 2 ylpenicilloate 
with Two Equivalents of Potassium Hydroxide in Methanol 

(Merck, 8). The isolation of .^*-benzamido-/3,/3-di- 

methylacrylic acid methyl ester from the saponification 
of a crude benzoyl derivative of dimethyl n-ti-arnylpcni- 
cilloate was previously described (Meick. M 11). 
The same experiment was carried out on crystalline dimethyl 
N'‘-benzoyl-i>- 7 -benzylpenicilloate. 

One gram of dimethyl N^-benzoyl-n-y-heazylpenicilloate 
(see Chapter XVIII) (2.07 millimole) was dissolved in 10 cc. 
of methanol; 1.97 cc. of 1.05 N potassium hydroxide iu 
methanol (2.07 millimole) was added. After standing over¬ 
night, the methanol was evaporated under redut^ed pre.ssure. 
Etlier and water were added to the residue. The ether layer 
yielded 0.17 g. of material, m.p. 119-125®. After recrystal¬ 
lization from acetone-ether, it melted at 137-138°. When 
this material was mixed with an authentic sample of a-benz- 
amido-/S(,^-dimethylacrylic acid methyl e.ster (which melted 
at 137-138°) there was no depression of the melting point. 

Cleavage of ^-Methyl N^-Benzoyl-D- 7 -benzylpenicilloate 
with Two Equivalents of Alkali in Methanol (Merck, 

8-9). A solution of 0,5 g. of /3-methyl N^-benzoyl-D- 7 - 
benzylpenicilloate in aqueous methanol was titrated with 
0.119 N sodium hydroxide to the pheuolphihalein end¬ 
point; 9.00 cc. (1,07 millimole) were required: neutral equiv. 
found, 470; neutral equiv. calc. 467. The resulting solution 
was evaporated to dryness under reduced pressure. The 
residue was dissolved in 12.7 cc. of 0.0843 N methanolic 
potassium hydroxide (1.07 millimole). After standing over¬ 
night the solution w^as evaporated to dr>mes 8 under reduced 
pressure. The residue was dissolved in water and extracted 
with ether. From the ether extract there was obtained 
0.03 g. of material on evaporation. The product was 
recrystallized from acetone-ether to give an ill-defined 
crystalline aggregate which partially melted at about 128° 
(micro-block) and resolidified U) give fine needles which 
finally melted at 139-142° (micro-block). An authentic 
sample of a-benzamido-/3,/3-dimethylacrylic acid methyl 
ester exhibited a similar transition point. The original 
thick needles partially melted at about 126° (micro-block) 
and then resolidified into much finer needles which finally 
melted at 139-141° (micro-block). 

The isolation of methyl /3,jS-diinethyl-a-benzamido acryl¬ 
ate provides confirmation that the penicillamine carboxyl 
group is actually the one esterfied in /3-raethyl N^-benzoyl-i>- 
7 -henzy Ipenicilloate. 

Attempted Reaction of Nitrous Fumes with Methyl 
Benzylpenaldate Ethyl Acetal (Merck, M.64^ 6 ). A solution 
of 1 g. of methyl benzylpenaldate diethyl acetal (m.p. 66 °) 
in 1 cc. of dioxane and 6 cc. of acetic acid was cooled to 7° 
and nitrous fumes (generated by the action of nitric acid of 
density 1.36 on arsenic trioxide) were passed through the 


solution for about thirty minutes. The resulting green 
solution was poured into 1 (X) cc. of water containing 8 g. of 
sodium bicarbonate. The bicarbonate solution was ex¬ 
tracted wdth ether. Evaporation of the ethereal solution 
yielded an oil. This product in methanol solution showed 
only phenyl absorption in the ultraviolet. A portion was 
crystallized from ether-petroleum ether, giving starting 
material, m.p. 64-56°. 

Attempted Reaction of Nitrous Fumes with Dimethyl 
N*-Benzoyl-D- 7 -benzylpenicilloate (Merck, 6 ). A 

8 (ilution of 1 g. of dimethyl NMjenzoyl-n- 7 -benzylpenicil- 
loate (m.p. 137-138°) in 5 cc. of acetic acid was cooled to 8 °. 
Nitrous fumes were pa.ssed in until the solution was green 
(fifteen minutes). The mixture was allowed to stand at 8 ° 
for an additional hour, and then at 25° for fifteen minutes. 
The solution was poured into water and the resulting precipi¬ 
tate filUTCfl, waslied with water, and dried in vacuo. The 
product weighed 0.8 g. and melted at 124-132°. It gave a 
n(}gativ(? Licbermann (nitrosainine) test. The material on 
recrystallization from acetone-ether-petrohnim ether yielded 
0.5 g. of unchanged starting material, m.p. 136.5-138°. 

Attempted Reaction of Nitrous Fumes with the Methyl 
Ester of Desthiobenzylpenicillin (Merck, M./)4, 5-7). A 
solution of 51.4 mg. of the methyl ester of desthiobenzylpeni¬ 
cillin, m.p. 108-110° (see Chapter TX), in 0.3 cc. of dioxane 
was cooled to 5- 6 ° and 1.5 cc. of acetic acid added. Nitrous 
fumes wen* passed into the solution for twenty minutes. 
It was then poured into water containing an (ixcess of sodium 
bicarbonate. The mixture was extracted with chloroform 
and the chloroform solution was washed with pH 7 phosphate 
buffer and with water. Removal of the solvent left 53 mg. 
of an almost colorless oil. Crystallization from carbon 
tetrachloride-petroleum ether gave 43 mg. (85%) of plates, 
m.p. 108.5-111°. The melting point was not depressed 
when this product was mixed with starting material. 

The Stability of Benzylpeniciilin Methyl Ester to 1:6 
Dioxane-Acetic Acid at 6 . 6 ° (Merck, 7). In order to 

determine whether the extent of the inactivation of benzyl- 
penicillin methyl ester by acetic acid was significant under 
these conditions, 102 mg. of the ester (m.p. 94.5-96°) was 
dissolved in 0.30 cc. of pure dioxane and the flask placed 
in a bath at 5.5°. After addition of 1.50 cc. of glacial 
acetic acid the solution was maintained at 5.5° for thirty 
minutes. It was then poured into a solution of 2.3 g. of 
sodium bicarbonate in about 30 cc. of water. The mixture 
was extracted twice with chloroform and the chloroform 
solution washed with water. The solvent was removed in 
vacuo. Crystallization from ether gave in two crops 88 mg. 
( 86 %;) of unchanged starting material, m.p. 95.5-97°. 

The Action of Nitrous Fumes on Benzylpeniciilin Methyl 
Ester (Merck, M.64j 7-8). Under conditions similar to or 
milder than those described above, benzylpeniciilin methyl 
ester has been found to react rapidly with nitrous fumes to 
yield a poorly-defined product which appears to contain a 
nitroso group and one or two additional oxygen atoms. 

A solution of 199 mg. of benzylpeniciilin methyl ester in 
0.60 cc. of dioxane Was placed in a bath at 5.5° and 3.0 cc. of 
acetic acid was added. The solution was treated with 
nitrous fumes for a period of twenty minutes, the tempera¬ 
ture being held at 6.5°. The mixture was p<nirod into a 
solution of 4.6 g. of sodium bicarbonate in about 60 cc. of 
water and extracted twice with chloroform. The chloro¬ 
form solution was washed with pH 7 phosphate buffer and 
with water. The solvent was removed in voewo, leaving 
216 mg. of an orange-red gum. The product had [oJd** 
-1-98° (c •» 1.17 in ethanol). It was without significant 
activity, in the in vitro assay. 

In another experiment benzylpeniciilin methyl ester was 
treated with nitrous fumes exactly as described above. 
However, at the end of the reaction perio<l the mixture was 
freeze-dried to give an orange-red gum, [ajn*® 4*76° (e » 0.77 
in ethanol). 

The orange-red gum ^ had an ultraviolet absorption in 
ethanol solution which was different from that of benzylpeai- 
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cillin methyl ester. The curve showed a definite inflection 
point at 2,300 A, 160. In addition, a small peak 

appeared at 3,300 A, 60. For comparison, cy-rnethyl 

N^-nitro 80 -D- 7 -bonzylpenicilloate has a peak at 2,325 A, Km 
6,975. A typical 0-nitroso compound, amyl nitrite, ex¬ 
hibited relatively low absorption at 2,300 A with Em 1,140, 
and showed no peak or inflection point at this wavelength. 

A small portion of the product, warmed with a small 
amount of phenol, gave a very deep red coloration accom¬ 
panied by gas evolution. The color seemed to be slightly 
intensified by addition of concentrated sulfuric acid, but 
there was little change in color when th(^ mixture was made 
alkaline. 

Calc, for CiyllisNaOtS: 0, 54.10; 11, 5.07; N, 11.13 
Calc, for CnllaiNaOdS: C, 51.6; H, 5.44; N, 10.6 
Calc, for (hTHujNjOTS; C, 49.9; H, 4.68; N, 10.27 
Found (on four different preparations): (a) N, 10.49; (b) N, 
11.40; (c) C, 49.53; H, 4.50; N, 10.48; (d) C, 51.67; H, 5.25, 

N, 10.29 

The orange-red gum apjxsared to be fairly stable when 
kept for a day or two at dry-ice temperature. On standing 
at 25°, however, the additional nitrogen was lost (as indi¬ 
cated analytically) in about four days, and the gum liquefied. 

Attempted Hydrogenation of the BenzylpenicilUn Methyl 
Ester Nitrosatlon Product (Merck, M.54f 8). A solution of 
110 mg. of the nitrosatiou product of bcnzylpenicillin methyl 
ester in 50 cc. of dioxane was shaken at room teinperatuie 
with hydrogen (one iitmospheie) in the presence of 50 mg. of 
Adams (satidyat. Some hydrogen appeared to be taken up. 
The prodmst had not lost its characteristic color, how'cvor, 
nor did it show any significant activity in the in mtro assay. 

Mercuric Chloride Degradation of Dimethyl N^-Nitroso- 
D- 7 -benzylpenicilloate (M<‘rck, 9). A solution of 

18 mg. of dimethyl N^-iutroso-r)- 7 -benzylpenicilloate (ob¬ 
tained by mcithylation of crystalline cy-rnethyl NMiitioso- 
D- 7 -benzylpoiii(!illoat.e (jU.. 54, 11; see Chapter XVIII)) in 

O. 5 cc. of methanol was trcjated with 3 cc. of saturated 
aqueous mercuric chloride solution. To the resulting 
precipitate was added an equal volume of water, and the 
mixture was centrifuged. During the centrifuging nearly all 
of the material dissolved. The supernatant liquid was 
filtered and the filtrate treated with 1 cc. of 2,4-dinitro- 
phenylhydrazine reagent. The solution remained perfectly 
clear for twenty minutes; after one-half hour it was definitely 
turbid, but no precipitate appeared during the course of 
two hours. On standing overnight a yellow precipitate 
formed. This was separated, washed with water, and 
dried in vacuo to give 5.7 mg. of product, m.p. 177-181°. 
After one recrystallization from methanol the product, 
methyl benzylpeualdate 2,4-dLiiitrophoiiylhydrazone, melted 
at 180-182° (micro-block). 

Mercuric Chloride Degradation of the Benzylpenicillin 
Methyl Ester Nitrosatlon Product (Merck, Af .54, 9-10). A 
solution of 64 mg. of the nitrosatlon product of benzylpeni¬ 
cillin methyl ester in 1.5 cc. of methanol was treated with 
8 cc. of saturated aqueous mercuric chloride solution, giving 
a yellow precipitate. To this was added 10 cc. of water and 
the mixture was centrifuged for ton minutes, during which 
time a considerable amount of the precipitate dissolved, the 
rest becoming oily. The supernatant liquid was Altered and 
3 cc. of a saturated solution of 2,4-dmitrophenylhydrazinc in 
2 N hydrochloric acid was added. No change was apparent 
for about two hours. Then a cloudiness developed, and 
after about five hours, 8 mg. of a powdery yellow material 
had separated. This was removed, washed with water 
and dried. The product melted unsharply with decom¬ 
position at about 100°. (The melting point of phenyl- 
acetamidoacetaldehyde 2,4-dinitrophenylhydrazone, the 
product obtained from benzylpenicillin by this treatment, is 
20I1--204®.) Attempts to recrystallize the material from 
methanol and from aqueous methanol were unsuccessful. 

The portion of the mercury precipitate which had re¬ 


mained undissolved was suspe^nded in aqueous acetoiie and 
treated with hydrogen suHide. Tlie mixture was extracted 
with ether and the etheie:il solution washed with bicarbonate 
and with water, lleinoval of the ether left a pnle yellow 
amorphous solid. The ultraviolet absorption curve of this 
product in ethanol solution showed a shoulder at about 
2,300 A with 206; and a peak at 3,290 A with Ejem.’'^^ 

196. 

The anomalies observed in the mercuric chloride degrada¬ 
tion of both the benzylpenicillin methyl ester nitrosation 
product and the dimethyl N*-nitroso-u- 7 -benzyipeniciI- 
loate, namely the enhanced solubility of the mercury com¬ 
plex and the very slow foirnation of the 2,4-dinitrophenyl- 
hydrazone. from the aqiKsous extract, suggest tliat in both 
materials the nitroso grouf) is on the penicillamine nitrogen. 
It may be tentatively proposed that the N-nitroso group so 
stabilizes the mr)lc(!ulc that it is not cleav<id by mercuric 
chloride. In this case the slow formation of the 2,4-cli- 
nitrophenylhydrazono is readily understandable. 8uch a 
formulation is also consistent with the observed ultraviolet 
absorption of the mercury pnjcipitate after treatment with 
hydrogen sulfidti. This product appeared to have letained 
the N-nitroso type of absorption, and showed as well 
an enhanced, tliough modified, benzylpjmicillenate-like 
absorption. 

«-Methyl N ^-Nitroso •‘i)- 7 -benzylpenicilloate (Merck, 
A/. 54 , 11). To a .solution of 196 mg. of sodium nitrite in a 
mixture of 3 cc. of water and 15 cc. of dioxane was added 
172 mg. of a-methyJ i>- 7 -benzylpenicilloate. The solution 
was cooled to 5° and treated with 1.30 cc. of 1.95 N sulfuric 
acid. After thirty minutes at 5° the mixture was poured 
into water. Extraction with chloroform gave, on removal of 
the solvent, 184 mg. of oil. (yry.stallization from aejueous 
methanol yielded 62 mg. of product, m.p. 152 155° (dec.). 
The crystals gave a strongly positive Liebermann test. A 
mixture of this material and authentic a-methyl N^-nitroso- 
D- 7 -benzylpenicilIoatc (m.p. 154- 155° (dec.)) melted without 
depression. 

Attempted Nitrosation of Benzylpenicillin Methyl Ester 

(Merck, Af.54, 11). A solution of 110 mg. (1.60 milli¬ 
moles) of sodium nitrite and 93 mg. (0.27 millimole) of 
the methyl ester of benzylpenicullin in a mixture of 1.5 cc. 
of water and 7.5 cc. of dioxane was cooled to 5°, and 0.74 cc. 
of 1.95 N sulfuric acid (1.44 milliequivalents) was added. 
The solution was allowed to stand at 5° for thirty minutes, 
and was then poured into water containing 0.5 g, of sodium 
bicarbonate. The mixture was extracted with chloroform, 
and the chloroform solution was w ashed with bicarbonate and 
with water, llemoval of the solvent in vacuo gave 88 mg. 
of a colorless oil Ittb*® 4-262° (c ~ 0.97 in ethanol). When 
68 mg. of this oil was crystallized from ether, 45 mg. of 
pure benzylpenicillin methyl ester (m.p. 96.5-97.5°) was 
obtained. 

Attempted Nitrosation of Dimethyl D- 7 -Benzylpenicilloate 
(Merck, Af. 54 ., 12). A solution of 158 mg. (0.412 millimole) 
of dimethyl D- 7 -benzylpenicilloate (m.p. 107-108°) and 
166 mg. (2.41 millimoles) of 8(.)dium nitrite dissolved in a 
mixture of 3 cc. of water and 15 ec.. of dioxane was cooled 
to 5° and treated with 1.10 cc. of 1.95 N sulfuric acid. After 
one-half hour at the same temperature the solution was 
poured into 100 cc. of water containing 0.5 g. of sodium 
bicarbonate. Worked up in the usual manner, the reac¬ 
tion gave 165 mg. of a colorless oil. The oil was readily 
crystallized fram acetone-eth(*r-petroleum ether, affording a 
product of m.p 105-106°. Hecrystallized from the same 
solvent mixture, the material melted at 107-107.5°. Th e 
substance appeanxl to be unchanged starting material. 

Calc, for CisH^NsOftS: N, 7.37 
Found: N, 7.24 

Nitrosation of Dimethyl n-a-Benzylpenicilloate (Merck, 
Af.73, 6). To 500 mg. of a-methyl »-a-benzylpenicilIoate 
a slight excess of diazomethane in 30 cc. of ethyl ether was 
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added. The solid dissolved completely and nitrogen was 
liberated. The solution was concentrated to remove excess 
diazomethane, then diluted with ethyl ether to a volume of 
60 cc. The ether solution was washed twice with 20-cc. 
portions of 5% sodium bicarbonate solution and twice with 
20-cc. portions of water and filtered. The ether was re¬ 
moved in vacuo to give a crystalline residue of dimethyl 
D-<»-benzylponicilloate. The dimethyl ester was dissolved 
in 26 cc. of 15% hydrochloric acid and the solution was 
cooled to 5®. A solution containing 100 mg. (10% excess) of 
sodium nitrite in 5 cc. of water was cooled to 5® and poured 
into the acid solution. Immediate precipitation of the N* 
nitroso derivative resulted. The precipitate was separated 
by centrifuging, washed with 25 cc. of ice water, and centri¬ 
fuged again. The N^-nitroso derivative was fairly stable 
below room temperature, but rapidly turned to a gum and 
decomposed at room temperature. 

The Benzylamlne Salt of 2-Carbobutyloxy-6,6-dimethyl- 
8-nitroBO-4-thiazolidmecarboxylic Acid (Merck, Af.69y 6). 
To a solution of 1.2 g. of 2-carbobutyloxy-5,5-dimethyl-4- 
thiazolidinecarboxylic acid {M,6S, 13; see Chapter XXV) in 
a little dilute hydrochloric acid, 0.32 g, of sodium nitrite 
was added, with cooling. An oil was immediately precipi¬ 
tated. Since this oil did not cry.stallizc, it was converted to 
the benzylamine salt which was recrystallized from an ether- 
petroleum ether mixture; m.p. 131-135®. 

Calc, for C,8H87N,06S: C, 54.39; H, 6.85; N, 10.57 
Found: C, 54.49; H, 6.76; N, 10.76 

The Benzylamine Salt of 4-Carbomethoxy-6,5-dimethyl- 
8-nitro8o-2-thiazolidinecarboxylic Acid (Merck, M.69^ 6). 
The benzylamine salt of 4-carbomethoxy-5,5-dimethyl 
2-thiazolidinecarboxylic acid (Merck, M.66^ 10; see Chapter 
XXV) was converted to the hydrochloride and treated with 
nitrous acid as in the preceding experiment. An oil was 
obtained which was converted to the benzylamine salt. This 
salt was recrystallized from methyl alcohol; m.p. 152-153®. 

Calc, for CiftHatNsOsS: 0, 50.69; H, 5.96; N, 11,82 
Found: C, 51.01; li, 6.07; N, 11.71 

4-Carbomethoxy - 6,6-dimethyl - S-nitro8o-2-thiazolidine- 
carboxylic Acid (Merck, M,69, 6). The benzylamine salt 
of 4-carbomethoxy-5,5-dimethyl-3-nitroso-2-thiazolidinecar- 
boxylic acid obtained as described in the preceding experi¬ 
ment was decomposed with hydrochloric acid. The result¬ 
ing oil* was crystallized from light petroleum. After two 
recrystallizations from a mixture of ethyl acetate and light 
petroleum, the product melted at 96-99®. 

Calc, for CgHijNtOiS: C, 38.70; H, 4.87; N, 11.29 
Found; C, 39.18; II, 5.05; N, 11.37 

The N-Nitro 80 Derivative of N-Methyl-phenylacetamide 
(Merck, Af.7^, 2). To a solution of 0.68 g. of N-methyl- 
phenylacetamide in 5 cc. of a mixture consisting of 35 cc. of 
acetic acid, 5 g. of potassium acetate, 15 cc. of acetic an¬ 
hydride and 0.5 g. of phosphorus pentoxide, there was added, 
dropwise and with stirring, 1.3 cc. of a 23% solution of 
nitrosyl chloride in acetic anhydride. The reaction was 
carried out in an ice bath. The red color of the nitrosyl 
chloride faded quickly and was replaced by a yellow color. 
When the reaction had been completed the mixture was 
poured over about 20 g. of cracked ice and stirred. Yellow 
crystals separated and were removed by filtration, washed 
and dried; m.p. 47-49® (capillary). After recrystal¬ 
lization from petroleum ether, the product melted at 49-51® 
(capillary). 

Calc, for C.HioN,Oi: C, 60.65; H, 5.66; N, 16.7 
Found: C, 60.95; H, 6.89; N, 15.7 

Measured in tetraohloroethane solution, the N-nitroso 
derivative of N-methyl-phenylacetamide showed intense 
infrared absorption bands at 6.81 and 6.66 p. 


N-Nitroso Derivative of Diphenylamine (Merck, ilf.7^ 2), 
The N-nitroso derivative of diphenylamine was prepared in a 
similar manner from diphenylamine. The yellow crystal¬ 
line product, after recrystallization from ligroin, was dried 
in vacuo; m.p. 65.5-67® (capillary). The melting point 
reported in the literature was 67.2-67.6® (Schmidt, 

56*, 2459 (1903)). The infrared absorption spectrum 

measured in tetraohloroethane solution showed an intense 
band at 6.73 /x and a moderately strong band at 6.34 /x. 

The N-Nitroso Derivative of N-Cyclohexylacetamide 
(Merck, A/.74, 2). The N-nitroso derivative of N-cyclo- 
hcxylacetamide was prepared from N-cyclohexylacetamide 
by the procedure described above. The yellow oil which 
separated crystallized on stirring. The product was quite 
volatile and much of the solid sublimed on attempting to dry 
it in vacuo. The melting point of the dry material was 40* 
(capillary). This substance was found to be relatively un¬ 
stable and could not be kept for any considerable period of 
time. 

The infrared absorption of the N-nitroso derivative of 
N-cyclohexylacetamide measured in totrachloroethane solu¬ 
tion showed intense hands at 5.84 u and 6.61 p exactly like 
those shown by the N-nitroso derivative of N-mcthyl- 
phenylacetamide. 

Nitrosation of Ethyl Phenaceturate (Merck, Af.74, 3). 
Ethyl phenaceturate was nitrosated by the procedure de¬ 
scribed above. The yellow oily product obtained failed to 
crystallize and was extracted into petroleum ether. The 
petroleum ether extract was dried over anhydrous sodium 
sulfate and evaporated to dryness. The residual material 
was an unstable yellow oil which slowly liberated gas. 

The infrared absorption of this yellow oil was character¬ 
ized by very intense bands at 5.77 /x and 6.61 /x- The 
carbonyl groups of the ester and the N-nitroso amide moiety 
in this compound would appear to have practically coinci¬ 
dent absorption bands, since the 5.77 m band is quite sym¬ 
metrical in api)earance. 

The data would appear to establish the 6.6-6.7 p band 
as characteristic of the >N—N=0 group and the 5.8 m 
band as arising from the >0=0 group of the N-nitroso 
amides. Th(? weaker 6.34 n band found in th(j spcctniin 
of the diphenylamine derivative would appear to be due to 
phenyl groups. 

Reaction of Benzylpenicillin Methyl Ester and of the 
Corresponding Sulfone with Nitrosyl Chloride (Merck, 
M.74f 3). These reactions were carried out by the proce¬ 
dures de8(;ribed above except that the extractions were 
made with a chloroform-petroleum ether mixture. The 
products were obtained as yellow unstable oils which slowly 
gave off gas on standing. 

The infrared absorption spectrum of the oily pioduct 
from benzylpenicillin methyl ester showed bands at 5.65, 
5.78, 5.93 and 6.57 ft. That of the product from benzyl¬ 
penicillin sulfone methyl ester showed bands at 5.59, 5.72, 
5.91 and 6.63 /x. These absorption spectra are not in 
disagreement with the assumption that in both instances 
the N^-nitroso derivatives of the otherwise unchanged 
benzylpenicillin molecules have been obtained. Until 
further characterization of these products has been made, 
however, it is difficult to draw more definite conclusions 
as to the actual nature of the products obtained. 

N-Nitroso Derivative of the /3-Lactam of /3-Aiiilino-a- 
pbenylacetamidopropionic Acid (Merck, M,79f 5). The 
N-nitroso derivative was prepared from the /3-lactam of 
/3-anilino-ar-phenylacetamidopropionic acid (see Chapter 
XXVI) by the method previously described (Af,74,2). The 
product was a yellow crystalline substance, m.p. 112-114* 
(capillary). Only a very small amount of the product was 
available so that recrystallization was not possible. 

Calc, for CiyHwNiOit C, 66.0; H, 4.90; N, 13.6 
Found: C, 64.0; H, 5.10; N, 13.7 

The infrared absorption of this compound showed two 
intense bands at 5.72 and 6.64 Only two bands were 
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observed. The 5.72 m band is attributed to the carbonyl of 
the N-nitroso substituted amide group; the 6.64 m band is 
attributed to the >N—N=0 grouping (M.74, 2). 

The N-nitroso derivative of piperidine showed no intense 
band at wavelengths shorter than 6.8 m in the infrared. 

N-Nitroso Derivative of the ^-Lactam from /3-Methyl 
D-a-Desthiobenzylpenicilloic Acid (Merck, M.74,3; 7.9,4-5). 
The /3-lactam from /3-methyl D-a-desthiobenzylpeniciUoic 
acid was dissolved in the nitrosation solvent mixture (con¬ 
sisting of 35 cc. of acetic acid, 5 g. of potassium acetate, 15 cc. 
of acetic anhydride and 0.5 g. of phosphorus pentoxide 
(M.74i 2 )), and an excess of nitrosyl chloride in acetic an¬ 
hydride was added. After the reaction mixture had been 
allowed to stand for one hour at 0 ®, the mixture was filtered. 
The filtrate was evaporated to dryness in vacuo at room 
temperature. The residue was extracted with chloroform. 
The chloroform solution was filtered, and the filtrate was 
evaporate.d to dryness in vacuo at room temperature. The 
residue obtained was again extracted with cliloroform and 
the chloroform solution was treated with an equal volume of 
petroleum ether. A small amount of precipitated material 
was removed by centrifugation and rejected. After evapo¬ 
ration of the clear supernatant solution, a yellow oil re¬ 
mained which crystallized in the course of several days. 
This material was recrystallized from chloroform-petroleum 
eth(‘r solution. The yellow product melted at 62-70° 
(capillary). 

Calc, for CnHjiNiOi: C, 58.K; H, 6 . 10 ; N, 12.1 
Found:. C, 58.0; H, 5.82; N, 12.4 

In the infrared, a strong tetrachloroethane solution of this 
material showc'd intense bands at 5.75 and 6.59 ix. 

Ultraviolet Absorption Spectra of Some N-Nitroso De¬ 
rivatives (Merck, M.79, 2-4). The preparation of the 
substances listed below has l)e(‘n previously described (M.74, 
2-4; 7.9, 4-5). All spectra were determined using ethanol 
solutions. 


N-Nitroso derivative* ol‘ 

^uiax. 

I’W 

N-Cyclohexylacetamide. 

4,300 

86 


4,100 : 

80 


2,450 1 

5,600 

Ethyl phenac.eturate. 

4,240 

125 


4,040 

125 


2,380 

7,750 

Methyl benzylpenaldate diethyl acetal... 

4,220 

72 


4,020 

72 


2,475 

5,000 

N-Methyl-phcnylacetamide. 

4.250 

100 


4,050 

90 


2,375 

6,800 

/3-Lactam of /3-anilino-cr-phcnylacetainido- 

4,275 

127 

propionic acid. 

4,075 

131 


2,500 

20,500 

^Lactam of /3-methyl n-a-desthiobenzyl- 

4,270 

102 

penicilloate. 

4,070 

98 


2,500 

4,200 

Piperidine. 

3,500 

88 


2,375 

8,600 


It will be noted that every N-nitroso derivative of a com¬ 
pound having a monosubstituted amide grouping in its 
structure shows two characteristic ultraviolet absorption 
bands at about 4,250 and 4,050 A. This appears to be char¬ 
acteristic of the 0=N—N—C=0 grouping. The N-ni- 

tposo derivative of piperidine, however, does not show a pair 
of bands at 4,050 and 4,250 A 


Preparation of Crystalline Benzylpenicillin Sulfone Methyl 
Ester from Benzylpenicillin Methyl Ester by Oxidation with 
Potassium Permanganate (Merck, M.dO^ 7). A solution of 
116 mg. of benzylpenicillin methyl ester in 10 cc. of dioxane 
and 5 cc. of 1.7 M pH 6.8 phosphate buffer was treated with 
3.6 cc. of 3.88% potas.sium permanganate solution. The 
mixture was stirred for one hour at 25° and treated with 
sulfur dioxide until the permanganate color was discharged. 
The solution was concentrated to approximately one-fourth 
of the initial volume at room temperature, then extracted 
three times with chloroform. Evaporation of the chloro¬ 
form in vacuo gave 88 mg. of residue. This crystallized 
on addition of ether, and 60 mg. of product melting at 173- 
174° after slight softening at 150-155° was obtained. 
Recrystallization from chloroform-ether gave pure sulfone 
which consisted of irregular plates melting with decomposi¬ 
tion at 173-174°; [ajn*® +172° (c ~ 0.8 in chloroform), 
+ 192° (r « 1.0 in dioxane). 

Calc, for CnlUoNaOflS: C, 53.67; H, 5.30; N, 7.37 
Found: C, 53.92; H, 5.14; N, 7.24 

The ultraviolet absorption in ethanol showed phenyl 
absorption peaks, with Em 220 at 2,520 A, Em 236 at 2,580 A 
and JCm 182 at 2,650 A. 

Larger Scale Preparation of Benzylpenicillin Sulfone 
Methyl Ester (Merck, M 21). In an oxidation using 
3.488 g. of the methyl estei of benzylpenicillin ( 0.01 mole, or 
thirty times the quantity used in the original procedure 
(A/.56', 7)), 300 cc. of dioxane, 150 cc. of 1.7 M phosphate 
buffer at pll 6 . 8 , and 108 cc. of 3.88% potassium perman¬ 
ganate, reaction conditions and procedure being unchanged, 
3.165 g. of crude sulfone was secured. On recrystallization 
from chloroform-ether, 2.868 g. of sulfone which melted at 
173-174° was obtained (85% yield). 

A Zerewitinoff determination on the sulfone showed 
1.1 active hydrogen atoms at 95°. 

Modified Method for the Preparation of Benzylpenicillin 
Sulfone Methyl Ester (Merck, M,64y 9). To 5 cc. of 5% 
potassium permanganate solution in 80%, glacial acetic acid 
was added with stirring 270 mg. of benzylpenicillin methyl 
ester at room temperature. When solution was complete, 
sufficient hydrogen peroxide (30% ) was added to discharge 
all color. 

Crystallization took place immediately. Fifteen cubic 
centimeters of water was added, and the suspension was 
cooled in ice and filtered; yield, 266 mg. of the sulfone melting 
at 174-176° (dec.) (capiUar>'). 

Oxidation of Dimethyl N^-Benzoyi-D- 7 -benzylpenicilloate 
to the Corresponding Sulfone (Merck, M.S9^ 4). Synthetic 
dimethyl N^-benzoyi-D-Y-benzylpenicilloate 7), 32.0 

mg., was dissolved in 1.0 cc. of glacial acetic acid. To the 
solution were added small portions of an aqueous solution of 
potassium permanganate (104.6 mg. in 50 cc. of water) until 
a permanent permanganate color persisted, in all 6.0 cc. being 
required. This corresponds to approximately two atoms 
of oxygen per mole of benzylpenicilloate. Then after 
addition of 1.0 cc. of glacial acetic acid, sulfur dioxide gas 
was passed into the solution decolorizing it almost instantly. 
Concentration to 0.5 cc. caused the separation of a colorless 
oil which was extracted with two 10 -cc. portions of ether. 
Evaporation of the ether left 19.1 mg. of needles melting at 
169-170° (micro-block). Recrystallization from ether did 
not raise the melting point. 

Calc, for CaftHjgNaOsS: C, 58.13; H, 5.46; N, 5.42 
Found: C, 58.31; II, 5.51; N, 5.80 

The oxidation of dimethyl N^-benzoyl-D- 7 -benzylpeni- 
cilloate to the sulfone was also carried out by allowing a 
mixture of 26.6 mg. of dimethyl N^-benzoyl-D- 7 -bcnzylpeni- 
cilloate, 0.02 cc, of 30% hydrogen peroxide, and O.l cc. of 
glacial acetic acid to stand at room temperature for four 
days. The solution was treated with solid manganese 
dioxide and filtered. The filtrate was evaporated to dryness 
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in vacuo and extracted with ether. Evaporation of the 
ether loft a fciim which was crystallized by adding petroleum 
ether to its benzeni! solution. The product melted at 163- 
108° (micro-block). Kecrystallization from ether gave 
14.3 mg. of crystals melting at 167-168° (micro-1 »lock). 

With porbcnzoic acid in chloroform, dimethyl N^-benzoyl- 
:D- 7 -benzylpenicilloate used up an amount of the reagent 
corresponding to two atoms of oxygen per mole of benzyl- 
periicilloate, 

Hexahydrobenzylpenicillin Sulfone Methyl Ester (Merck, 
6). A 200-mg. samfde of benzylpenicillin sulfono 
methyl ester was dissolved in a mixture of 60 cc. of dioxane 
and 50 cc. of 0.1 A hydrochloric acid, and 1.0 g. of platinum 
oxide was added. The mixture was hydrogenated at 40 lbs. 
pressure at room temperature. Itedu(^tion appeared to be 
complete in three hours. 1he filtered solution was mixed 
with 30 cc. of 2 M phosphate bulTer at pH 6.8, then evapo¬ 
rated in vacuo at room temperature to a volume of 40 cc. 
The concentrate was extracted with four lO-cc. portions of 
chloroform. The chloroform e.xtract was evaporated to 
dryness at room temperature to give a residue vvliich was 
crystallized from ether-petroleum ether. Two further 
crystallizations from the same solvent gave 79 mg. of 
hexahydrobenzylpenicillin sulfone methyl ester, irregular 
plates niclting constantly at 131-132° (micro-block), 
128-129° (capillary); 4-159° (c — 1.0 in chloroform). 

Calc, for CnH2flN20«S: 

C, 52.88; H, 0.78 

Found: C, 53.11, 52.61, 53.12; H, 6.48, 7.15, 7.08 

Modified Preparation of Hexahydrobenzylpenicillin Sul¬ 
fone Methyl Eater; Preparation of N-Metbyl-cyclohexyl- 
acetamide (Merck, M.64i 6-8). Preliminary studies of the 
catalytic hydrogenation of benzylpenicillin sulfone methyl 
ester over Adams catalyst in glacial acetic acid had indicated 
that it tended to poison the most active regions of the 
catalyst surface. To overcome the resulting slow rate of 
hydrogenation, high hydrogen pressures were tried with 
satisfactory results. The preparation of N-mcthyl-cyclo- 
hexylacetamide was carried out in the same manner as for 
benzylpenicillin sulfone methyl ester to eliminate pocsiblo 
variables. 

To 0.5 g. of N-methyl-phenylacetamide (m.p. 56-67°) 
was added 0.5 g. of Adams catalyst and 10 cc. of glacial acetic 
acid. This was shaken for eighteen hours under 4,500 
pounds of hydrogen at room temperature. After removal of 
the catalyst and evaporation of the solvent, a crystalline 
mass remained which was recrystallized from benzene- 
petroleum ether; m.p. 92-93° (capillary). 

Calc, for CJI 17 NO: C, 69.6; H, 11.0; N, 9.03 
Found: C, 69.3; H, 10.9; N, 8,89 

The ultraviolet absorption spectrum of N-rnethyl-cyclo- 
hexylacetamide in ethanol, when measured at a concentra¬ 
tion of 1 mg./cc., was devoid of any phenyl absorption, and 
showed an observed of only 3 at 2,300 A. 

The hydrogenation of benzylpenicillin sulfone methyl 
ester was carried out as follows. To 84 rng. of benzylpenicil¬ 
lin sulfone methyl ester was added 77 mg. of Adams catalyst 
and 6 cc. of glacial acetic acid. After shaking under 
4,500 pounds of hydrogen for eighteen hours at room tem¬ 
perature, the catalyst was removed, and water added to the 
bltrate to make the volume 40 cc. After preliminary 
clouding, crystallization took place. Following filtration 
and washing with water, the product was recrystallized by 
dissolving it in a little glacial acetic acid and adding an equal 
volume of water. The resulting crystals were wa^ed with 
water and dried at 63° and 0.1 mm. pressure for two hours; 
m.p, 125-128° (capillary). A second preparation gave a 
product which melted at 125-126° (capillary). 

Calc, for CiTHa*N,0*8: C, 52.83; H, 6.78; N, 7.25 
Found: C, 63.10; H, 7.10; N, 7.67 


The ultraviolet absorption in ethanol at 1 mg./cc. was 
devoid of any phenyl absorption, and showed an of 

only 16 at 2,300 A. In a solution containing 0.05 N sodium 
hydroxide and 50% ethanol a band of Em 16,400 at 2,800 A 
was found to develop as quickly as it could be measured, 
Benzylpenicillin sulfone methyl ester when measured under 
the same conditions developed a band of Em 16,700 at 
2,800 A. This is a characteristic property of benzylpenicil¬ 
lin stdforie methyl ester (A/.67, 7). 

The optical rotation of hexahydrobenzylpenicillin sulfone 
methyl ester was found to be +192° (c « 1.14 in 

dioxane) (M.Oly 6). 

The relative rates of methanolysis of benzylpenicillin 
sulfone methyl ester and its hexahydro dc^rivative were 
studied by following the rates of change of the optical rota¬ 
tion and ultraviolet absorption. N-Kthylpiperidine was 
used as catalyst. The ultraviolet absorption was measured 
at 2,800 A since the desired reaction was known to take place 
with the formation of an absorption band at that wavelength 
(il7.67,8). 

7'h(‘ reactions wenj carried out in chloroform solutions 
containing 50% methanol and 1% N-ethylpipcridinc. The 
concentrations of reactants were 45 mg./cc. and the tempera¬ 
ture 23°. The results are shown in the accompanying table. 


Methanolysis of Benzylpenicillin Sulfono Methyl Ester 
and Hexahydrobenzylpenicillin Sulfone Methyl Ester 



Benzylpenicillin sulfone 
methyl ester 

H exahy d roben z y Ipcai i ci l- 
lin sulfone methyl ester 

Tiuic! 





(min.) 

Per cent 
d(5C reuse 
optical 
rotation 

Per cent 
formation 
2,800 A 
band 

Per cent 
decrease 
optical 
rotation 

Per cent 
formation 
2,800 A 
band 

1.5 

_ 


0 


3.6 

— 


8 

10 

16 


1 

19 

— 

38 


18 

51 

i 26 

40 

30 

— 



56 

— 

— 

68 

35 

85 

59 

— 

— 

1 — 

95 

— 

54 

76 

50 

135 

61 


— 

— 

154 

— 

71 

95 

66 

178 

86 

— 

— 

— 

185 

— 

83 

— 

— 

234 

89 

— 

— 

— 

240 

— 

100 

96 

94 

315 

97 

— 

— 


371 

100 

100 

— 

— 

419 


— 

100 

100 


The marked similarity in behavior of the two systems 
is striking. The final optical rotations were observed to be 
+128° and +140° respectively for benzylpenicillin sulfone 
methyl ester and its hexahydro derivative. The final Em 
values for the 2,800 A bands were observed to be 16,000 and 
22,600 respectively. 

Active Hydrogen Determinations on N-Benzoyl-thiazoli« 
dine l-Dioxides (Merck, M.62^ 7-8). Benzylpenicillin 
sulfone methyl ester showed 1.1 active hydrogen atoms 
in a Zerewitinpff determination 2). Since benzyl¬ 

penicillin methyl ester possesses one active hydrogen, it 
might be expected, on the basis of the /il-lactam formula, that 
the sulfone would h<(ve two active hydrogens^ the second 
being the hydrogen at the 2-po8ition in the thiazolidine ring< 
Kohler and Fotter (J. Am, Chem, Soc.^ 57,1819 (1936)) have 
shown that 5-phenylethyl tolyl sulfone, ^,/^phenylethyl 
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tolyl sulfon© and methyl tolyl sulfone react with Grignard 
reagent, the first two evolving gas at 50-75°, the last at room 
temperature slowly. 

Zerewitinoff determinations have been made on dimethyl 
N^-benzoyl-n- 7 -benzylpenicilloate sulfone and the methyl 
ester of i>-3-benzoyl-5,6-dimethyl-2-phenyl-4-thiazolidine- 
carboxylic acid 1-dioxide. The results, as tabulated below, 
indicate that these 3-acylated-thiazolidine 1-dioxides having 
a hydrogen in the 2-position of the ring show active hydro¬ 
gen. A Zerewitinoff figure is also given for dicyclohexylene 
sulfone which is of interest as a model because the two 
hydrogen atoms available for reaction are in fused ring posi¬ 
tions. Obviously it would also be desirable to make a 
Zerewitinoff determination on a suitable fused thiazolidine- 
/5-lactam 1-dioxide. 


Compound 

Active hydrogen 
(Micro Zerewitinoff 
in anisole, 95°) 

Benzylpenicillin methyl ester. 

1.6 

1.10, 1.16 

0.90 

2.06 

1.51, 1.55 
(possible 
decomposition) 
0.90, 1.17 

Benzylpenicillin sulfone methyl ester 
Dimethyl N^-benzoyl-o-y-beiizylpt'ni- 
cilloate. 

Dimethyl N ^-berizoyl-n-y-benzylpeni- 
cilloate sulfone. 

Methyl ester of D-3-benzoyl-5,5-di- 
methyl-2-phenyl-4-thiazolidinecar- 
boxylic acid 1-dioxide. 
Dicyclohexylene sulfone. 



Bicyclohexylene Sulfone (Merck, MM2y 6). A 200-mg. 
sample of diphcnylene sulfone was dissolved in a mixture 
of 50 cc. of dioxanc and 50 cc. of 0.1 iV hydrochloric acid and 
1.0 g. of platinum oxide was added. The mixture was 
hydrog(5natcd at 40 pounds pressure at room temperature. 
Reduction app(?ared to be complete in six hours. After re¬ 
moval of dioxane in vacuo, ether extraction of the residual 
solution gave an oily product which yielded 65 mg. of di¬ 
cyclohexylene sulfone in the form of irregular plates wliich 
molted constantly at 84- 85°, after two crystallizations from 
ether-petroleum ether. 

Calc, for C, 2 H. 2 oO,S: C, 63.11; II, 8.84 
Found: C, 63.44; H, 8.85 

Further Active Hydrogen Determinations on Benzyl- 
penicillin Sulfone Methyl Ester and Dimethyl N^-Benzoyl- 
D- 7 -benzylpenicilloate Sulfone (Merck, MM, 4). The ac¬ 
tive hydrogen figures reported above for benzylpenicillin 
sulfone methyl ester and various model substances were 
secured by heating the substance in an anisole solution of 
methyl Grignard reagent at 95-100° for five minutes. 
Below are figures secured by reheating the reaction mixtures 
for five minute intervals up to twenty minutes total time. 
These figures have been corrected for a blank which increased 
by 24 % on heating for five minutes over the usual five min¬ 
ute period, then remained constant. 


i 

Min¬ 

utes 

6 j 

Min¬ 

utes 

10 

Min¬ 
utes 
15 1 

Min¬ 

utes 

20 

Dimethyl N^-benzoyl-n-y-ben- 
zylpenicilloate sulfone. 

1.96 

2.14 

2.27 

2.30 

Benzylpenicillin sulfone 
methyl ester. 

1.10 

1.84 

2.00 

2.00 


Reaction of Benzylpenicillin Sulfone Methyl Ester with 
Benzylamine (Merck, M.66\ 7; 69, 14-15). A solution of 
61 mg. of benzylpenicillin sulfone methyl ester in 2 cc. of 
chloroform containing 26.4 mg. of benzylamine was allowed 
to stand for two hours at room temperature. The rcac.tion 
proceeded very rapidly. In ten minutes the specific rota¬ 
tion dropped from 4-172° to +112°. In forty minutes, the 
specific rotation was +84°, in two hours, +73°. The residue 
secured upon evaporation was (Crystallized from methanol to 
give 17 mg. of fine needles melting at 64-65°. After rccrys- 
tallization from methanol, the melting point was constant 
at 66-67°. The product was optically inactive?. 

Calc, for C25H2/.N.,02*011,011: C, 72.36; H, 6.77; N, 9.73 
Found: (;, 71,50; H, 6.76; N, 10.12 

The? ultraviolet absorption in ethanol showed a character¬ 
istic hand at 2,825 A, 600. This absorption was 

analogous to that observed for a previously prepared sub¬ 
stance, nam(?ly, the product of reaction of bcnzylandne with 
2-benzyl-4-hydroxymethylene-5(4)-oxazolonp hydrobroraidc 
(MJ2a, 8). The ultraviolet absf^rption of the latter com¬ 
pound in alcohol solution showed a peak with 605 at 

2,810 A which disappeared in acid solution; on addition of 
alkali a p(?ak with 420 at 2,690 A was seen. This 

product thus apptiared to be the bcnzylamide of /!?-benzyl- 
amino-of-phenylacetamidoacrylie acid, containing either 
methanol or ethanol of crystallization depending upon the 
solvent used for crystallization. The product solvated 
strongly and exhibited considerable variation in melting 
point depending upon the apparatus used. A sample of such 
material which meUed at 118-119° (capillary) obtained by 
crystallization from ethanol was r(?cry8tallize(l from methan¬ 
ol to give a product melting at 69""70° (micro-block). This 
product showed no depression in melting point on admixture 
with the degradation product obtained by reaction of benzyl¬ 
amine with benzylpenicillin sulfone methyl ester. The 
analytical data are in agreernemt with a formula containing 
one molecule of methanol of crystallization. 

Calc, for C25H22N,02-CIf,0H: 

C, 72.36; 11,6.77; N, 9.73 

Found: C, 72.66, 72.73; 11, 6.91, 6.72; N, 10.12 

A 8(.)lution of 6 mg. of the benzylamine degradation prod¬ 
uct in 1.5 cc. of methanol was treated with 1.5 cc. of Brady^s 
reagent. A precipitate separated at once. After several 
minutes the product was centrifuged and recrystallized from 
methanol. The compound melted at 246-248°, and when 
mixed with authentic 2,4-dinitrophenylhydrazonc of benzyl- 
penaldic acid benzylamide (m.p. 249 -250°) did not depress 
the melting point. 

Calc, for C 24 H 22 N 6 O 6 : N, 17.14 
Found: N, 17.32 

Action of Benzylamine on 2-Benzyl-4-ethoxymethylene- 
6(4)-oxazolone Hydrobromide (Merck, MJ2h, 8). When 
the 2-benzyl-4-ethoxymethylene-5(4)-oxazolone hydrobro¬ 
mide was added to an excess (5-6 equivalents) of benzyl- 
amine a homogeneous solution was form(?d. After standing 
at room temperature for twenty to thirty liours, water was 
added. This caused the separation of a solid which could 
be recrystallizcd from (Jthanol to give white needles mdting 
at 118-119°. 

Calc, for 

0,72.78: H, 7.01; N, 9.43 

Found: C, 72.88, 72,99; H, 7.34, 7.09; N, 9.80 

When treated with 2,4-dinitroph(?nylhydrazine in acid 
solution the substance immediately formed a 2,4-dinitro- 
phenylhydrazone which melted at 242-243°. The same 
melting point was obtained when this hydrazone was 
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mixed with the corresponding hydrazone (m.p. 242-243®) 
of the benzylamido of benzylpenaldic acid made from 
benzylpenicillin. 


Calc, for C24H22N«0«: C, 58.77; H, 4.52; N, 17.14 

Found; C, 59.25, 59.16; H, 4.59; N, 17.63 

Structure of the Compound Obtained by the Action of 
Benzylamine on 2-Benzyl-4-ethox3rmethylene-6(4)-oxa- 
zolone Hydrobromide (Merck, MMO, 5~6). When the 
sulfone of benzylpenicillin methyl ester was allowed to react 
with benzjdainine, the product isolated {M.66j 7) had an 
infrared absorption spectrum (M.61, 4) identical with that of 
a previously prepared compound obtained when 2-bcnzyl-4- 
ethoxymethylcne-5(4)-oxazolone hydrobromide was allowed 
to react with benzylamine 8). 

The compound has been shown to have a CelTGf'friNII- 
group attached to the carboxyl group of benzylpenaldic acid 
by the isolation of the benzylamido. of benzylpenaldic acid 
and the preparation of the corresponding 2,4-dinitrophenyl- 
hydrazonc (A'/./£?a, 8; -1; 6V, 4). All of the above 

reactions wore performed in mixtures of ethanol and hydro¬ 
chloric acid. 

The melting point of the (compound (66-67°) derived from 
the sulfone was markedly different from that (118-119°) 
derived from the oxazolonc. It was found that on the 
micro-block it melted in the range of 65-75° depending 
upon its previous history, although in a capillary it invariably 
melted above 110°. The material could be dried in vacuo at 
76° without apparent sintering; however, upon examination 
with a microscope it could be seen that the product had really 
fused, but had kept essentially the same form. This fused 
material melted at 132-134°. It appeared to be anhydrous 
/5-benzylamino-a-phenylacetamidoacrylic acid benzylam ide 
which had been described previously (Upjohn, T/.^, 5). 
This previous report did not indicate the solvent used for 
crystallization, nor the temperature at which the compound 
was dried. 

It is apparent that the analytical data for the compound 
derived from the oxazolone are in agreement for this struc¬ 
ture when allowance is made for the presence of ethanol of 
crystallization. 


Calc, for CuUiuNzOrCzlUOll: C, 72.78; H, 7.01; N, 9.43 
Found: C, 72.99; H, 7.09; N, 9,89 

Further evidence to indicate that the compound contained 
ethanol was that it could not be readily crystallized from 
solvents other than ethanol. It could, however, be crystal¬ 
lized from methanol to give a product containing methanol of 
Crystallization. 

/J-Benzylaxnino-oc-phenylacetamidoacrylic Acid Benzyl- 
axnide (Upjohn, f/.^, 5). Treatment of 2-benzyl-4-ethoxy- 
m€thylene-5(4)-oxazolone hydrobromide with benzylamine 
yielded a crystalline compound which melted at 132-134.5°. 
The compound appeared to be /S-benzylamino-of-phenylacet- 
amidoacryllc acid benzylamide. 


Calc, for CwHafcNaOa: C, 75.2; H, 6.3; N, 10.5 
Found: C, 74.9; H, 6.1; N, 10.5 

Reaction of Benzylpenicillin Sulfone Methyl Eater with 
Methanol in the Presence of N-Ethylpiperidine (Merck, 
M,S9t 11-12). Benzylpenicillin sulfone methyl ester was 
recovered in excellent yield after standing for sixteen hours 
in chloroform-methanol (1:1) mixture or in dioxano con¬ 
taining 1 % of N-ethylpiperidine. 

A solution of 200 mg. of benzylpenicillin sulfone methyl 
ester in 10.0 cc. of chloroform-methanol (1:1) mixture 
containing 1.0% of N-ethylpiperidinc was prepared. The 
mixture was allowed to stand at 25®, and the progress of 
reaction was followed polari metrically. The solution devel¬ 
oped a yellow color as the reaction proceeded. 


0.125 hrs. 

0.5. 

1.0 . 

2.25. 

3.75. 

6.75.... 
19.5 . 


Time after mixing 


falD» 


+ 178° 
+ 163° 
+156° 
+ 147° 
+ 140° 
+ 134° 
+ 132° 


The solution (9.4 cc) was then evaporated to dryness and 
brought to constant weight in vacuo at room temperature. 
The hygroscopic residue weighed 269 mg. If it is assumed 
that one molecule of sulfone reacts or combines with one 
molecule of methanol and one molecule of N-ethylpiperidine, 
260 rng. of product would be expected. The product 
showed the following [ajD** values: +74° (c =* 1.0 in metha¬ 
nol), +29° (c « 1.0 in 50% aqueous dioxane ),+25° (c 1.0 
in 50% dioxane—0.2 N hydrochloric acid). Apparently 
the product of rotation +132° is very sensitive to water and 
in manipulation underwent a partial decomposition which 
was completed very rapidly in aqueous solution. The prod¬ 
uct had an absorption peak in the ultraviolet at 2,775 A 
205) in absolute ethanol. 

A solution of 25 ing. of the i>roduct in 2 cc. of methanol 
was treated with 4 cc. of Brady's reagent. An immediate 
precipitate formed. After one-half hour the mixture was 
centrifuged and th(i precipitate was washed with three 3-cc. 
portions of water. The dry product weighed 4 mg. It 
melted at 179-181° and did not depress the melting point of 
authentic 2,4-dinitrophenylhydrazone of benzylpenaldic acid 
methyl ester. 

Conversion of Benzylpenicillin Sulfone Methyl Ester into 
Material Showing Benzylpenicillenate Absorption (Merck, 
13). On heating 20 mg. of benzylpenicillin sulfone 
methyl ester in 1 cc. of toluene for ten minutes at 100°, the 
formation of a defmite acidity was noted. Heating was 
continued for one-half hour. The amorphous product ob¬ 
tained on removal of the toluene showed a maximum in the 
ultraviolet at 3,190 A (Eiem.^^^ 129) in dioxane solution. 

A solution of 24.5 mg. of the sulfone methyl ester dissolved 
in 2.0 cc. of pyridine, [a]D*® +237°, was allowed to stand at 
room temperature for sixteen hours. The specific rotation 
was then +234°. On heating the solution at 100® for an 
hour the rotation dropped to +191®. The amorphous 
product secured on removal of pyridine was acidic and 
showed an absorption peak in the ultraviolet at 3,180 A 
(Eicm.^’J' 141). 

Comparative Stability of Benzylpenicillin Sulfone Methyl 
Ester and Benzylpenicillin Methyl Ester to Aqueous Hydro¬ 
chloric Acid and to Glacial Acetic Acid (Merck, MM^ 13-14). 
A solution of 17.2 mg. of benzylpenicillin sulfone methyl 
ester in 1.0 cc. of dioxane was treated with 1.0 cc. of 0.2 N 
hydrochloric acid, and the mixture was allowed to stand at 
room temperature. The specific rotations are given below. 


Time after mixing 

Wd*® 

2 mins... 

+ 179® 

2 hrs. . 

+177° 

5 hrs...... * 

+177° 

22 hrs. 

+156° 

46 hrs... 

+115® 


A solution of 25.0 mg. of benzylpenicillin sulfone methyl 
ester in 2.0 cc. of dioxane was treated with 2.0 cc. of 0.2 N 
hydrochloric acid. The mixture was allowed to stand for 
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sixty hours at room temperature. Upon evaporation of the 
dioxane in vacuo at room temperature, 17 mg. of starting 
product, m.p. 173-^174®, crystallized from the solution. 

A solution of 18.1 mg, of benzylpenicillin methyl ester 
in 1.0 cc. of dioxane was treated with 1,0 cc. of 0.2 N hydro¬ 
chloric acid. The specific rotation was 4*239° three mimites 
after mixing. After 105 minutes the rotation was [aln** 
4 - 112 °. 

The rotation changes of benzylpenicillin methyl ester and 
benzylpenicillin sulfone methyl ester on standing at room 
temperature in glacial a(!ctic acid are compared in the table 
below. The concentration of the solutions w^as 1.1 %. 


Time after 
mixing 

Benzylpenicillin 
methyl ester 

Benzyl penicillin sulfone 
methyl <‘8ter 

3 mins. 

226° 

179° 

1 hr. 


178° 

3 hrs. 

173° 

177° 

19 hrs. 

— 

171° 


Starting product was rcitovered from the sulfone solution 
in good yic'ld after the treat nient for nineteen hours. 

Attempted Oxidation of Benzylpenicillin Sulfone Methyl 
Ester with Ozone and with Hydrogen Peroxide (.Merck, 
MM8^ 7). A solution of 100 mg. of benzylpenicillin sulfone 
methyl ester in 20 cc. of acetic^ nxjid was treated at room tem¬ 
perature with 80 mg. of ozone concentration) in a period 
of two minutes. Mtcr a further ton minutes, 500 mg. of zinc 
powder was added to the solution and the mixture was stirred 
for one hour at room temperature and then filtered. The 
filtrate was concentrated to a small volume and diluted with 
water; yield, 60 mg. of starting matt^rial. The yield of tv- 
covered sulfone was raised to 86% by extraction of the 
aqueous solution with chloroform and crystallization of the 
chloroform residue, 

A solution of 100 mg. of benzylpenicillin sulfone methyl 
ester in 2 cc. of acetic acid was treated wdih 1 cc. of 30% 
hydrogen peroxide. After standing sixteen hours, evapora¬ 
tion to dryness and crystallization from chloroform-ether 
gave nearly quantitative recovery of starting material. A 
similar experiment in which 0.5 cc. of acetic anhydride was 
added to the above solution gave the same result. 

Some Experimental Observations Made in Connection 
with Studies of Benzylpenicillin Sulfone Methyl Ester 
(Merck, Mj84, 8-9). In an effort to prepare the sulfone 
of benzylpenicillin methyl ester by methods other than per¬ 
manganate oxidation, the following reaction was studied. 
To a solution of 510 mg. of the /If-methyl ester of N ^-acetyl 
n-'V-benzylpenicilloate in 10 cc. of glacial acetic acid was 
added 0.5 cc. of 30% hydrogen peroxide. After standing 
for two days at room temperature, the solution was freeze- 
dried to a crystalline residue w^hich on recrystallization from 
hot ethyl alcohol gave a substance melting constantly at 
200-204° (dec.) (capillary). The optical rotation was found 
to be [otId** -f 13° (c * 1,64 in dioxane) and [a]©** 4-22° 
(c » 1.42 in ethanol). 

Calc, for CifH^NiOaS: C, 61.8; H, 5.60; N, 6.36 
Found; C, 62.1; H, 5.59; N, 6.35 

Ultraviolet absorption in ethanol showed only typical 
phenyl bands with maxima at 2,645 A (Em 144), 2,585 A 
(Em 192), and 2,520 A (Em 187). There was a minimum at 
2,500 A (Em 173). 

When benzylpenicillin methyl ester was treated in the 
above manner no crystalline sulfone could be obtained. 

Since it appeared that benzylpenicillin methyl ester when 
inactivated by glacial acetic acid formed the /3-metbyl ester of 
N-aoetyl benzylpenioilloic acid (Squibb, S.S4, 1), it was 


thought that the crystalline sulfone of the latter might be 
obtained by using the hydrogen peroxide procedure following 
the inactivation. To this end 100 mg. of benzylpenicillin 
methyl ester was dissolved in 2 cc. of glacial acetic acid and 
0.4 cc. of acetic anhydride. After standing overnight (in¬ 
activation), 0.1 cc. of 30 hydrogen peroxide was added 
and the system allowed to stand twenty hours at room 
temperature. On working up this reaction system no 
crystalline products were obtained. 

Reaction of Methyl Phenaceturate with Oxalyl Chloride 
(Merck, 5). Finely-i)owdered methyl phe.nac(»turate, 

500 mg., was treated with 5 cc. of a 1:5 mixture of oxalyl 
c'hloride and xylem;. Solution took place almost im¬ 
mediately. After twenty minutes the mixture was evapo¬ 
rated to dryness in vacuo and the ro.siclue crystallized from 
benzene to give 467 mg. of product (75%,). After recrys- 
taliization from benzene, the compound melted at 186°. 
This melting point corresponds to that previously described 
(Abbott, A ,18, 4). 

Calc, for CuHuNOb: N, 5.36 
Found: N, 5.66 

In tetrachloroethanc the compound showed an ultra¬ 
violet absorption maximum with Em 12,800 at 3,475 A. 

Reaction of Oxalyl Chloride with Methyl ^S-Benzoxy-ot- 
phenylacetamidoacrylate (Mcrc?k, Ai.60, 14). A suspension 
of 2.95 g. of methyl /S-benzoxy-a-phenylacetamidoacrylate 
in 50 cc. of anhydrous ether was treated with 2 cc. of freshly 
prepared oxalyl chloride and 30 cc. of dry benzene. Solution 
was complete with the formation of a yellow color after about 
six hours. It was allowed to stand overnight when a yellow 
crystalline deposit had separated; yield, 0.9 g. It was re- 
crystallized from benzene to give a product which melted 
constantly at 181-183°. 

Calc, for CnHisNOr: C, 64.12; H, 3.84; N, 3.58 

Found; C, 64.71, 64.44; II, 3.83, 3.08; N, 3.94 

The ultraviolet absorption of this substance showed a 
maximum at 3,300-3,400 A, Em 13,000. 

When this compound was treated with methyl alcohol and 
pyridine the starting material was recovered. 

Reaction of Methyl Benzylpenaldate Dimethyl Acetal 
with Oxalyl Chloride (Merck, AI.66, 6). Methyl benzyl¬ 
penaldate dimethyl acetal, 500 mg., was treated with oxalyl 
chloride as described above. The product, crystallized from 
benzene-petroleum ether, weighed 482 mg. (83%). After 
recrystallization from benzene-petroleum ether, it melted at 
131-132°. 

Calc, for Ci 6 H, 7 N 07 : N, 4.18 
Found; N, 4.27 

In tetrachloroethanc the compound showed an ultra¬ 
violet absorption maximum of Em 10,800 at 3,475 A. 

Reaction of the Methyl Eater of /3-Methoxy-oc-phenyl- 
acetamidoacrylic Acid with Oxalyl Chloride (Merck, MM, 5). 
The njcthyl ester of ^?-methoxy-a-phenylacetamidoacrylic 
acid, 500 mg., was treated with oxalyl chloride as described 
above. The product, crystallized from benzene, weighed 
488 mg. (80%;). After rccrystallization from benzene, it 
melted at 172-173°. 

Calc, for CuHisNO^; N, 4.62 
Found: N, 4.68 

In tetrachloroethanc the compound showed an ultra¬ 
violet absorption maximum with Em 12,100 at 3,500 A. 

Reaction of Dimethyl H^-Benzoyl-n-y-benzylpenicilloate 
Sulfone with Oxalyl Chloride (Merck, MM, 6). Finely- 
powdered dimethyl N^benzoyl-i)- 7 -benzylpenicilloate sul¬ 
fone, 300 mg., was treated with 10 cc. of a 1:5 mixture of 
oxalyl chloride and xylene. Solution was complete in ap¬ 
proximately ten minutes. After forty minutes, the mixture 
was evaporated to dryness in vacuo and the residue Was 
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crystaliized from benzene-petroleum ether, giving 199 mg. of 
product (00%) which melted at ISO-lSO'^. After two re- 
crystallizations from benzene-petroleum ether, the product, 
pale yellow needles, melted at 203-204°; Wd*® —68 ° {c «* 
0.37 in benzene). 

Calc, for C27HnN20ioS: N, 4.91 
Found: N, 4.63 

In tetrachloroethane the compound showed an ultra¬ 
violet absorption maximum with T^m 9,600 at 3,225 A 

Treatment of Benzylpenicillin Sulfone Methyl Ester with 
Ozalyl Chloride (Merck, 6). Finely powdered 

benzylpenicillin sulfone methyl ester, 300 mg., was treated 
with 10 cc. of a 1:5 mixture of oxalyl chloride and xylene. 
Solution was complete in about fifteen minutes. After 
forty jiiimites, the mixture was evaporated to dryness in 
vacuo. The ultraviolet absorption of the product was im¬ 
mediately examined. In tetrachloroethane the substance 
showed a maximum with 160 at 3,250 A. Assuming 

the absorbing material to be the sulfinic acid corresponding 
to inetliyl benzylpenicillenate, and assuming that the absorp¬ 
tion of this sulfinic acid is quantitatively similar to that of 
methyl benzylf)eniciUenate, the amount of this material in 
the reaction mixture can be estimated. The extinction, Em 
10,000, indicates that about 50% of the sulfinic acid product 
was present. About 250 mg. of reaction product gave 
124 mg. (50%) of slightly yellow crystals melting between 
169° and 173° on crystallization from chloroform-oihcr. No 
depression in melting point was observed on admixture with 
pure staiting material. One further recrystallization re¬ 
moved the yellow color and gave the pure sulfone; ra.p. 
174-175°. 

Physical Measurements on Benzylpenicillin Sulfone 
Methyl Ester and Its Reaction Products (Merck, 3~9). 
As previously reported (Merck, Af./if), 7), the ultraviolet 
absorption spectrum of benzylpcmicillin sulfone methyl 
ester rather closely resembles that possessed by henzylpeni- 
cillin methyl ester. A corresponding similarity exists be¬ 
tween the infrared absorption spectra as shown below. 


Substance 

Solvent 

Infrared 

absorption 

bands 

Iteference 

Sodium benzyl- 

Methyl-cello- 

5.70, 6,09, 1 

Sh,3, 16; 

penicillin. 

solve 

6,23, 6.60 

RS.l, 3. 

Benzylpenicillin, . 

C^lhCU i 

5.60, 5.81, 
6.09,6.63 


Benzylpenicillin 

C2HaCl4 

2.95, 5,71, 

Sh.S, Fig. 1; 

methyl ester. 


6.01,6.61 

IiS.1,4. 

Benzylpenicillin 
sulfone methyl 
ester. 

C 2 H 2 CI 4 

I 

2,90, 5.67, 
5.75, 5.97 
6.63‘ 


Methyl ester of 
/?-lactarn of a- 
desthiobenzyl- 
penicilloic acid. 

C 2 TI 7 CI 4 

2,95, 5.77, 
G.OO, 6.58 

Sh4, Fig. 30 


* The sulfone sruup has no infrared absorption band in the 3-7 ^ 
region (Merck, M,68, 11, compound 14). 


These data contain several additional features of interest. 
The appearance in the absorption spectrum of benzylpeni¬ 
cillin sulfone methyl ester of a band at 5.57 /i> wliich 
probably corresponds to the 5.7 m band of benzylpenicillin, 
indicates that the carbonyl associated with the potential 
carboxyl group of benzylpenicillin is reasonably close to the 
sulfur atom. Of interest also is the lack of an NH band for 
the free acid form of benzylpenicillin. This cannot be taken 
as indicative of zwitterion formation since compounds 
simultaneously containing a monosubstituted amide and a 


free carboxyl do not seem to show an infrared band in the 
NH—OH region (M.58, 8). If the solid free acid is al- 
low^ed to stand at room temperature for a long period of 
time (about one year) its optical rotation decreases. At the 
same time the 5.09 m band disappears, indicating rupture of 
the ring containing th(? carbonyl group. Titration shows the 
formation of an additional acidic group during such in¬ 
activation. Thu.s, it appears that benzylpenicilloic acid 
formation has occurnul. 

The crystalline reaction product melting at 66~fi7° ob¬ 
tained from the interaction between benzylpenicillin sulfone 
methyl ester and benzylamine {M.50, 7) showed an infra¬ 
red absorption spectrum identical with that of synthetic 
|fc^benzvlamino-a-pht‘nylacetamidoacryIic acid bcnzylamide 
(Merck, 8; £\'?,‘l3; ‘^9, 15; 30, *2). 

A new sample prepared by im^ans of benzylpenaldic acid 
diethyl acetal and phosphorus tribroinide followed by treat¬ 
ment of the product with benzylamine was recrystallized 
from hot methanol. The crystals melted at 113-118° 
(capillary). A portion of the material was dried for two 
hours at 76° and 0.1 mm. pressure for analyses. The sub¬ 
stance lost 7 of its w(;ight during the drying process. 

Calc, for C, 75.2; IT, 6.32; N, 10.5 

Found: C, 75.2; H, 6.76; N, 10.8 

From the. los.s in weight on drying, it was evident that the 
original crystalline product was a solvate containing one 
mole of methyl alcohol (calculated loss 7.4^). To a solu¬ 
tion of 1 g, of the compound in 75 (^c. of hot methyl alcohol, 
25 cc. of 0.103 N hydrochloric acid w’as added and heating 
continu<‘d for a few minutes. After cooling, thv. total vol¬ 
ume was made up to 200 cc. using 0.1 N hydrochloric acid 
and water. This volume was divided into "two equal 
portions. One was treated with 495 mg. of 2,4-dim- 
trophenylhydrazine on the steam bath whereupon a yellow 
2,4-dinitrophenylhydrazonc separated almost at once. 
After filtering, washing, and drying, 0.61 g. of the 2,4-di- 
nitrophenylhydrazone molting at 250° (dec.) (micro-block) 
was obtained. The second aliquot was concentrated in 
vacuo to about 35 cc.; during this process a colorless crystal¬ 
line solid separated. The precipitate was removed by filtra¬ 
tion and dried. The mother liquor was made alkaline and 
extracted with petroleum ether, and the petroleum ether 
was dried with anhydrous potassium carbonate and treated 
with dry hydrogen chloride gas. A crystalline product was 
obtained; yield, 0.15 g., m.p. 258° (dec.). The decomposi¬ 
tion point was not depressed by admixture with benzylamine 
hydrochloride. The calculated yield was 0.165 g. 

The crystalline product obtained during concentration 
of the aliquot of acid solution was recrystallized from methyl 
alcohol to give a substance which could be heated at 76° and 
0.1 mm. pressure for one hour without apparent change. 
The substance softened at 110° and melted at 117-118° 
(capillary). 

Calc, for CiJIigNjOrCHiOH: C, 66.7; H, 6.44; N, 8.20 
Found; C, 67.0; H, 7.10; N, 8.16 

The ultraviolet absorption spectrum of the starting ma¬ 
terial (before hydrolysis) in ethyl alcohol showed a band 
with Em 27,400 at 2,800 A. In 0.05 N hydrochloric acid- 
50 %, methyl alcohol the 2,800 A band disappeared leaving 
only phenyl absorption with Em 635 at 2,680 A (M.SO, 2). 
The crystalline hydrolytic product which melted at 117- 
118°, on the other hand, showed only phenyl absorption in 
ethyl alcohol with Km 680 at 2,580 A. However, treatment 
with a pH 8.36 buffer (60% by volume) caused a band with 
Em 13,200 at 2,700 A to appear at once. This behavior 
closely resembles that of ethyl benzylpenaldate and its 
benzylamine derivative 1, 4). 

It thus appears that benzylpenicillin sulfone methyl ester 
reacts with benzylamine to give the benzylamide of /3-benzyl- 
amino-a-phenylacetamidoacrylic acid. 

A quantitative study of the relative rates of reaction pf 
benzylpenicillin methyl ester and benzylpenieillin sulfone 
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methyl ester with benzylamine in dioxane solution using the 
optical rotation as a measure of the progress of the reaction 
has shown that the sulfone methyl ester reacts about five 
times as fast as bonzylpenicillin methyl ester. The changes 
in the ultraviolet absorption during the reaxjtion are also of 
interest. Data illustrating a typical reaction are presented 
below. Two moles of benzylamine per mole of sulfone 
methyl ester were used in this experiment. I\ire, dry 
dioxane was used as solvent and the temperature was 23°, 


Time 

Wd” 

Em (2,800 A) 

0 mins. 

+ 187° 

50 

30 mins. 

+176° 

600 

20 mins. 

+144° 

— 

40 mins. 

+ 113° 

1,500 

90 mins. 

+93° 

4,500 

180 mins. 

+85° 

8,800 

330 mins. 

+80° 

10,300 

21 hrs. 

+80° 

9,000 


The rapid formation of a substance having an ultraviolet 
absorption band at 2,800 A suggests, in view of previous 
observations (M.SO^ 5“7), that reaction with benzylamine 
may be followed by opening of the sulfone ring. Subsequent 
reaction with mor<; benzylamine then may give rise to the 
benzylamide of /3-ben zylamino-a-phenylacetamidoacrylic 
acid by means of a base exchange reaction. 

This type of reaction also appeared to occur during alka¬ 
line hydrolysis of benzylpenicillin sulfone methyl ester. 
The reaction was more rapid than in the case of benzylpeni¬ 
cillin methyl ester. At pH 12 the rate of the reaction could 
be followed in the ultraviolet since a band at 2,800 A quickly 
developed reaching a maximum Km value of 14,800 in thirty 
minutes at 23° where it remained constant. Acidification of 
this solution with hydrochloric acid resulted in a rapid de¬ 
cline of the 2,800 A band so that in five minutes it had been 
reduced in intensity to one half its maximum value. After 
one hour no vestige of the 2,800 A band remained. Addition 
of alkali to the latter solution resulted in the immediate 
formation of a strong band with Km 12,000 at 2,675 A. This 
is considered to be definite evidence of the liberation of 
benzylpenaldic acid. 

When benzylpenicillin sulfone methyl ester was allowed 
to stand in 0.01 N hydrochloric acid for periods up to one 
hour at 23°, there was no evidence that any reaction took, 
place. If the solution was then made alkaline the previously 
described 2,800 A band appeared which indicated that no 
reaction occurred in the acid solution. Benzylpenicillin 
sulfone methyl ester thus appears to be relatively acid-stable. 
This provides evidence of a marked influence of the state 
of oxidation of the sulfur atom on the stability of the ring 
containing the carbonyl group which becomes the a-carboxyl 
group of the benzylpenicilloates on degradation. 

This acid-stability was also observed in glacial acetic acid 
which inactivates benzylpenicillin methyl ester but which 
fails to inactivate benzylpenicillin sulfone methyl ester. 
In the following experiment 11.31 mg. of the sulfone methyl 
ester was dissolved in 0.5 cc. of glacial acetic acid and allowed 
to stand at 23°, 


Time 


3 mins. 

+160° 

9 mins. 

+160° 

19 mins. 

+160° 

18 hrs. 

+166° 


After the eighteen hour period addition of a little water 
to the acetic acid solution resulted in crystallization of the 
starting material, m.p. 173-176° (capillary). 

The behavior of benzylpenicillin sulfone methyl ester 
ip dioiane containing a trace of triethylamine was examined 


at 23°. The optical rotation and ultraviolet ab.sorption 
showed no change after thirty-on(» hours. On boating for 
fifteen hours at 66° the rotation def!roasod from [a]i> +187° to 
+ 173° and in the ultraviolet band with Km 2,400 at 3,200 A 
developed. In this experiment benzylpenicillenate forma¬ 
tion evidently occurred. 

When the above experiment was repeated using 50% 
methyl alcohol as solvcmt, the optical rotation decreased 
from |q;]d +198° to +152° in thirty-one hours at 23° and the 
ultraviolet absorption showed the presence of a band with Em 
2,900 at 2,800 A. After an additional fifteen hours at 66° 
the optical rotation was observed to be [ajp +10° and the 
ultraviolet absorption showed two bands with tiqual Em 
values of 2,400 at 2,800 A and 2,675 A. The methanolysis 
thus appeared to follow a course similar to that observed for 
aminoiysis and alkaline hydrolysis. 

Benzylpenicillin sulfone methyl ester was also studied 
in tetrachloroethane solution. A 9.6-mg. sample of the sul¬ 
fone methyl ester was dissolved in 1 cc. of tetrachloroethane 
and heated at 100°. The following data were obtained. 

Time (min.) 

0 +139° 

4 +140° 

37 +140° 

After thirty-seven minutes, 0.1 cc. of triethylamine was 
added and the heating at 100° continued, with the following 
results. 

Time (min.) Wd** 

0 +140° 

15 +105° 

40 turbid 

The ultraviolet absorption of the turbid solution showed 
a band with PJm 7,700 at 3,175 A. Additional heating at 

100° for thirty minutes resulted in some growth of the 3,175 
A band, Em 9,200. This again indicated penicillenate 
formation. 

Mercuric chloride is without effect on the optical rotation 
of benzylpenicillin sulfone methyl ester. 

The Infrared Absorption Spectra of N-Methyl-cyclo- 
hezylacetamide and of Hexahydrobenzylpenicillin Sulfone 
Methyl Ester (Merck, M. 64 .^ 5-6). The infrared absorption 
spectrum of N-methyl-phenylacetamidc showed bands at 
2.95, 3.36, 6.07, 6.55 and 6.85 That of N-methyl-cyclo- 
hexylacetamide showed bands at 2.93, 3.40, 6.07, 6.55 and 
6.86 M. Benzylpenicillin sulfone methyl ester showed 
bands at 2.87, 3.26, 5.56, 5.74, 6.98 and 6.64 m, and hexa¬ 
hydrobenzylpenicillin sulfone methyl ester showed bands at 
2.85, 3.33, 5.56, 5.72, 5.98 and 6.66 a*. The infrared absorp¬ 
tion spectra of all four compounds were measured in 10% 
tetrachloroethane solutions. The strikingly similar absorp¬ 
tion spectra obtained with both pairs of compounds clearly 
indicates that the contribution of the phenyl group in these 
substances is not significant. The presence of strong 6.55 m 
bands in the spectra of both amides and of the strong 6.65 ^ 
bands in the spectra of both sulfones is significant. This 
finding seems to constitute good evidence that the 6.66 n 
band in benzylpenicillin does not arise from the substituted 
phenyl group in benzyiptmicillin. The data support the 
assumption (Shell, Sk.2^ 5) that it arises from a monosubsti- 
tuted amide grouping. The subsequent infrared examina¬ 
tion of many compounds has yielded no results which are not 
in agreement with the interpretation made (Sh.2, 5) con¬ 
cerning the origin of the 6.66 /«band of benzylpenicillin. 

Measurements on N-methyl-phenylacctamide have been 
reported previously (Mich. Phys., R.2y chart 11, compound 
17; Shell, Sh.2y Fig. 2; Merck, 9, compound 9; cf. 

Chapter XIV). 

The Biological Activity of Benzylpenicillin Sulfone Methyl 
Ester (Merck, MM9y 15-20). The extremely low solubility 
of the sulfone ester in water had made direct plate assay 
impracticable. When saponified by treating a chilled solu¬ 
tion of 10 mg. of the sulfone ester in 0.1 cc. of pyridine with 
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TABT.K 11 

Activity of Benzylpenicillin Sulfone Methyl Ester 

Age of (Culture: 6 liours 

Infectioa; 0.5 cc. of a 10"* dilution of culture given intraperitoneally and equivalent to 1,000 lethal doses 

Treatment: Single subcutaneous doses ranging from 0.025-5.0 ing. of benzylpenicillin sulfone methyl ester and 0.050- 

0.5 mg. of benzylpenicillin methyl ester 


No. of 

Drug 

Mg. 

per 

dose 

No. of 
doses 

Cul¬ 

ture 



No. surviving in days 



% 

sur¬ 

vival 

mice 

per 

day 

dilu¬ 

tion 

1 

2 

3 

4 

5 

0 

7 

8 

9 

5 

Benzylpenicillin sulfone methyl ester 

0.025 

1 

10-* 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

Benzylpenicillin sulfone njethyl ester 

0.05 

1 

10 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

15 

Benzylpenicillin sulfone methyl (jster 

0. 1 

1 

10~« 

11 

5 

4 

4 

4 

4 

4 

4 

4 

26.6 

10 

Benzylpenicillin sulfone methyl ester 

0.2 

1 

10 « 

10 

7 

7 

7 

7 

0 

() 

6 

6 

6.0 

10 

Benzylpenicillin sulfone methyl ester 

0.3 

1 

10 * 

10 

10 

10 

10 

10 

10 

10 

10 

10 

100 

10 

Benzylpenicillin sulfone metlod ester 

0.4 

1 

10 "« 

10 

10 

10 

10 

10 

10 

10 

10 

10 

100 

15 

Benzylpeniciliin sulfone methyl ester 

0 5 

1 

10-* 

15 

15 

15 

15 

15 

15 

15 

15 

15 

100 

5 

Benzylpenicillin sulfone methyl ester 

1.0 

1 

10 * 

5 

5 

5 

5 

5 

5 

5 

5 

5 

100 

5 

Benzylpenicillin sulfone methyl ester 

5.0 

1 

10"* 

5 

5 

5 

5 

5 

5 

5 

5 

5 

100 

5 

Benzylpenicillin methyl ester. 

0 05 

1 

10"« 

5 

5 

5 

5 

5 

5 

5 

5 

5 

100 

5 

Benzvlpenicillin methyl eslc;r. 

0.1 

1 

10"« 1 

5 

5 

5 

5 

5 

5 

5 

5 

5 

100 

5 

Benzylpenicillin methyl ester. 

0 5 

Cnits 

per 

dose 

1 

10"* 

5 

5 

5 

5 

5 

5 

5 

5 

5 

i 

100 

15 

vSodium benzvlpenicillin. 

25 

1 

10“* 

14 

7 

7 

7 

0 

6 

() 

6 

6 

40 

15 

Sodium Inuizvlpcnicillin. 

50 

1 

10-* 

15 

12 

11 

n 

10 

10 

10 

10 

10 

66.6 

15 

Sodium benzvipenicilliii. 

100 

1 

30-* 

15 

12 

12 

12 

12 

12 

12 

12 

12 

80 

15 

Sodium benzylpciiieillin. 

200 

1 

10“« 

15 

15 

15 

15 

15 

15 

15 

15 

15 

100 

15 

(-ontrols. i 

— 


10 « 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8 

Controls. 

— 

— 

10-^ 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8 

(Controls. 

... 

— 

10“* 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8 

Controls. 

— 


10"» 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 


TABLE III 


Strain: 

Age of culture: 

Infection: 

Number of mice: 

Number of doses per day: 


Activity of Benzylpenicillin Sulfone Methyl Ester 
Diplococcus fnieurnoniae type I #37 
0 hours 

0.6 cc. of a 10"® dilution given intraperitoneallv (1000 lethal doses) 
10 
1 


Method of administration: oral 


Drug 

Mg. per dose 

Dilution 

of 




Number surviving 
time in days 




culture 

3 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Sulfone methyl e.ster. 

0.3125 

10"® 

5 

0 

0 

0 

0 

0 

0 

0 

0 i 

0 

Sulfone methyl ester. 

0.625 

10"® 

6 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Sulfone methyl ester. 

1.25 

10"« 

10 

9 

7 

5 

5 

6 

4 

4 

4 

4 

Sulfone methyl ester. 

2.5 

10"« 

10 

9 

9 

9 1 

9 

9 

9 1 

9 

9 

9 

Sulfone methyl ester. 

5.0 

10"® 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

Benzylpenicillin methyl ester. 

0.0468 

10"« 

1 

0 

0 

0 


0 

0 

0 

0 

0 

Benzylpenicillin methyl ester. 

0.0937 

10"» 

9 

2 

1 

0 


0 

0 

0 

0 

0 

Benzylpenicillin methyl ester. 

0.1875 

10"» 

10 

1 

0 


0 

0 

0 

0 

0 

0 

Benzylpenicillin methyl ester. 

0.376 

10"« 

10 

6 

6 

6 

5 

5 

5 

5 

5 

5 

Benzylpenicillin methyl ester. 

0,75 

Units per dose 

10-® 

10 

7 

7 

7 

7 

7 

6 

6 

6 

6 

Sodium benzylpenicillin. 

125 


10 

6 

5 

4 

4 

4 

4 

4 

4 

4 

Sodium benzylpenicillin.;. 

250 

10"® 

10 

9 

8 

8 

8 

8 

8 

8 

8 

8 

Sodium benzylpenicillin. 

600 

10"® 

10 

9 

8 

8 

8 

8 

s 

i 8 

1 S 

8 

Sodium benzylpenicillin. 

1000 

10"® 

10 

10 

10 



10 

10 

10 

10 

.10 
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TABLE IV 

Activity of Benzylpenicillin Sulfone Methyl Ester 
Strain; Diplococcus pneumoniae type I if37 

Age of culture: B.hours 

Infection: 0.5 cc. of a 10~* dilution of culture (1000 h^thal doses) 








Dilu- 


NundAT surviving 




Mk. 

No. of 

Total 

Method of 

tion 



time in days 



XNO. Oi 

Drug 

per 

doses 

dose 

adminis- 

of 













dose 

per day 

mg. 

tratioii 

cul- 

















ture 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

5 

Sulfone inethvi ester. 

0.31 

4 

1.24 

orid 

10"« 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

Sulfone methyl ester. 

0.62 

4 

2.48 

oral 

io-« 

4 

1 

0 

0 

0 

0 

0 

0 

0 

0 

5 

S\ilfone methyl ester. 

1 .25 

4 

5.00 

oral 

10 6 

4 

3 

1 

1 

1 

1 

0 

0 

0 

0 

5 

Sulfone methyl ester. 

2.50 

4 

10.00 

oral 

10-*^ 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

Sulfone methyl ester. 

0.02 

4 

0.08 

subcAitaneous 

10-« 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

Sulfone inethjd ester. 

0.044 

4 

0.170 

subcutaneous 

10 

5 

2 

0 

0 

0 

0 

0 

0 

0 

0 

5 

Sulfone methyl ester. 

0.087 

4 

0.358 

sulxAitaiieous 

10-® 

5 

2 

0 

0 

0 

0 

0 

0 

0 

0 

6 

Sulfone. metfiyl ester. 

0.175 

4 

0.700 

subcutaneous 

10-» 

5 

6 

4 

4 

1 

4 

4 

4 

4 

4 

5 

Benzylpenicillin methyl ester... . 

0 003 

4 

0.372 

oral 

10“ 

5 

1 

0 

0 

0 

0 

0 

0 

0 

0 

5 

Bonzvlpeiiicillin m<itlivl ester, . . . 

0.187 

4 

0.74.S 

oral 

10 0 

5 

1 

1 

1 

1 

1 

1 

1 

1 

1 

5 

Benzylpenicillin methyl ester... . 

0.375 

4 

1..50 

oral 

10-« 

5 

5 

4 

4 

4 

4 

1 

4 

4 

4 

5 

Benzylpenicillin meth^yl ester. .. . 

0.75 

4 

3.00 

oral 

1 10-tt 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

Benzylpenicillin methyl ester... . 

0.0031 

4 

0.0124 

subcutaneous 

! 10' 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

Benzylpenicillin methyl ester.... 

0 0062 

4 

0.0248 

subcAitaneous 

10^ 

5 

4 

2 

2 

2 

2 

2 

2 

2 

2 

5 

BenzylpenicilUn ni<?thyl ester... . 

0.0125 

4 

0.050 

subcutaneous 

10"“ 

5 

5 


3 

3 

3 

3 

3 

3 

3 

5 

Benzylpenicillin methyl ester.. . . 

0 025 

4 

0.100 

subcutamjous 

10 “ 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

Sodium benzylpcmicilUn. 

j 0 037 

4 

0.15 

oral 

10-« 

5 

2 

1 

1 1 

1 

1 

1 

1 

0 

a 

5 

Sodium beiizylpeiiieillin. 

1 0,075 

^ 1 

0.30 

oral 

10"“ 

5 


2 

2 

2 

2 

2 

12 

2 

Z 

5 

Sodium benzylpeniriJlin. 

i 0.150 

4 

0.60 

oral 

10-« 

5 

15 

4 

3 

3 

3 

3 

3 

3 

3 

5 

Sodium l)enzylpetiicillin. 

; 0.30 

! 

1 .20 

oral 

10 “ 

5 


5 

5 

5 

5 

5 


5 

5 

5 

Sodium benzyjpenieillin. 

i 0 0075 

4 

0.03 

subcutaneous 

1 10“ 

5 

2 

0 

0 

0 

0 

0 

0 

0 

0 

5 

Sodium benzylpenieilUn. 

0 015 

4 1 

0.00 

subeiitam‘,ous 

10"“ 

5 

5 

5 

5 

1 


5 

5 

5 

5 

5 

Sodium benzylpenicillin. 

! 0.03 

4 

0.12 

subcutaneous 

10"“ 

1 

5 


5 

5 

5 

5 

5 

5 

5 

5 

Sodium benzylpenicillin. 

1 0.06 

4 

0.24 

subcuianeo\is 

10"“ 


5 

5 

5 

5 

5 

5 

5 

5 

5 

10 

Controls. 

1 

— 

— 

— 

10"“ 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

Controls. .... | 


— I 

— 

— 

10"” 

1 

oi 

0 

0 

Oi 

0 

0 

0 

0 

0 

6 

Controls. 

— 

— 

— 


10"“ 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

(Controls.1 

1 

— 1 


— 

— 

10"“ 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 


1 cc. of chilled 0.1 A sodium lo'droxide at 0" for one niiiuife, 
then diluting with buffcT, an uc.tivity of apijroxiniatcly 
40 U/mg. was observed. When 0.3 cc. or 0.0 cc. (1 or 2 
equivalents) of 0.1 A sodium hydroxide was used rather than 
1.0 cc. as above, lower activity was obtained. 

The benzylpenicillin sulfone methyl ester was tested in the 
form of a gum acacia suspension for efficacy in vivo in mice 
injected intraperitoneally with one hundred or one thousand 
letlial doses of Diplococcus pneumoniae type I, #37, in com¬ 
parison with benzylpenicillin methyl ester and sodium 
benzylpenicillin. One hundred per cent survival was 
observed with 0.3 mg. of sulfone methyl ester or 200 units 
of sodium benzylpenicillin when a single dose was injected 
subcutaneously (Table II). Complete protection was 
secured with 5 mg. of sulfone or 1,000 units of sodium benzyl¬ 
penicillin on oral administration (Table III). The results 
presented in Table IV give a comparison of the compounds 
when tested by the repeated dose method. Complete pro¬ 
tection was obtained with 10 mg. of the sulfone methyl ester, 
3 mg. of benzylpenicillin methyl ester, and 1.2 rag. of crystal¬ 
line sodium benzylpenicillin whem those compounds were 
administered by mouth. When given by subcutaneous 
injection, the crystalline sodium salt and the benzylpenicil¬ 
lin methyl ester appeared to have about the same activity, 
whereas the sulfone methyl ester required about ton times as 
much material to produce the same protection. 

Titration Procedure for Preparation of Sulfoxides (Sykes 
and Todd, CPSMiSBj 3). The substance (about 100 mg.) 
was weighed in a 500 cc. graduated flask ai^ dissolved in a 
minimum amount of water or, if insoluble, in dilute ethanol. 


Five cubic centimeters of standard (aljout 0.28 molar) sodium 
metaperiodate solution was added and th(j mixture alIow(;d 
to stand for twenty-four hours. Whore alcohol was used it 
was found advisable to add water at this stage to k(5ep the 
periodate in solution. The solution was then made up to 
50 cc. with distilled water or aqueous ethanol. Aliquots 
(5 cc.) of the resulting solution were assayed for periodate 
by adding 5 ce. of saturated borax solution, 20 cc. of water 
and 2 g. of boric acid, shaking and then adding 2 cc. of 40% 
potassium iodide solution. After shaking and allowing the 
mixture to stand for cixactly five minutes, it w’ns titrated 
against standard 0.1 N sodiuni arsenite. 

Where iodine was produced, titration blanks were carried 
out as above but without addition of potassium iodide, and 
the appropriate correctioi\ made in the periodate ligure. In 
a number of instances further titrations were inadc^ after 
forty-eight hours but in no case was there any increase in 
periodate consumption. The results are shown in Table V. 

3-Acetyl-2-(5piro-cyclohexyl)-5,6-dimethyl-4-thlazoli- 
dinecarboxylic Acid (Sykes and Todd, CFSM2(i^ 4). 2- (spiro- 
Cyclohexyl)-5,5-dimethyl-4-thiazoJi(linecarh<)xylic acid (0.5 
g.) was dissolved in 10 cc. of boiling acetic anhydride and the 
solution placed for fifteen minutes on the steam bath, 
cooled and set aside in the ice chest. After forty-eight 
hours the N-acetyl derivativ^c^ was collected, washed with 
dilute ethanol and recrystallized from ethanol to give 
colorless prisms, m.p. 200-201®. 

Calc, for CialljiNOaS: C, 57.6; H, 7.7; N, 5.2 
Found: C, 57.6; H, 7.7; N, 6.2 
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TAPT.E V 


Substance 

Moles of 
NaI04 
consumed 

Iodine 

produc¬ 

tion 

1. 5,5-Dimethyl-2-pheiiyl-4-thiazoli- 
dinocarboxylic aiud hydrochloridi' 

1.05 

-f 

2, 3-Acetyl-5,5-diinethyl-2-pheTiyl- 
4-thiazolidinecarboxylic acid.... 

l.l 


3. 2-(spiro-Cyclohexyl)-5,5-diniet.h- 
y 1 - 4 -1 h i a zo 1 i d i n ecarboxyl ic acid 
hydrochloride.. 

0.99 

■f 

4. 3-Acotyl-2-(^pfro-cyc.lohoxyl)-5,- 
5-dimethyl-4-thiazolidinocar- 
boxylic acid. 

1.08 


5. 2,2,5,5-Tetramethyl-4-thiazoli- 
dinecarboxylic acid. 

1.0 

-h 

6. 2,2,5,5-Tetrameth y 1-4-1h iazol i- 
dinccarl)oxylic acid hydrochloride 

0.91 

4- 

7. 2,5,5-Trimethyl-4-thiazolidine- 
carboxylic acid hydrochloride. . . . 

0.95 

+ 

8. 2-Acetyl-2,5,5-trimethyl-4-tliia 
zolidinecarboxvlic acid. 

0.92 

-f 

9. 4-Thia2olidinecarboxylic acid. 

0.91 

+ 

10. 2 - Ethyl -4- thiazolidini'carboxylic 
acid. 

0.91 

-f 

11. 2-Ethyl-5,5-dimethyl-4-thiazoIi- 
dinocarhoxylic acid hydrochloride 

1.1 


12. 2-Phenylthiazolidine. 

1.17 

•f 

33. 2-(2-Hydroxyphenyl)-5,5-dimeth- 
yl-4-thiazolidinccarl)oxylic acid.. 

2.2 

... 

14. 2-(2-Acotoxyphenyl)-3-ace'tyl- 
5,*%dimethyl-4-tliiazolidinecar- 
boxvlic acid. 

1.1 


15. 2-(iHydroxy-3-methoxyphenyl )- 
5,6 - dimethyl - 4 - thiazolidinecar- 
boxylic acid. 

2.1 


16. 2-(2-Acetoxy-3-mcthoxyphenyl )- 
3-acetyl-5,5-dimethyl-4-thiazoli- 
dinecarboxylic acid. 

1.03 


17. 2-(l,2-Dihydroxyethyl)-5,5-di- 
methyl-4-thiazolidinecarboxylic 
acid. 

2.2 


18, 4-Carboxy-2,5,5-trimethyl-2-thia- 
zolidineacetic acid ethyl ester... 

2.1 

_ 

19, 2- (2-IIydroxynaphthyl)-5,5-di- 
methyl-4-thiazolidinecarboxylic 
acid. 

2.0 


20. Benzylpenicillin triethylamine 
salt. 

1.2 

— 

21. Benzylpenillic acid. 

3.2 

— 

22. DLrPenicillamine hydrochloride.. . 

0.9 

4 

23. DL-N-Acetylpenicillamine. 

l.O 

+ 

24. DL-S-Benzylpenicillamine. 

Nill 

— 

25. Diz-Cysteine hydrochloride. 

0.97 

+ 

26. ir-Cystine. 

0.97 

— 

27. 2-Aminoethanethiol hydrochlor¬ 
ide . 

1.1 

4* 

28. Phenylmcthanethiol. 

0.6 

+ 

29. Thioacetic acid. 

0.45 

4- 

30. 4-Carboxy-cr-(p-chlorophenylazo)- 
5,5-dimethyl-!^thiazolidineacctic 
acid ethyl ester. 

3.0 

+ 

31. Penicillaminio acid. 

Nil 

"*** 


^ Yellow color, 
> Brown color. 


2-(4-Acetoxy-3-methoxyphwiyl)-3-a)cetyl-6,5-dixnethyl- 
4 -thia 2 oUdiiiecarboiylic Acid (Sykes and Todd, CPS.5B6^^ 4)* 
2-(4-Hydroxy-3-methoxyphenyl)-6,5-dimethyl-4-thiaaBolidin^ 
carboxylic acid (0.3 g.) was dissolved in 6 cc. of boiling acetic 


anhydride and the solution heated on the steam bath for 
thirty minutes. Excess acetic anhydride was removed in 
mcMo, the residue refluxed with alcohol and again evaporated. 
The oil obtained crystallized on triturating wuth benzene. 
Uecrystallized from ethanol-ethyl acetate the product 
formed colorless prisms, m.p. 199®. 

Calc, for CirH 2 iNOeS: C, 55.5; H, 5.7; N, 3.8 
Found: C, 55.3; H, 5.9; N, 4.0 

2-(2-Acetoxyphenyl)-3-acetyl-6,5-dimetliyl-4-thiazoli- 
dinecarboxylic Acid (Sykes and Todd, CPS.626^ 4). This 
compound was obtained by acetylation of 2-(2-hydroxy- 
phenyl)-5,5-dimethyI-4-thiazoIidinecarboxylic acid using the 
conditions given above. The product formed colorless 
prisms, m.p. 203-204®, from ethanol. 

(^.alc. for CieHuNOfiS: C, 57.0; H, 5.6; N, 4.2 
Found: C, 57.3; II, 6.0; N, 4.3 

2- (l,2-Dihydroxyethyl)-6,5-dimethyl-4-thiazolidinecar- 
boxybe Acid (Sykesand Todd, CPS.620^ 4). Glyceraldehyde 
diethyl acetal (3 g.) and ni^-penicillamine liydrochloride 
(3 g.) were dissolved in 20 cc. of water containing 3 cc. of 
2 N hydrochloric acid and the solution heated at 80® for 
five minutes by which time it began to darken in color. 
The solution was cooled, neutralized by adding solid sodium 
carbonate and set aside in the ice chest overnight. The 
crystalline precipitate of thiazolidine was collected and re- 
crystallized from aqueous ethanol. The product formed 
colorless prisms, m.p. 201® (decomp.). 

Gale, for CaHiiN 04 S: C, 43.5; If, 6.8; N, 6.3 
Found: C:, 43.5, H, 6.8; N, 6.0 

Periodate Oxidation of 6,6-Dimethyl-2-phenyl-4-thiazoli- 
dinecarboxylic Acid (Sykes and Todd, CPS.620y 4). The 
acid (7 g.) was dissolvid in 120 cc. of warm ethanol and 
100 cc. of 0.29 M sodium metaperiodate was added in one 
portion. The mixture which became dark brown due to 
liberation of iodine and gave an odor of benzaldehyde was 
at once diluted with 100 cc. of water and extracted with 
ether. The ethereal extract was decolorized by washing 
wdth aqueous sodium thiosulphate, dried and evaporated. 
Treatment of the residual oil with Brady’s solution gave 
benzaldehyde 2,4-(linitrophenylhydrazorie; m.p. and mixed 
m.p. 237° "(yield 7.6 g., or 90%). 

The aqueous layer was evaporated in vacuo; the residue 
was a resin containing much inorganic material. Removal 
of as much inorganic material as possible gave a yellow 
deliquescent resin, still contaminated, which was strongly 
acidic and insoluble in non-aqueous solvents. It could not 
be crystallized and attempts to prepare crystalline derivatives 
by acylation, esterification or salt formation failed. 

Periodate Oxidation of 2-(spi^o-CyclohexyI)-5,6-dixnethyl- 
4-thiazolidinecarboxylic Acid (Sykes and Todd, CPS.626, 4). 
This reaction was carried out as described above and gave 
cyclohexanone 2,4-dinitrophenylhydrazone; m.p. and mixed 
m.p. 161® (yield 90%). Another product also obtained was 
a resin apparently identical with that obtained in the 
previous experiment. This same resin was also obtained 
under similar conditions from 2,2,5,5-tetramethyl-4-thiazoli- 
dinecarboxylic acid and from DL-penicillamine by periodate 
oxidation. 

Oxidation of 3-Acetyl-5«6-dimethyl-2-phenyl-4-thiazoli« 
dinecarboxylic Acid (Sykes and Todd, CPS,626, 6). 
1. With Pebiodatb. The N-acetyl compound (1.2 g.) was 
dissolved in 20 cc. of ethanol and 20 oc. of 0.29 M sodium 
metaperiodate added; the mixture remained colorless but 
became warm. Water (26 cc.) was added and the solution 
set aside overnight. I^arge colorless prisms of 8-acetyl-5,5- 
dimethyl-2-phenyl-4-thiazolidinecarboxylic acid 1-oxide sep¬ 
arated. A further quantity was obtained from the mother 
liquor by ether extraction* When reoryatalliaed from aque¬ 
ous ethanol, the sulfoxide weighed 0.75 g.; m.p. 136’’(dec.)* 
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Calc, for Ci 4 H, 7 N 04 S: C, 56.9; H, 6.8; N, 4.8 
Found: C, 66.7; H, 6.0; N, 4.4 

2. With Hydrogen Peroxide. The N-acotyl compound 
(2 g.) was dissolved in 100 cc. of acetone and 50 cc. of hydro¬ 
gen peroxide (100 vol.) added. The solution was slowly 
warmed to 60®, refluxed for thirty minutes, concentrated in 
vacuo to half its volume and set aside in the refrigerator. 
The sulfoxide which separated melted at 136® (decomp.) 
after recrystalliaation, and the melting point was not de¬ 
pressed by admixture with the product obtained by periodate 
oxidation. 

3-Acetyl-6,6-dimethyl-2-phenyl-4-thiazolidinecarboxylic 
Acid 1-Dioxide (Sykes and Todd, CPSMOy 5). 1. From 

THE Sulfoxide Descuibpu* in the Preceding Section. 
The above tulfoxid(? (2 g.) was di.ssolvod in 100 cc. of acetone, 
2 g. of potassium permanganate wa.s added and the mixture 
refluxed for one hour, then set aside for one hour. The solid 
was removed by filtration and the filtrate decolorized with 
sulfur dioxide and evaporated. The residue crystallized on 
trituration with methanol. On recrystallizing from the 
siiine solvent, 1.2 g. of the .sulfone was obtained in the form 
of clusters of colorless needles, m.p. 207-208® (decoinp.). 

Calc, for CuHnNOftS: C, 54.1; H, 5.5i N, 4.5 
Found: C, 54.4; H, 5.6; N, 4.1 

2. From 3-AcETYLr-5,5-i)rMKTiiYL-2-piiENyL-4-THiAZOLi- 
DINECARBOXYLIC Acid. Oxidatioii of 100 mg. of the 
N-acetylthiazolidine in acetone solution with potassium 
permanganate under similar conditions to those used above 
for the sulfoxide gave 60 rng. of the sulfone; m.p. and mixed 
m.p. 207-208® (dccomp.). 

The Methyl Ester of Benzylpenicillin Sulfoxide (Sykes 
and Todd, CFS,6i^6^ 5). The methyl ester of bcmzylpenicil- 
lin (120 mg.) was dissolved in a mixture of 10 cc. of dioxane 
and 6 cc. of 6.8 phosphates buffer, and 5 cc. of 0.25 M 
sodium metaperiodatc w^as added. After one hour the 
solution was concentrated to about half its volume in vacuo 
at 30®, then extracted three times with 10-cc. portions of 
chloroform, and the extract dried by cooling in ethanol-solid 
carbon dioxide mixture and removing the ice by filtration. 
The chloroform was then removed at room temperature. 
The residual pale yellow oil weighed 90 mg. This set to a 
mass of faintly yellow prisms on trituration with 3 cc, of 
ether. When recrystallized from chloroform-ether, the 
methyl ester of benzylpenicillin sulfoxide weighed 65 mg. 
and melted at 123®. The analysis suggested that the crystals 
might be hydrated. 

Calc, for CnHaoN^OfiS: C, 56.1; H, 5.5; N, 7.7 

Calc, for C,7 H,oN* 0»S->^H20: C, 54.8; H, 5.6; N, 7.5 
Found: C, 55.1; H, 5.5; N, 7.4 

The sulfoxide was inactive biologically under conditions 
where the methyl ester of benzylpenicillin itself showed an 
activity of 70 U/mg. 

Periodate Oxidation of DL-Cysteine (Sykes and Todd, 
CPS.526^ 5). DL-Cysteine (2 g.) was dissolved in 100 cc. of 
warm water and 0.26 M sodium periodate added gradually 
until a very faint permanent brown tinge was observed in 
the solution (about 30 cc. was required). The crystalline 
precipitate was collected and purified first by solution in 
ammonia and precipitation with acetic acid to give cystine, 
m.p. and mixed m.p. 269-260® (yield, 1,8 g. or 90%). When 
DL-cysteine was added to excess of periodate a large amount 
of iodine was liberated and no C 3 '^stine was isolated; on the 
Other hand, cystine itself could be oxidized with periodate 
but no iodine was liberated in that case. 

Oxidation of 5|6-Dimethyl-2-phenyl-4-thiazolidinecar- 
boxylic Acid with Hydrogen Peroxide (Sykes and Todd, 
CPSM6t 6). The thiazolidine hydrochloride (2 g.) was 
dissolved in 20 cc. of water and 20 cc. hydrogen peroxide 
(100 vol.) added. There was vigorous reaction with 
©volution of heat. The solution was sot aside overnight, 


excess peroxide destroyed and the solution evaporated. 
The last traces of water were removed in a desiccator over 
phosphorus pentoxide. The crystalline residue was washed 
with absolute ethanol and recrystallizcd from a small 
amount of water to give penicillaminic acid in the form of 
colorless prisms which on heating decomposed between 285® 
and 290® (yield, 1.25 g. or 88 %). 

Calc, for CtHnNOftS: C, 30.5; H, 5.6; N, 7.1 
Found: C, 30.6; H, 5.8; N, 7.0 

When a similar oxidation was carried out using potassium 
permanganate, the product, although certainly penicillaminic 
acid, was badly contaminated with inorganic material and 
did not crystallize. 

Penicillaminic acid was also obtained in a crystalline form 
by hydrogen peroxide oxidation of 2 -(.s 7 ?m)-cyclohexyl)-r),r>- 
dimeth3d-4-thiazoiidinecarboxylic acid hydrochloride (yield, 
90%), and of 2,2,5,5-tetrainethyl-4-tliiazolidinecarboxylic 
acid hj^drochloride (yield, 84^^ ). 

Reactions of 3-Acetyl-6,6-dimethyl-2-phenyl-4-thiazoli- 
dinecarboxylic Acid (Sykes and Todd, CPS.077y 3). This 
compound was unchanged after standing for two hours at 
70° in si^lution in b% sodium hydroxiclci, or after twelve 
hours refluxing in methanol solution. When tr(‘ated with 
benzylamine in <.*thanol-ether mixture a. resinous benzyl- 
amine salt was formed from which starting material was 
recovered on acidification; the mother lupiors gave a negative 
reaction with Brady's solution. In saturated aquejous 
mercuric chloride solution the substance was stable for at 
least forty-eight hours. Treatment with hot methanolic 
hydrochloric acid resulted in hydrolysis; the yield of benzal- 
dehyde was‘nearly quantitative. 

Reactions of 3-Acetyl-5,6-dimethyl-2-phenyl-4-thiazoli- 
dinecarboxylic Acid 1-Oxide (S.ykcs and Todd, CPS.677y 3). 
The sulfoxide (100 mg.) was dissolved in 5 cc. of 1 N aqueous 
sodium hydroxide and refluxed during one hour. On 
acidification of the cooled solution it became cloudy and 
treatment with Brady's reagent gave benzaldehyde 2,4- 
dinitrophenylhydrazone (yield, 88% ). In a second experi¬ 
ment under the same conditions the reaction solution was 
neutralized with 5 cc. of 1 N- hydrochloric acid and evapo¬ 
rated in vacuo. The residue was extracted with 5 cc. of 
boiling absolute ethanol and the extract concenti ated until 
crystallization began. The product was recrystallizcd from 
alcohol to give needles, m.p. 200®. The melting point was 
undepressed when the substance was mixed with an authen¬ 
tic specimen of a-acetamido-/J,/3-dimethylacrylic acid (m.p. 
210®; Glaxo, CPS.22A). 

Calc, for CjHnNOa: C, 52.8; H, 7.1; N, 8.1 
Found: C, 53.3; H, 7.0; N, 8.8 

The sulfoxide was unaffected by six hours refluxing in 
methanol solution. At room temperature or at reflux tem¬ 
perature in ethanol no reaction with benzylamine other than 
salt formation took place. The sulfoxide was also stable for 
forty-eight hours at room temperature in mercuric chloride 
solution, and was unaffected hy refluxing one hour with 3 N 
hydrochloric acid. 

Reactions of the Methyl Ester of Benzylpenicillin Sulfoxide 

(CPS.077y 4). To 24 mg. of the sulfoxide dissolved in 6 cc, 
of chloroform was added 5 cc. of a methanolic sodium 
hydroxide solution containing 20 mg. of sodium hydroxide, 
and the mixture was set aside. Polarimclric readings were 
taken at intervals (c « 0,24). The initial Wr/* +220° fell 
to +97® in one hour, then more slowly to +84® at which 
value it appeared to remain constant aher six hours (meas¬ 
urements up to twenty-four hours). An experiment carried 
out on a larger scale using 50 mg, of the sulfoxide in 3 cc. 
of dioxane containing 1 cc. of 1 N aqueous sodium hydroxide 
gave a straw-colored solution which was exactly neutralized 
with hydrochloric acid and concentrated to a volume of 1 cc. 
in vacuo. The colorless needles which separatinl were re- 
crystallizod from methanol and had a melting point of 254® 



188 


INVESTIGATIONS ON BENZYLPENICILLIN, 1944-1945 


(yield, 16 mg.). The product contained sulfur but no free 
--~SH groups and appeared from analysis to be free benzyl- 
penicillin sulfoxide. 

Calc, for CuHi^N^OaS: C, 54.9; H, 5.3; N, 8.1 
Found: C\ 54.6; 11, 5.7; N, 8.5 

A solution of 125 mg. of the sulfoxide in 3 ce. of dioxane and 

l. 5 cc. of 1 N aqueous sodium hydroxide (4 moles) was 

refluxed for one and oru^-half hour.s wh(‘n the initial straw 
color changed to dark brown. The reaction solution was 
exactly neutralized with 1.5 cc. of 1 .V hydro(diloric acid and 
concentrated. As no crystalline material separated, the 
solution was evaporated to dryrujss in vacuo. The residue 
was extracted with dry methanol, the extract concentrated 
to 1.5 cc,, slight excess ethereal benzylamine added, 

followed by dry ether until the solution b(?canie faintly 
turbid, and the mixture set aside in the ice chest. The 
crystals which separated were tritur.ated with chloroform, 
collected and washed with ether. (.’olorhiss plates separated, 

m. p. 201® (yield, 40 mg.). The product, a salt, contained 
sulfur and appeared from analysis to be the mono-benzyl- 
aniiiH^ salt of benzylpenicilloic acid sulfoxide. 

Calc, for C,«H 2 oN 20 «S C 7 ri 9 N H, 0 : 

C, 56.0; H, 6.5; loss on drying 3.6 
Found: C, 56.0; H, 6 . 8 ; loss at 100 ® in vacuo ovtT P 2 O 5 , 3.4 

The sulfoxide was stable in irn^thanol solution (optical 
rotation unchanged after twenty-four hours). 

The sulfoxide (100 mg.) was dissolved in 3 cc. of chloro¬ 
form, 0.5 cc. of benzylamine was added and th<' mixture set 
aside for eighteen hours. Removal of the solvent h‘ft a pale 
yellow oil to which 1 cc. of methanol was added; colorless 
prisms began to separate at once, llecrysi-allizc^d from 
aqueous methanol they had a melting point of 135® (yield, 
75 mg.; 60%). 

Calc, for C2jl25Ns0a-2H20: C, 69.0; IT, 6.7; N, 9.9 
Found: C, 69.7; H, 6 . 8 ; N, 10.0 

When warmed with Brady^s solution, the crystals gave a 
deep red derivative, m.p. 249® (Merck, M.SO, 7; 14; of, 

3). 

When 100 mg. of the sulfoxide was dissolved in 9 cc. of 
methanol, 1 cc. of 1 N hydrochloric acid added, and the 
solution allowed to stand at room temperature, slow reac¬ 
tion occurred. No detectable fall in the original rotation 
+ 221 ° could be observed during the first hour, but 
thereafter a slow steady fall occurred until a constant value 
of + 88 ® was reached after about one hundred hours. 

The solution was evaporated in vacuo but the residue could 
not be crystallized. It was accorditigly treated with 
Brady^s solution. On warming, the 2,4-dinitrophenyl- 
hydrazone of phenylacetamidoacetaldehyde septwateti (m.p, 
204® after recrystallization; yield 63%). 

Sulfoxide of the y-Lactam of a-Benzamido-4-carboxy-6,5- 
dimethyl-2-thiazolidinepropionic Acid (Sykes and Todd, 
CPS.677y 5). To 300 mg. of the lactam (Cornell Bioch., 
12 ) dissolved in 10 cc. of warm ethanol a solution of 
250 mg. of sodium metaperiodate in 15 cc. of water was 
added. The solution was set aside for twenty-four hours 
then extracted twice with 25-cc. portions of chloroform, 
the extract dried roughly by freezing out in solid carbon 
dioxide-ethanol mixture, and eva]X)rated. The crystalline 
residue was recrystallized from chloroform-ether to give 
130 mg. of the sulfoxide as colorless hydrated prisms, m.p. 
164®; after dehydration at 130® the product melted at 201® 
(dec.). 

Calc, for C,flHi»N 2058 - 2 Ha 0 : 

C, 49.6; H, 5,6; N, 7.2; weight loss on drying, 9.2 
Found (hydrated materi^): 

C, 49.6; H, 5.3; N, 7.2; weight loss at 130® over P«Oi, 8.9 


Action of Alkali on the Sulfoxide of the y-Lactam of 
a-Benzamido-4-carboxy-6,5-dimethyl-2-thiazolidmepro<- 
pionic Acid (Sykes and Todd, CPS.677^ 5). The lactam 
(0.4 g.) was recovered unchanged on acidification after 
standing twenty-four hours at room temperature in 3.5 cc. of 
1 N aqueous sodium hydroxide. A similar solution was 
heated under reflux for 2 hours, then neutralized with 3.5 cc. 
of 1 N hydroidiloric acid and the cloudy dilution extracted 
with three 10-cc. portions of ether. TIk^ ethereal extract 
yielded on evaporation a uon-acidie resin (A) while evapora¬ 
tion of the residual atpieoiis solution gave a second resin (B) 
contaminated with inorganic material. 

The fraction (A) could not bo crystallized, but on warming 
for one-half hour with 2,4-dinitrof)hcnylhydrazme hydro¬ 
chloride in et hanol, 110 mg. of rod ])risms separated, m.p. 
174° (dec,). From its properties this product appeared to 
bo «-benzamido-/3-forrny1propioiiic acid 2,4-dinitrophenyl- 
hydrazone (Cornell Bioch., 7): in accordance with this 

view it yielded with ethanol and anhydrous hydrogen 
chloride an ethyl ester, m.p. 153®. 

The fraction (B) gave a positive ninliydrin test but could 
not b(‘ crystallized. It was therefore di.ssolved in 3 cc. 
of 1 .V aqueous sodium hydroxide and 0.5 cc. of acetic an¬ 
hydride was added. The mixture vras allowed to stand 
overnight. Crystals of a-ae-etamido-/3,i3-dimcthylacrylic 
acid (55 mg.) separated, m.p. and mixed m.p. 201®. 

Preparation of Methyl Benzylpenillonate from Benzyl- 
penicillin Methyl Ester (Merck, 1; 1; S9y 1). 

Benzylpenicillin methyl ester, 12.1 mg., refluxed for one 
liour in 2.0 cc. of 7 >-cymeno yielded a i)rown solution from 
which a small amount of white crystals separated on standing 
overnight at room (ernperatiire. The crystals were acidic 
and melted at 142-144® (micro-block) after recrystallization 
from ether. Tlierc' was no deprc’ssion of the melting point 
on mixing with authentic photiaceturic acid (molting at 
142-144®). 

Calc, for CioHiiNOs: ( \ 62.16; H, 5.74; N, 7.25 
Found: C, 62.86; H, 5.72; N, 6.95 

From the mother liquors left after remov\al of phenaceturic 
acid, there was obtained a neutral substance which merited 
at 150'“151® (micro-block) after recrystallization from ether. 

Calc, for CitHsoNjO^S: 

C, 58.60; H, 5.79; N, 8.04; S, 9.20; OCH,, 8.91 
Found: C, 58.63; 11, 6.21; N, 8.33; S, 9.0; OCllg, 9.5 

Heating 426.5 mg. of crystalline benzylpenicillin methyl 
ester in 60 cc. of xyleno (reagent, redistilled) in an oil hath 
at 140® for thirty minutes caused complete Joss of in vitro 
assay activity. Evaporation of the solvent in vacuo left a 
deposit of crystals mixed with a gummy solid. Washing 
with ether removed the gummy material and most of the 
color. The crystals weighed 187.7 mg., and had [aln +131® 
(c « 0.313 in methanol). The ether washings gave 291.4 mg. 
of a brown glassy solid, fain +56.6® (c 0.485 in methanol). 
The crystals were dissolved in ether with the aid of a little 
chloroform and freed of phenaceturic acid by washing with 
dilute alkali. The solvent was then removed and the residue 
rccrystalUzed from ether giving 42.5 mg. of needles melting 
at 152-154® (micro-block). The product was neutral. 

Calc, for C 17 H 20 N 3 O 4 S (mol. wt., 348): 

C, 58.60; H, 5.79; N, 8.04 

Found: C, 58.89; H, 6.98; N, 8.46; mol. wt. (East), 313 

A Zerewitinoff determination showed 1.2 active hydrogen 
atoms and 3.7 moles of reagent bound. 

The optical rotation of this material was cpmpared with 
that of benzylpenicillin methyl ester at several wave« 
lengths in two solvents. 
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Wavelength 

A 

Rearrangement 
product (methyl 
benzylpenillonate) 
Wd** 

Benzylpenicillin 
methyl ester 
Wd** 

6563 (aiine).. .. 

*f251®\ 

+228°' 

i 

5893 (Sodium D- 

/ (c « 0.358 

1 

' (c = 0.334 

line). 

■f318°> in metha- 

+276® 

) in metha- 

6463 (Hg green 

V nol) 


1 nol) 

line). 

-f392®/ 

+340® j 

1 

6563 (aiine).... 

+236® \ 

+148°\ 

i 

5893 (Sodium D- 

/ (c « 0.409 


I (c « 0.366 

line). 

+298® \ in chloro- 

+175” 

► in chloro- 

6463 (Hg gretm 

V form) 


1 form) 

line). 

+352®/ 

+205°] 

1 


Rearrangement of benzylpenicillin methyl ester was also 
carried out by refluxing a 1 % solution of the (ister in toluene 
for three hours. The presence of a few micrograms of 
iodine in the toluene solution had a marked catalytic effect, 
judged by the increased yields. Yields of once rec^rystal- 
lizcd product from the abov(i procedure are given below. 


Benzylpenicillin 
methyl ester 

Methyl benzylpenillonate after one 
recrystallization from ether 

Wt. mg. 

Wt. mg. 

Melting point 
(micro-block) 

201.4 

42.7 

150.5-152® 

198.4 

83.9 

150-151® 

302.3 

105.4 

149 151® 


The formation of phenaceturic. acid appears to be negligi¬ 
ble when toluene is used as solvent. 

Determination of Active Hydrogen Atoms of Methyl 
Benzylpenillonate and Related Compounds (Merck, M.52^ 7). 
In order to evaluate the significance of the active hydrogen 
values obtained in the Zerewitinoff determination on 
methyl benzylpenillonate, several synthetic amides were 
analyzed under the same conditions. The data are given 
in the following table. 


Substance 

Active hydrogen 

Moles 

calc. 

Moles 

found 

Methyl benzylpenillonate. 

1.0 

1.0 

2.0 

1.0, 1.2 
1.0 

1.15 

2,1 

N-Methylphenyl acetamide. 

Methyl phcnaccturate. 

Phenylacety 1 -DL-alanyl- d- valine methyl 
ester. 



In the ultraviolet, methyl benzylpenillonate showed the 
peaks characteristic of phenyl absorption, Em about 470 at 
2,576 A (benzylpenicillin methyl ester showed Em about 260 


at 2,575 A). The end absorption at lower wavelengths 
was about the same as for benzylpenicillin methyl ester. No 
other peaks were observed, the absorption being very low 
above 2,800 A. 

In the infrared, methyl benzylpenillonate showed bands 
at 2.65 (weak), 5.81, 6.08, and (weak) 6.66 m (Merck, M.04t 
4; Shell, Sh.4, Fig. 30). 

Benzylpeniilonic Acid (Merck, M.S0\ 3). Saponification 
of about 5 mg. of methyl benzylpenillonate in 40*4, methanol 
with sodium hydroxide at 60'’ for ten minutes, followed by 
removal of methanol, acidification, and extraction with 
chloroform, gave 3 mg. of white needles which melted at 

185- 187® (micro-block) after rec’rystallization from ether. 
A sample was rcirrystailized to a constant melting point of 

186- 187.5® (micro-block). The ojitical rotation in methanol 
was fall) -}-312® (c ~ 0.451). Potentiometric titration gave 
a neutral equivalent of 342 ((ialc?., 334). The substance 
appeared to be a monol)asic acid with a pK of 3.0. The 
ultraviolet absorption sjiectrum was jiractically identical 
with that of the ester before saponification. 

Calc, for C 16 H 18 N 2 O 4 S: C, 57.47; II, 5.43; N, 8.38 
Found: C, 57.50; H, 5.48; N, 8.65 

Sodium Benzylpenillonate (Merck, 9 ). To 149 mg. 
of benzylpeniilonic acid, m.p. 184 -186® (micro-block), was 
added one molar equivalent of 0.1 N sodium hydrf>xide. 
The acid went into solution r(‘adily on stirring. Freeze¬ 
drying of th (5 solution yieldcMl a white solid which was dis¬ 
solved in methanol and precipitated with ether to give a 
white powder, la]i> -f 30()® (r 0.824 in water). 

Thermal Treatment of Methyl Benzylpenillonate (Merck, 
M.4f)y 19). A sample of 22 mg. of methyl benzylptmillonate, 
in 3.0 cc. of p-cymene, was heated at 150-170® for seventy- 
five minutes. A brown color afipeared after a few minutes' 
heating. After removal of the solvent in vacnoy the residue 
was dissolved in ether with tlu^ aid of a little benzene and 
treated with ethereal benzylamine. A considerabhi amount 
of crystals separated at once. One reiTystallization from 
methanol-ether mixture gave about 4 mg. of white feathery 
needles melting at 144-148® (micTO-block). When mixed 
with an authentic sample of the benzylamine s;ilt of phen- 
aceturic acid melting at 146-149® (micro-block), there was no 
depression of the melting point. Methyl benzylpenillonate 
thus appears to give risi^ to plumacoturic acid when heated in 
a hydrocarbon solvent to 150® or above. 

At the same time, another 22 mg. sample of methyl 
benzylpenillonate, in 3.0 cc. of p-cymene containing 0.3 cc. 
of dry pyridine, was heated for seventy-five minub^s at 
150-170°. This solution remained colorless, in contrast to 
the experiment described above in which a brown color was 
noted soon after the start of the heating period. The prod¬ 
uct in the present case, after removal of solvent in vacuo and 
treatment as above with ethereal benzylamine gave no 
appreciable precipitate. It appeared that no phcnaceturic 
acid had been produced. After removal of benzylamine 
there was isolated in the usual way about 8 mg. of crystalline 
starting material which melted at 150-152® (micro-block). 

Alkaline Hydrolysis of Methyl Benzylpenillonate (Merck, 
M.S9y 2 ). A sample of 15.6 mg. of methyl benzylpenillonate 
was dissolved in a mixture of 0.5 cc. of N sodium hydroxide 
solution and 0.5 cc. of methanol and heated on the steam 
bath for fifty minutes. A light yellow color appeared 
shortly after the start of heating but did not increase. The 
solution was then diluted to 15 cc. with water and extracted 
four times with 15 cc. portions of chloroform. The chloro¬ 
form extract on evaporation h^ft practically no residue. 
The aqueous solution was then acidified to pH 2 and ex¬ 
tracted four times with lO-cc. portions of chloroform. The 
chloroform extract on evaporation left 8.1 mg. of a crystalline 
residue possessing the odor of phenylaoetic acid. The resid¬ 
ual extracted aqueous solution gave a blue color with ferric 
chloride. Wlien treated with aqueous mercuric chloride a 
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flocculent precipitate was obtained which was washed with 
water by centrifugation. The precipitate was suspended in 
water and decomposed with hydrogen sulfide. The filtrate 
was evaporated to dryness in vaevo leaving 2-3 mg. of white 
crystals giving a positive test for halogen and a blue color 
with ferric chloride. 

The 8.1 mg. of crystalline acid left from the chloroform 
extract of the acidified aqueous solution was sublimed at 
mm. and gave a sublimate of about 6 mg. of 
white crystals melting at 72-74®. Kecrystallizatioii from 
petroleum ether gave 3.1 mg. of diamond-shaped platelets 
melting at 75-76® (micro-block). The melting point was not 
depressed by mixing with authentic phenylacetic; acid. 

Acid Hy^olysis of Methyl Benzylpenillonate (Merck, 
M,39^ 3; 18)* A mixture of 103 mg. of methyl benzyl¬ 

penillonate, 10 cc. of 2.5 N hydrochloric acid, and 3 cc. of 
methanol was refluxed for hours. The solution w as then 
made up to 25 cc. with methanol and w^as found to be 
optically inactive. It show(?d a positive ninhydrin test and 
a positive intense blue ferric chloride test. Continuous 
extraction of the solution wdth p<*troleum ether for sixteen 
hours removed 35 mg. of a colorless oil. Saponification of 
the latter yielded 26.4 mg. of lustrous diamond-shaped crys¬ 
tals melting at 77-78® (micro-block) after recrystallization 
from petroleum ether. When these crystals were mixed with 
an authentic sample of phcnylacetic acid, rn.p. 77.5-78.5® 
(micro-block), there was no depression of the melting point. 

When 6.1 mg. of methyl benzylpenillonate dissolved 
in 2.0 cc. of 60% methanol containing 0.5 cc. of 0.1 N hydro¬ 
chloric acid was held at 75® for two and one-half hours, 
there was little change in the rotation. The initial rotation 
was [otJd •f320°, and after 2}i hours the rotation was 
Wd +317". 

A mixture of 46 mg. of methyl benzylpenillonate (m.p. 
150-153®; micro-block) with 0.5 cc. of concentrated hydro¬ 
chloric acid and 6.0 cc. of absolute methanol was then re¬ 
fluxed for two hours. The solution w^as evaporated to 
dryness in vacuo leaving a glassy residue. On standing 
under dry ether for thirty minutes this residue was trans¬ 
formed into a mass of needle crystals. The residue was 
recrystallized by adding ether to its methanol solution. 
The crystals gave a positive test for halogen and w^cre 
water-soluble. Since this product was too hygroscopic for 
satisfactory handling, it was dissolved in water, neutralized 
with 0.2 molar 8f)dium bicarbonate and extracted four times 
with 10-cc. portions of ether. The ether extract after 
drying was evaporated to give needles. The crystals melted 
at 87-89® after recrystallization from chloroform-petroleum 
ether and weighed 9.9 rag. The crystals w'ere optically 
inactive and showed only phenyl absorption bands in the 
ultraviolet. The melting i>oint of this material when mixed 
with authentic methyl phcnaceturate (melting at 87-89® 
on the micro-rblock) was 86.5-89®. 

Calc, for CiiHijNOj: C, 63.76; H, 6.32; OCH,, 14.98 
Found: » C, 63.46; H, 5.91; OCH,, 16.7 

The starting material for this experiment had been previ¬ 
ously depicted of phenaccturic acid by treating an ethereal 
solution of the crystalline material with ethereal benzylamine 
which caused the separation of a small amount of precipitate 
which was removed by filtration. (When appreciable 
amounts of phenaceturic acid are present in such materials, 
the benzylamine salt separates as a voluminous precipitate 
of fine needles.) Kxceas benzylamine was then removed by 
extraction of the filtered ether solution with dilute hydro¬ 
chloric acid. The neutral ester remaining in the ether solu¬ 
tion was isolated and recrystallized from ether in the usual 
manner. 

Acid Hydrolysis of Methyl Benzylpenillonate (Merck, 
M,60f 9). To a solution of 266 mg. of methyl benzylpenil¬ 
lonate in 16 cc. of dioxane was added 10 cc. of 0.26 N hydro¬ 
chloric acid, and the mixture was refluxed for 4,^ hours. 
The rotation fell as follows: 


Time of heating 
mins. 

Observed rotation 

8 

+3.22® 

30 

+2.66® 

65 

+2.29® 

145 

+ 1.72® 

215 

+ 1.36® 

278 

+ 1.10® 


At the end of this period, the solution was cooled, diluted 
with w'ater, and continuously ('xtracted vuth petroleum 
ether overnight. The residual aqueous solution was 
extracted with chloroform and evaporated to dryness in 
vacuo. The resulting colorless glass gave a positive test for 
halogen, a positive ninhydrin test, an intense blue coloration 
with ferric chloridci, and a positive test for sulfhydryl with 
Folin-Denis reagent. A sample of 60 mg. of this material 
obtained in another hydrolysis was allowed to stand in 3.0 cc. 
of 2%, sodium bicarbonate solution at 25®. After four days 
small wart-like deposits of opaque needles were observed. 
The crystals decomposed gradually above 200® (micro- 
block) but did not appear to have a melting point. 

Found: C, 44.62; H, 6.19 

Phenylacetic Acid from Methyl Benzylpenillonate (Merck, 
'M.62y 6). From the acid hydrolysis products of 266 mg. of 
methyl benzylpenillonate described above, continuous 
extraction with petroleum ether removed 95 mg. of crystal¬ 
line material, [a]p +139° (c « 3.17 in methanol). Sublima¬ 
tion of this material at 10"“® mm. and 50® gave a crystalline 
sublimate of phenylacetic acid. After one rccry.staUizatioii 
from petroleum ether the product weighed 30 mg., m.p. 
76-78° (micro-block). There was no depression of the melt¬ 
ing point when these crystals were mixed with authentic 
phenylacetic acid. The sublimation residue appeared to be 
largely unhydrolyzed methyl benzylpenillonate. 

Reaction of Methyl Benzylpenillonate with Benzylamine 
(Merck, 4). A 61.6-mg. sample of methyl benzyl¬ 

penillonate was dissolved in 2.0 cc. of xylene containing 
20 mg. of benzylamine and the solution was refluxed for 
three hours. The solution was evaporated to dryness and 
the crystalline residue was recrystallized twice from ether to 
give 46.4 mg. of needles molting at 151-163® (micro-block). 
No depression of the melting point was observed when this 
material was mixed with starting material. From the 
mother liquors on evaporation was obtained more crystalline 
starting material, indicating little or no reaction with the 
benzylamine. The material was then recombined, dissolved 
in 2.0 cc. of benzylamine, and heated in an oil bath at 150- 
170® for seventy-five minutes. On cooling, the solution 
deposited needles. Addition of ether caused a further 
amount of crystals to separate. The crystals weighed 50 mg. 
After recrystallization twice from acetone, in which it was 
difficultly soluble, the product melted at 179-180®, resolidified 
on cooling, and remelted at 180-181® (micro-block); 

0® (c « 0.^6 in ethanol). The melting point when mixed 
with the synthetic benzylamide of phenaceturic acid (m.p. 
178-179®; micro-block) showed no depression. 

Calc, for CiTHuNaOa; C, 72.32; H, 6.43; N, 9.93 
Found: C, 72.03; H, 6.14; N, 10.20 

Synthesis of Methyl Benzylpenillonate by Thermal Treat-* 
ment of Methyl Benzytpenicillenate (Merck, ilf.4^, 18, 20; 
50, 6). A sample of 100 mg. of ^‘natural” methyl benzyl- 
penicillenate (obtained by treating benzylpenicillin methyl 
ester with mercuric chloride in ether and removal of mercury 
from the resulting precipitate 10)) was dissolved in 

10 cc. of toluene and the solution was refluxed for three 
hours. The oil remaining after concentration to dryness in 
vacuo partially crystallized from a few drops of ether when 
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seeded with methyl benzylpenillonate. This mixture of 
crystals and oil was extracted with 20 cc. of boiling ether. 
The extract was passed through a layer of Darco 0-60 and 
concentrated in vacxio to a light yellow oil. When scratched 
in the presence of a few drops of ether, the oil cry.stallized. 
After washing once with ether, 23.2 mg. of crystals remained, 
m.p. 142-161® (micro-block). When recrystallized from 
ether, 12.7 mg. of crystals was obtained, m.p. 151-162.6® 
(micro-block); [aln*® -f322® (c « 0.745 in methanol). 
When this product was mixed with an authentic sample of 
methyl benzylpenillonate, m.p, 161-152® (micro-block), 
the melting point was not depressed. 

Calc, for CnH2oN204S: C, 58.60; IT, 5.79; N, 8.04 
Found: ‘ C, 58.43; H, 6.19; N, 8.43 

A solution of 492 mg. of synthetic methyl benzylpenicil- 
lenate in 49.2 cc. of toluene was lieated in a bath at 100° 
without the addition of iodine. Samples (3 cc.) were with¬ 
drawn at intervals for determination of the speciific rotation. 
No change from the original rotation [a]D +23.5® was ob¬ 
served in 2yz hours. The temperature of the bath was then 
raised to approximately 130® at which temperature the 
solution boiled under reflux. No change in specific rota¬ 
tion was observed after one hour. 

Six grams of methyl benzyl pen icillenate was dissolved in 
400 cc. of toluene and 100 mg. of iodine was added to this 
solution. After refluxing the mixture for one hour, it was 
cooled and the amber-colored solution wasdecanttid from the 
black decomposition product adhering to the walls of the 
flask. The solution was washtjd twice with 150-oc. portions 
of 1% sodium thiosulfate solution followed by two washings 
with 100-cc. portions of vratcr. The toluene solution was 
concentrated to dryness in vacuo to yield a dark amber- 
colored gum which was dissolved in 200 (u;. of ethyl ether, 
decolorized with 1 g. of norite and then concentrated to 
approximately 20 cc. volume. On adding a few drops of 
petroleum ether, crystals of methyl benzylpenillonate 
separated readily and after refrigeration overnight, 690 rng. 
(11.5%) of crystals were obtained melting at 148-149® 
(dec.), llecrystallization from ethyl ether-petroleum ether 
gave a product with constant properties, m.p. 153" (dec.), 
(alp** +326® (c l.l in methyl alcohol). 

Preparation of Methyl Benzylpenillonate with Sulfuric 
Acid as Catalyst (Merck, M.SO, 6). A solution of 1.9 g. of 
methyl benzylpcnicilleimte in 150 cc. of toluene was treated 
with 46 mg. (1 drop) of concentrated sulfuric acid. The 
drop of acid turned dark in color as it settled to the bottom 
of the .solution. This mixture was refluxed overnight. 
The dark droplet remained at the bottom of the flask and 
adhered to the flask while the toluene solution, which was 
not deeply colored as is usual with solutions to which iodine 
had been added initially, was decanted. The toluene solu¬ 
tion was washed twice with 60-cc. portions of water and then 
concentrated to dryness in vacuo. The light amber-colored 
residue was dissolved in 200 cc. of ethyl ether, decolorized 
with 0.6 g. of norite, and the solution was concentrated to 
approximately 15 cc, in volume. Addition of petroleum 
ether drop wise caused crystals to separate quickly in a high 
state of purity. The yield of crystals obtained was 204 mg. 
(10%). They melted at 153®, and the melting point of a 
mixture of this product with an analytically pure specimen 
of methyl benzylpenillonate showed no depression. 

Benzylpenillomc Acid (Merck, M.60j 7). A solution of 
2.6 g. of synthetic methyl benzylpenillonate in 90 cc, of warm 
methyl alcohol was diluted with 30 cc. of water and a 20% 
excess of sodium hydroxide (0.37 g.) was added. This solu¬ 
tion was kept at 40® for twenty minutes, after which the 
methyl alcohol was removed by concentration under reduced 
pressure. The solution was diluted to 75 cc. with water 
and washed with four 100-cc. portions of chloroform. The 
aqueous solution was acidifled with 2 N sulfuric acid to pH 2. 
The resulting heavy white precipitate was removed by 
extracting six times with lO^oc. portions of chloroform. 
Evaporation of the chloroform extracts to dryness in vacuo 


yielded 2.3 g. of gum that cry.stallizod from 150 cc. of ethyl 
ether to give 1.2 g. of crystals, m.p. 185-186®. 

Calc, for CieHigNjO^S: C, 57.48; II, 5,42; N, 8.38 
Found; C, 57.77; H, 5.60; N, 8.67 

Hydrogenolysis of Methyl Benzylpenillonate by Treatment 
with Raney Nickel Catalyst to Give Methyl Desthiobenzyl- 
penillonate (Merck, 20; 7-8). Hydrogenolysis of 

117 mg. of methyl benzylpenillonate in methanol at room 
temperature with Raney nickel catalyst gave 35 mg. of a 
crystalline product. This on ret^ry.stallization from ether 
gave needles melting at 104—106" (micro-block) which on 
cooling recrystallizecl as needle.s at about 100®, and on re¬ 
heating it melted at 105-107®. Other experiments on this 
reaction gave crystalline products which after numerous 
recrystallizations melted at a somewhat lower temperature. 

A suspension of 15 g. of Raney nickel catalyst in 200 cc. 
of methyl alcohol was stirred mechanically while 1.5 g. of 
methyl benzylpenillonate dissolved in 100 cc. of methyl 
alcohol was added. The mixture was stirred at room tem¬ 
perature for thirty minutes, then stirred at the boiling 
point for one hour. The hot susj)ension was filtered through 
a sintered glass funnel and the filtrate was concentrated to 
dryne.s.s in vacuo to yield 1.29 g. of a colorless oil (94.7% 
yield) with a carnation-like odor. The oil w^as dissolved in 
5 cc. of ethyl ether and crystals separated readily on adding 
5 drops of petroleum ether. These crystals iiioltod at 80-83® 
and after eight recrystallizalions a constant-molting product 
m.p. 101-101.5® (cafiillary) was obtained. The melting point 
on the micro-block was 104-105®. 

Calc, for Ci 7 na 2 N 204 : 

C, 64.13; H, 6.97; N, 8.80; IC-CII*, 4.72 
Found; 

C, 64.11, 64.16; H, 7.14, 7.01; N, 9.04; C-CH*, 5.46; 
active hydrogen by Zerewitinoll determination, 2.2 moles. 

A sohiiion of 117 mg. of methyl benzylpenillonate in 
20 cc. of methanol was treated with 1.5 g. of fre.shly prepared 
‘Raney nickel catalyst and stirred for one hour at 25". After 
removal and elution of the nickel, the methanol solution was 
evaporated to dryness. The residue was dissolved in 
chloroform, filtered and evaporated to dryness. This resi¬ 
due was dissolved in ether, cooled, and 55 mg. of needles, 
m.p. 103-105® (micro-block), was obtained. One recrystal¬ 
lization from ether gave 20 mg. of crystals, m.p, 104-106® 
(micro-block). 

Calc, for C 17 H 22 N 2 O 4 : C, 64.13; II, 6.97; N, 8.80 
Found: C, 64.29; H, 7.32; N, 8.88 

In the infrared, inejthyl desthiobenzylpenillonate showed 
no band in the 2.5-3.3 ^ region, but did exhibit bands 
at 5.84 and 6.04 ^ (M.70, 3; 6*5, compound 53; 64, 4). 

Two grams of methyl benzylpenillonate was treated with 
Raney nickel catalyst and worked up in the usual way. 
The resulting methyl desthiobenzylpenillonate was recrystal¬ 
lized from ether, giving 1.0 g. of crystals, m.p. 88® (micro¬ 
block). 

Calc, for C, 7 ri 22 N 204 : 

C, 61.13; H, 6.97; N, 8.80 
Found; 

C, 64.09; H, 7.07; N, 8.78; active hydrogen, 1.0 mole. 

Saponification of Methyl Desthiobenzylpenillonate to 
Desthiobenzylpenillonic Acid (Merck, M.SO, 9). A sample 
of 81 rng. of methyl desthiobenzylpenillonate was dissolved 
in 0.5 cc. of methyl alcohol and treated with a little more than 
one equivalent of 2.5 N sodium hydroxide. The solution was 
warmed to 60° for a few minutes, cooled, diluted with w^ater 
to a volume of 15 cc. and extracted wdth chloroform. The 
residual aqueous solution was acidified with dilute hydro¬ 
chloric acid causing the separation of 52 mg. of a crystalline 
product. llecrystallization of this material from acetone 
gave needles, m.p. 211-213° (micro-block), lain +22® (c « 
0.716 in 1.0 Y sodium hydroxide). 
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Calc, for CuH«oN 204 : C, 63.14; H, 6.62; N, 9.21 
Found: C, 63.27; H, 6.41; N, 9.68 

A sample of 950 mg. of methyl desthiobenzylpcnillonate, 
m.p. 88^ (mioro-hloek), was saponified with 5.cc. of 1 N so¬ 
dium hydroxide in 10 cc. of mcdhyl alcohol. The product 
after recrystallization from chloroform-petroleum ether 
weighed 850 mg., m.p. 211-213”. 

Calc, for CieHjoNaO^: C, 63.11; H, 6.62; N, 9.21 
Found: C, 63.16; H, 6.79; N, 9.58 

Preparation of Desthiobenzylpenillonic Acid by Reaction 
of Raney Nickel with Benzylpenillonic Acid (Merck, 

8-9). A solution of 474 mg. of honzylpenillonic acid in 
14.4 cc. of 0.107 N sodium hydroxide solution was diluted 
with 11 cc. of water and added to a suspension of 6 g. of 
Raney nickel catalyst in 200 c(5. of water. This mixture 
was stirred rnetdianically at room temperature for 2^2 hour.s. 
The catalyst was removed by filtration and flio aqueous fil¬ 
trate was acidihed with 0.107 N hydrochloric acid to pH 5.0. 
Extraction wdth chloroform and evaporation of the solvent in 
vacuo yielded 363 mg. of a colorle.ss oil that (iryst allized from 
ether-petroleum ether. Th(‘.se crystals melted at 204-209® 
(dec.) (micro-block). Two recrystallizations from ethyl 
ether-petroleum ether yielded a produc^t that melted at 
210 -211® (dec.) (micro-block). 

Calc, for C,Jl 2 oN 204 : C, 63.14; H, 6.62; N, 9.21 
Found: C, 63.29; 11, 6.77; N, 9.79 

Benzylpenillonic acid, m.p. 186-187® (micro-block), 
168 rng., was dissolved in 15 cc. of 0.5% sodium carbonate 
solution, 3 g. of freshly prepared Raney nickel catalyst was 
added, and the mixture was refluxed for ten minutes. After 
separation and elution of the nickel, the aqueous solution 
was acidified and extracted with chloroform. The chloro¬ 
form extract on evaporation yielded 139 mg. of a crystalline 
product. This product was recrystallized from an aqueous 
solution of its sodium salt by careful acidification. After 
two recrystallizatioiis, the product weighed 100 mg., m.p.* 
194-195®. 

Calc, for Ci 6 H 2 oN 204 -JiH 20 : C, 01.52; H, 6.45; II 2 O, 2.88 
Found (after drying in vacuo at 25®): 

C, 61.38; H, 0.71 

Calc, for C|«H 2 oN 204 : C, 63.14, H, 6.62 

Found (after drying for two hours in vacuo at 100®; weight 

loss, 2.4%): C, 63.13; H, 6.79 

It thus appears that desthiobenzylpenillonic acid can also 
be obtained as a hemihydrate. The hemihydrate, m.p. 
194-195® (micro-block), showed a neutral equivalent of 314 
(calc., 313.4) by potentiometric titration. 

Phenylacetic Acid from Desthiobenzylpenillonic Acid 
(Merck, M,62y 6). A sample of 100 mg. of desthiobenzyl¬ 
penillonic acid was gently refluxed in a mixture of 4.0 cc. 
of dioxane and 7.0 cc. of 2.5 N hydrochloric acid for seven¬ 
teen hours. The dioxane was largely removed in vacuo and 
the residual solution was extracted four times with light 
petroleum ether. The petroleum ether extract on evapora¬ 
tion gaCve a crystalline residue which was sublimed. The 
sublimate was rccrystallizod once from light petroleum 
ether yielding 40 mg. of phenylacetic acid, m.p. 76-78® 
(micro-block). The melting point was not depressed 
when this product was mixed with authentic phenylacetic 
acid. 

Reaction of Methyl Deathiobenzylpenillonate with Benzyl- 
amine (Merck, M.52y 6). A sample of 56 mg. of methyl 
desthiobenzylpcnillonate was heated in 1.0 cc. of benzyl- 
amine for one hour at 150-190®. The solution was cooled 
and diluted with ether giving a clear light yellow solution. 
After extraction with dilute hydrochloric acid and washing 
with water, the ether solution on evaporation gave 34 mg. of 
crystals, m.p. 120-122® (micro-block). Two rccrystalliza- 
tions from ether yielded 17 mg. of crystals, m.p. 121-122° 
(micro-block). There was no depression of the melting 


point when this product was mixed with an authentic sample 
of the benzylamide of phenylacetic acid, m.p. 122-123° 
(micro-block). 

Calc, for CuIIuNO: C, 79.97; II, 6,71 
Found: C, 79.74; H, 6.44 

Preparation of the Benzylamide of Phenylacetic Acid 

(Merck, Ml)2y 7). To an ice-cold solution of 500 mg. of 
benzylamine in 3.0 cc. of pyridine was slowly added 1.2 
molar equivalents of phenylacetyl chloride. After warming 
to room tempiirature the solution was diluted with ice water 
and extracted with chloroform. The chloroform extract 
was washe<l with dilute acid, dilute alkali and water. 
Evaporation of the chloroform gave a crystalline residue 
which on recrystallization twi(^e from ether yielded needles 
melting at 122-123® (micro-block). 

Calc, for CiJIjsNO: C, 79.97; 11, 6.71; N, 0.22 
Found: C^, 80.11; 11, 6.56; N, 6.43 

Isolation of Derivatives of Glycine and OL-Valine after 
Hydrolysis of Desthiobenzylpenillonic Acid (Merck, MM8, 4) 

A sample of 646 mg. of desthiobenzylpenillonic acid was 
heated in a sealed tube at 100® for six hours with 3 cc. of 
conc(Mitrated hydrochloric acid and 2 cc. of water. The 
clear colorless solution was then diluted with wat(;r, freed 
of phcuiylaeotic acid by ether extraction, and concentrated 
to dryness in vacuo. The residue was a mass of crystals 
containing a small amount of glassy amorphous material. 
Treatment of this residue with acetone caused solution of the 
amorphous material and part of the crystals, leaving 234 mg. 
of white crystals undissolvcd. The acetone-soluble material 
on concentration to dryness in vacuo left a partially crystal¬ 
line residue. 

To 31 mg. of the acetone-insoluble crystals in 1.5 cc. of 
water, was add(‘d 115 mg. of p-hydroxyphimylazobenzenc-p- 
sulfonic acid. On standing, there 8(‘parated the glycine 
salt of p-hydroxyphetiylazohenzene-p-sulfonic acid as plates 
which, after one n'crystallization from water and drying at 
100® in vacuo, weighed 24 mg. and melted at 235’•240° 
(micro-block) with decomposition. 

Calc, for ChHi^NsOoS: C, 47.59; H, 4.28; N, 11.89 
Found: C, 47.42; H, 4.16; N, 12.22 

A sample of 162 mg. of the acetone-in soluble fraction 
above was then bcrizoylated by the Schotten-Baumann 
procedure. The resulting crude benzoates were extracted 
with cold ether leaving a less readily ether-soluble residue. 
The white crystalline residue melted at 192-193® (micro- 
block). No depression of the melting point was oli^jerved 
when this sample was mixed with an authentic sample of 
hippuric acid, m.p. 192-193° (micro-block). A total of 
87 mg. of hippuric acid was thus obtained. 

Calc, for C.IIgNOa: C, 60.33; II, 5.06; N, 7.82 
Found: C, 60.36; H, 5.11; N, 7.69 

Benzoylation of a portion of the acetone-soluble fraction 
mentioned abov<? gave an ether soluble benzoate which had 
a melting point of 130-131® (micro-block) after recrystal¬ 
lization either from ether-petroleum ether or from water. 
This product, which was optically inactive, appeared to be 
ben zoyl-DL-valine. 

Calc, for CijHuNO,: C, 65.14; H, 6.83; N, 6.33 
Found: C, 65.13; H, 7.20; N, 6.74 

Isolation of a Derivative of Formaldehyde after Hydroly^s 
of Desthiobenzylpenillonic Acid (Merck, M,68f 6). A mix¬ 
ture of 108 mg. of desthiobenzylpenillonic acid, 1.0 cc. of 
concentrated hydrochloric acid and 2.5 cc. of water was 
heated in a sealed tube at 120® for two hours. These condi¬ 
tions w’cre chosen to avoid the use of an organic solvent such 
as dioxane in the hydrolysis solution since desthiobenzyl¬ 
penillonic acid is almost insoluble in acid aqueous solutions 
even at 100°, and to insure rapid hydrolysis without loss o 
volatile products. The hydrolysis solution was clear an A 
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colorless. It was diluted with water, and 15 cc. of 1 iV 
hydrochloric acid and 6.0 cc. of 1 V sodium acetate were 
added. The solution was then made up to a volume of 
260 cc. with water, 40 cc. of a standard aqueous dirnodone 
solution containing 135 mg. of dimedone was added, and the 
solution was allowed to stand for twenty-four hours with 
occasional shaking. The crystalline product which sepa¬ 
rated shortly after the dimedone was added was fdterod, 
washed, and dried to constant weight in vacuo. The prod¬ 
uct, 92.5 mg., had a melting point of 186-187°, and when 
mixed with authentic formaldehyde-dimedonc condensation 
product (which melted at 186-187°) showed no depression of 
melting point. 

Using the conversion factor, 0.1027 (Yoe and Jleid, Tnd. 
Eng. Chem.^ Anal. Ed., 238 (1941)), the yield of formalde¬ 
hyde as the condensation product was found to be 8.8% 
(calc, for one mole of formaldehyde formed per mole of 
desthiobenzylpenillonic acid 9.9%). 

No formaldehyde was formed under the conditions of 
hydrolysis when a synthetic mixture? of valine, glycine, and 
phenylacetic acid was used. Recovery of formaldehyde 
added to such a mixture and heated for the same length of 
time was quantitative. The low yield obtained from desthio¬ 
benzylpenillonic acid, 89% of the theoretic.al yield, is be¬ 
lieved to be due to incomplete hydrolysis. 

Study of the Mechanism of the Rearrangement of Benzyl- 
penicillin Methyl Ester to Methyl Benzylpenillonate (Merck, 
M.4f)y 20; 4; 7'h\ 2). When it had betui found that 

methyl benzylpenillonate could be obtained from rntithyl 
benzylpenicillenate, it was considered possible that the latter 
substance might be an intermediate in the rearrangement of 
benzylpenicillin methyl ester to methyl benzylpenillonate. 
The properties of methyl benzylpenicillenate (high absorp¬ 
tion at 3,200 A, low optical rotation, and absence of anti¬ 
biotic activity) suggested that it might be detected if present 
in significant amounts during 1-he r(*action, since both 
benzylpenicillin methyl ester and methyl benzylpenillonate 
have quite different properties (high optical rotations and 
negligible absorptions at 3,200 A), 

For the following experiment an apparatus was designed 
to permit removal of aliquots of a refluxing solution without 
stopping the boiling. In this apparatus, 357.0 mg. of 
benzylpenicillin methyl ester was <lissolvcd in 34.7 cc. of 
toluene, and 1.0 cc. of a 0.52%, solution of iodine in toluene 
was added. The flask was placed (at solution level) in an 
oil bath maintained at 127°. The time of heating was 
measured beginning at the moiiumt the flask was placed in 
the oil bath. Refluxing began within two minutes after the 
start of the heating. At intervals, 1.0-cc. and 3.0-cc. 
aliquots were withdrawn and at once cooled in ice. The 
1 .0-cc. aliquots were concentrated to dryness in vacuo^ dis¬ 
solved in 25.0 cc. of methanol and used for determination of 
ultraviolet absorption. Part of each il.O-cc. sample (0.5 cc., 
corresponding to 5 mg.) was evaporated to dryness in vacuo 
and assayed in vitro. The remainder of each 3.0-cc. aliquot 
was used for measurement of the optie.al rotation. The 
results are summarized in the following table. 


Sample 

Time of 
heating 
min. 

Wd*® 

Em at 
3,200 A 

Activity in U/ 
mg. (benzylpen¬ 
icillin methyl 
ester assay) 

Control.. 

0 

+ 180.6° 

approx. 37 

39.9 

1 . 

3 

+ 137° 

1045 

1.73 

2 . 

6 

+193° 

1507 

0.79 

3. 

12 

+209° 

674 

0 

4. 

24 

+210° 

661 

0 

6 . 

60 

+210° 

589 

0 

6 . 

120 

+208° 

684 

0 


The immediate drop in specific rotation, the appearance 
of the absorption band at about 3,200 A, and the loss of 
biological activity strongly indicate that methyl benzyl- 
ponicillenate is an intermecliate in the rearrangement. This 
conclusion is further indicated by the isolation of methyl 
benzylpenillonate from an aliquot taken at the twelve- 
minute period. 

A siimple (517 mg.) of honzylpenicillin methyl ester, m.p. 
96-97°, w'as heated in a sublimation Mpi)aratus under a pres¬ 
sure of 1—3 microns. When the bath temperature wa.s main¬ 
tained at 13()-13»5° a light y(?llow gum slowly (h'posited on 
the condensing surface' cooled with dry ice. The residue 
slowly darkened in color. After heating for six hours, a 
total of 240 mg. of sublimatt? was collected, representing 
46% of the initial weight of ester. The residue weighed 
270 rag. 

When treated w'ith a drop of .acetone, the sublimate 
crystalliztid; m.p. 148-150° (micro-block). Recrystalliza¬ 
tion from acetone-petroleum ether yicldt?d needles which 
melted sharply at 151-152° (miiao-hlock); [alu*® -f325° 
(C 0.62 in methanol). 

The melting point of this product when mixed with an 
authentic sample of methyl henzylpenillonnte showed no 
depression. 

Samph's of the residue wen' withdrawn for ultraviolet 
absorption determinations. After fiftei'n minutes of heat¬ 
ing at 130-135° the residue exhibited typitial o-benzylpeni- 
cillenic acid absorption of low intc?nsity, Em 3,280 at 3,250 A 
(max.), approximately 20% of the of a synthetic sample. 
In one hour the absorption rose to Em 4,690 at 3,300 A 
(max.). In another hour, the Em was 4,400 at 3,300 A 
(max.). 

Methyl benzylpenillonate could be isolated in small 
amounts from the residue but only with difficulty. 

Crude .synthetic methyl D-benzylfXMiicillonate was prepared 
3) from i>-peniclllamine methyl ester and 2-bon- 
zyl-4“meth()xymethylene-5(4)-oxazolonc in benzene. Re¬ 
moval of the benzene under reduced pressure left a light 
yellow gum. A portion Avas dissolved in benzene, washed 
with pll 7.0 phosphate buffer, dried over anhydrous mag¬ 
nesium sulfate and re-evaporated to a gum. 

A sample (0.9 g.) of crude methyl i>-benzylpcnicillenate, 
not washed with buffer, was heated for four hours in a sub¬ 
limation apparatus under a pr(?ssure of 1 ~3 microns with a 
bath t.(>mperature of 120-125°. Hard colorless material 
and light .yellow gum deposited on the condensing surface 
cooled with dry ice. The sublimate weighed 0.23 g. The 
dark red residue weighed 0.65 g. Neither shouted activity 
by bioassay. Addition of acetone to the sublimate dis¬ 
solved the yellow gum and permitted the sc.paration of color¬ 
less crystalline material; m.p. 185-187° (dee.). This ma¬ 
terial was dissolved in acetone to which petroleum ether was 
then added. Fine needles slowly formed; m.p. 192-194° 
(micro-block). The melting point (micro-block) of a mix¬ 
ture of this compound and a-phenyl:icetamido-/3-methoxy- 
acrylic acid was not depressed, 

A sample (1.25 g.) of crude methyl n-benzylpenicillenate, 
buffer washed, was heated for five hours in a sublimation 
apparatus under a pressure of 1-3 microns with a bath 
temperature of 120-125°. Partially crystalline yellow ma¬ 
terial deposited on the condensing surface cooled with dry 
ice. The sublimate was readily soluble in acetone. Upon 
removal of the acetone, the yellow oil began to crystallize. 
Carbon tetrachloride was adde.d. Nearly colorless crystals 
were collected and washed with carbon tetrachloride and 
petroleum ether; m.p. 91-93°. The melting point of a mix¬ 
ture of this material and 2-benzyl-4-methoxymethylene-5(4)- 
oxazolone was not depressed. 

The following experiment was performed using as starting 
niaU^rial methyl D-benzylpenicillcnatc having an ultraviolet 
absorption maximum in ethanol of Em, 17,400 at 3,175 A. A 
sample (0.54 g.) of this material, washed with buffer, was 
heated for four hours in a sublimation apparatus under a 
j)re88urc of 1-3 microns with a bath temp(‘,rature of 125-130°. 









194 


INVESTIGATIONS ON BENZYLPENICILLIN, 1944-1945 


A light yellow product deposited on the condensing surface 
cooled with dry ice. The sublimate weighed 0.120 g. and 
had an ultraviolet absorption maximum in ethanol of Km 
6,440 at 3,125 A. Hioassay of a saponified portion of this 
material showed a trace of activity (0.2 U/mg.). The red¬ 
dish residue weighed 0.40 g. and had a ultraviolet absorption 
maximum in ethanol of Km 7,800 at 3,225 A, No activity 
W'as showui by bioassay. 

Possible Rearrangement of Methyl n-n-Amylpenicillenate 
to Methyl n-n-Amylpenillonate (Merck, MM)^ 10; 76*, 4). 
A solution of 158 mg. of synthetic methyl n-n-amylpenicil- 
lenate, ni.p. 103-105*" (capillary), [ali) -j’?!.!'* (c *= 2.18 in 
methyl alcohol), in 15.7 cc. of toluene was treated with 
0.4 CO. of an 0.52% solution of iodine in toluene, and re¬ 
fluxed for 2^2 hours. The solution w^as then concentrated to 
dryness in vacuo. The residue was a f)ale brown gum weigh¬ 
ing 170 mg-, [a]i> +207*" (c =« 0.25 in ethanol). The starting 
material showed an absorption band in the idtraviolet with 
Km 28,000 at 3,175 A. In the product obtained by thermal 
treatment this peak had practically disappeared. There 
was only a shoulder of Km 1,030 at 3,175 A, and a small peak 
Km 1,480 at 2,850 A. The preliminary results strongly 
indicated that a penillonic-type rearrangement had occurred. 

The above experiment was extended as follows. A .sampie 
of 320 mg. of crystalline methj^ D-n-amylpenicillcnate w’^as 
dissolved in 15 cc. of toluene and 3 mg. of crystalline iodine 
adilcd. The specific rotation of the solution was observed 
and followed during the course of the reaction. The follow¬ 
ing data show the changes ob.served. 


1 

1 

Time of refluxing | 

Itotation 

rains. ! 

! 


None (original solution). 

+ 91® 

10 . 

+ 120*’ 

20. 

+ 171® 

30. 

+ 197® 

40. 

+212® 

55.... . 

+225® 

70. . 

+231® 

85. . 

+234" 

100 . 

+236® 



The solution was concentrated to dryness in vacuo and the 
residue was dissolved in 20 cc. of ethyl ether. This solu¬ 
tion was washed twice, with 5-cc. portions of 1% sodium 
thiosulfate solution and twice with water. Attempts to 
isolate a crystalline product were not successful. 

A solution of 1.00 g. of methyl D-7i-amylpenicillenate and 
10 mg. of iodine in 50 cc. of toluene was refluxed for forty 
minutes. After removal of the solvent in vocmo, the 940 ing. 
of residue, (a]D** +238® (c 1.4 in methanol), was dissolved 
in 10 cc. of ether and cliromatographed on acid-washed 
alumina. The adsorption was unsatisfactory, and 830 mg. 
of recovered material was dissolved in 10 cc. of ether- 
petroleum ether (1:1) and chromatographed on acid-washed 
alumina. Klution was accomplished with the following 
solvents; ether-petroleum ether (1:1), ether-petroleum ether 
(2:1), ether, and acetone. The rotations on representative 
cuts were observed. The eluates with ether-petroleum ether 
and ether alone, which totaled 478 mg., showed specific 
rotations in methanol between +310® and +320®. A com¬ 
bined group of ether-petroleum ether (1:1) eluates, totaling 
156 mg., +314® (c « 0.5 in methanol), showed a 

typical penillonate infrared absorption spectrum with 
bands at 5.80 i* and 6.05 ti. The total acetone eluate, 
Wd** +100® (methanol), weighed 244 mg. No fraction of 
the eluates could be made to crystallize. The ether- 
petroleum ether eluate, fafo** +314®, was analyzed. 

Calc, for CuH, 4 Nj 04 S: C, 54.85; H, 7.36; N, 8.53 
Found: C, 56.05; H, 7.63; N, 8.21 


Experiments on Methyl D-n-Amylpenicillenate (Merck^ 
M.76‘, 2, 3). The action of catalysts on methyl n-n-amyl- 
penicillenato was of interest not only in connection with the 
penillonate rcarraiigement but also from the point of view 
of preparation of amylpcnicillin methyl ester. Benzyl- 
peni(dllin methyl ester has been postulated as an intermediate 
in one suggested mechanism for the benzylpenicillenatc-ben- 
zylpcnillonate change. If this postulate were correct, it 
might be possible to obtain evidence for the presence of 
amylpenicillin, especially if the reaction could be carried 
out at rather low temperature and under mild conditions. 

A solution of 0.50 g. of methyl n-n-amylpenicillciiate and 
10 mg. of iodiiKi in 50 cc. of benzene was heated at reflux 
for one hour. Kvaporation of the solvent gave a brown oil 
which was biologically inactive in vitro; [ajo*® +188® (c « 
0.825 in chloroform). 

Another run was carried out at room temperature. The 
initial rotation of a solution of 0.25 g. of methyl D-7i-amyl- 
peiiicillenate in 25 cc. of henzeno was (oflo*® +50®. Im¬ 
mediately after the addition of 5 mg. of iodine, the rotation 
A'as [alt)*® +54*". The following observations on the rota¬ 
tion of the solution were made. 


Time 

I«|u*® 

_ 

1 hr. . . 

+50® 

3 hrs. . . . . 1 

[ +67® 

17 hrs. . . 

1 +75® 

24 hr.s.. . . 

' +78® 

48 hrs. ... 

+77® 

72 hrs. 

+76® 


A portion of tlie al)ove solution (after it had stood for 
seventy-two hours) was heated for one hour on the steam 
bath; [alt?*® dropped to +68*'. A portion of the solution was 
evaporated after it had stood for forty-eight hours, and the 
residue subjected to bioassay. A trace of activity (less than 
0.2 U/mg.) wa.s found in vitro after saponification. 

Further experiments with other catalysts were carried 
out. The use of small amounts of chlorine gave products 
containing traces of biological activity, but the results were 
erratic and the zones of inhibition on the assay plate were 
not always of the type characteristic of penicillin. The fol¬ 
lowing substances gave no activity: boron trifluoride, bro¬ 
mine, piperidine, thionyl chloride, phosphorus tribromide, 
and acetyl chloride. 

Ultraviolet Absorption of Benzylpenicillin on Standing 

(Merck, Af.7, 2-3). An aquesous solution of sodium benzyl¬ 
penicillin was coolwl to 0-5®, acidified to pH 2.5, and ex¬ 
tracted with chloroform. The chloroform extract was dried 
over anhydrous sodium sulfate and anhydrous calcium 
chloride. The dry chloroform solution was evaporated to 
dryness in vacuo at low temperature. The residue was a 
hard, glassy solid which showed a very high absorption band 
at 3,200 A in the ultraviolet. The highest absorption band 
observed for such material had Em 6,600 (based on mol. 
wt. 334) at 3,225 A. The substance responsible for this 
band, although not isolated, was fairly stable in alcohol 
solution. In acid of alkaline solutions the 3,200 A band 
declined rapidly. In acid solution there appeared a band 
at 2,800 A but none at 2,376 A, which indicates that benzyl- 
penillic acid was not formed. The esters of benzylpenicillin 
prepared by the reaction of diazomethano and ddazoethane 
with benzylpenicillin also contained a substance exhibiting 
a band at about 3,200 A. 

Effect of Mercuric Chloride on Sodium Benzylpenicillin 
and Benzylpenicillin Methyl Eater in Ethanol (Merck, 
M,12cf 19). A solution of sodium benzylpenicillin in ethanol 
was mixed with an equal volume of ethanol containing one 
molar equivalent of mercuric chloride. ^Another portion of 
the original ethanol solution was mixed with an equal 
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volume of ethanol as a control. The sample treated with 
mercuric chloride showed Wd*® -f 125® after twenty-four 
hours. The control showed [a]D** +210® after eighteen 
hours. 

A corresponding experiment with benzylpenicillin methyl 
ester showed no change in the rotation of the control. There 
was a drop in rotation in the sample treated with mercuric 
chloride to +123® after eighteen hours. 

The reactions of sodium benzylpenicillin and benzyl- 
penicillin methyl ester under these conditions are much 
slower than the reactions of simple thiazolidines, with the 
exception of N-acyl thiazolidines which do not react at all. 

Ultraviolet Absorption of Solutions of Sodium Benzyl¬ 
penicillin and Benzylpenicillin Free Acid on Standing 
(Sipiibl), SJy 12). It was observed that a band appeared 
in the ultraviolet at 3,200,A when sodium benzylpenicillin 
was allowed to stand for a day or longer in aqueous solution. 

A strong band in the ultraviolet at 3,200 A was observed 
when free benzylpenicillin was allowed to stand in chloroform 
solution at room temperature. The rise of the absorption 
was accompanicid by inactivation of the benzylpenicillin. 
The product obtained after removal of solvent was a white 
rion-hygroscopic solid which possessed the approximate 
composition, CiBHjoNaOdS. 

Early Experiments on Cleavage of Benzylpenicillin with 
Mercuric Chloride (Merck, M.6, 1; 8^ 4-5; and unreported 
details). Various experiments wvrv. carried out with sodium 
benzylpenicillin and benzylpenicillin methyl ester in at¬ 
tempts to isolate an azlactonc cleavage product. The 
reaction of mercuric chloride with sodium benzylpenicillin 
in absolute methanol gave rise to a mixture of products from 
which crude penicillamine and phcnylacetylaminoacetalde- 
h 3 'de (isolated as the 2,4-dinitrophenylbydrazone) were 
obtained. The reaction of mercuric chloride with sodium 
benzylpenicillin in water gave a similar mixture (see Chapter 

IV). 

The niaction of free benzylpenicillin with mercuric chloride 
in ethyl acetate solution gave a sliglit precipitate. The mix¬ 
ture was treated with hydrogen sulfide, filtered and evapo¬ 
rated. The product was dissolved in chloroform and 
precipitated by addition of petroleum ether. 

Found: C, 55.82; H, 5.51; N, 7.40 

A sample of sodium benzylpenicillin weighing 101 mg. was 
dissolved in 3.0 cc. of water and mixed with 152 rag. of 
mercuric chloride dissolved in 3.0 cc. of water. After five 
minutes there was added 141 mg. of sodium bicarbonate dis¬ 
solved in 2.0 cc. of water. The turbid mixture was centri¬ 
fuged after standing at room temperature for thirty minutes. 
The clear yellow supernatant solution was acidified carefully 
with dilute hydrochloric acid whereupon a copious precipi¬ 
tate formed and carbon dioxide was evolved. Centrifuga¬ 
tion of the precipitate caused the separation of two layers of 
solid, a lower buff-colored amorphous layer and an upper 
white microcrystalline layer. The upper layer of material 
was isolated and dried. When heated on the micro-block the 
substance melted at 116-120®. When this material was 
mixed with a sample of 2-benzyl-4-hydroxymethylene-5(4)- 
oxazolone (which molted at 117-118®), the melting point was 
117-118®. The ultraviolet absorption of the material 
isolated from sodium benzylpenicillin showed mainly end 
absorption, however, and did not appear to be identical with 
2-benzyl-4-hydroxymethy lene-6 (4 )-oxazolone. 

Reactioii of Benzylpenicillin Methyl Ester with Mercuric 
Chloride in Ethyl Acetate Solution (Merck, 7). A 

sample of 25 mg. of benzylpenicillin methyl ester was treated 
with one molar equivalent of mercuric chloride in a total 
volume of 2.0 cC. of ethyl acetate. The rotation dropped 
rapidly in the first few minutes, then showed a slow gradual 
drop for several hours. After thirteen minutes the rotation 
was +77® (rapid drop in rotation had ceased before 

this time), after twenty-eight minutes the rotation was 
+74®, and after four hours the rotation was Wd** 
+61®. Wheu this experiment was repeated with two molar 


equivalents of pyridine also prestMit in the solution, the rota¬ 
tion showed a similar rapid drop and then a slow subse¬ 
quent fall in rotation. After forty-seven minutes the rota¬ 
tion was + 88 ®, and after four hours, it was Wd** +85®. 
In this experiment a crystalline deposit of pyridine hydro¬ 
chloride separated within five minutes. This was removed 
before determination of the rotation. The solution showed 
a band in the ultraviolet at 3,200 A with Em (based on 
the concentration of ester originally present) 11,000. In 
the experiment in which pyridine was not present, there was 
a band at 3,200 A with Em 6,500. 

Cond.en8ation of n- and DL-Penicillamine Methyl Ester 
with 2-Pheny]-4-6thoxymethylene-6(4)-oxazolone; Methyl 
D- and DL-Phenylpenicillenate (Merck, 15). Fur¬ 

ther investigations were carried out on the condensa¬ 
tion product obtained from DL-penicillamine methyl 
ester and 2-phenyl-4-ethoxymethylene-5(4)-oxazo- 
lone (M.lOf 13). The product was crystalline and melted at 
120 - 121 ®. 11 gave negative ferric chloride and nitroprussido 

tests for sulfhydryl and a negative niuhydrin test for o-amino 
groups. A positive test for sulfhydryl was obtained with 
iodine-azide solution. Only 0 . 12 % of amino-nitrogen was 
given in the Van Slyke determination. There appeared to 
be two active hydrogen atoms in the molecule. Analyses for 
carbon, hydrogen, and nitrogen were in agreement with the 
formula C 16 H 18 N 2 O 4 S. A molecular weight determination 
gave a value of 334 (calc. 334). 

The same condensation reaction was carried out with 
i>-penicillamme methyl ester and a corresponding product 
was obtained; m.p. 110 - 111 ®, + 102 ® (in chloroform), 

and satisfactory carbon, hydrogen and nitrogen analyses. 

Condensation of 2-phenyl-4-hydroxymethylene-5 (4)-oxa- 
zolone with DL-penicillamine methyl ester gave a reaction 
product (not crystalline) which reacted directly with 
bcnzylamine to give a benzylamide, m.p. 204-206®, cor¬ 
responding to the one obtained from methyl D-phenylpenicil- 
lenate and benzylarainc. 

Reaction of Methyl D-Phenylpenicillenate with Benzyl- 
amine, and Degradation of the Product to the 2,4-Dinitro- 
phenylbydrazone of Phenylpenaldic Acid Benzylamide 

(Merck, MJ2ay 15-16; and unreported details). A solution 
of 25.5 mg. of methyl D-phenylpcnicillenate and 20 mg. of 
bcnzylamine in 2 cc. of benzene deposited crystals after thirty 
minutes. The crystals melted at 204-206® and had [otId 
+ 71® (c ■» 0.189 in methanol). 

Calc, for C, 62.56; H, 6.17 

Found: C, 62.65; H, 6.40 

A sample of this material was dissolved in aqueous metha¬ 
nol and treated with mercuric chloride. The precipitate 
was removed, and the mother liquor was mixed with a solu¬ 
tion of 2,4-dinitrophenylhydrazine in sulfuric acid. The 
crystalline product which formed at once was recrystallized 
from ethanol; m.p. 223-225®. 

Calc, for CjsHaoNcOe: C, 57.98; H, 4.23; N, 17.64 
Found; C, 57.65; H, 4.63; N, 17.67 

Experiments with Methyl d- and DL-Phenylpenidllenate 

(Merck, MJSCy 21-23). Several experiments were made on 
the previously described (M.l£ay 13-17) crystalline (;on- 
densation products which were made from dl- and D-penicil- 
lamine methyl esters, and which were assigned the phenyl- 
penicillenate structure. The lack of reactivity of the 
mercapto group was thought to be possibly due to hydrogen 
bonding with one of the oxygen atoms of the oxazolone ring 
as donor. In regard to hydrogen bonding of mercaptans 
refer to the paper by Copley, Marvel and Ginsberg (J. Am. 
Chem. Soc.y 61 y 3161 (1939)). 

N-Ethyl piperidine (100 mg.) and 20.4 mg. of methyl 
D-pheuylpenicillenate were dissolved in 2 cc. of benzene; after 
twelve minutes the observed rotation cco was +0.50® and 
after fifty minutes the ao was +0.49®. Further readings 
were impossible due to darkening of the solution. The rota- 
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tion of tho compound was uiurhanged on standing overnight 
in pyridine. The observed rotation of a solution of 25.1 mg. 
of the compound and 4.0 mg. of ascaridole in 2 cc. of benzene 
was ca> +0.72^ on mixing, otd +0 .68" in two hours, and 
m +0.58® in seventeen hours. 

Methyl D-phenylpenicilIcnatc melts without decomposi¬ 
tion. After fusion at 130®, starting material was readily 
secured by crystallization from ether. 

When methyl D-phenylpenicillenate was dissolved in 
acetic acid, the rotation of the solution was an +1.04" five 
minutes after mixing. In sixteen hours the rotation became 
constant at ai> +0.53®. This acetic acid degradation led 
to a surprising result. Methyl Dii-phenylpenicillenate was 
allowed to stand in acetic acid overnight, dried m vacuo^ 
treated with water, then again dried. The residue gave 
crystals from chloroform; rn.p. 183 +84® after softening from 
165®. Thtire was no depression in this melting point on 
admixture with hippuric acid. 

Calc, for CjlTgNOa: C, 60.4; H, 5.03; N, 7.8 
Found: C, 50.01; Jl, 5.40; N, 7.2 

Methyl DL-phenylpenicillenate was unchanged after being 
dissolvini in pyridine, allowed to stand one hour, freed of 
pyridine in vacuo and cry.stallized from ethfjr. The re¬ 
covered product melted at 107-110®, and there was no 
depression of the melting point when the product was mixed 
with starting material. 

(Condensation of nL-penicillamine method ester and 
2-phenyl-4-ethoxymethylene-5(4)-oxazolone in pyridine gave 
a product whic.h melted at 106-107® after crystallization from 
ether. 

Condensation of 2-Phenyl-4-hy droxymethylene-6(4)- 
oxazolone with nL-Peniclllamine Methyl Ester (Merck, 
M.2S, 23). A mixture was prepared containing 080 mg. of 
DL-pcnicillamine methyl ester, 1.330 g. of 2-phenyl-4-hy- 
droxyrnethylcne-5(4)-oxazolon(i, 7 cc. of clioxaiie, and 3.5 g. 
of anhydrous sodium sulfate. The mixture was allowed to 
stand at room temperature ?'w vacuo for twenty hours. 
Solvent was then removed in vacuo at room temperature and 
the residue was shaken between chloroform and saturated 
sodium bicarbonate. Evaporation of the chloroform layer 
gave an amorphous powder wliich yielded, from carbon 
tetrachloride, 385 mg. of non-crystalline powder, m.p. 148- 
150®. The F'olin-Denis sulfhydryl test was negative. 

Found: C, 51.92; H, 4.95; N, 6.89; S, 7.88 

Reaction of Methyl DL-Phenylpenicillenate with Lead 
Acetate and Mercuric Chloride (Merck, M,S7y 16). A solu¬ 
tion of 67 mg. of methyl Di.r-phenylpenicillcnate in 3 cc. of 
acetone was treated with a solution of 9 5 mg. of lead acetate 
in 1 cc. of water. After mixing, act;tone was removed in 
vacuo and the residue shaken between benzene and water. 
The yellow product dissolved in the benzene, then immedi¬ 
ately began to crystallize'. It was filtered and washed with 
benzene and water. Bright yellow irregular plate.s, decom¬ 
posing gradually from 190®, wer(^ secured; yield, 98 mg. 

Calc, for C, 6 H, 7 N 204 SPb 0 ,C^CH«: Pb, 34.7 
Found: Pb, 37.6 

Mercuric chloride react.s (juantitatively with the condensa¬ 
tion product under the same conditions to give an amorphous 
yellow benzene-soluble product. 

Condensation of i)L-Pehicillanune Methyl Ester with 
2-Benzyl-4-hydroxymethylene-6(4)-oxazolone (Merck, 
M.2S^ 22). A total of 417 mg. of Di^penicillamine methyl 
ester was dissolved in 2 cc. of dioxane and 514 mg. of 2-ben- 
zyl-4-hydroxymethylene-5(4)-oxazolone was added. It dis¬ 
solved slowly, but completely. After twenty-four hours^ 
11 mg. of crystalline product separated; m.p. 211-212®. 
Upon recrystallization from methanol and ethyl ether, the 
product melted at 212-213®. The product was found to 
represent two moles of penicillamine methyl ester condensed 


with one mole of the oxazolone. Il gave a negative color 
test for a sulfhydryl group. 

Calc, for C2 sHs3 N306S2^ 

C, 51.05; H, 6.50; N, 8.21; S, 12.54; OCH,, 12.11 
Found: C, 54.46; H, 6.85; N, 7.88; S, 13.0; QCHa, 12.0 

The addition of one mole more of DL-pcnicillamine methyl 
ester to the mother liquor caused a slow deposition of more of 
the product. The product was inactive in vitro. 

The mother liquor frotn the reaction of DL-penicillaraine 
methyl ester and 2-beiizyl-4-hydroxymethylene-5(4)-oxaz- 
olonc in dioxane, after removal of the product melting at 
211-212®, was evaporated to dryness. The residue was 
shaken between chloroform and saturated sodium bi(?arbon- 
aic solution. Evaporation of the chloroform layer gave a 
straw-colored gum. A solution* of 939 mg. of this product 
in 2 c(;. of benzene was treated with 1.0 cc. of benzylamine. 
The mixture did not yield crystals on standing overnight at 
room temperature, but on chillirig gave a product melting at 
192®. 

Condensations of 2-Benzyl-4-hydroxymethyIene-6(4)- 
oxazolone with n-Penicillamine Methyl Ester (Merck, 
M.td. 19). One gram of D-penieillamine methyl ester 
hydrochloride (0.005 mole) was dis.solved in 10 cc. of water. 
On the addition of 10 cc. of dioxaiu' and 1.02 g. of 2-])enzyl-4- 
liydroxyiiiethylcne-5(4)-oxazolo»)e (0.005 rnohO, a clear yel¬ 
low solution resulted. To this, 0.41 g. of anhydrous sodium 
acetate (0.005 mole) was added. ^Shortly afterwards a 
vigorous evolution of carbon dioxide was observcjd. 

To 0.48 g. of i)-penicillaiuinc methyl ester (0.0029 mole), 
which lia<l been freshly prepared from the hydrochloride, 
6 cc. of dioxane, 6 cc. of water, and 0.()0 g. of 2-benzyl-4- 
hydroxyinethyleno-5(4)-oxaz()lone (0.0029 mole) was added. 
A clear yc.'llow solution resulted. After standing for a 
few minutes the evolution of carbon dioxide was noticed. 
The p\l of the solution was 4 5. 

The preceding experiment was repeated except that the 
pll was kept above 6 by means of a pH 7 phosphate biifter 
and by adding disodimn phosphate as needed. No evolution 
of carbon dioxide was noticed. Partial evaporation of the 
solvent at room temperature and extraction with chloroform 
gave an oil. Tliis oil gave n negative bioassay value in 
vitro. It was insoluble in sodium carbonate solution. It 
dissolved partially in 2.5 N sodium hydroxide. No precipi¬ 
tate was obtained on acidification of this solution. It was 
also partially soluble in 2.5 N hydrochloric acid. 

Condensation of 2-Benzyl-4-methoxymethylene-6 (4)- 
oxazolone with DL-Penicillamine Methyl Ester (Merck, 
M.29^ 16). A freshly prepared solution of 2.060 g. of 2-benz- 
yl-4-methoxymethylene-5(4)-oxazolone and 1.G14 g, of 
DL-penicillamine methyl tester in 25 cc. of toluene was 
evaporated to dryne.ss in vacuo at room temperature in 
about fifteen minutes. The residue was dissolved in 15 (;c. 
of benzene and placed in a cold room. A crystalline deposit 
slowly formed. After two mouths the product was filtered 
and recrystallized from benzene, giving 123 mg. of plates, 
m.p. 15^-158®. The product lost no weight on drying at 
78®/2 mm. 

Calc, for CaiHjgNaOoSs: C, 60.68; H, 6.41; N, 8.65; S, 10.4 
Found: C, 60.36; H, 6.24; N, 6.87; S, 10.2 

This product may be the solvated form of a compound 
such as was reported earlier {M.23^ 23) to be secured by con- 
d(insatiou of 2-benzy]-4-hydroxymethylene-5(4)-oxazolone 
with 2 moles of DL-penicillamine methyl ester. 

Condensation of d-P enicillamine Methyl Ester and 
2-Benzyl-4-methoxymethylene -6 ( 4 ) -oxazolone (Merck^ 
M.S7, 23). A solution of 1.00 g. of D-penicillamine methyl 
ester and 1.33 g. of 2-benzyl-4-methoxymethylene-6(4)r 
oxazolone in 25 cc. of toluene was concentrated to dryness at 
room temperature immediately after preparation. The con¬ 
centration required approximately fifteen minutes. The 
residual gum was dis^lved in 50 co. of chloroform aqd 
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washod with three 30-ec. voliirnois of 0.2 M phosphate* buffer. 
,Thc chloroform layer was filtered and evaporated to dryness, 
giving 1.974 g. of product as a straw-colored gum which 
became yellow on standing; -|-40.0° (0.5% benzene 

solution). In alcohol solution, the product show'ed an 
ultraviolet absorption maximum at 3,175 A, Em 18,000. 

Calc, for CitHjoNsOiS: C, 58.60; H, 5.70; N, 8.04 
Found: C, 58.08; H, 5.87; N, 8.24 

Methyl i>-Benzylpenicillenate (Merck, M.47, 3). In the 
following experiment benzene was employed rather than 
toluene for solvent because of its lower boiling point. To 
0.06 g. of 2-benzyl-4-mcthoxymethylcne-5(4)-oxazolono dis¬ 
solved in 50 cc. of benzene was added 0.72 g. (theoretical 
amount) of i>-penicillamine methyl ester. This solution was 
concentrated at 30-35° in vacuo to yield a pale yellow gum. 
This gum was redissolved in about 50 cc. of benzene, 
washed with 25 cc. of 0.2 M phosphate buffer of pH 7 and 
then twice with 25-cc. portions of vrater. The filtered solu¬ 
tion was corujontrated to a gum and dried in vacuo at 1 mm. 
The ultraviolet absorption maximum for this synthetic 
produ<jt in 7/-propyl ether was found to be Em 14,250 at 
3,150 A. This sample was used for a comparison of the 
spectrum of this product with that of ‘^natural” methyl 
D-benzylpenicillenate 10). 

Methyl L-Benzylpenicillenate from 2-Benzyl-4-ethoxy- 
methylene-6 (4)-oxazolone and 1 .,-Penicillamine Methyl 
Ester (Upjohn, UAG, 23). 2-Beuzyl-4-ethoxymetliylene- 
5(4)-oxazol()n(} (2.2 g.; 0.011 mole) was added to a solution of 
1.5 g. (0,011 mole) of L-penicillamine methyl ester in 115 ce. 
of benzene. After standing for about fifteen hours, the solu¬ 
tion was concentrated in vacuo at a temperature of 30- 35° to 
a thick orange gum. The gum was taken up in 115 cc. of 
benzene and extracted with 50 cc. of 0.2 M phosphate buffer 
(pH 7.2), and then with two 50-ce. portions of water, 
lleinoval of the benzene in vacifo gave 3.5 g. of crude prod¬ 
uct. The crude product was dissolved in benzime, filtered 
and again concentrated to a gum, first at water-pump 
vacuum and finally at 0.5 mm. In absolutt* ethanol this 
substance^ showed an absorption maximum in the ultra¬ 
violet with Km 9,610 at 3,100 A, [a]D** —10° (v = 1,48 in 
benzene). 

(^alc. for C, 58.60; H, 5.79 

Found: C, 59.19; H, 0.02 

Preparation of Methyl o-Benzylpenicillenate (Merck, 

Af.7G, 1). In the following experiment tlie crude methyl 
D-benzylpcnicillenatc had a high ultraviolet absorption 

niaximum in ethanol with Km 20,600 at 3,175 A. 

To a solution of 1.85 g, (9.25 millimole) of p-penicillainine 
methyl ester hydrochloride, m.p. 181-183° (dec,), in 20 cc. 
of water 0.78 g. (9.25 millimole) of sodium bicarbonate was 
added; additional sodium bicarbonate was then added until 
the solution was slightly alkaline to alkacid paper, and the 
solution was thoroughly extracted with chloroform. The 
chloroform extract was dried over anhj^drous magnesium 
sulfate. Removal of the chloroform under reduced pressure 
left T>-p(?nicillamine methyl ester which weighed 1.41 g. 
(8.6 millimole) after drying in vacuo. To this oil, dissolved in 
75 cc. of dry benzene, there was then added 1.86 g. (8.6 milli¬ 
mole) of 2-benzyl-4-methoxymethylene-5(4)-oxazolone, m.p. 
91-93°. The benzene was removed on the water pump to 
lca.ve a light yellow oil which was dissolved in 50 cc. of chloro¬ 
form. The chloroform solution was washed with 50 cc. of pH 
7.0 phosphate buffer and then with 50 cc. of water. After 
being dried over anhydrous magnesium sulfate, the solution 
was concentrated at room temperature on the water pump. 
Finally, evacuation on the oil pump left 3.01 g. of light 
yellow oil. The ultraviolet absorption maximum in 
ethanol was found to be Em 20,600 at 3,175 A, 

A sample in benzene was passed through a column 
(18 mm. X 100 mm.) of acid-washed alumina. The column 
was washed with benzene. O>ncentratioii of the benzene 


filtrate gave a light yellow oil which gave an ultraviolet 
absorption maximum in ethanol with Em 21,600 at 3,175 A. 

Upo^i refieating the preparation above, crude methyl 
n-benzylpenicillenate was prepared having an ultraviolet 
absorption maximum in ethanol with Em 17,400 at 3,175 A. 

Condensation Reactions between n-Penicillamine and 
2-Benzyl-4-methoxymethy]ene-6(4)-oxazo]one (Merck, 
M.l^Qy 13““ 17). D-Peni(*illaniine and 2-b(?nzyl-4-mcthoxy- 
methyIene“5(4)-oxazolone in pyridine were heated at 75° 
for hours. The pyridine was removed under vacuum 
and finally at 60° at 1 mm. pressure when the product 
frothed and dried so that it could he powdered. This 
prod\ict was nearly other-insoluble, although tlui activity 
could be partially extra(‘tod into ether. This product was 
more readily fractionated with ethyl acetate which deposited 
an inactive^ residue, leaving the aetivitj*^ in the ethyl acetate. 
The potency was about 1 U/mg. z/i o/Yroaiid about 10 U/mg, 
in vivo. This crude product contained about 2.2 % methoxyl, 
}% amino-nitrogen and 9.44% total nitrogen. The ethcr- 
and ethyl acetatc-extracted fra(;tions were not crystalline. 
The analytical results were approximately the same as those 
calculated for the (jxpocled condensation product. 

The product was readily soluble in chloroform, insoluble 
in carlion tetrachloride and sparingly soluble in ether and 
ethyl a(5(’tate. The material in chloroform solution showed 
[«]i) +70.8°. After washing the chloroform with 2.5 N 
hydiocJiIoric acid, the rotation W'as [ajp +42.8°, I'his ma¬ 
terial gave a negatives sulfliydryl test with ferric; chloride 
solution and with nitropriisside, but gave; a positive test for 
sulfhydryl with iodin(‘-azide solution. The material had an 
absorption band with Km about 8,000 at 3,200 A. The 
absorption spectrum showed ihdinitely that the double bond 
was still pr(;sent. The sulfhydryl test was apparently 
masked by hydrogen bonding or chelation. However, the 
sensitive sodium azide reagemt indicated that it was still 
present. 

Attempts wore made to force the sulfhydryl to add to the 
double bond. 'I'lie prodm^t was pre(;ipitated from ethyl 
acetate wdth hydrochloric acid and redissolved in pyridine, 
when 75^, of the assay potency was destroyed. The prod¬ 
uct in acid buffer (/>H 3.5) showt^d about the same potency as 
in neutral buffer (pH 7.5). 

The sodium salt of the material was prepared and an 
att(;mpt was made to fractionate it with acetone, but the 
residues and soluble portions were of about equal potency. 

Attempted ae.ylation of the material with acetic anhydride, 
benzoyl chloride and p-nitrobcnzoyl chloride all failed to give 
crystalline derivatives. 

n-Benzylpenicillenic Acid (Merck, M.SSj 21). A solution 
of 1 g. of i>-penicillamine hydrochloride and 1.3 g. of 2-ben- 
zyl-4-iTiethoxymethylcne-5(4)-oxazolone in 100 cc. of pyri¬ 
dine was heated at 75° for one hour. The pyridine was 
removed under reduced pressure and the product was dis¬ 
solved ill chloroform and washed with ice-cold dilute hydro¬ 
chloric acid, finally wdth water and dried. On removal of 
the chloroform uruler reduced jircssure, a yellowish fluffy 
solid was obtain(‘d. The in vitro assay showed about 
1.5 U/ing. This product was dissolved in boiling benzene 
(200 250 cc.) and allowed to stand for sixteen hours. A 
granular prendpitate se»parat(;(l that melted over a wide 
range, 110 “170°, and was mostly insoluble in benzene, 
chloroform, and ethylene dibromide. The activity had 
dropped to about 0.28 IJ/mg. Its lack of solubility in the 
solvents named above precluded a molecular weight deter¬ 
mination. The neutral equivalent was about 247. Ultra¬ 
violet absorption spectra showed a siiigh; band with Em 
5,000 at 3,225 A. The Em value was based on 334 for 
the molecular weight. There was also end absorption at the 
lower wave lengths. The solubility would indicate that the 
product was not homogeneous. The analyses agreed with 
the theoretical values calculated for a product formed by the 
condensation of 1 mole of penicillamine with 1 mole of 
2-benzyl-4-methoxymethylene-5(4 )-oxazolone with the loss 
of 1 mole of methyl alcohol. 
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Calc, for CUHUN 2 O 4 S: C, 57,47; IT, 5.42; N, 8.38; S, 9.59 
Found: C, 57.71; H, 5.39; N, 7.99; S, 9.55 

The henssene-soliible fraction was low in sulfur and had 
about 0.25 U/mg. activity. 

Condensation of d-P enicillamine and 2-Benzyl-4-hy- 
drozymethylene-6(4)-oxazolone (Merck, 2). A mix¬ 
ture of 7.25 g. of D-penicillaiuinc and 10.0 g. of 2-benzyl-4- 
hydroxymothylone-5(4)-oxiizolono was di.ssolvod in 60 cc. of 
anhydrous dioxanc containing 3 g. of hydrogen fluoride; 
solution was complete in about thirty minutes. After stand¬ 
ing for eighteen hours the srjlution was poured into 2,300 cc. 
of phosphate buffer (pH 7), The buffer solution was acidi¬ 
fied to pH 2 and extracted once with 1,000 cc. of chloroform 
and twice with 500-cc. portions of chloroform. At this 
stage 6.0 g. of chloroform-insoluble amorphous material was 
removed l)y filtration. The chloroform solution was ex¬ 
tracted with water to which w^as added sufficient 0.5% alkali 
solution to give pH 7. Froeze-drying of the aqueous 
extract gave 3,7 g. of light yellow, sulfur-containing, bio¬ 
logically inactive sodium salt, +78® (c « 1.0 in 

ethanol). 

The chloroform insoluble fraction was triturated wdth 
ether, then dissolved in dilute ammonia water and precipi¬ 
tated with acid. The resulting optically active amorphous 
acid, [a]D*‘ +65® (c 1.0 in ethanol), contained sulfur, 
decomposed indefinitely at about 175°, and reacted with 
mercuric chloride as evidenced by the drop in rotation to 
zero after forty-four hours. The acid had a neutral equiva¬ 
lent of 286. 

Found; C, 50.5; H, 6.27 

Exposure of sodium benzylpenicillin to the above reac¬ 
tion and isolation conditions resulted in a complete loss of 
activity. 

Condensation of 2-Benzyl-4-methoxymethylene-6(4)- 
oxazolone with OL-Alanine (Merck, 18). A solution 

of 11.00 g. of 2-l)enzyl-4-niethoxymethylene-5(4)-oxazolone 
(0.051 mole) in 250 cc. of 95 ethanol was added to a solu¬ 
tion of 5.00 g. of DL-alanine (0.056 mole) and 2.25 g. sodium 
hydroxide (0.056 mole) in 100 cc. of water. After standing 
at room temperature for forty-five minutes most of the 
ethanol was removed under reduced pressure. The re¬ 
maining aqueous solution was acidified. A yellow oil 
precipitated and became crystalline on standing and stirring. 

The product was rocrystallized from methanol-water 
(without heating); yield, 9.8 g., m.p. 147-148° (dec.). 
The compound exhibited a strong absorption band at 
3,200 A. This is in agreement with the structure postulated 
for direct condensation of the alanine amino group with the 
methoxymethylene group of the oxazolone. 

Reaction of S-Benzyi-n- and OL-Benzylpenidllenic Add 
with Benzylamine (Merck, MJSc, 18). A mixture of 1.2 g. 
of S-benzyl-D-penicillamine and 1.1 g. of 2-benzyl-4-meth- 
oxymethyIene-5(4)-oxazoIone suspended in 20 cc. of pyridine 
was shaken for three hours when solution was complete, and 
was then allowed to stand overnight. One-half of this solu¬ 
tion was evaporated to a syrup under reduced pressure, 
dissolved in 15 cc. of ether and mixed with 2 cc. of benzyl- 
amine. Crystallization began in about three minutes. The 
crystalline material was recrystallized from 20 co. of 90% 
ethanol to give a product which melted at 147°. 

Calc, for C,oH„N, 04 S: C, 67.77; H, 6.26; N, 7.90 
Found: C, 67.64; H, 6.02; N, 7.90 

The Decompound, prepared in the same way, melted 
at 143°. 

S-Benzyl-D*benzylpenicillenio acid was heated with benz¬ 
ylamine on a steam bath. There was obtained from the 
reaction mixture an acidic compound melting at 211 °. This 
appeared to be S-benzyl-D-penicillamine. 

Calc, for CuHitNOsS: C, 60.23; H, 7.16; N, 5.85 
Found: C, 60.36; H, 6,84; N, 6.25 


Condensation of S-Benzyl-D-penicillamine Methyl Sater 
with 2-Benzyl-4-methoxymethylene«5(4)-oxazolone (Merck, 
16). A mixture of 835 mg. of S-benzyl-D-penioill- 
amine methyl ester {M.23^ 15; see Chapter XVI) and 715 
mg. of 2-benzyl-4-methc)xyniethylene-5(4)-oxazolone in 20 cc. 
of toluene was evaporated to dryness in vacuo at room 
temperature. The chloroform solution of the residue was 
washed with three 50-cc. volumes of phosphate buffer then 
evaporated to dryness. Three crystallizations from ether at 
0 ® gave, with great loss, 160 mg. of a product melting at 
54-55®. The compound showed the expected ultraviolet 
absorption at 3,200 A, Em 28,000. On standing at room 
temperature for several days, the white crystals changed to a 
brown gum which possessed a faint, ester-like odor. 

Calc, for C 24 HMNa 04 S: C, 65.73; H, 5.98; N, 6.39 
Found: C, 65.93; H, 5.98; N, 6.72 

III methanol solution, this substance showed ultraviolet 
absorption maxima at 2,400 A and 3,225 A with Em values 
7,500 and 28,000, respectively. Direct potentiometric titra¬ 
tion gave a neutral equivalent of 426 (calc. 424) (M.12c^ 4). 

Mercuric Chloride Degradation of Sodium Benzylpeni¬ 
cillin (Abbott, A.6^ 1-2). At 0° sodium benzylpenicillin in 
aqueous solution gave no reaction with merciirio chloride in 
thirty minutes. On warming to room temperature, a 
turbidity soon appeared. After several hours at room tem¬ 
perature, a solid separated which was removed by centrif¬ 
ugation. The precipitate was washed several times with 
water and dried. The weight of dry light-yellow powder 
was 132 mg. (from 89 mg. of sodium benzylpenicillin). 

The finely divided dry powder was extracted repeatedly 
with absolute ether. The weight of undissolved material 
was 109.6 mg. 

Found: S (Carius), 5.27; N (Kjeldahl), 4.52 

The atomic ratio of N to S in this mercury precipitate 
was 1.06 to 1 . Thus, it was not the mercury complex of 
penicillamine. It was hoped that decomposition of this 
mercury complex with hydrogen sulfide in a buffer of pH 6-7 
would yield a compound in which the penicillaniino was 
linked to the benzylpenaldic portion of the molecule only 
through the nitrogen of penicillamine. 

The eth(?r-soJuble portion yielded 16.8 mg. of a light yellow 
solid which appeared to be similar to the main portion of 
the mercury precipitate. Also, 4.2 mg. of a yellow gummy 
substance was obtained from the ether-soluble portion. 

Mercuric Chloride Degradation of Benzylpenicillin Methyl 
Ester (Abbott, A.6, 3-5). A solution of 5 mg. of crystalline 
benzylpenicillin methyl ester in 10 cc. of commercial absolute 
ether was cooled in ice and treated with an ice cold solution 
of mercuric chloride in ether ( 1.8 moles of mercuric chloride 
per mole of methyl ester). No change was observed for 
five minutes. After ten minutes a slight turbidity was 
noticed. The vessel was removed from the ice bath to 
hasten the reaction. At room temperature the turbidity 
developed more rapidly with the production of a colloidal 
precipitate. On standing for about an hour, this precipitate 
aggregated. After standing overnight in the refrigerator, 
it was collected and washed several times with absolute 
ether. The weight of the dry solid was 199.5 mg. 

Found; N (Kjeldahl), 3.82; 8 (Carius), 4.40 

The atomic ratio of N to S was 1.98 
To a suspension of 179 mg. of this mercury precipitate 
in 2 cc. of 1.7 M potassium phosphate buffer, pH 7, ether 
(4-5 cc.) was added and the mixture was oool^ in an ioe 
bath and treated with hydrogen sulfide. From the ether 
extracts were obtained 57 mg. of a light yi^low gummy sub¬ 
stance, and from the buffer solution 18 mg. of an acid. This 
acid would not crystallize and would not give a cr^^attine 
benzylamine salt. The remainder was finally lyophilized in 
benzene to ^ve 12 mg. of white, somewhat hygrosooph) 
powder melting at 5fi-fi5°. 
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Found: N (Kjeldahl), 7.29; S (Carius), 9.16 

The atomic ratio of N to S was 1.82. 

The 57 mg. of neutral gummy material was dissolved in 
ether and a slight excess of benzylamine in ether was added. 
This soon yielded 36.4 mg. of a precipitate which appeared to 
be mostly crystalline. It softened at 108® and melted at 
115-125®. It was dissolved in methanol and treated with 
15-20 mg. of benzylamine in ether. The solution was kept 
at room temperature for twenty-four hours, then clarified by 
filtration. After two recrystallizations, 16.8 mg. of material 
was obtained which softened very slightly at 135® and melted 
at 154-157®. 

Found: N, 8.67; S, 6.87 

The atomic ratio of N to S was 2.88 to 1. 

From the mother liquors of this substance one other crys¬ 
talline product was obtained which appeared to be different. 

This experiment was repeated with a larger quantity of 
crystalline benzylperiicillin methyl ester. The mercuric 
chloride precipitate contained 3.74% of nitrogen. This was 
about the same as the value (3.82'/"?,) found for the first sam¬ 
ple prepared. A slightly higher yield of tlie neutral gummy 
substance was obtained in the present experiment. 

The mercury prtHjipitate from benzylpenicillin methyl 
ester dissolved in absolute methanol at 0®, and immediately 
observed, displayed a low positive rotation, lain*® 4-20.8®. 
After standing at room temperature for eighteen hours, a 
small amount of precipitate appeared, the solution became 
light brown in color, and the rotation dropped to [a]D** 
— 14.4®. After forty-eight hours the color deepened to such 
an extent that it was impossible to observe the rotation. 

The mercury precipitate from benzylpenicillin methyl 
ester dissolved in absolute methyl alcohol and immediately 
treated with benzylamine gave an almost instantaneous 
black precipitate of mercuric sulfide. Another (Tystalline 
product was also obtained from this reaction. D-Penicill- 
amine methyl ester treated with mercuric, chloride and then 
with benzylamine did not lose sulfur as mercuric sulfide. 

A benzylamine reaction product was prepared from the 
neutral substance obtained after removal of mercury. 

Calc, for N, 9.23; S, 7.03 

Found: N, 8.67; S, 6.87 

An acid was also obtained from tin? mercuric chloride 
reaction. 

Calc, for C17H22N2O6S: N, 7.64; 8, 8.74 

Found: N, 7.29; S, 9.16 

Mercuric Chloride Degradation of Benzylpenicillin Methyl 
Ester (Abbott, A.5, 2). Two samples of the mercury pre¬ 
cipitate obtained on treating benzylpenicillin methyl ester 
with mercuric chloride in ether were analyzed. 

Found: (i) N, 3.82; S, 4.40; (ii) N, 3.74; S, 4.43 

In purified dioxane, the mercury precipitate gave a band 
at 3,150 A with Em 13,000 (assumed molecular weight of 
600). After twenty-four and seventy-two hours at room 
temperature the Em values were, respectively, 10,600 and 
7,200. 

In 95% ethyl alcohol, the Em was 10,000 at 3,150-3,200 A. 
After twenty-four and forty-eight hours at room temperature, 
the Em values were, respectively, 6,900 and 5,100. After 
twenty-four hours at 40®, the Em was 4,000. When this 
sample was then allowed to stand a further seventy-two 
hours at room temperature, the Em was 1,900. 

When 66.4 mg. of the mercury precipitate was dissolved 
in 0,2 cc. of dioxane, a crystalline mass immediately ap¬ 
peared. From this, 13 mg. of a crystalline product which 
j^ppeared to be mercuric chloride was isolated. 

,The mother liquor from the mercuric chloride precipitate 
was freese-dried. This material had a band in the ultra¬ 
violet at 3,200 A with Em 6,500. 


The mercury precipitate was converted to a neutral 
product and an acid by treatment with hydrogen sulfide as 
described above (p. 198; A.6\ 3-5). The freshly prepared 
neutral product showed P^m 11,700 at 3,150 A in dioxane 
solution. Attempts at crystallization were futile. Purifica¬ 
tion by chromatographic procedures resulted in considerable 
loss of the 3,150 A absorption. During attempts at crys¬ 
tallization the absorption at 3,150 A slowly diminished. 
Even on standing in the desiccator over a period of a few 
weeks, the P'm of the oil fc‘ll to 8,200. 

Mercuric Chloride Degradation of Sodium Benzylpeni¬ 
cillin (Abbott, A.Ijg?, 1-2). A 93.4 mg. sample of sodium 
benzylpenicillin was treated with mercuric chloride accord¬ 
ing to the method described above (p. 198; A.5, 1-2). The 
weight of water- and ether-insoluble material was 128 mg. 
This material showed Em 15,400 at 3,200 A when dissolved 
in dioxane. This value may be slightly low because not 
quite all of the solid dissolved. The low solubility of this 
material in all solvents has precluded electrometric titra¬ 
tion and polarograph studies. 

Found: N (Kjeldahl), 4.75; S (Carius), 5.94 

The atomic ratio of N to S is 1.86. 

A suspension of 89.6 mg. of this product in pota.ssium 
phosphate buffer was decomposed with hydrogen sulfide. 
The filtrate from the mercuric sulfide was a.ssayed. A total 
of 1,760 units of benzylpenicillin was present. 

Acidification of this solution at 0® gave 14.9 mg. of ether- 
extractable material and 16.8 mg. of material insoluble in 
ether but soluble in ethyl acetate. Both of these fractions 
were oils. 

In another experiment 100 mg. (0.287 milliequivalents) 
of sodium licnzylpenicillin was treated with one molar 
equivalent of mercuric chloride. The reaction was run in 
the cup of a pH meter and standard sodium hydroxide solu¬ 
tion was added to keep the pH between 5.0 and 5.6. The 
production of acid (undoubtedly hydrochloric acid) was very 
slow. In 34 minutes 0.045 milliecjuivalents of alkali were 
added. After 115 minutes, only 0.080 milliequivalents of 
acid had boon lihcratcMl and so one additional molar equiva¬ 
lent of mercuric chloride was added. 

After twenty-six hours, 0.290 milliequivalents of acid 
had l)een formed. The tan-colored precipitate was re¬ 
moved, washed with water, dried, washed with ether and 
finally dried; weight 120 mg. 

Found: N (Kjeldahl), 2.40; S (Carius), 4.80 

The atomic ratio of nitrogen to sulfur was 1.14 and the 
minimum molecular weight of the complex was 667. This 
material gave an 10 m of 2,760 at 3,150 A. Not quite all the 
substance dissolved in dioxane, however. 

After standing two more days an additional quantity 
of mercury precipitate separated from the reaction mixture 
and 0.0772 milliequivalents of alkali were required to raise 
the pH of the reaction mixture to 5.6. This precipitate was 
washed repeatedly with water, dried and then washed with 
ether. The weight of the dry product was 38.6 mg. 

Found: N (Kjeldahl), 2.78, 2.89; S (Carius), 5.70 

The ratio of N to S was 1.14. The. minimum molecular 
weight calculated from the sulfur analysis was 562. The 
Em was 7,300 at 3,150 A in dioxane. Not all the solid 
dissolved. 

Mercuric Chloride Degradation of Benzylpenicillin Methyl 
Ester (Abbott, A. 12^ 2-3), To a solution of 102 mg. of 
benzylpenicillin methyl ester in 10.5 cc. of ether 1 cc. of 
pinene was added and then 3.50 cc. of an ether solution con¬ 
taining 88 mg. of mercuric chloride (1.1 mole of mercuric 
chloride per mole of benzylpenicillin methyl ester). A faint 
opalescence appeared immediately after adding mercuric 
chloride, but this did not increase on standing. No precipi¬ 
tate appeared, in contrast to previous experiments without 
pinene. 
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At intervals, 0,2-cc. samples of the ether solution were 
removed, the eth(;r evaporat<;d and the residiui dissolved 
in 3 cc. of 50% acetone. Six drops of 0.1 Af potassium 
phosphate buffer solution were added and the mercury re^ 
moved with hydrogen sulfide. The solution was assayed. 
No significant loss of activity o(^curred in twenty-eight 
hours. It appeared that the benzylperiicilliri methyl ester 
was resistant to the action of nujrcuric chloride when the 
hydrochloric acid generated by the reaction was removed by 
pinenc. 

It seemed possible that the mercury precipitate obtained 
in previous experiments could hfive been a mixture of the 
mercury degradation product and the hydrochloride of the 
2-benzyl-4-hydroxyinethylcne-5(4)-oxazolone. 

Reaction of Benzylpenicillin Methyl Ester with Mercuric 
Chloride (Abbott, To 500 rug. of benzylpenicillin 

methyl ester in 50 cc. of absolute ether was added 1,536 mg. 
(4 moles) of mercuric chloride in ether. After thirty minutes 
precipitation appeared to be complete and the product was 
collot^ted, washed with ether and dried in vacuo. 

Calc, for CnIIn>N204SHgCl HgCh: 

N, 3.28; S, 3.75; Cl, 12.46 
Found: N, 3.24; S, 3.89; Cl, 13.83 

Attempted fractionation of this substant^e yielded no 
crystalline product. Prc^paralion of the neutral product 
from this material gave a yield of 4(b;f, based on Ihe amount 
of benzylpenicillin methyl ester used. 

Azlactonization of /iJ-Methyl D.7-BenzylpeniciIIoate with 
Phosphorus Tribromide in Pyridine (Merck, Af .37^ 18). To 
1.8 g. of ^-methyl n-y-benzylpenicilloate (3.22 millimoles) 
in 15 cc. of anhydrous pyridine, cooled in an ice-salt bath, 
0.48 g. of phosphorus tribromide (1.8 millimoles) was added. 
An orange color was produced, and a white precipitate 
(pyridine hydrobromide) deposited. After stan<lirig for ten 
minutes in the cooling bath and one hour at room tempera¬ 
ture, the mixture was filtered. The pyridine solution was 
evaporated and the residue diasolved in chloroform. After 
washing with dilute hydrochloric acid and then with aqueous 
sodium bicarbonate, the chloroform solution was dried and 
evaporated. The residue was treated with ethe^r. A few 
milligrams of a semi-solid material remained undissolved. 
Benzylamine was added to a portion of the ether solution. 
After standing for about thirty-six hours at room tem¬ 
perature, ball shaped crystal masses had deposited, m.p. 
114-116®. On the micro-stage the substance was observed 
to melt at 112-’116®. Crystals reformed at 130® and finally 
melted at 154-158®. On recryatallization from methanol- 
ether the melting point became 115-'! 17® (capillary); after a 
second recrystallization, m.p. 154-160®; third recrystalliza¬ 
tion, m.p. 154-160® with previous softening. 

Calc, for CnHwNiOiS: C, 63.27; H, 6.42; N, 9.22 
Pound: C, 63.17; H, 6.33; N, 9.30 

The crude benzylamine reaction product appears to be 
a mixture. 

The remainder of the ether solution of the crude azlactoni- 
sation product was evaporated to dryness. A dark brown 
resin w^as obtained, which was inactive on in vitro penicillin 
assay and which exhibited an absorption spectrum with a 
peak at 3,200 A, Em 5,700. 

Azlactonization of i5i-Methyl i>-Benzylpenicilloate (Merck, 
M.37^ 20), A solution of 1.5 g. of the acid ester in 100 cc. of 
chloroform was cooled to 0® and 1 g. of pyridine was added. 
To this solution was added 0.57 g. of benzoyl chloride in 
10 cc. of chloroform and the reaction was allowed to proceed 
for fifteen minutes at 0® with stirring. Washing with a 
phosphate buffer of pH 7.0 and with water, followed by 
concentration of the chloroform solution, yielded 1.1 g, of 
gum. Small portions were taken for determination of the 
ultraviolet absorption and for bioassay. The remainder of 
the gum was rodissolved in chloroform and waslied with 5% 
sodium bicarbonate solution at 5®, then with water. On 


concentrating, a yield of 590 rag. of residue was obtained. 
Portions of this gum were also submitted for bioassay and 
determination of the ultraviolet absorption. Both residues 
were inactive in vitro. The ultraviolet absorption spectra 
of the residues were very similar. Maxima at 3,200 A (Km 
15,000) and 2,300 A (Em 8,000) were found and after the 
bicarbonate treatment the maxima were 3,200 A (Em 
18,000) and 2,350 A (Em 8,000). 

A portion of the gum yielded an a~(j8-phenylethylamide) 
of /5-methyl D-benzylp(;nicilloate of m.p. 153® in approxi¬ 
mately 70% yield (cf. Chapter XVIII). 

Calc, for C2JI31N3O4S: 64.22; II, 6,25 
Found: C, 64.18; 11, 6.65 

Another portion of the gum yielded tlie benzylainide in 
approximately 80% yield, but the product was not easy to 
recrystallize because it tended to separate in a gelatinous 
form. The material was filtered and dried satisfactorily to 
a granular product of m.p. 116-118®. 

Calc, for C24ll2ttN304S; C, 03.27; II, 6.41; N, 9.22 
Found: C, 63.13; H, 6.31; N, 9.39 

Methyl n-Benzylpenicillenate from /3-Methyl i>-Benzyl- 
penicilloate (Upjohn, U.16, 23-24; cf. Merck, M.37, 20). 
/3-Methyl u-benzylpenicilloate (1.5 g.; 4.1 millimoles, pre¬ 
pared from ot-ethyl /3-methyl 0-7-benzylpenieilloatc) was 
dissolved in 100 cc. of chloroform and cooUmI to 0®. Pyridine 
(1 cc.) and a cold solution of 0.57 g. (4.1 millimoles) of 
benzoyl chloride in 10 cc. of chloroform were added. After 
stirring for fifteen minutes, the <4ear, colorless solution was 
extracted wdth 50 cc. of saturated sodium bicarbonate 
solution, and twice with 50-cc. portions of water. Some¬ 
what troublesome emulsions formed. The chloroform layer 
was clarified by filtration through anhydrous magnesium 
sulfate and concentrated in vacuo to a pale yellow viscous 
oil. During ihe concentration, the bath was maintained at 
room temperature' or below. The oil was taken up in ether, 
filtered, and concentrated; first at the water-pump, and 
finally at 0.05 mm.; yield, 1.2 g. of pale yellow oily product. 
The ultraviolet absorption maximum for an absolute 
ethanolic solution of the crude product was shown to have 
Em 13,170 at 3,181 A. 

a-Benzylamide of/3-Methyl D-Benzylpenicilloate (Upjohn, 
U.16, 24). Benzylamirm (0.15 g.; 1.4 millimoles) was added 
to a 9(dution of 0.5 g. (1.4 millimoles) of synthetic methyl 
benzylpenicillenate in 25 cc. of commercial anhydrous ether. 
The solution became cloudy immediately, and within a few 
minutes an oily precipitate settled out. The ether was 
removed in a stream of nitrogen and the residue taken up in 
3 cc. of warm ethanol. Approximately 25 cc. of ether was 
added and the solution filtered. Petroleum ether was added 
to the filtrate until faint turbidity was observed. After 
several hours in the refrigerator, the product separated as an 
oil. Crystallization was induced by rubbing with a glass 
rod and cooling further. The crude crystalline product, 
m.p. 111-113®, was analyzed. 

Calc, for Ca4Ha*N.04S: C, 63.27; H, 6.42; N, 9.22 
Found: C, 62.22; H, 6.22; N, 9.34 

Recrystallization of the crude material from a methanol- 
ether-petroleum ether‘mixture gave a crystalline product 
melting at 115-116®. 

Methyl D-n-Amylpenicillenate (Merck, M.J(.7y 2-3). To 
a cold solution of 0.88 g. of /8-methyl D-n-amylperiicilloate 
(2.5 millimoles) in 26 cc. of chloroform, 1 cc. of pyridine and 
0.39 g. (0.32 cc.) of benzoyl chloride (2.8 millimoles) were 
added. After standing in the ice bath for fifteen minutes, 
the chloroform solution was washed with aqueous sodium 
bicarbonate and then with water, dried, and evaj^rated 
under reduced pressure. The residue was a reddish oil, 
weighing 0.69 g. It was biologically inactive in vitro. On 
standing it crystallized. About 0.3 g. of crystalline material. 
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m.p. 106-'106® was obtained by treatment with ether. The 
product was recrystallized from acetone-ether, m.p, 105-106®. 

Calc, for CUH24N2O4S: C, 54.86; H, 7.37; N, 8.53 
Found: C, 54.74; H, 7.23; N, 8.61 

The ultraviolet absorption spectrum exhibited a peak at 
8,175 A, Em 28,000. 

a-Benzylamide of /ii-Methyl D-n-Amylpenicilloate from 
|3*Methyl n-n^Amylpenicillenate (Merck, M.^7,12). Equiva¬ 
lent quantities of benzylamino and nuithyl n-n-amylpenicil- 
lenate were dissolved in benzene and the solution was 
allowed to stand overnight. Evaporation of the benzene 
and treatment of the residue with ether gave crystals, m.p. 
133-137®. The material was recrystallized from acetone- 
ether. The analytical sample melted at 142-143®. 

Calc, for C22n58N304S: N, 9.65 
Found: N, 9,90 

Methyl D-n>AmylpenlcIllenate (Merck, M.^O, II). The 
preparation of crystalline methyl i>-n-amylpenicillenat(i was 
also effected in the following manner. A solution of 6.42 g. 
of 2-amyl-4-methoxyirH^thylcne-5(-1)-oxazolono in 100 cc. of 
benzene was mixed with 4.92 g. of i)-penicillamine methyl 
ester. Evaporation of the solvent left a light yellow oil. 
The oil was dissolvc*d in ether and seeded with the crystal¬ 
line material obtained previously. First crop: 3.72 g., 
m.p. 103-105®; second crop: 0.97 g., m.p. 96-102®. On 
recrystallization from acetone-other, the substance melted 
at 105-106®, [«]i> -f71.1® ic - 2.18 in methanol). In 
tetrachloroethane solution th(^ substance showed infrared 
absorption bands at 2.92, 5.76, 6.07 and 6.23 g. 

Reaction of Methyl n-Benzylpenicillenate with Benzyl- 
amine (Merck, M,S7^ 23). A solution of 115 mg. of methyl 
D-benzylpenioillenate in 2.5 cc. of ether was treated with 
0.7 cc. of benzylamino. After standing overnight at room 
temperature, 55 mg. of a crystalline benzylamidc melting 
at lie® had been deposited. The product was recry stallized 
from ether containing a trace of methanol without change in 
melting point. The compound did not depress the melting 
point of the benzylamidc, m.p. 116-118®, secured from the 
benzoyl chloride azlactonization of jS-methyl D-benzylpenicil- 
loate (p. 2(X); A/.57, 20). The substance showed [«]d*^ 
+28,8® (c 1.0 in benzene) (see following section, however). 

Identification of the Benzylamides from **Natural” and 
Synthetic Methyl Benzylpenicillenate (Merck, 10-11). 
To a solution of 31 mg. of “natural” methyl benzylpenicillen¬ 
ate in 1 cc. of ether was added 0.02 cc, of bcnzylamine. On 
standing overnight at room temperature, 17 mg. of crystals 
melting at 107-114® (micro-block) was obtained. Re¬ 
crystallization from methanol-ether gave 11 mg. of product, 
m.p. 116.5-118.5®, [«]!>** +7.4® (c « 0.539 in benzene-other). 

Calc, for C24H29N8O4S: C, 63.27; H, 6.42; N, 9.22 
Found: C, 63.04; H, 6.15; N, 9.18 

The melting point of a mixture of the above benzyl- 
amide and the bcnzylaniide of m.p. 116® obtained from 
synthetic methyl benzylpenicillenate (p. 200; M .S7^ 23) was 
not depressed. A re-determination of the specific rotation of 
the benzylamidc from the synthetic material gave a value of 
(a]©** +8.3® (c « 0.542 in benzene) rather than the some¬ 
what higher figure ([a]D*® +28.8®) previously reported. 

Reaction of Benzylaxnine with Penicillenates (Merck, 
M,6iy 10). To 5 oc. of a solution containing 6.67 mg. of 
benzylamine was added 6.29 mg. of methyl D-w-amylpenicil- 
ienate. The system was allowed to stand at 23® and ex¬ 
amined in the ultraviolet from time to time. The maximum 
at 3,175 A fell from Em 24,200 to Em 2,400 after five hours. 
Under precisely the same conditions the 3,200 A bands of 
S-benzyl-D-benzylpenicillenic acid and desthio-n-benzyl- 
penicillenic acid fail to show any change in seventeen hours. 
The influence of the free sulfhydryl group on the reactivity of 
these compounds is clearly manifested in these experiments. 


Degradation of Benzylpenicillin Methyl Ester to the 
Crystalline Sodium Salt of 2-Benzyl-4-hydrozymethylene- 
6(4)-oxazolone (Merck, 11-12). A solution of 500 

mg. of benzylpenicillin methyl ester in about 20 cc. of ether 
was treated with 700 mg. of mercuric chloride* dissolved in an 
equal volume of ether (Abbott, A.6\ 3). When the precipi¬ 
tate had coagulated, the ether was decanted and the residue 
was washed with ether. The residue was then suspended in 
ether and 8 cc. of 1.7 molar pH 7 phosphate buffer adHed. 
The mixture was chilled and treated with hydrogen sullide. 
The ether was withdrawn and the acjueoiis layer was ex¬ 
tracted repeatedly with ether. The either extra(‘t was dried 
over magnesium sulfate, then ctontHmtrated to dryness. 
The methyl benzylpenicillenate thus obtained weighed 209 
mg. It showed an absorption in ethanol solution in the 
ultraviolet of Km 0,300 at about 3,175 A. 

The methyl benzylpenicillenate was dissolved in 1 cc. 
of 2.5 .V sodium hyclroxide by stirring for about thirty 
minutes. The alkaJine solution wdien chilled in icc gave a 
crystalline precipitate. This i)reeipitatc^ was centrifuged 
and washed with a little ni(jthanol. The losses were large 
because of the great solubility of the sodium salt. The dry 
product weighed 17 mg. The ultraviolet absorption of this 
salt was that expoc.ted for the sodium salt of 2-ljenzyl-4- 
hydroxymethyIene-5(4)-oxazolone. 

Recrystallization of this salt from a mixture of methanol 
and ethyl acetate gave a pure product crystallizing as 
hexagonal plates; m.p. 238-239® (dec.) (micro-block). A 
mixture of this crystalline salt and a synthetic sample of the 
sodium .salt of 2-b(‘nzyl-4-hydroxymethylene-5(4)-oxazolonc 
(m.p. 238-240®) (dec.) (micro-block) was found to melt with¬ 
out depression. The eiiol test with ferric chloride was 
positive. 

Calc, for CnllgNOsNa: C, 58.07; H, 3.58; N, 6.22 
Found: i \ 58.24; H, 3.97; N, 6.50 

Successive Degradation of Benzylpenicillin Methyl Ester 
to Methyl Benzylpenicillenate, Methyl Desthiobenzylpeni- 
cillenate, and to the Sodium Salt of 2-Benzyl-4-hydroxy- 
methylene-6 (4)-oxazolone (Merck, MJtO, 12-14). To a 
solution of 450 mg. of benzylpenicillin methyl ester in about 
20 cc. of ether there was added a solution of 700 mg. of 
mercuric cliloride in an equal volume of ether. After an 
hour the precipitated mercuric chloride complex had coagu¬ 
lated. The ether was decanted and the precipitate was 
dissolved in 30 cc. of dioxanc. About 6 to 8 g. of Raney 
nickel catalyst was added and the mixture was stirred for 
thirty minutes. The mixture was centrifuged and the 
dioxane decanted through a filter. The residue was 
wa.shed with 50 cc. of dioxane in 5 to 10-cc. portions. The 
combined .dioxane filtrates were concentrated in vacuo and 
the crude gummy residue was dissolved in chloroform and 
washed with water to remove nickel salts. The chloroform 
solution was dried and concentrated in vacuo. The crude oil 
weighed 236 rng. A qualitative test for sulfur was negative. 
In the ultraviolet, the compound had an absorption maxi¬ 
mum with Em 13,000 at 3,150 A. The total crude product 
was tn^ated with 2 cc. of 2,5 N sodium hydroxide. It dis¬ 
solved after frequent stirring during thirty minutes. The 
alkaline solution when cooled in ice deposited tan crystals. 
The supernatant liquid was removed and the solid was 
washed with a small amount of methanol-ethyl acetate 
(equal volumes) and dried. The crude product weighed 
125 mg. It possessed the characteristic ultraviolet absorp¬ 
tion observed for the solution salt of 2-benzyl-4-hydroxy- 
methylone-6{4)-oxazolone, with Em 4,300 at 2,475 A, and 
Em 16,000 at 3,000 A. The crude product was purified 
by recrystallization from a mixture of methanol and ethyl 
acetate. It crystallized in hexagonal plates; m.p, 239-241® 
(dec.) (micro-block). The melting point of a mixture of the 
isolated product with Ihe synthetic sodium salt of 2-benzyl- 
4-hydroxymethylenc-5(4)-oxazolone (m.p. 238-240®) (dec.) 
(micro-block) was without depression.® The stibstam^e gave 
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a characteristic enol test with ferric chloride which was the 
same as that observed with the synthetic sodium salt. 

Calc, for C,iII»NO,Na: 

C, 58.67; II, 3.58; N, 6.22 
Found: C, 58.98, 58.72; H, 3.89, 3.75; N, 6.58 

Sodium Salt of 2-Benzyl-4-hy drozymethylene-6(4)- 
oxazolone (Merck, 24-25). In the identification of 

the sodium salt of 2-benzyl-4-hydroxymethylene-5(4)-oxaz- 
olone isolated by two separate routes from the methyl ester 
of benzylponicillin, (•oTi8id<!ration was also given to the possi¬ 
bility that this product was instead the sodium salt of 
2-beiizyl-4-carhoxyoxazole (M.47, 8). This possibility has 
been eliminated since the 2-bonzy 1-4-carboxyoxazole fails 
to give an enol test with ferric chloride as t he isolated product 
does, and also because of its very different ultraviolet absorp¬ 
tion. It has only an end absorption. 

The synthetic sodium salt was obtained from 2-benzyl- 
4-methoxymethylcne-5(4)-oxazolone and melted at 238- 
240® (micro-block). 

Calc, for CnHaNOaNa: 

C, 58.67; H, 3.58; N, 6.22 
Found: C, 58.62, 58.63; H, 3.81, 3.87; N, 6.45 

Benzylamine Salt of 2-Benzyl-4-hydrozymethylene-6(4)- 
oxazolone (Merck, A/.50, 16). A sample of about 10 mg. of 
the sodium salt of 2-bciizyl-4-hydroxy methylene-5 (4)- 
oxazolonc obtained from the methyl ester of benzylpenicillin 
{M.46^ 11) was converted to the free acid and then to the 
benzylamine salt (Mich. Chein,, 11.4, 1). The product was 
recrystallized from methanol-ether and when finely pow¬ 
dered melted at 111- 114® (dec.) (micro-block). 

In like manner a benzylamine salt was prepared from the 
sodium salt of 2-benzyl-4-hydroxymethylene-5(4)-oxazolot»c 
obtained by direct synthesis. After recrystallization from 
methanol-ether, the salt melted at 115-116® (dec.). When 
finely powdered the melting point was 111-114® (dec.). 
The melting point of a mixture of this sample and the 
sample prepared from the methyl ester of honzylp<micillin 
was 111--114® (d(ic.) (micro-block). The synthetic! sample 
was analyzed. 

Calc, for CisHiaNaOs: C, 69.66; II, 5.85; N, 9.03 
Found: 69.54; H, 5.75; N, 8.91 

Methylation of 2-Benzyl-4-hydroxymethylene-6(4)-oxaz- 
olone (Merck, MM0,l 6), 2-Benzyl-4-hydroxymethylene- 
5(4)-oxazolone, obtained from it^ sodium salt, was treated 
with an cxeess of diazometharie in ether. P^vaporation of 
the solvent left crystalline plates melting at 118-^119® (dec.) 
(micro-block). The analysis agreed with that expected for 
2-benzyl-4-methoxymethylene-5(4)-oxazolone. 

Calc, for CijHiiNOa: C, 66.35; H, 5.11; N, 6.45 
Found: C, 66.46; H, 5.17; N, 6.88, 6.79 

The melting point observed does not agree with the melt¬ 
ing point (92-93®) previously reported for this compound 
{M,l4y 2). It is possible that the present compound may be 
a geometric isomer of the one previously reported. 

A small sample of the sodium salt of 2-ben zyl-4-hydroxy- 
methyIene-6(4)-oxazolone obtained from benzylpenicillin 
methyl eater (Af.45, 11) was converted to the methylation 
product in the same manner. Its melting point was 117““ 
118® (dec.) (micro-block). A mixture of this sample 
and the synthetic sample melting at 118-119® showed no 
depression of the melting point. 

Saponification of Methyl n-Phenylpenicillenate with 
Sodium Hydroxide and Isolation of 2-Phenyl-4-hydrozy- 
methylene-5(4)-oxazolone (Merck, MJ^b, 15-16; and unre¬ 
ported details). Methyl n-phenylponicillenate (168 mg.) 
was dissolved in 1.0 cc. of 2.5 N sodium hydroxide. T?ie 
solution deposited a crystalline precipitate after a few min¬ 
utes. The mixture w&s diluted with water (causing solution 


of the precipitate) and acidified. A crystdline precipitate 
separated and was collected on a filter; yield 60 mg. When 
heated on the micro-block, the crystals became red at about 
135®, softened at 140® and melted at 145-147®. This melt- 
ing point behavior was unchanged when the material was 
mixed with authentic 2-phenyl-4-hydroxymcthylene-6(4)- 
oxazolone. An intense green color was given in aqueous 
ferric chloride solution; treatment of the dry sample with 
pyridine gave a reddish-pink color. These reactions are 
characteri.stic of the synthetic material also. 

Calc, for CjoHzNOa: C, 63.49; H, 3.73; N, 7.41 
Found: C, 63,38; H, 3.97; N, 7.70 

Sodium Salt of 2-Phenyl-4-hydroxymethylenc-6(4)- 
oxazolone from Methyl D-Phenylpenicillenate (Merck, 
M.l2^ 15-16; and unreported details). A sample of methyl 
D-phenylptaiicillenate weighing 207 rag. was dissolved in 
1.0 cc. of 2.5 iV sodium hydroxide. A crystalline precipitate 
of the sodium salt of 2-phenyI-4-hydroxymethylene-5(4)- 
oxazolone separated within a few minutes. The crystals 
w'eighed .102 mg., melted at 305'^ (micrro-block), and gave an 
intense green color in aquejous ferric chloride solution. 

Calc, for C.oIIeNOsNa: C, 56.88; H, 2.86; N, 6.63; Na, 10.89 
Found: C, 54.45; 11, 3.35; N, 6.89; Na, 11.21 

Condensation of 2-Benzyl-4-methozymethy]ene-6(4)- 
oxazolone with on-Valine (Merck, M.20, 12), Ten grams 
of i»i.r-valiiie (85.5 millinioles) was dissolved in 200 cc. 
of water containing 3.42 g. of sodium hydroxide (85.6 milli¬ 
moles). To this solution, 16.7 g. of 2-benzyl-4-mcthoxy- 
methylene-6(4)-oxazolone (78 millimoles) dissolved in 
350 cc. of ethanol was added. After standing at room 
temperature for one hour, most of the ethanol was removed 
by concentration of the solution under reduced pressure. 
The yellow aqueous solution was then acidified with hydro¬ 
chloric acid. A gummy substance precipitated which 
solidilied on standing, and which was recrystallized by 
dissolving in cold methanol and adding water to turbidity; 
yield, 20 g., ni.p. 154r-155® (dec.). 

Calc, for CUH111N2O4: 

63.57; H, 6.00; N, t).27; neut. oq., 302 
Found: C, 63.65; 11, 5.76; N, 9.22; neut. eq., 291 

The substance show^ed an absorption maximum at 3,200 A, 
Km 28,000. Attempts to hydrogenate the iminoniethylene 
double bond were unsuccessful. 

Cleavage of Methyl UL-Desthiobenzylpenicillenate with 
p-Toluenesulfonic Acid (Mercjk, Af.4^, 15). Efforts were 
made to find a derivative for methyl desthiobcnzylpenicil- 
lenate which would have suitable propc^rties for identifica¬ 
tion. When an ether solution of the ester (from reaction of 
diazomethane on the condensation product of m^valine and 
2-benzyl-4-methoxymethylene-5(4)-oxazoloue {M.29^ 12)) 
was mixed with an ether solution of p-toluenesulfonic acid 
in slight excess, a crystalline product was obtained which 
could be recrystallized from a mixture of ethanol and ether 
in long filmy needles; m.p. 162-165® (micro-block). From 
the analysis it was evident that the original molecule had 
been cleaved to give the p-toluenesulfonic acid salt of dl- 
valine methyl ester. 

Calc, for C„H,iN0^8: C, 51.47; H, 6.98; N, 4.62 
Found: C, 62.03; H, 6.94; N, 4.66 

Methyl DL-Desthiohenzylpenicillenate (Merck, M 47 , 2). 
A sample of 260 mg. of DL-desthiobenzylpenicillenic acid ob¬ 
tained by condensing Dii-valine with 2-benzyl-4-inethoxy- 
methylene-5 (4)-oxazoione {MMf 12) was suspended in ether 
and treated with an excess of ethereal diasomethane. 
After ten minutes, when the material was all in solution, 
solvent and excess diazomethane were removed in mcuo. 
The product was a syrup which failed to crystaUize. It was 
dissolved in chloroform and ^precipitated as a thick pule 
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brown syrup by pouring into potrolciim ether. The 8u!>- 
stance had Em 26,000 at 3,200 A. It was dried at 78° in 
vacuo for analysis. 

Calc, for Ci7HjoNa04: 

C, 64.54; H, 6.37; N, 8.86; OCH*, 9.81 
Found: C, 64.36; H, 6.49; N, 9.04; OCIIj,, 8.93 

Methyl n-DesthiobenzylpeniciUenate (Merck, Af.JO, 10). 
A benzene solution of 1.20 g. of D-valine methyl ester (9.06 
millimoles) and 1.98 g. of 2-benzyl-4-methoxymothylenc- 
5(4)-oxazolone (9.16 millimoles) was evaporated under 
reduced pressure leaving a pale brown oil. The material 
showed signs of becoming crystalline but attempt,s to filter 
and wash the crystals were unsuccessful since the material 
reverted to an oil on treatment with solvents. On standing 
the oil became gradually darker and appeared to be de¬ 
composing slowly. A portion of the freshly prepared oil was 
dried in vacuo for three hours at 55° and analyzed; [ajo 
■+•40.8° (c ~ 4.86 in methanol). 

Calc, for CiTnaoN204: C, 64.54; H, 6.37; N, 8.86 
Found: C, 64.53; H, 6.17; N, 9.00 

The absorption spectrum showed a peak with Em 24,000 
at 3,175 A. 

Treatment of i)L-Desthiobenzylpenlcillenic Acid with 
Raney Nickel Catalyst (Merck, Af,50, 11). One gram of 
i)L-desthiobenzylpenicillenic acid was suspended in 100 cc. of 
water and converted to the scKiium salt by aqueous sodium 
hydroxide. The reaction of the solution was adjusted to 
pH 7 and 9 g. of Raney nickel catalyst (prepared under 
water) were added. The mixture was (juickly heated to 
boiling and refluxed for ten minutes. The nickel was 
removed by filtration and the alkaline solution neutralized 
with hydrochloric acid, A small amount of a gelatinous 
precipitate (alumina) was removed hy filtration. Acidifica¬ 
tion to pH 2 and evaporation to a small volume gave a few 
milligrams of a solid, in.p. 134-141° (micro-block). On 
recrystallization from methanol-water, it melted at 210-240° 
(micro-block). Apparently, the starting product underwent 
extensive decomposition. An odor similar to that of toluene 
or of dimethylaniline was noted after the treatment with 
Raney nickel catalyst. A drop of concentrated hydrochloric 
acid produced fumes when brought near the reaction mixture. 

Attempted Hydrogenation of Synthetic DL-Desthiobenzyl- 
penidllenic Acid (Merck, M.57, 6). Synthetic pn-desthio- 
benzylpenicillenic acid (3.0 g.) (M,29y 12) was hydrogenated 
in the presence of methyl alcohol (150 cc.), hydrogen 
chloride (1.1 g.), and platinum oxide (0,2 g.) at 25° and 40 
lbs. pressure. The solvent was removed in vacuo leaving an 
oil which slowly solidified upon standing at 6° for thirty hours. 
The oily solid was purified by di.ssolving it in methyl alcohol, 
bubbling in dry hydrogen chloride and then precipitating 
the soUd with ether. It was recrystallized from methyl 
alcohol-ether, m.p. 217-218°. From the analytical data 
it appeared that the isolated product was N-(|3-aminoethyl)- 
DL-valine dihydrochloride. 

Calc, for CtHisNsOsCIj: C, 36.06; H, 7.78; N, 12.02 
Found: C, 36.14; H, 7.22; N, 12.06 

The same compound was prepared by refluxing synthetic 
methyl nL-desthiobenzylpenilloate (M .55, 4) in 20% hydro¬ 
chloric acid for three hours, cooling, extracting the phenyl- 
acetic acid with ether, and removing the solvent in vacuo. 
The residue was recrystallized from methyl alcohol-ether, 
m.p. •217-218°. The melting point of a mixture of the two 
compounds showed no depression. 

Mafhyl Dii^Deathiobenzylpenilloate from DL-Valine Methyl 
Eater and Benzylpenaldic Acid Benzyl Eater (Merck, 
Af .55, 4). A mixture of 16 cc. of methyl alcohol, 1.68 g. of 
DL-valine methyl ester, and 3.72 g. of benzylpenaldate 
benzyl ester was heated at the reflux temperature for two 
hours. The mixture was then hydrogenated at 2,000 pounds 
pressure at 66^ for one hour in the presence of 1 g. of Raney 


nickel catalyst. The nickel was removed and the methanol 
was distilled in vacuo. Tlie residue was dissolved in ether 
and dried over magnesium sulfate. Dry hydrogen chloride 
was added^ whereupon an oil precipitated from the ether 
solution. . The mixture was cooled and the oil was separated 
and washed with other. The oil was mixed with 20 cc. of 
ethyl acetate and warmed on t,he steam bath. This induced 
crystallization. After the mixture had been allowed to 
stand overnight, the slightly pink solid was removed by 
filtration; yield, 2.5 g. The product melted at 152-153° 
after recrystallization from ethyhme dichloride-potrolcum 
ether mixture. The product was the methyl ester of dl- 
dcsthiobenzylpenilloic acid hydrochloride; it was apparent 
from the analytical data that the carbobcnzyloxy group had 
been removed. 

Calc, for CmIDsN^OxCI: C, 58.44; H, 7.66; N, 8.52 
Found: C, 58.14; H, 7.73; N, 8.85 

This est(^r was hydrolyzed in 1 N sodium hydroxide solu¬ 
tion at 70° for one hour. An immediate precipitate 
appeared on acidifying the solution.'* 4fter two recrystalliza¬ 
tions from 50% ethanol-water, th(i product, i)L-(J(^st.hio- 
beixzylpenilloic acid, melted at 246-247°. 

(^alc. for Ct,n,,K/h: C, 64.72; H, 7.97; N, 10.06 
Found: C, 64.83; H, 7.90; N, 10.24 

Comparison of the Ultraviolet Absorption of “Natural” 
and Synthetic Methyl Benzylpenicillenate (MiTck, M46, 
10). “Natural” methyl benzylpenicillenate was prejiared 
(Abbott, A.6‘, 3) by reaction of bcmzylpenicillin methyl ester 
with mercuric chlori<le in ether, followed by tniatment of 
the precipitate with hydrogen sulfide in the presence of a 
pH 7 phosphate buffer. The freshly-prepared product, 
in n-propyl ether, showed an absorption maximum at 
3,150 A, Em 13,700, based on an assumed molecular weight 
of 350. A minimum of intensity of Em 1,330 appeared at 
2,625 A. 

Synthetic methyl n-benzylpenicillenate, obtained by 
condensing D-penicillaminc methyl ester hydrochloride with 
2-benzyl-4-methoxymethylene-5(4)-oxazolone in toluene so¬ 
lution at room temperature (Af .57,23) gave in 7i-propyl ether 
solution an absorption maximum at 3,150 A, Em 14,250; and 
a minimum Em 1,950 at 2,600 A. 

Reaction of Methyl d- and L-Benzylpenicillenates with 
Anhydrous Hydrogen Bromide (Upjohn, U.16\ 24-25). A 
sample of 0.34 g. of crude, oily methyl n-benzylpenicillenate, 
prepared by condensing 2-benzyl-4-ethoxymethylene-5 (4). 
oxazolone with Lr-penicillamino methyl ester, was dissolved 
in 40 cc. of commercial anhydrous ether and an excess of dry 
hydrogen bromide passed in. A flocculent cream-colored 
precipitate formed immediately. The product was col¬ 
lected on a sintered glass funnel and washed thoroughly with 
dry ether. Removal of the adhering ether in vacuo yielded 
175 mg. of cream-colored amorphous solid, m.p. 110-115° 
(doc,). The substance exhibited an absorption maximum 
with Em 3,355 at 3,150 A. The methyl L-benzylpenicil- 
lenate used in this experiment was two weeks old. 

A solution of 0.50 g. of methyl n-benzylpenicillenate 
(prepared by the azlactonization of 5-methyl n-benzylpeni- 
cilloate) in 25 cc. of commercial anhydrous ether was cooled 
in a slush of ice and water. One equivalent of dry hydrogen 
bromide was passed into the cold solution whereupon a 
small amount of white solid separated. Addition of an ex¬ 
cess of the hydrogen bromide induced further precipitation. 
The material was washed thoroughly with anhydrous ether, 
care being taken to avoid exposure of the material to the air 
of the laboratory. After drying in vacuoy the cream-colored 
product weighed 86.2 mg.; m.p. 65-70° (dec.) with previous 
softening. In ethyl acetate, the product showed an absorp¬ 
tion maximum with Em 3,650 at 2,860 A. 

Reaction of o-Penicillamine Methyl Ester with 2-Phenyl* 
4-carbethoxy-6(4)-oxazolone (Merck, M.B9y 20). A mix¬ 
ture of 208 mg. of D-penicillamine methyl ester and 291 mg. 
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of 2-phenyl-4-carb(5thoxy-6(4)-oxazolone in 6 cc. of toluene 
was heated under reflux for five minutes. The toluene was 
removed in vacuo and the residue crystallized from ether. 
The crystals melted at 117-118®. Recrystallization from 
ether Rave 190 mg. of product whit^h melted constantly at 
132-133®, 4-11.9® (c - 1.0 in methanol). 

Calc, for Ct4l'l33N80eS2^ 

C, 55.06; H, 6.38; N, 8.03; S, 12.23 
Calc, for C24Ha6Ns07S2: 

C, 53.23; H, 6.52; N, 7.76; S, 11.81 
Found: C, 54.07; H, 6.43; N, 6.93, 6.95; S, 12.7, 12.5 

The same product was secured by reaction of the ester 
and oxazolone in ether at room temperature. 

Reaction of Methyl n-Benzylpenicillenate with Hydrazine 
(Merck, M,50, 26). A solution of 5.172 g. of methyl 
D-benzylpenicillenate in 25 cc. of ether was treated with 
0.75 cc. of 85% hydrazine. The solution immediately 
became orange-brown in color. An oily product appeared. 
After fifteen minutes at room temperature the ether solu¬ 
tion was decanted froii^ the precipitated material, and the 
precipitate was dissolved in cliloroform and washed well 
with water. Kvaporation of the chloroform layer gave 
3.274 g. of product which crystallized partially from meth¬ 
anol-ether. The crystalline product, after rccrystallization, 
melted at 120-121®, [alo*® 49.4® (r » 1 in methanol). 

Reaction of Mercuric Chloride with Benzylpenicillin 
Methyl Ester and Some of its Derivatives (Merck. M.^/, 
14-18). (A) Dimethyl d-o-Benzylpenicilloate. The 

reaction was carried out in an ethanol solution containing 
0.524 g. of dimethyl D-of-benzylpenicilloate per 100 cc. and 
one equivalent of mercuric chloride per mole of the ester. 
The initial rotation was 4112®, and after one hour was 

constant at 424.2®. After 2}'i hours the solution 

showed in the ultraviolet a band with Em 7,460 at 2,800 A. 

Repetition of the above experiment but with ad<lition 
of one equivalent of benzylamine before addition of mercuric 
chloride caused the rotation to change to a constant value of 
—21.6° after forty-eight minutes. The solution 
showed a band with Em 17,300 at 2,800 A after eighty-six 
minutes. 

(B,) o-Ethyl /S-Metiiyl d-Benzylpenicilloate. This 
reaction was carried out using 0.671 g. of a-ethyl ^-methyl 
D-7-beiizyIpeiiicilloate in 100 cc. of ethanol. One mole of 
benzylamine or pyridine per mole of substance was added 
before addition of one molar equivalent of mercuric chloride. 
Using benzylamine, the rotation of the solution became con¬ 
stant at [ajo** —19.4° in eight minutes. The solution 
then showed a maximum with Em 17,000 at 2,800 A. With 
pyridine, the rotation became constant at [otju** 417.1° in 
thirty-six minutes. The ultraviolet absorption spectrum 
showed a maximum with Em 11,500 at 2,800 A. 

(C) Of- METHYL D-«-BenzYLPEN iciLLOATE. TMs experi¬ 

ment was carried out as desc.-ibod under (A) and (B) above, 
using 1 molar equivalent of pyridine in the solution. The 
rotation became constant at 416.4° after seven min¬ 

utes, and the solution showed a maximum with Yjm 14,300 
at 2,800 A. 

These results indicate the necessity for the presence of a 
strong base such as benzylamine or sodium hydroxide if the 
reaction is to go to completion. In general, it may be stated 
that all benzylpenicilloates whether a-, /3-, or di-esters or 
their benzylamides react in tin? same manner under the 
Standard conditions described above. The final rotation is 
[«]d*^ —18° to —20° (when corrected to a common molar 
basis), and there is produced an absorption band with au 
Em of 17,000 to 18,000 at 2,800 A irrespective of the di- 
asteroisomeric form used, provided one molar equivalent of a 
strong base is employed in the reaction. This observation 
has been helpful in identifying several unknown compounds 
as benzylpenicilloates. In favorable cases the reaction can 
be used as a method for estimation of benzylpenicilloates. 

(D) Benzylpenicillin Methyl Ester. The reaction of 
mercuric chloride with the methyl ester of benzylpenicillin 


was carried out as described above in sections (A) and (B), 
but employing a benzylpenicillin methyl ester concentration 
of 0.2Q4 g. per 100 cc. The rotation decreased slowly to 
4122® after twenty-three hours. The absorption 
spectrum after twenty-four hours at 24® showed a band with 
Em 6,980 at 3,200 A. After four days the 3,200 A band had 
decreased to Em 3,500. The slow rate of reaction of benzyl¬ 
penicillin methyl ester and sodium benzylpenicillin with 
mercuric chloride in ethanol solution has already been men¬ 
tioned (p. 195; M,l^Cy 19-20), but was repeated to check 
the earlier results and to study the changes in the ultraviolet 
absorption spectrum thus brought about. 

The reaction of mercuric chloride with benzylpenicillin 
methyl ester has also been carried out in propionitrile as 
solvent. A benzylpenicillin methyl ester solution in pro¬ 
pionitrile containing 0.535 g. per 100 cc. was prepared. 
The rotation was 4208®. After the addition of one 

equivalent of mercuric chloride per mole of ester, the rotation 
decreasi^d rapidly, becoming approximately constant at 
Wr> 458® after forty-one hours, when the absorption spec¬ 
trum showed a band with Em 7,400 at 3,200 A. 

Repetition of the above experiment with the addition 
of one equivalent of benzylamine caused the immediate 
formation of a white precipitate which slowly dissolved in 
the course of two hours. The absorption spcc.trum of the 
solution showed a band with Em 4,500 at 2,800 A. This 
would appear to indicate the formation of a benzylpenicil- 
loate (possibly as the bcnzylamidc). No band at 3,200 A 
was observed. 

Substituting seventeen molar equivalents of pyridine per 
mole of benzylpenicillin methyl ester for the benzylamine 
resulted in complete inhibition of the mercuric chloride 
reaction, the optical rotation 4208® remaining con¬ 

stant for seventeen hours. The ultraviolet absorption 
spectrum of this system after the seventeen hour period 
show'^ed no bands clown to 2,800 A (the presence of the 
pyridine made observation below 2,800 A impossible). 
That the effect observed was not due to complex formation 
between the pyridine^ and the mercuric chloride was demon¬ 
strated by the reaction of «-ethyl /3-methyl n-bcnzylpenicil- 
loate under precisely the same conditions. The optical 
rotation dropped from [ctJd^^ 4104° to 446.6® in five 

minutes. The ultraviolet absorption spectrum after cUevon 
minutes showed a maximum with Em 6,240 at 2,850 A. 

A solution of 50 rng. of benzylpenicillin methyl ester 
in 25 cc. of anhydrous n-propyl ether was treated with 80 mg. 
of mercuric chloride (2.05 molar equivalents) dissolved in 
15 cc. of the same solvent. Turbiciity w^as observed after 
twenty minutes at 24®. The solution was allowed to stand 
for a day at 5® and the precipitate was collected on a filter 
and washed with n-propyl ether and dried at room tempera¬ 
ture; yield 78 mg. The product had 421® (c ** 0.523 
in propionitrile). The absorption spectrum in ethanol solu¬ 
tion showed a single band with Em 176 at 3,200 A. The band 
was stable for seventeen hours. 

Reaction of Methyl i>-Benzylpenicillenate with 8,4-Di- 
methox3rphenylethylamine (Merck, M.15Cy 23). Methyl 
D-benzylpenicillenate, secured from reaction of n-penicill- 
amine methyl ester and 2-benzyl-4-methoxymethylene-5(4)- 
oxazolone gave, on reaction in ether with 3,4-dimethoxy- 
phenylethylamine, a product which, after recrystallization 
from benzene, melted at 85®. 

Calc, for CiTHsftNaOeS: 0, 61.3; H, 6.61; N, 7.95 
Found: G, 60.3; H, 6.80; N, 8.09 

Azlactonization of ^-Methyl n-Phenylpenicilloate with 
Benzoyl Chloride in Pyridine (Merck, 19-20). The 

acid ester (800 mg.) was dissolved in 100 cc. of chloroform 
and 100 cc. of pyridine and the solution was cooled to 0®. 
With vigorous stirring, one equivalent of benzoyl chloride 
(380 mg.) in 10 cc. of chloroform was added and the solution 
was stirred for one hour at 0®. The cold solution was 
washed with 0.2 M phosphate buffer of pH 7.0 at 5® (100 cc.) 
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followed by a wash with 100 cc. of water at 5®. The chloro¬ 
form solution was concentrated to yield 702 mg. of light 
yellow colored gum, A silver nitrate test on this residue was 
negative, indicating that all of the halogen had been re¬ 
moved. The in vitro assay of this material was negative. 
The ultraviolet absorption spectrum of this material 
showed three maxima; 3,500 A (Em 30,000); 2,800 A (Em 
6 ,200); 2,400 A (Em 12,500). This curve was similar to 
that obtained from methyl D-phenylpq^nicillenate (p. 195; 
M.lSa^ 15). A few crystals were finally obtained from 
60 mg. of the gum. The crystals melted at 110-111®, but 
when mixed with the methyl n-phenylpenicillenate (of 
m.p. 110-111°), the melting point was 82-86°. 

Another portion of the gum was treated with the calculated 
amount of bcnzylamine in ether and two products were 
obtained. A small amount of the benzylamine salt of 
benzoic acid (m.p. 128-129°) was isolated, indicating that 
the phosphate buffer did not remove the benzoic acid 
completely under those conditions. The other product 
(m.p. 208-204°) was the a-benzylamide of /3-methyl n-phen- 
ylponicilloate. A racemate was previously described (p. 
195; M.12ay 15) which melted at 204-206°. There was no 
melting point depression on mixing these two compounds. 

Calc, for C2,H27 Ns04 S: C, 62.56; H, 6.16; N, 9.51 
Found: C, 62.85; H, 6.33; N, 9.87 

In subsequent experiments the conditions were modified. 
One to two grams of the acid ester was dissolved in 100 cc. 
of chloroform and about 2 cc. of pyridine was added. 
After cooling to 0°, the solution was treated with one equiva¬ 
lent of benzoyl chloride in 10 cc, of chloroform and the reac¬ 
tion was allowed to proceed for fifteen minutes at 0° with 
vigorous stirring. The solution was washed with 100 cc. of 
5% sodium bicarbonate solution at 5°, then washed with 
100 cc. of water at 5°. It was tlien concentrated to yield the 
reaction product in good yields (80-85%). This bicar- 
bonate-washed material still gave the same ultraviolet 
absorption spectrum and the same benzylamide as isolated 
from the first experiment. 

Azlactonization of /3-Methyl D-Phenylpenicilloate with 
Phosphorus Tribromide in Pyridine (Merck, M.H7, 17). To 
2.90 g. of /3-methyl D-phenylpenicilloate (8.24 millimoles) 
in 20 cc. of pyridine, cooled in an ice-salt bath, 0.82 g. 
of phosphorus tribromide (3 millimoles) was added. An 
orange color developed and a white precipitate? (pyridine 
hydrobromide) separated. After standing in the cooling 
bath the mixture was filtered. Evaporation of the pyridine 
solution gave a dark oil, which was dissolved in chloroform 
and the solution washed with dilute hydrochloric acid and 
then with aqueous sodium bicarbonate. The chloroform 
solution was dried and evaporated. The residue was treated 
with ether. A few milligrams of an insoluble powder re¬ 
mained, m.p. 159-161° (micro-block). Evaporation of the 
ether solution gave a dark oil, which was inactive on in vitro 
assay. An ether solution of the oil and bonzylamine depos¬ 
ited a precipitate after standing for a few minutes; m.p, 
202-204°. This benzylamide was identical with the a-ben- 
zylamide of /3-methyl i>-phenylpcnicilloate described previ¬ 
ously (p. 195; MJISttf 16). There was no depression in the 
melting point on mixing these two benzylamides. The 
ether insoluble material, m.p. 159-161°, was recovered 
unchanged after an attempt to cause it to react with 
benzylamino. 

Azlactonization of ^-Methyl n«Phenylpenicilloate with 
Atetic Anhydride (Merck, A/.67, 17). A chilled pyridine 
solution (6 cc.) of 1.692 g. of /3-methyl D-phenylpenicilloate, 
secured by saponification of dimethyl D-phenylpenicilloate 
(hydrochloride, m.p. 193°), was treated with a chilled solu¬ 
tion of 463 mg. acetic anhydride in 5 cc. of pyridine. The 
mixture was kept at 0° for an hour, then dried in vacuo. The 
residue was dissolved in 50 cc. of chloroform and washed 
with two 30-cc. volumes of 0.2 Af phosphate buffer, then with 
two 80»oc. volumes of water. Evaporation of the chloroform 


solution gave 315 mg. of brown gum. A solution of 100 mg, 
of product in 3 cc. of ether was treated with 0.07 cc. of 
benzylarnine. An amorphous precipitate immediately 
formed. On standing s(?veral days approximately 2 ing. of 
crystalline benzylamide, m.p. 202°, was obtained. This 
amide showed no (lepre.ssion in melting point on admixture 
with the benzylamide (melting at 204°) prepared by the 
azlactonization of /3-methyl D-pheiiylpejiicilloate by benzoyl 
chloride. 

Reaction of Methyl i>-n-AmylpeniciUenate with Methyl 
Mercaptan (Merck, M.53y 25). An attempt was made to 
catalyze the reaction of methyl D-w-aniylpenicilleiiatc with 
methyl mercaptan by means of N-ethylpiperidine. From 
the observation of the absorption spectra it was learned that 
no reaction had taken place. However, when a catalytic 
amount of sodium methyl rnercaptide was added, the absorp¬ 
tion band at 3,150 A completely disappeared in a few 
minutes, 

A small piece of sodium metal was reacted with api)roxi- 
mately 3 g. of methyl mercaptan in 30 (u;. of benzene. One 
gram of methyl i)-y?-amylpenicill(‘nate was added and the* 
mixture was kept at. room temperature overnight. The 
benzene was removed by distillation and the oily residue 
was taken up in ether. A fio(?ciilent precipitate was dis¬ 
carded and the ether was evaporated. The residue was dis¬ 
solved in ether and treated with petroleum ether, which 
precipitated a yellow gum which was discarded. 'J'he clear 
solution was left in the refrigerator overnight, and crystalline 
lump.s separate?d. They were recrystallized from ether- 
petroleum ether and melted at 92 -93°. 

Condensation Products from Reaction of Oxazolones with 
Cysteine Methyl Ester (Merck, M.lSc, 23). Condensation 
of ir-cystcine methyl ester with 2-phcnyl-4-cthoxymethyl(mo- 
5(4)-oxazolone in toluene at room temperature gave a 
produ(*t which melted at 121-125°. This product held 
benzene very tenaciously, and satisfactory analyses were 
not .secured. It was, however, believed to bo similar in 
structure to the condensation products prepared with peni¬ 
cillamine methyl ester. Tlic characteristic 3,500 A band in 
the absorption spectrum was pri?sent. Isolation of a pnxluct 
of this type suggests that the difficulties in ring closure 
primarily encountered arc not due to the t(jrtiary character 
of the mercapto group in penicillamine. 

Preparation and Attempted Azlactonization of /3-Methyl 
Desdimethyl-i)L-benzylpenicilloate (Merck, M.33, 10). 

Over the course of thirty minutes 65 cc. of 0.075 N potassium 
hydroxide was added to a solution of 1.791 g. of amorphous 
ot-ethyl /3-methyl desdimethyl-DL-benzylpenicilloate in 30 cc. 
of ethanol at such a rate that the pH did not exceed 9.5. 
The solution was concentrated in vacuo to 67 cc. Atjidifica- 
tion of 15 cc. of the chilled solution to pH 3.5 and rapid 
chloroform extraction (3X5 cc.) gave 140 mg. of jS-methyl 
desdimethyJ-DL-benzylpcnicilloate. Subsequent ethyl ace¬ 
tate extra{?tion gave a further 53 mg, of product. The 
chloroform extract, immediately upon evaporation, was 
treated with a chilled solution of 54 mg. of benzoyl chloride 
in 1 cc. of pyridine. The solution was maintained at 0° for 
one hofir, then evaporated to dryness in vacuo at room 
temperature. Samples of ester and saponified ester prepared 
from this product gave negative bioassays. A solution of 
90 mg. of the azlactonization product in 5 cc. of chloroform 
was washed with two 5-cc. volumes of 0.2 M phosphate 
buffer. Evaporation of the chloroform solutk)n gave 62 mg. 
of yellow gummy material. A qualitative sulfur test was 
positive. Absorption peaks were found at 2,800 A and 
3,200 A (Eiom.^7o 145 in both cases). 

Calc, for CuHieN204S: C, 66.23; H, 5.04; N, 8.75 
Found: C, 55.21; H, 6.00; N, 7.69 

Condensation of 2-Styryl-4-ethoxymethylene-5(4)-oxazo 
olone with d- and DL-Penicillamine Methyl Ester (Merck, 
M,2Sf 28~24). A mixture of 4.00 g. of 2-8tyryl-4-ethoxy- 
methylene-5(4)-oxazolonc and 2.75 g. of D-penicillamine 
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methyl ester in 40 ce. of toluene was evaporated to dryness at 
room temperature during twenty minutes. The amorphous 
powder secured was crystallized from ether to give 4.08 g. of 
methyl D-styrylpenicillenate, m.p. 137-138®. Recrystalliza¬ 
tion from benzene-ether did not change the melting point. 

Calc, for CuHaoNjOiS: N, 7.78 
Found; N, 7.80 

A mixture of 1.360 g. of 2-styryl-4-ethoxymethylene-5(4)- 
oxazolone and 919 mg. of Dir-penicillamine methyl ester in 
20 cc. of toluene was evaporated to dryness at room tempera¬ 
ture during fifteen minutes. The amorphous residue was 
crystallized from ether to yield 1.6 g. of methyl i)L-styryl- 
penicillenate which molted at ISS^-ISO®. Recrystallization 
from benzene-ether did not change the melting point. 

Calc, for Ci8H2oNa04S: C, 60.00; H, 5.00; N, 7.78 
Found: C, 60.33; H, 5.78; N, 7.95 

4-Ethoxymethylene-2-styryl-6(4)-oxa2olone (Merck, 
M.loc^ 14; cf. Robinson, Abraham, Raker, Chain, and Robin- 
*son, C/^S.55; This compound was made by reaction of 

acetic anhydride and pyridine at 0® on /3,^-diethoxy-a-N- 
cinnamoylacrylic acid (Chapter XXI). The product melted 
at 99-100®. 

Calc, for CulIisNOa: C, 69.19; H, 5.39; N, 5.73 
Found: C, 69.10; II, 5.63; N, 5.77 

Attempted Reduction of Methyl n-Styrylpenicillenate 

(Merck, M.2S^ 24). A suspension of 800 mg. of methyl 
D-styrylpcnicillenate in 100 cc. of water-saturated ether was 
treated with 3.0 g. of amalgamated aluminum foil. The 
mixture was allowed to stand under reflux at room tempera¬ 
ture overnight. The metallic products were r(?rnov(^d by fil¬ 
tration and washed with 200 cc. of ether. The combined 
ether solutions were evaporated in vacuo to give 170 mg, of 
almost colorless ester. Samples of ester and saponified ester 
were submitted for assay. The ester was inactive. The 
saponified ester showed 0.7 U/mg. activity. 


Attempted Hydrogenation of Methyl n-Styrylpenicillenate 

(Merck, M£9^ 17). On shaking 2.420 g. of methyl o-styryl- 
penicillenate in dioxane (125 cc.) with colloidal palladium at 
40 lb. hydrogen pressure and room temperature approxi¬ 
mately 0.9 mole of hydrogen was absorbed in six hours. 
After filtration and removal of dioxane in vacuo^ crystal¬ 
lization of the residue from ether gave 901 mg. of starting 
material, m.p. 137®. The mother liquor, when assayed by 
ultraviolet absorption, showed approximately 60% of the 
characteristic absorption of the starting material (peak at 
3,700 A, Em 38,900). Plate bioassays of the mother liquor 
ester and saponified ester were negative. 

Condensation of i>-Penicillamine with 2-Styryl-4-ethoxy- 
methylene-6(4)-oxazolone; Aluminum Amalgam Reduction 
of Product; Electrolytic Reduction of Product (Merck, 
17-18). A mixture of 243 mg. of 2-styryl-4-ethoxy- 
methylene-5(4)-oxazolone and 185 mg. of n-ponicillamine 
hydrochloride in 10 cc. of pyridine was allowed to stand at 
room temperature for fifteen hours, then evaporated to 
dryness in vacuo. The residue was dissolvi^d in 20 cc. of 
chloroform and washed with threes 10-cc. volumes of O.l A" 
hydrochloric acid. The chloroform solution was then 
extracted with 60 cc. of 0.2 phosphate buffer. The 
chloroform layer now contained 63 mg. of residue, assumed 
to be UTireacted oxazolone, thereby indicating approximately 
75% reaction. The concentration of i)-styr3dpeniciUenate 
in the buffer solution was cahailated as 4 mg./cc. 

About 30 ce. of the phosphate buffer solution of D-styryl- 
penicillenate was treated with 1 g. of amalgamated alumi¬ 
num. After thirty minutes, the reaction mixture was 
filtered and submitted for bioassay. No acclivity was found. 

About 10 cc. of the phosphate buffer solution of the con¬ 
densation product was reduced olectrolytically in a e(?ll (hwi- 
sisting of a lead amalgam cathode (11 sq, cm. of active 
surface) and a lead oxide-coated lead anode at a current 
density of 0.03 amp. per sq. cm. for 7.2 minutes. The reac¬ 
tion mixture was then filtered and submitUnl for assay. No 
activity was found. 



Vlll 


SOME INACTIVATION AND DEGRADATION REACTIONS 
NOT INCLUDED IN CHAPTERS IV AND VII 

O. WINTERSTEINER,* H. E. STAVELY.i J. D. DUTCHER,i AND M. A. SPIELMAN* 


CONTENTS 

Introduction. 208 

The Inactivation of Penicillin by Cys¬ 
teine AND Related Compounds 
D iscussion 

Early observations. 209 

Properties of benzylpenicillin-eysteine. 209 

Structural requirements for inactivation.... 209 
Degradation and elucidation of structure of 

inactivation products. 210 

Inactivation by tertiary and secondary 

thiolamincs. 210 

Hypotheses concerning reaction mechanism 210 
Experimental 

Inactivation of sodium benzylpenicillinate 

by cysteine.215 

Apparent decrease of sulfhydryl during inac¬ 
tivation of sodium benzylpenicillinate by 

cysteine. 215 

Preparation and characterization of benzyl- 

penicillin-cysteine.216 

Treatment of benzylpenicillin-eysteine with 

mercuric chloride. 216 

Benzylpenicillin-eysteine methyl ester.217 

BenzylpeniciIlin-2-aminoethanethiol. 217 

S-Benzylation of N-formyl-DL-penicillamine 217 
Benzylation of benzylpenicillin-eysteine 

methyl ester. 217 

Benzylation of benzylpenicillin-2-amino- 

ethanethiol.218 

Ultraviolet absorption spectra of inactiva¬ 
tion products before and after benzylation 218 
Reaction of benzylpenicillin-eysteine methyl 

ester with mercuric chloride. 218 

Reaction of benzylated benzylpenicillin- 
eysteine methyl ester with mercuric chlo¬ 
ride. 218 

Reaction of benzylated benzylpenicillin-2- 
aminoethanethiol with mercuric chloride, 218 
Inactivation of penicillin by 2-dimethyl- 

aminoethanethiol. 218 

Reaction of sodium benzylpenicillinate with 

2-dimethylammoethanethiol.219 

Reaction of sodium benzylpenicillinate with 
N-methylcysteine. 219 


1 Diviflion of Organic Ohetttistry> The Squibb Institute for Modioa! 
Reaearoh. 

* The Abbott Reaearoh Laboratories. 


Reaction of mc^thyl be'iizylpenicilJiriatc with 


cysteine.219 

Reaction of oxazolones with cysteine. 220 

Classification of compounds according to 
their effectiveness as inactivators (Table 

I).220 

Relationship between inactivating capacity 

and basic strength n^^ible II). 220 

The Inactivation of Benzylpenicillin by 
Sodium Sulfite 

Discussion. 221 

Experimental 

Reaction of sodium benzylpenicillinate with 

sodium sulfite.221 

Decarboxylation of reaction product.222 

Determination of sulfite present after inac¬ 
tivation. 222 

The Reaction op Benzylpenicillin with 
Mercuric Acetate 
Discussion 

Early observations. 222 

Nature of reaction product from methyl 
benzylpenicillinate and methanolic mer¬ 
curic acetate. 223 

Evidence for structure by degradation with 

mercuric chloride.223 

Postulated reaction mechanism. 224 

Behavior of thiazolidines and of oxazolones 

towards mercuric acetate.226 

Experimental 

Reaction of a-methyl D-a-benzylpenicilloate 

with mercuric acetate in methanol. 226 

Reaction of methyl benzylpenicillinate with 

mercuric acetate in methanol. 226 

Reaction of sodium benzylpenicillinate with 
mercuric acetate in mt^thanol. 227 


Cleavage of mercuric acetate oxidation prod¬ 
ucts of methyl benzylpenicillinate, di¬ 
methyl D-a-benzylpenicilloate and a- 
methyl D-a-benzylpcnicilloate with mer¬ 


curic chloride. 227 

Behavior of methyl benzylpenicillenate to¬ 
wards mercuric acetate.: .. 227 

Reaction of 2-phenyl-4-isobutyl-5(4)-oxaz- 
olone, 2-phenyl-4-benzyl-5 (4)-oxazol one 

and 2-benzyl-4,4-dimethyl-5(4)-oxazolone 
with mercuric acetate in dioxane.227 


207 











































208 


INACTIVATION AND DEGRADATION REACTIONS 


The Reaction of Benzylpenicilun with 
Acetic Acid 

Introduction... 228 

Degradation of sodium and methyl benzyl- 

penicillinates by acetic acid. 229 

Reaction of Fraction A and of synthetic N*- 
acetyl-benzylpenicilloic acid with acetic 

anhydride. 230 

Reaction of methyl bcnzylpenicillinate with 

acetic acid and acetic anhydride. 230 

Discussion of results in relation to structure 

of penicillin. 232 

Inactivation by benzoic acid and phenyl- 

acetic acid. 233 

Experimental 

Reaction of sodium benzylpenicilloate with 

acetic acid. 233 

Fractionation of reaction product. 233 

Reaction of methyl bcnzylpenicillinate with 

acetic acid. 234 

Properties of the sodium and methyl benzyl- 
penicillinate acetic acid reaction products 234 

Benzylammonium salts of Fraction A. 234 

Preparation and properties of N-acotyl-n-y- 

bcnzylpenicilloic acid. 231 

Preparation and properties of N-acetyl-D-a- 

bonzylpcmicilloic acid. 234 

Alkaline hydrolysis of dimethyl ester of 
Fraction A and of a-ethyl ^1-methyl 

D- 7 -benzylpenicilloate. 235 

Ultraviolet absorption spectra in ethanol 
containing one molar equivalent of mer¬ 
curic chloride. 235 

Reaction of Fraction A with acetic anhy¬ 
dride. 235 

Reactions of Fraction B. 235 

Reaction of methyl bcnzylpenicillinate with 

acetic acid and acetic anhydride. 231) 

Action of acetic acid-acetic anhydride on 
acetic acid-inactivated methyl bcnzyl¬ 
penicillinate. 23b 

Action of acetic anhydride on acetic acid- 
inactivated methyl bcnzylpenicillinate. . , 23b 
The Oxidation of Sodium Benzylpenicil- 

LINATE BY AmMONIACAL SiLVER OxIDE 
Discussion 

Isolation and purification of compound of 


formula C 10 H 8 - 10 O 2 N 2 , m.p. 263“*-273°.... 23b 

Consideration of possible structure. 23b 

Isolation of similar product from silver oxi¬ 
dation of benzylpenicilloic acid a-amide.. 237 
Experimental 

Oxidation of sodium bcnzylpenicillinate.. . . 237 
Isolation of phenylacetamide and benzyl- 

penaldic amide. 238 

Reaction of silver oxidation product with 

diazomethane. 238 

Oxidation of a-amide and a-methylamide of 
benzylpenicilloic acid. 238 


Synthesis of degradation products: 


2-Benzylimidazoline-4,5-dione. 238 

Monophenylacetyl oxamide. 239 

2-Benzylimidazolidine-4,5-di one. 239 


The Reaction op Methyl Benzylpenicil- 
LINATE WITH OXALYL ChLORIDE 
Discussion 

Reaction desired for locating amide group¬ 


ing in benzylpenicillin. 239 

Studies with model compounds. 239 

Evidence for structures assigned. 239 

Reactions of oxazolidinediones.240 

Application of reaction to methyl benzyl- 
penicillin and methyl benzylpenicillin 
sulfone. 240 


Experimental 

The reaction of oxalyl chloride with amides. 
Preparation of: 

2-B e n z y 1 i d e n e -3-methyloxazolidine-4,5- 

dione. 240 

2-Benzylidene-3 -benzyl oxazolidine-2,4- 

dionc. 240 

Methyl 2-be nzylidene-4,5-dikcto-3-oxaz- 

olidine-acetate. 240 

Methyl a - be n z o xy m e t hy 1 enc-2-bcn zyl- 
idene-4,5-diketo-3-oxazolidine-acctate. . 241 
M et hy 1 a-me th oxy methylcne-2-benzyl- 
idene-4,5-diketo-3-oxazolidine-acetate.. 241 
Methyl o!-ethoxymcthylcno-2-benzyI- 


idene-4,5-diketo-3-oxazolidine-acctate.. 241 
Methyl a-dimethoxymcthyl-2-bcnzyl- 
idene-4,5-dikcto-3-oxazolidine-acetate.. 241 
R(;action of bcnzylpenaldic acid dimethyl 

acetal with oxalyl chloride. 241 

Reaction of dimethyl N-benzoyl D- 7 -benz- 
3 dpenicilloate sulfone with oxalyl chloride 241 
Reaction of phenacetuiyl-DL-valine ethyl 

ester with oxalyl chloride. 241 

Action of benzylamine on 2-benzylidene-3- 
boiizyIoxazolidine-4,5-dione and methyl 2- 
benzylidcne-4,5-diketo-3-oxazolidinc- 

acetate. 241 

Methyl bcnzylpenicillinate and oxalyl chlor¬ 
ide in xylene and in ether. 242 

Methyl benzylpenicillinate sulfone and 
oxalyl chloride in xylene. 242 


INTRODUCTION* 

This chapter deals with certain inactivation and 
degradation reactions which, though in themselves 
interesting and in some instances distinguished by 
unusual chemical features, have on the whole con¬ 
tributed little to the structural picture as it emerged 
from degradation studies along more conventional 
lines. Though these reactions at the time of their 
discovery appeared to be peculiarly characteristic 
and in a manner specific for penicillin, the presump- 

* By O. Wintorateiner. 
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tion that in consequence they would afford new 
and structurally significant degradation products 
proved to be a source of disappointment. The end 
products of the first four reactions listed, in spite 
of the diversity of the reagents employed, are simple 
or modified derivatives of benzylpenicilloic acid. 
Thus the overall reaction of penicillin with cysteine 
and like compounds is equivalent to aminolysis or, 
in certain specialized cases, to hydrolysis; that with 
sulfite ion is equivalent to hydrolysis; the inactiva¬ 
tion by acetic acid involves acetolysis to N^ -acetyl- 
benzylpenicilloic acid; and that by methanolic 
mercuric acetate consists of simultaneous methan- 
olysis and methoxylation at the a-carbon atom of 
the benzylperialdic moiety. It iwS thus the occur¬ 
rence and mechanism of these reactions rather than 
their end products which render them of suflheient 
interest to justify the detailed treatment accorded 
them here. 

In the remaining two cases (oxidation with am- 
moniacal silver oxide, and reaction with oxalyl 
chloride) the reaction products have not been 
identified structurally. Tluw are included here for 
the sake of completeness, and of putting on record 
the model experiments which have been carried out 
in connection with these studies. 

THE INACTIVATION OF PENICILLIN BY 

CYSTEINE AND RELATED COMPOUNDS^ 

In October 1943 it was observed by B. F. Chow of 
the S(iuibb Institute that commercial penicillin was 
quickly inactivated by contact ^vith an excess of 
cysteine in neutral aqueous solution. Witli crystal¬ 
line sodium benzyl penicillinate a few equivalents of 
cysteine sufficed for complete inactivation within 
24-“48 hours. The reaction rate was found to in¬ 
crease markedly with rising pH in the range 6 8. 
Thioglycollic acid, on the other hand, produced a 
comparable effect only when used in very large 
excess (several hundred equivalents) and simple 
mercaptans, cystine, methionine, glycine and serine 
were entirely ineffective. These results were later 
communicated by Chow and McKee {Proc, Soc, 
Exp, Biol. Med., 58, 175 (1945)), after other investi¬ 
gators had reported similar observations (Atkinson 
and Stanley, Australian J. Exp. Biol. Med. Science, 
21, 249, 255 (1943); Cavallito and Bailey, Science, 
100, 390 (1944); Cavallito, Bailey, Haskell, Mc¬ 
Cormick and Werner, J. BacL, 50, 61 (1945)). 

A detailed study of the reaction between sodium 
benzylpenicillinate and cysteine was initiated early 
in 1944 in the Squibb Institute. First it was 
ascertained that no more than one equivalent of 
cysteine was necessary for complete inactivation, 
and that the progress of the reaction could be 
conveniently followed by measuring the decline of 
(ajo of the penicillin salt, the contribution to rota¬ 
tion byl^cysteine being negligible in the neutral range. 
The fall of dextrorotation was paralleled in the 
initial stage by a rapid disappearance of free sulf- 


hydryl groups, as measured by the Folin-Marenzi 
method (Squibb, S.5, 6) as well as of free amino 
groups by the Van Slyke manometric method 
(S.12a, 6, graph I; S.88, 4), although fonnol titra¬ 
tion seemed to indicate that the latter group of the 
inactivator had remained unaffected {S.5, 6; Merck, 
M.25, 11). The preparative approach led to the 
isolation, by extraction of the acidified reaction mix¬ 
ture with chloroform-ether or ethyl acetate, of. an 
amorphous acid of the approximate composition 
C 19 H 26 O 6 N 3 S 2 (=1 benzylpenicillin + 1 cysteine) 
{S.12a, 6; S.I 4 , 6) which was further characterized 
by the preparation of a crystalline di-benzyl- 
ammonium salt m.p. 155“15()°. Following the 
usage adopted in the original reports, this acid will 
be called briefly ‘'benzylpenicillin-cysteine,^' and 
analogous terms will be used for the other inactiva¬ 
tion products of this type discussed later in this 
section. 

The amino-nitrogen content of both acid and salt 
was so low as to be of questionable significance. 
This finding, in conjunction with the fact that the 
acid exhibited no amplioteric properties, suggested 
that the amino group of the cysteine moiety was 
substituted by an acyl radical derived from benzyl- 
penicillin. The qualitative reactions for sulfhydryl 
were strongly positive, but< the quantitative deter¬ 
mination by the Foliii-Marenzi method gave values 
equivalent to only 15 30% of one sulfur at-om, 
which corresponds approximately to the residual 
sulfhydiyl content of the reaction mixture at or near 
completion of the inactivation process. It was 
show'n later, after the structure of similar inactiva¬ 
tion products had been elucidated, that these low 
values are attributable to the inadecpiacy of the 
analytical method when applied to inactivation 
products of this type, rather than to the presence 
of sulfhydryl containing impurities, as was originally 
suspected. Benzylpenicillin-cysteine’’ does in 
fact contain a free sulfhydryl group, which is that of 
the cysteine, but in consequence of the acyl substi¬ 
tution at the amino group of the latter moiety it 
reduces the Folin reagent less extensively and at 
a much slower rate than cysteine itself, which is the 
standard substance used in the colorimetric com¬ 
parison {S.SS, 1). Therefore, the colorimetric 
values rapidly decrease to the level mentioned as the 
reaction between cysteine and penicillin proceeds, 
simulating a disappearance of sulfhydryl from the 
system. One of the reasons why the Folin- 
Marenzi figures were originally accepted at their 
face value was that they appeared to be in accord 
with certain other facts, to be discussed presently, 
which likewise suggested a participation of the 
sulfhydryl group in the inactivation reaction. 

It was naturally of interest to ascertain within 
what limits the cysteine molecule could be modified 
structurally without losing its characteristic capac¬ 
ity of rapidly inactivating penicillin in essentially 
neutral aqueous media. A considerable number of 
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related compounds, including besides functional 
derivatives and homologues of cysteine, simple 
thiols, amines and amino acids, have been examined 
in this connection in the Merck, Squibb and Win- 
throp laboratories. On account of the diversities in 
and in many cases absence of information on the 
experimental conditions employed, the data at hand 
permit only a rough estimate of the relative reaction 
rates. But this is of consequence only in those few 
cases where the inactivation proceeded so slowly 
that it might have been conceivably due to other 
unspecific reactions such as hydrolysis, the rate of 
which is markedly influenced by accidental impuri¬ 
ties. For the purpose of this discussion the com¬ 
pounds tested may be divided into three groups: 

(A) ^^fasf inactivat/ors comparable with cysteine, 

(B) ^^slow^^ inactivators, including the doubtful 
cases just mentioned, (C) compounds exerting no 
measurable effect. In Table I (Experimental), 
the results reported from the three laboratories are 
compiled and classified on this basis. 

From the data in Table I it is evident that the 
typical ‘'c 3 ''steine effect,i.e., the occurrence of the 
‘^fast^' reaction, is generally dependent on the pres¬ 
ence in the inactivator of both a free sulfhydryl 
group and a basic group, which must be situated on 
adjacent carbon atoms (I). However, this gen- 

Ri 

\ I I 

I N—C—C—SH 

/ I I 

Ri (1) (2) 

eralization is subject to the following qualifications: 

(1) Substitution of carbon atom 1 with one or two 
alkyl groups greatly reduces the reactivity of the 
system (a-amino-jS-thiol-n-valeric acid; penicill¬ 
amine; as indicated in Table I, the latter is con¬ 
sidered unreactive by the Merck investigators). 

(2) Dialkyl substitution on carbon atom 2 has 
an even more pronounced inhibiting effect, 2-amino- 
2-methylpropane-l-thiol being completely unreac¬ 
tive, although the presence of a carboxyl or 
carboalkoxy group in this position (cysteine, 
cyisteine esters) does not materially alter the 
reaction rate observed with the completely unsub¬ 
stituted compound, 2-aminoethanethioI. (3) The 
system I is ineffective when carbon atoms 1 and 2 
are part of a benzenoid ring (2-aminothiophenol). 
(4) Certain simple bases (hydrazine, hydroxylamine 
and some N-monoalkylated hydroxylamines) in¬ 
activate penicillin very rapidly under the condi¬ 
tions of the cysteine reaction, and morpholine and 
ethylendiamine show very distinct reactivity. On 
the other hand, thiol compounds devoid of a basic 
group are completely ineffective, with the possible 
exception of thioglycollic acid, which, however, 
must be considered a borderline case. 

It thus appears that at least the basic group in the 
system I is indispensable for rapid interaction with 


penicillin. This is strikingly illustrated by the fact 
that acylation of the amino group of cysteine results 
in complete loss of reactivity.^ On the other hand, 
it seems to be immaterial whether the amino group 
in I is primary, secondary (N-methylcysteine), or 
tertiary (2-dimethylaminoethanethiol and diethyl 
analogue), at least as long as Ri and R 2 is methyl or 
ethyl (the cyclic tertiary base, 2-piperidinoethane- 
thiol, is inactive). It is clear, therefore, that the 
basic character rather than the availability of 
amino- or imino-hydrogen is an essential pre¬ 
requisite. However, there is an important differ¬ 
ence between the tertiary amines of type I on the 
one hand, and comparable primary and secondary 
amines on the other hand, as far as the end products 
of the reaction with penicillin are concerned. In 
the former cases the inactivator merely acts as a 
catalyst promoting the hydrolysis of penicillin to 
penicilloic acid, whereas the reactive primar^^ and 
secondary amines actually" combine with penicillin 
in equimolar proportions, as had already been 
demonstrated for cysteine and was later found to be 
true also for cysteine method ester (S.SO, 5; r5;?, 2), 
2-aminoethanethiol {S.SOy 6; S6\ 7) and N-methyl- 
cysteine {SJfO, 6). The work dealing witli the 
elucidation of the structure of these products 
(except that from N-methylcysteine, for which 
strict proof is lacking) will now be discussed. 

The ultraviolet absorption curves of the inactiva¬ 
tion products exliibit no particular characteristic 
except the low^ plienyl bands originating in the 
R-group of benzylpenicillin, but in general resemble 
those of benzylpenicilloic acid derivatives (*S.f4) 6; 
36^ 6). Mild acid hydrolysis of ^M>enzylpenicillin- 
cysteine^^ yielded no crystallizable products except 
phenylacetic acid {S,28^ 2; 30, 4), but revealed the 
significant fact that only traces of carbon dioxide 
are eliminated in this treatment, a behavior which 
pointed to a penicilloic a-ester or a-amide structure. 
But anomalous results which at first seemed diffi¬ 
cult to reconcile with this concept were obtained in 
the attempt to cleave the inactivation product with 
mercuric chloride in the usual manner. A precipi¬ 
tate formed immediately, but no aldehyde could be 
demonstrated in the supernatant solution (SJ4f 7). 
Only on prolonged contact of the precipitate with 
excess reagent was an aldehyde liberated, which was 
eventually identified as isobutyraldehyde (SJ&, 6). 
This compound obviously arises from the peni¬ 
cillamine moiety via a-amino-/5,iS-dimethylacrylic 
acid and /3,j3-dimethylpyruvic acid, since it has been 
shown that its formation is accompanied by that 
of carbon dioxide, and that free penicillamine is 
slowly degraded by mercuric chloride in the same 
manner (SJS, 7). It therefore appeared probable 
that the inactivation product was actually cleaved 
by mercury chlbride into penicillamine and an 
aldehydic moiety> but that the latter was held in the 

* The oUim of tbo Wintbrop ittvesUlatoni ( W.P, 1; if, 4) thbt N-noetyl* 
eyiteine inactivates pebioitiin almost as rajpldly as cysteine itseil ooiild 
not be confirmed ($»S4, 6) «nd was later retiw^ 1).; 
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precipitate, presumably by virtue of the fact that it pyridine with cysteine. The resulting product was 
contained a free sulfhydryl group capable of form- benzylated and then treated with ammonium thio- 
mg an insoluble mercury mercaptide. As it turned cyanate and acetic anhydride. It was hoped that 
out, this explanation is essentially correct and needs the substituted cysteine thiohydantoin thus formed, 
to be qualified only in this respect, that the original l-(/3-met)iyl penicilloyl)-5-benzylmercaptomethyl- 

C«H5C’H*CONHCn—CHSC(CH,)s 
C.Ha CHj S CHj CH-N CO NH -CH COOCII, 


CONHCS 


precipitate consists of the mercury mercaptide of 
the intact inactivation product {S.36, 8) which in 
contact with excess mercuric chloride then appears 
to be cleaved gradually into an aldehydic moiety 
and penicillamine mercury mercaptide. The 
former remains in the precipitate, while the latter 
is slowly decomposed with the liberation of iso- 
butyraidehyde. In order to circumvent these dif¬ 
ficulties and at the same time addiuje chemical 
proof for the presence of a free sulfhydryl group in 
the inactivation products, benzylpenicillin-cys- 
teine method ester'* and “ benzylpcnicillin-2-amino- 
ethanethior* were benzylated with benzyl chloride 
in liquid ammonia or in aqueous alkali (S.S4, 3; 33 ^ 
4; 36, 7). The resulting products were amorphous, 
but the analytical and ultraviolet absorption data 
left no doubt that a benzyl group had entered the 
molecule in both cases. As expected, the sulfhy¬ 
dryl reactions had become negative. Furthermore, 
mercuric chloride cleaved the benzylated com¬ 
pounds with the immediate formation of aldehydes 
which were isolated in form of their 2,4-dinitro- 
phenylhydrazones {S.36, 7, 8). The analytical 
composition of these derivatives indicated that the 
constituting aldehydes are N-benzylperialdyl-S- 
benzylcysteine methyl esten- (IV-a) and 2-benzyl- 
penaldylaminoethyl-benzyl sulfide (IV-b), respbe- 
tively. The original inactivation products must 
therefore be formulated as Il-a (N-a-benzylpenicil- 
loylcysteine methyl ester) and Il-b (2-a-benzyl- 
penicilloylaminoethane-l-thiol), respectively, and 
the intermediate benzylated compounds as Ill-a 
and Ill-^b; 


2-thiohydantoin, on hydrolysis with cold alkali 
would yield, in the manner of 1-acylthiohydantoins, 
the deacylated compound, 5-benzylmercapto- 
methy]-2-thiohydantoin, which was thought to be 
accessible by the same treatment from the corre¬ 
sponding 1-acetyl compound. The latter could be 
readily prepared from S-benzylcysteine, but on 
treatment with dilute cold alkali it yielded with loss 
of benzyl mercaptan as well as of the acetyl group 
the amorphous polymerized 5-methylcne-2-thiohy- 
dantoin, which had been previously described by 
Nicolet (./. Biol. Chem., 88, 403 (1930)) as resulting 
from the reaction of '^N,S-diacetylcysteirio thiohy¬ 
dantoin" with alkali. A substance with similar 
solubility properties could be obtained in small 
amounts from methyl benzylpenicillinate by the 
sequence of reactions outlined above. Neither 
product gave satisfactory analyses, and the suppo¬ 
sition that they are identical rests ent^ircly on the 
fact that their absorption curves exhibited qualita¬ 
tively the same characteristics (intense maximum 
at 2030 A®, minimum at 2330 A°). 5-Benzyl- 
mercaptomethyl-2-thiohydaritoin was then pre¬ 
pared by mild acid hydrolysis of the 1-acetyl com¬ 
pound, but application of this procedure to the 
thiohydantoin from “methyl benzylpenicillinate- 
cysteine" apparently failed to remove the penicill- 
oyl group, since the absorption spectnim did not 
show^ the shift of the main maximum towards lower 
wave lengths which should result from this change. 

Whether the reaction of penicillin with secondary 
amines of type I leads to penicilloic amides analo¬ 
gous to II is a question yet to be answered. That 


Sodium benzylpenicillinate 


HSCHaCHRNHg 


a) H « GOOCH, 

b) R « H 


CeHsCnzCO-NH CII -CIIS‘C(CIl3)^ 

HSCHrCHRNHCO NH—CHCOOH 
n-a (R - COOCH.3); Il-b (R - H) 


CflHft-GHaCl 


C«H8‘CH,C0NHCH~CHSC(CH3)2 

I r I 

CeHvCHsSCHyCHRNHCO NH—CHCOOH 
ra-a (R « COOCH,); IH-b (R - H) 


CeUfiCHsCONHCHCHO 

C6HBCH2SCH2CHRNHCO 
IV-a (R - COOCH3); IV-b (R = H) 


Though structure II is favored by all the available 
evidence, it could be further strengthened by the 
demOQstration that the newly introduced benzyl 
group actually resides on the sulfur atom of the 
cysteiUe moiety. An attempt in this direction was 
in the Squibb Institute , (unpublished). 

was inactivated in 50 % 


the reactants actually combine was ascertained by 
isolation and analytical characterization of the com¬ 
pound formed from benzylpeniciliin and N-methyl- 
cysteine ( 8 . 40 ^ 8). The isolated laevorotatory 
prc^uct was inhomogenous, but showed a N/S 
ratio near the theoretical value (1.6). In contra¬ 
distinction to the inactivation products of the 
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^‘benzylpenicillin-cysteine^Hype, it gave no evidence 
of containing a free sulfhydryl group when sub¬ 
jected to the Kassell-Brand colorimetric procedure. 
But in the absence of information on the reducibil- 
ity of the color reagent by N-acylated secondary 
amines of type I, it would not be safe to conclude 
from this observation that in this instance the sulf¬ 
hydryl group of the inactivation has actually 
become involved in the formation of a permanent 
link with the penicilloyl moiety. 

At about the time wlien the structure of the 
inactivation products of the penicilloyl-c.ysteine 
type was finally established, the AVinthrop investi¬ 
gators reported the rather surprising observation 
that 2-dimethylainino-ethanethiol inactivates peni¬ 
cillin at least as rapidly as cysteine {\VJ2, 4). 
They interpreted this fact as ‘‘definitely showing 
that a free — SH group rather than — NH 2 is 
essential for inactivation at neutral pH values.^' 
The preparative experiment with pure sodium 
benzylpenicillinate iS.44i 9) then demon¬ 

strated that the inactivation product is Ixmzylpeni- 
cilloic acid (probably a mixture of stereoisomers), a 
finding wdiich was subsequently confirmed in the 
Winthrop laboratories (WJ6\ 3). The sulfhydryl 
group fails, as in the previous instances, to enter into 
a permanent linkage with the penicillin. However, 
it is interesting to note that in this case the concen¬ 
tration of free sulfhydryl as determined by the 
Kassell-Brand procedure decreased during the first 
few tmurs of the reaction and then rose again to 
reach eventually a level close to the starting value 
{S.44t 11)’ This is the only observation made in 
the course of this work suggesting the establish¬ 
ment of a transient link with penicillin through 
the sulfhydryl group of the inactivator. 

The known facts may then be summarized as 
follows: Compounds possessing a sulfhydryl group 
only are inert towards penicillin. But such a group 
is capable of conferring a high degree of reactivity 
on a system which in addition carries a basic group 
on an adjacent carbon atom, but even then it does 
not seem to participate directly in the reaction, at 
least not in the sense that it becomes involved in the 
establishment of a permanent bond. On the other 
hand, primary and probably also secondary amino 
groups in such a combination enter into an irre¬ 
versible reaction with penicillin by which they 
become- part of an amide linkage, while tertiary 
amino groups activated by the neighboring sulf¬ 
hydryl promote hydrolysis to penicilloic acid. 
Finally, there are a few weak bases which show high 
reactivity, though they do not contain a sulfhydryl 
group. 

Looking for an explanation which would satisfy 
all these facts, the Squibb investigators advanced 
the suggestion (3,38^ 2 ; 44 ^ 10) that the sulfhydryl 
group may be necessary only insofar as it weakens 
the basicity of the neighboring amino group and 
thus at neutral reaction provides for a certain 


amount of undissociated base, presuming that the 
latter is the form reacting with penicillin. This 
concept finds support in the fact that the reactive 
compounds, hydrazine, hydroxylamine and mor¬ 
pholine, are comparatively weak bases, having 
pKa' values of 8.2, (i.O and 8.45, respectively, 
whereas all amines with a pKa' of greater than 9.5 
are completely unreactivo. A similar relationship 
in respect to reactivity and basic strength exists 
between cysteine {plW - 8.2) and alanine (pK-i' = 
9.7), and between 2-diethylaminoethanethiol (pK»' 
= 7.8) and triethylarnine (pK,,' — 10.5). Table II 
(Experimental) lists th(i pK,/ values of representa¬ 
tive compounds together with their degree of 
reactivity towards penicillin. The data sho^v that 
in general only amines having a pKa' less than 8.5 
are capable of inactivating penicillin. However, 
against this hypothesis is the observation that 
within the group of reactive compounds there 
is no inverse relationship between inactivating 
power and bas(‘ strength. Thus the “slow^^ in¬ 
activators a-ainiiio-/:^-thiol-/y-valeric acid and peni¬ 
cillamine are Hanked by fast-reacting compounds, 
and the very weak base aniline is iriactiv(^ Also, 
the transition from comph^te^ inertness to strong 
reactivity (for instance for the pair S-benzyl- 
cysteineicysteine) correspoiids to a drop of only 
0.8 units on the pK' scale, and a simple calculation 
shows that at pH 7.0 the concentration of the undis¬ 
sociated cysteine base (HSCLLi CHNlla COO") is 
only six times higher than that of the corresponding 
form of S-benzylcysteine, a ratio which seems to be 
too small to account for the enormous difference 
in the reaction rates. However, it must be kept in 
mind that the pK' values in these as in all other 
cases represent apparent dissociation constants, and 
that the respective contributions of the hydrated 
and anhydrous base forms, RNH 2 . . . HOH and 
RNH 2 , to the total undissociated base may vary 
greatly with constitutional factors. Since it is 
impossible to say which of these forms may be 
involved in the reaction with penicillin, the above 
reasoning, which takes into account only their sum, 
may be fallacious. Even so, it would appear that 
low basic strength, though seemingly a necessary 
prerequisite, cannot be the sole factor conferring 
reactivity on a compound of type I, and that an 
explanation embodying in addition a direct, if 
transient, participation of the sulfhydryl group in 
the reaction would be preferable. 

The Squibb investigators, confining themselves 
to the statement that . the sulfhydryl group 
of primary as well as of tertiary jS-thiolamines 
might participate in the reaction in that it could 
conceivably form a labile linkage with penicillin 
which facilitates the hydrolysis (or, in the case Of 
the primary thiolamines, aminolysis) of the active 
ring'' {S44f 10), refrained fronl proposing any 
specific reaction mechanism. On the other hand, 
the Winthrop group consistently advocated the idea 
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that the primary reaction takes place at the sulf- 
hydryl group, and that the role played by the basic 
group is secondary. They devised certain specific 
formulations which are all based on the thesis 
that the primary reaction consists in an addition of 
sulfhydryl to a double bond, as is presumably the 
case in the inactivation by cysteine and related 
compounds of certain antibiotics possessing an 
unsaturated lactone grouping. Starting from this 
premise, they were constrained to reject the 
/8-lactam formula for penicillin and to revive the 
arguments in favor of the thiolactone structure 
(V) and the oxazolone-thiazolidinc stiTicture, both 
of which contain ring double bonds comparable 
with those in unsaturated lactones. As an exam¬ 
ple of the type of reaction visualized, the inactiva¬ 
tion of benzylpenicillin (thiolactone formula) by 
2 -aminocthancthiol and the following degradation 
steps corresponding to Il-b IV-b (p. 211) are 
shown below in the formulation of the Winthrop 
investigators {WJ5j 3): 

R CO-NH-C • CO • S • CiClUh nh,CH.CH.SH 

II I -► 

CH—NH—CHCOOH 
(R = CJIsCHii—) 

V 

r R-CO-NH—CHCO-SC(CH,)* 

\ I -* 

LNHs-CHsCHrSCH—NPI-CHCOOH 

VI 

RCONII 

CHj-NH-COCH HSCCCHa)* 

1 I I 

CH,-S-CHNH—CHCOOH 

VU 


sulfhydryl, and in doing so causes a rearrangement 
to the penicilloic amide Ill-b (p. 211), which is 
omitted in the above sequence. However, if this 
be so, the meaning of VIII and IX becomes obscure; 
the l>enzylpenaldic derivative IX has actually been 
obtained only in the form of the benzylatcd com¬ 
pound IV-b (SJe, 8). 

The steps V-VII are fashioned after the mecha¬ 
nism proposed by Cavallito and Haskell (J, Am. 
Chem. Soc.f 67j 1991 (1945); also in W.lSj 2) for the 
reaction of A^-angelicalactone with 2-aminoethane- 
thiol (or cysteine) which according to these authors 
leads via an addition product X (analogous to VI) 
to the 8-mcmbered lactam XI (analogous to the 
7-membered lactam VII) and thence by dehydra¬ 
tion to the isolated end product XII. 

SCIIaCHaNHi OH 

CHa C • 0 • CO CH, C • S ■ CH, • CH, 

II II 

CHr-CH, CH,CH,CONH 

X XI 

CII,C—S—CH,CH, 

II I 

CHCHsCONH 

XH 

The formation of benzyJpenieilloic acid (XHI) by 
tlie action of 2-dinu;thylainiuocthancthiol on V is 
explained in a somewhat analogous manner {W.16, 
1 ): 

^ (CHji.NCHsrH.S^ 

R-CO-NIICH • CO • S ■ C(CH,), 

I I 

(CH,),NCH,-CH,-SCII~~N1I—CHCOOH 


r RCONH 

I 

CH,NHCOCH 

I I 

LCH,-S-CHOH 

vm 

COH 

RCONHCHCONHCH,CH,SR' 

IX (R' = H); IV-b (R' = —CHs C,!!,) 

The inactivation product isolated by the Squibb 
group is represented by VII, in which the free sulf¬ 
hydryl group is that of penicillamine. Since the 
S-benzylation was carried out on this compound 
{S.S6, 7) and not at a later stage, it is not clear why 
this group, which in N-acyl derivatives of penicill¬ 
amine is readily accessible to benzylation, should 
not have been benzylated. Apparently it is 
assumed that the benzyl chloride attacks the ring 
sulfur atom in VII instead of the penicillamine 


HSC(CH,), 

I 

HiNCHCOOH 


H,0 


coon 

RCONHCH HSC(CH,), 

(CHa),NCH,CH,SCH—NHCHCOOH 
~(CIl3)2N-CHrCH2Sn 


COOH 

R-CONHC HSC(CH8), 

II I 

CIINHCHCOOH 
RCONHCH-CnSC(CH,), 

I I I 

COOH NH—CH COOH 

XIII 


In applying the double bond addition hypothesis 
to the thiazolidine-oxazolone structure, the Win¬ 
throp investigators envisage similarly constituted 
intermediates (IV./7, Part, II, Penicillin as an 
unsaturated lactone, 4), e.g.: 
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RC=NCH~CHSC(CH,), cysteine 


6-CO NH—CH-COOH 

HjNCHCHsSCRNHCH—CHSC(CH8), 

I I I I I 

COOH O-c;0 NH—CH-COOH 

R OH 

S—C—NH-CH—CHSC(CH,)j 

I III 

CH 2 CHNHCO NH—CH-COOH 

I 

COOH 

R-CO-NH CH—CH S-C(CH,), 

I I I 

HS-CH*CH-NH-CO NH—CH-COOH 

I 

COOH 


In this connection it might be mentioned that 
cysteine (as the sodium salt) reacts in aqueous 
acetone with saturated’* oxazolones in the same 
manner as simple a-amino acids, that is with the 
formation of N-acyldipeptides (SJ9^ 4; ^4i •^)- 

CO—o 

I I + HSCH2C^H(NH2)C00II 

ri.ChN-=CR2 

R' COOH 

I I 

R^CONHCHCONHCHCHaSH 

The same is true when essentially isoelectric 
cysteine is used, i.e., the pH of the medium is kept 
near neutrality (S£8j 4). If penicillin were a 
simple oxazolone, it should bo inactivated at 
neutral reaction by amino acids other than cysteine, 
which is not the case. Conversely, it may be 
doubted that the above mechanism postulated by 
the Winthrop investigators for the penicillin- 
cysteine reaction is applicable to simple oxazolones, 
since the latter are opened with the establishment 
of a peptide linkage regardless whether or not a 
sulfhydryl group is present in the reacting amino 
acid. 

In the opinion of the reviewer, it is not safe to 
argue from the behavior of one particular class of 
compounds (unsaturated lactones) towards amino- 
thiols that the same reaction mechanism must be 
operative in the case of penicillin and that the 
latter must therefore have a comparable structure. 
Aside from the fact that the structure of the postu¬ 
lated intermediates is entirely unsupported by 
experimental facts, there are other weak points in 
the argument of the Winthrop group: (1) The 
8-membered lactam structure of the reaction prod¬ 
uct from A^-angelica lactone and cysteine (XII) 
and related compounds is not strictly proved. (2) 
Certain antibiotics possessing an unsaturated lac¬ 
tone structure (pcnicillic acid, clavacin) are 
inactivated by thioglycollic acid just as effectively 
as by cysteine (Geiger and Conn, Am. Chem, 


Soc.f 67, 112 (1945)), whereas with penicillin the 
presence in the inactivator of a basic group in addi¬ 
tion to sulfhydryl is obligatory for rapid reaction. 
(3) It is postulated that the basic end of the amino- 
thiol is attracted by some group (carboxyl?) of 
penicillin, thus bringing the thiol function into a 
position to be involved in addition to a double 
bond” {W.17, 3). This group cannot be the 
carboxyl group, because methyl benzylpenicillinate 
reacts with cysteine in 50% pyridine just as rapidly 
as sodium benzylpenicillinate (Squibb, unpublished; 
see Experimental). (4) Nothing is known about 
the behavior of /3-Iactams toward cysteine and like 
compounds. Hypothetical unstable addition prod¬ 
ucts of the latter with penicillin can be devised 
on the basis of the )3-lactam structure (XIV) which 
would seem to have as much or as little merit as 
the intermediates postulated for the other two 
formulae. For instance, considering that the com¬ 
parative lack of resonance in the jS-lactarn ring of 
penicillin (Harvard, Wo.^, 18, 21) would tend to 
confer kctonic properties upon the amide carbonyl, 
the following sequence would appear possible: 


RC()NH*CH-CHSC(C;H,)2 mii,ch,.ch^sh 

CO--N-CH-COOH 

XIV 


R'CO'NirCH—CH-S-C(CH3)2 


H/) 


CIU'NHC N -CH-COOH - 

I 

CHo- 


I 


RCONIfCM—(HISC(CIl3)2 

I I I 

HS-CHs-CIRNH-C-—N.—CH-COOII- 

OH 

R-CO-NH-CH—CH-S-C(CH,)2 

I I I 

HS-CH2-CH*-NH-C0 NH—CH-COOH 

n-b 


It must be admitted that the above concept is not 
applicable to the inactivation of penicillin by 
tertiary aminothiols. Although it is possible to 
formulate a somewhat related mechanism involving 
addition of the sulfhydryl group across the /3-lactam 
carbonyl double bond followed by rearrangement 
to an unstable penicilloic thiolester, it seems point¬ 
less to elaborate on such speculations before more 
experimental facts, especially on the kinetics of the 
reaction, become available. The picture is further 
complicated by the finding that 2-piperidmo- 
ethane-l-thiol does not inactivate penicillin (Win¬ 
throp, W.16, 1). Since there is no evidence 
indicating that the nitrogen atom of tertiary piper- 
idino bases is sterically hindered, this observation 
is not easy to reconcile with the rapidity ^ the 
inactivation by the n-dialkylamincethanethiofs. 
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The biological implications of the inactivation 
reactions discussed here are obvious. The mode of 
action of penicillin on the microbial cell may well 
involve interference with enzyme systems requir¬ 
ing cysteine or cystcinyl peptides for activation. 
This aspect of the problem has been extensively 
discussed in publications of the Winthrop group 
(Cavallito and Bailey, Science, WO, 390 (1944); 
Cavallito, Bailey, Haskell, McCormick and Warner, 
J. BacL, 50, 61 (1945); Cavallito, J. Biol. Chem., 
164 , 29 (1946)). 

EXPERIMENTAL 

Inactivation of Sodium Benzylpenicillinate by Cysteine 

(Squibb, S.6, 5; 12a, 6). In all experiments air was care¬ 
fully excluded and the rate of reaction was followed polari- 
metrically. With a mole ratio sodium bcnzylpenicillin: 
cysteine « 1:2 in phosphate buffer pH 7.1, the reaction was 
very rapid. After 20 minutes the dextrorotation had fallen 
to almost half of its original value. In the following few 
hours the rate decreased markedly, and became practically 
constant after 24 hours. In another experiment, in which 
the mole ratio was 1:1, the sulfhydryl and amino-N content 
of the mixture were determined at intervals along with the 
rotation. 

Sodium bcnzylpenicillin (150 mg.), and cysteine hydro¬ 
chloride (70 mg.) which had hern neutralized before addition, 
were allowed to react at pH 0.5 (phosphate buffer) under Ni 
(final volume 14.0 cc.). A part of the solution was im- 
mcMiiaicly placed in a polarimeter tube; the remainder was 
k(q)t in a vessel whi(!h permitted withdrawal of the analytical 
samples without admitting air. In order to stop the reaction 
the samples were acidified with HCl. This caused the ap¬ 
pearance of a bulky precipitate which dissolved on dilution 
with water. A mercaptan-like odor was noted wdth all the 
samples before acidification. The sulfhydryl content was 


observation that during the inactivation of peniiullin with 
cysteine the sulfhydryl content, as measured by the Folin- 
Marenzi method, decreased sharply to 20% of the original 
value w'hen the mole ratio of the reactants was 1:1 (S,12a, 6) 
is readily explained by the fact that N-acylated dtirivatives 
of cysteine yield only a fracition of the color value given by 
cysteine under the usual condition.s employed for color 
development. For the present studies the photometric 
modification of the Foliii method devised by Ka.Hsell and 
Brand (J. Biol. Chem., 12f>, 115 (11138)) was used. By this 
method the change of color intensity with time can be 
conveniently followed. Of all the compounds tostcul only 
cysteine methyl estcT p)roduced approximately the same 
amount of color as cyst-cune itself when the standard condi¬ 
tions (reading within 15 minutes after addition of reagents) 
were used. Synthetic N-substituted cysteines, including 
N-benzoyl-leucylcysteine, gave much lower values, and the 
color derived from bcnzylpasnicillin-cysteine and from benzyl- 
penicillin-/3-thiolethylaminc w^as only 20-30% (depending on 
the concentration) of tliat given by cysteine. However, 
when several hours w^cre allowx'd for color development, the 
extinction coefficients were generally higher, and with peni¬ 
cillin cysteine and penicillin cysteine methyl ester reached 
70-80% of the cysteine value. Since the pH of the colori¬ 
metric samples was 5.7, it is unlikely that the increase wras 
due to the liberation of the free sulfhydryl comp)Ounds by 
hydrolysis of the amide linkage. 

Sodium benzylpenicillinate (227.4 mg., 0.638 millimole) 
and C 3 '' 8 teine hydrochloride (101.6 mg., 0.640 millimole) were 
dissolved in 10.0 cc. of A//2 phosphate buffer pH 7.0 and 
1.0 cc. of 1 N NaOH under nitrogen. [a]i) of a pjart of the 
solution w^as followed, and suitable aliquots were withdrawn 
at intervals and used for the determination of amino-nitro¬ 
gen (Van Slyke, manometric) and sulfhydryl group)s (Kassell 
and Brand). The samples for the latter measurements were 
diluted and used without delay; thos(‘ for the amino-nitrogen 
determinations were acidified to pH 4.2 and kept in dry ice 
until they w^ere analyzed (3-4 hours). 


Time. 

10 

20 

30 

50 min. 

3.12 

3.5 

20 

60 hrs. 

Nitroprusside reaction (qual.). 

-h-f-f 4- 

4-4-4-4- 

Not det. 

+ 4-4- 

Not det. 

i 

± 

Not det. 

SH. calc, as mg. cysteine —IIC'l per cc. 

().5* 

1 3.0 

Not det. 

2.5 

— 

12(?) 

2.2 

Not det. 

[a]D®^ degrees. 

4-3.00 

i Not det. 

4-2.74 

+2.60 

+2.21 

Not del. 

+ 1.72 

+0.87 


♦Actual concontration at start 5.0 mg./cc. The pVL at the end of the experiment was O.U. The arnino-N, determined by formol titration, 
showed no marked change throughout the experiment, but this level corresponded to only 35-40% of the arnino-N calculated from the cysteine 
present. 


determined by the Folin-Marenzi method. Penicillin itself 
gave a small blank with the reagent which was subtracted 
from the experimental values. 

The amino nitrogen, determined by formol titration, 
showed no decrease during the reaction. However, by the 
use of the manometric method of Van Slyke there was ob¬ 
served a rapid decrease in amino nitrogen which parallels 
the fall in SH. With mole ratios qi cysteine: penicillin of 1; 1 
and 1:2.2 the reaction led to incomplete disappearance of 
SH, and apparently the rapid primary reaction (which 
parallels the rapid initial fall in rotation) was superseded by 
a secondary process in which SH was again liberated. In 
fact, with excess penicillin more SH was present at the 
minimum point than when the ratio was 1:1. On the other 
hand, the NH*—N remained constant at about 20% after 
completion of the primary reaction. The residual NHa—N 
at that level may be connected with the fact that cysteine 
gives 10-16% more than the theoretical amount of Ni in the 
Van Slyke method. 

Apfiarent Decrease of Sulfhydryl during Inactivation of 
Sodltun Benzylpenicillinate by Cyateine {S.88, 1). The 


The pH at the end of the experiment was 6.72. The 
results are given in the table below. The figures for amino- 
nitrogen represent the average of duplicate determina¬ 
tions, those for sulfhydryl averages of c at three different 
concentrations. 




1 


iSulfhydryl, per cent'^ 

Time ; 


Amino-N 

Time allowed for color 

(hours) 

ww 



development 


Mg./cc.! 

Per 

cent2. 

0.25 

1.5 

3 hrs. 

0.25 

+ 195® 

1.185 

89 

54.8 

69.2 

79.6 

0.5 

190 

0.885 

58 

51.5 

78.0 j 

86.5 

2 

156 

0.590 

46 

31.7 

72.5 

76.1 

5 

146 

0.340 

25 

42.8 

70.5 

— 

23 

138 

0.157 1 

11 .6 

.33.6 

66.4 

72..5 


* («Jd of sodium pemoiliiu u«o<i, in 

^Calculated on cysteine originally presont. The percentage figures 
for amino nitrogen are calculated uu the basis of the experimentally 
determined Nil*—N of the cysteine sample used, which was 163% of 
the theory. Cysteine and cystine are known to give abnormally high 
values in the Van Slyke method. 
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Preparation and Characterization of Benzylpenicillin- 
Cysteine (Squibb, S,l£a, 6 ; 14 , 0 ; ^8, 2). Sodium benzyl- 
penicillinate (614 mg.) and cysteine from 457 mg. of the 
hydrochloride (mole ratio 1 : 2 ) wcr^^ allowed to react under 
Na in phosphate buffer at pH (i.O as pniviously described. 
After 38 hours la]i> w^as -|-134^; all antibiotic activity had 
been <lestroyed. The solution was acidified to pH 2 at 0° 
and extracted with chloroform-etlnT 1:4. The tixtract, 
after drying over Na 2 S 04 , was evaporated in vacuo. The 
residu (5 (423 mg.), a white amorphous powder, had an 
[aln of -f 72° in ethanol, and analyzed as follows: (•, 49.92; 
H, 5.52; N, 8.82; S, 12.73. C'alc. for C, 

50.07; H, 5.53; N, 9.23; S, 14.08. The product contained 
2.0% of SH (Folin) and 1.2%, of NH 2 —N (Van Slyke, 
manometric). It was readily solubh* in alcohol and ac.e.tone, 
sparingly soluble in water, ether, chloroform and (ithyl 
ac(date. 

To a solution of 180 mg. of this material in 0.75 cc. 
absolute ethanol 12 cc. dry ether containing 0.45 cc. of 
benzylaminc* w'erc added. After 30 miijut(\s the resulting 
slightly gtimmy precipitate was centrifuged and washed 
repeatedly with dry ether. After drying it weighed 251 mg. 
and melted at 153-155°. It crystallized in fine needles 
from 5 (!c. of warm ethanol-ethyl acetates 1 : 1 . After another 
crystallization the melting point was (ionstant at 155-156° 
(yield, 99 mg.), Md -} 67° in water. The ultraviolet 
spectrum showed a inaxiTnum of 2560 A, t ~ (>50 (on MW 
687), a mininuiiTJ at 247 niyu, « — 570, and steep end absorp- 
thm, t = 900 at 237 m^i. 'Hie maximum is undoubtedly 
due to a summation of tin* jjhcnyl al)sorpfion from benzyl- 
penicillin and the 2 l)enzylumine r(‘sidu(‘s. The a.scending 
part of the curve (end abscu-ption) is .somewhat displaced 
from its location in the penicillin sp(*ctruin towards a lower 
waive length, us is the case w itli benzylpcnicill<jic acid deriva¬ 
tives. 

Found: C, 57.58; H, 6.36; N, 9.8(>; S, 9.25 

Calc, for (-h{ 3 H 4 ; 07 Ni,S 2 (1 penicillin 4- 1 cysteine + 2b('nzyl- 
ainine -f 1 H 2 O): C, 67.60; 11, 6.60; N, 10.19; S, 9.33; 
^:H2-N,5.5, 5.4%,. 

The (lornpound gav(? a strong nitroprussidc naietion in 
NaOlJ, but only a w eak one in j\H 3 . Ferric cliloride yielded 
a slow'ly fading blue color together wdth a grey precipitate. 
The sulfhydryl cont(!nt (Folin) was 0 , 6 %. Tin? color in the 
latter reaction developed more slowdy than with cysteine. 

In another preparation, from 498 mg. of the reaction prod¬ 
uct, 619 mg. of the crude salt were obtained, which on 
crystallization from cthanol-ethyl acetate yielded 424 mg. 
of pure material, m.p. 155-156°. Analysis after drying at 
66 ° in vacuo: 

Found: C, 57.33; H, 6.62; N, 9.69 

Calc, for C 3 ,H 4607 N 5 S 2 : C, 57.60; H, 6.60; N, 10.19 

A solution of 86 mg. of the salt in 5 ce. of water acidihed 
with H 2 SO 4 was extract(?d repeatedly with ethyl acetate. 
The residue of the dried extracts, 61 mg. of a white powder, 
melting at 108-110° after sintering at 100 °, could not be 
crystallized. The weight relations indicate that both 
benzylamine residues had been removed (calc. 59 mg.). 
The Nil*—N, determined on a different preparation, was 
only 0.92%. In an attempt to purify the product, similarly 
secured from 387 mg. of the salt, by dissolving it in 6 cc. of 
ethyl acetate and precipitating with 5 cc. of dry ether, the 
precipitate thus obtained (70 mg.) melted at 130-167° 
(probably undecomposed benzylammonium salt). The 
white solid material recovered from the supernatant (m.p. 
113-115°, after sintering at 100°) could not be crystallized. 

Found: C, 50.78; H, 6.49; N, 9.37; S, 13.26 

Calc, for C,*H,jO«N,S*: C, 60.07; H, 5.63; N, 9.23; S, 14.08 

A solution of 90 mg. of the acid in 0.1 W H 3 SO 4 was heated 
for one hour in a current of N*. Only traces of COi were 
liberated during this period. 


In a subseqmmt hydrolysis experiment (S\80, 4) the 
hydrolysate was extracted with ethyl a(‘etate. A pentane- 
soluble fraction w as obtained from the ('xtraet which on sub¬ 
limation yielded phen.ylacetic atid, m.p. 73.5-74.5°. No 
other crystalline products could be isolated. 

On account of the difliculties encountered in securing the 
crystalline benzylammonium salt of the cysteine inactivation 
product, various modilications of the inactivation procedure 
were tried. The reaction period ami prop^irtion of reactants 
were varied, hut the nvsulting products yi(4ded none, or only 
small amounts of the crystallim* salt. No better results 
were obtained wlien 50% j)yridin(‘ (pH 7.5 8) w as substituted 
for the phosphate buffer medium (pH 6.5 7.0). To judge 
from the fall of roUttioji and the rate of inactivation, the 
reaction in tliis medium tak(‘s about the same course as in 
phosphate buffer, and the composition of the isolated 
amorphous product again correspondc'd roughly to penicillin- 
cysteine 1:1. 

When 211 mg. of sodium benzylpcnicilliii and 108 mg. of 
f.-cysfeiiie HCl ware dissolved in 5 cc. 50%, pyridine (mole 
ratio 1:1) pH 7.9, the initial [a]i) was 4*297°; after 24 
hours 4137 °, and after 48 hours 4-125°; the potency had 
then fallen to 10 U/mg. I'lirther decline of Mi) was very 
slow (4*91° after 8 days). The [a]r) of a control solution 
with penicillin alone in the samt* medium fell at a much 
slow'er rate: 10 hours, 4*280°; 34 hours, 4-265°; 12 days, 
4*184°, 1300 U/mg. (evidently too high a value). The 
rca(‘tion product was isolated by extraction with ethyl 
acetate from the acidifk^cl solution (221 mg., m.p. 112-120°). 

Found: C, 50.76; II, 5.82; S, 13.17 

Calc, for Ci«H 2 ,,OoN 3 S 2 : C, 50.07; H, 5.53; S, 14.08 

Treatment of Benzylpenicillin-Cysteine with Mercuric 
Chloride (S(]uibb, NM.b 7; /.9, 6). Sixty-oiic milligrams of 
tin* cysteine inactivation-product, regenn'rated from the 
benzylammonium salt, were treatcnl in 7.5 cc. of 33%', motha-' 
nol w'itli 190 ing. of HgClo. precipitate formed imnuMli- 
ately. The supernatant gave a negative Schiff test and only 
a slight turbidity with dinitrophenylbydrazine. After 
standing overnight in cotitact with the precipitate, tlio Scliiff 
test w'as still negative, but dinitrophenylbydrazine gave an 
immediate yellow precipitate. Th(^ remainder of tlie super¬ 
natant was treaUal w ith an cx(;(‘.ss of this n'agent and yielded 
31 mg. of yellow necalh's melting at 158°. After two crystal¬ 
lizations from methanol, tlie melting p<»iiit remained con¬ 
stant at 165-166°. Found: (\ 42.50; 11, 3.94; N, 16.04. 
Sulfur was absent. 

The HgCbj-cleavage reaction was repeated on 99 ing, of 
penicillin-cyvStcine, and 59 mg. of the crude dinitrophcnyl- 
hydrazone m.p. 145-168° were isolated. It was found that 
considerable amounts of an impurity w^ere present which 
could be remove<l by dissolving the mixture in warm chloro¬ 
form-methanol and discarding the portion which separated 
on cooling. The soluble fraction was recrystallized re¬ 
peatedly from dry methanol and yielded deep-yeJIow needles, 
m.p. 172-173°. Found: C, 47.70; H, 4.67; N, 21.8%,. 
Another preparation of the dinitrophenylhydrazone, which 
was purified by repeated treatment with benzene-methanol 
in the manner described above, melted at 179-180°. 
Found; C, 47.79; H, 4.88; N, 22.46. The analyses of both 
preparations agree writh the theoretical values for CiuHnOiN* 
(Calc.: C, 47.59; H, 4.80; N, 22.23). The corresponding 
carbonyl compound C 4 H 8 O is isobutyraldehyde. The 
dinitrophenylhydrazone of this aldehyde was prepared and 
melted at 181-182° (literature; 182°, 187°). A mixture of 
the two derivatives melted at 178.5-179.5°. 

Obviously, isobutyraldehyde could arise only from the 
penicillamine moiety, through a-ainino-/5,j8-dimcthylacrylio 
acid, dimethylpyruvic acid, and decarboxylation of the 
latter. To check on the latter point, 91 mg. (0.2 millimole) 
of cysteine-inactivation product (regenerated from the 
benzylammonium salt) were cleaved in 8 cc. of 33% metha* 
nol with 6 mole equivalents of HgCla in a closed vessel Med 
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with N 2 into Ba(OH )2 solution. A second receiver attached 
to the train contained dinitroplienyJhydrazine reagent. The 
BaC'Os formed corresponded to 0.076 millimole CO 2 . or 0.38 
mole per mole substance. Since the transfer of C'Oa was 
shown to be quantitativi^, it is probable that the liberation 
of the carbonyl cornpouiul and of (-O^ was still incomplete 
after 20 hours. 

The yellow preeipitate which formed in the seeond re¬ 
ceiver wa.s combined with an additional amount obtained by 
di.stillation of the Ha(01I)o siipc^rnatant into dinitrophen^ I- 
hydrazine reagent. The crude material (11 irig., m.p. 100- 
1G8“) after two reerystallizalions melted at ITS-ITO'’. 
The melting point of a mixture with isobutyraldehydo di- 
nitrophenylhydrazone (180 181'") was 178 -170''. 

The supernatant from the HgC.'b-precipilate (128 mg.) 
was distilled at atinosi)herie pnissuri' until the reacti<ni with 
dinitrophenylhydrazine in the distillate' was negative. The 
solution remaining in the distilling flask w'as treated vvilh 
dinitrophenylhydrazine and yii'hh'd 14.8 nig. of an orangi*-' 
red precipitate which after rcerystallization from ethancd 
decomposed at 100-170'’. 

It is (!lear from the above that two (iarbonyl compounds, 
one of wdiich is isobutyraldidiyde, are .s/mc/// lilx'ratefi from 
the precipitati^ formed by t>h(^ action of HgC'l^ on penicillin- 
cysteine (the .supernatant w'lu'n separated immediately after 
precipitation and allowed to stand fur 24 liours, gives no 
reaction wdth dinilroiihenylhydrazine). It was of (tbvious 
interest in this connection to exainim? th(‘ reaction of peni¬ 
cillamine and of cysteine with Hgf d;.. Addition of a 35% 
methanolie solution of llgCl- (about 5 mole equiv^alerits) to 
ni^penicillamine liydrochloridi; (1)5 mg.) in the same solvent 
(final volume 10 cc.) caused only an initial faint prei'ipitate 
w'hich dissolved in excess reagent. After standing <»vernight, 
a small amount of a very fine w hiio precipitate liad separated 
out, and the previously negative diiiitrojihenylhydrazine test 
had lic'come po.sitivT. The precipitate? containcxl sulfur and 
appeared to bo IlgCl 2 * 2 HgH or a similar complex. The 
reaction, whic.h seemed to proceed more slowly than with 
pcjiieillin-eysteine, Avas aJlovv(?d to continue for another day. 
The* dinitrophenylliydrazom? ol»tained (13.0 rng,, m.p. 168- 
101)'") after imrification melted at 179.5-180.5'" and gave 
no depr<?8sion Avith isobutyraldehyde dinitroplienyl- 
hydrazone. Cysteine ^hydrochloride (100 mg.) treat(‘d in 
exaciUy the same manner yieldt;d a heavy Avhiie preeipitate, 
but the aldehyde reactions remained completely negative 
on prolonged standing (five days). Kvidently the tertiary 
SH group in penicillauiine renders this compound suscepti¬ 
ble to sloAA^ desulfurization by Hg^"*" and subsequent degrad¬ 
ation to Isobutyraldehyde by the route indicated above. 

The failure of penicillamine, in contrast to cysteine, to 
yield an insoluble mercury mercay)tide under the above 
conditions is merely due to the greater solubility of the latter 
at low pHf since after partial neutralization of the HCl 
addition of HgCla gave a heavy white prcciyiitate, 

Benzylpenicillin-Cjrsteine Methyl Ester (Squibb, S,S0, 
6; S^, 6). Cysteine methyl ester reacts with sodium benzyl- 
penicillinate in 60% pyridine at about the same rate 
as the free amino acid. In a preparative run 322 mg. of 
sodium benzylpcnicillinate and 156 mg. of cysteine methyl 
ester hydrochloride dissolved in 22 cc. of 50% pyridine were 
allowed to react under N 2 for 3 days, [ajo was then -1-123®, 
the antibiotic potency 70 U/mg. The solution was acidified 
to pH 2 and exhaustively extracted with ethyl acetate. The 
combined extracts were washed Avith dilute HCl and water 
and dried. Removal of the solvent left a white amorphous 
solid (412 mg.) melting with decomposition at 100®, after 
softening at 80“. 

Found: C, 51.24; H, 6.14; N, 8.60; S, 13.01; CH,0, 8.14 

Calc, for CioHjrO^NaS,: 

C, 51.13; H, 6.80; N, 8.95; S, 13.66; CH,0, 6.61 

A 150 xhg. sample was purified by repeated extraction with 
warm toluene (70-80*). The two fractions thus obtained 
both showed about the same melting point (softening at 80*, 


doeom position AAuth marked effcrvosceiico at 90 05'’). 1’ho 
toluene-insoluble* fraction was further purili(?d by precipit¬ 
ation from (‘thyl acetate' with 5 volumes of hexane. This 
material gavt* a correct analysis h'r methoxyl. 

Found: ('H. 1 O, 0.45 

The product gives a strong nitroprussidi? test. The 
piperazine, piperidine, load and cujiric salts wi're amorphous. 
The gelatinous benzyliiniine salt (m.p. 119 120'"), prc'pared 
in ethyl acetate solution, separati'd from warm ethyl acetate 
or benzoin' as indistiru'tly crystalline particles melting at 
120 121'"; after drving in vacuo at 50", the melting point 
was 121.5 122.5®. 

Found: { \ 55.28: H. 0.00; 9.40; S, 10,47 

Calc, for C.,7H„.0,)N4S,4I,0: 

< 54.51; IT, 0.14; N, 9.42; S, 10.78 

The titration curvi* of the purilied comjiound in 50% 
ethanol showed two binding ri'girms. 'I’Ik' lirst of these has a 
midpoint at pH 4.50 and a span <'orn'sponding to an equi\^a- 
h'lit Aveight of 407, which agrees W'ell with the ealeulat(?d 
inoleeidar weight of 409. 3’he other binding region has its 
mid-point at pH 9.74. 

Benzylpcmcillin-2-Aminoethanethiol (Squibb, G; 

•To*, 7). 'I'his eonqiound was ])repared by reaction of eipii- 
molar quantities of sodium benzyljienicillinati' and the 
crystalline hydrochlorkh? of the aminomereajitan in plios- 
phate huttVr pll 7.5. After 3 days jah) was 4-115". IJx- 
traclimi of the neidilied solution with etliyl acetati* yielded a 
glass, which was converti'.d into a white poAV(](?r hy tiitura- 
tion with warm hexaiu;. The maleria.1 scdteiied at 88“ and 
melted to an opaijuc glass at 93-95" with subsequ(?nt de¬ 
composition and gas evolution. Ati(;nipts to crystallize 
it were unsuccessful. 

Found: C, 53.00; H, 0.56; N, 9.23; S, 15.03 

Calc. forfb«lln 04 X 3 S,:C, 52.53:11, 0.12; N, 10.21 ;S, 15.58 

The* inaetiA'ation with /3-thiol('lhylainine was also carried 
out in 50% pyridine, ami the crude product (yield, 88% of 
theory) was purified Avitli ethyl acotate-toluene. [«]i> 
4-72.0® (0.51% in ethanol). 

Found: C, 52.18; H, 0.50; N, 9.95; 8, 15.23 

Calc, for C', 52.51; 11, 0.13; N, 10.22; 8, 15.59 

Another preparation with [a]D "h80.4‘" gave: 

Found: C, 52.83; II, 6.11; N, 9.G1; 8, 15.50 

S-Benzylation of N-Formyl-DL-penicillamine (Squibb, 
3). The method for the benzylation of reduced 
L-penicillaniine disulfide rti liquid ammonia, described by the 
Cornell group (DJT, 3), was applied to 1 70 mg. of N-formyl- 
DL-penicillamine, and 190 mg. of crude product, m.p. 154- 
154.5®, were secured. The melting point of a mixture with 
an authentic sample was not depressed. 

It seemed desirable for various reasons to examine also the 
applicability of the older method via the sodium rnercaptide. 
178 mg. (1 millimole) of N-formyl-ni^penicillamine Avere 
dissolved in 22 cc. of 0.1 N sodium hydroxide solution. 
After the addition of 0.115 cc, of benzyl chloride the solution 
was shaken for 1^ hours under nitrogen. It was then 
extracted with ether and acidified with 1.2 cc. 1 N hydro¬ 
chloric acid. The resulting crystalline precipitate (214 mg., 
m.p. 154-155®) was recrystallized from 33% methanol and 
then melted at 155.5-156®. 

Found: C, 58.12; H, 6.43 

Calc, for CijHitOsNS: C, 68.38; H, 6.41 
Benzylation of Benzylpenicillin-Cysteine Methyl Ester 
(Squibb S.S4t 3). A solution of 461 mg. of the reaction 
product of benzylpenicillin with cysteine methyl ester in 
liquid ammonia was allowed to react with 0.33 cc. (3 equiva¬ 
lents) of benzyl chloride. The reaction product was taken 
up in water and extracted with ether. The aqueous phase 
was cooled with ice, acidified with HCl to Congo, and again 
extracted with ether. Evaporation of the dried ether soln- 
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tion left a white solid (43G ing.) which still gave a weakly 
positive nitroprusside test. Analysis indicated that most 
of the product had been benzylated (Found: C, 56.70; H, 
6 . 66 ; Calc, for C, 7 H|, 0 (,N,S,: O, 67.94; H, 5.94). Some 
fractionation was effected by repeated reprecipitation from 
ethyl acetate-ether followed by several triturations with 
ether. The least soluble fraction (73 mg., m.p. 90-98®, 
(ajo in ethanol -f 37.9®) was apparently less pure (Found: C, 
66.25; H, 6.45). The residing from the combined super¬ 
natants (243 mg., m.p. 6G-73®, fa]n 4-34.2®) gave somewhat 
more satisfactory analytical figures: 

Found: C, 57.31; H, 6.15; OCH,, 4.90 
Calc: C, 57.94; H, 5.94; OOHa, 5.54 

Another specimen similarly prepared and purified (m.p. 
73-80®, [«Id -f-31.1®) analyzed as follows: C, 57.50; H, 
6.03; OCH 3 , 6.14. 

The nitroprusside test w^as negative with both these 
preparations. 

Benzylation of Benzylpenicillin-2-Aminoethanethiol 

(Squibb, S.S2y 4; SO, 7). The reaction was carried out on 
180 mg. of the starting material with one equivalent of 
benzyl chloride and 2 equivalents of sodium hydroxide in a 
manner analogous to that described for N-formyl-OL-peni- 
cillaminc. Kther extraction of the acidified solution yielded 
153 mg. of a white solid, which could not be crystallized and 
was purified by precipitation from ethyl acetate-hexane. It 
melted with decomposition at about 70®. It still gave a 
definite though weak nitroprusside test. The analysis indi¬ 
cated that the material had been benzylated, though 
incompletely. 

When the compound was benzylated in liquid ammonia, a 
more completely benzylated product was obtained. The 
crude product was purified by precipitation from ethyl 
acetate with toluene-hexane 1:3. [«]© 4-42,4® (0.425% in 
ethanol). 

Found: C, 69.08; H, 6.19; N, 8.65; S, 12.61 

Calc, for C, 3 H« 04 N 3 S 2 :C, 59.85; H, 6.23; N, 8.38; S, 12.78 

Ultraviolet Absorption Spectra of Inactivation Products 
before and after Benzylation (Squibb, 8.30, 6 ). 


1) Beiizylpenicillin-2-aminoethanethiol 


m/u 

216 

220 

230 

240 

254 

258 

270 

-1 

28o' 

300 

€ 

7500 

5100 

1950 

635 

355 

325 

150 

100 

50 






(max.) 

(max.) 





2 ) Benzylation product of ( 1 ) 


mM 

216 

220 

230 

240 

258 

266 

280 

300 

« 

9600 

9600 

3150 

1400 

715 

(plateau) 

585 

(shoulder) 

335 

140 


3) Benzylpenicillin-cysteine methyl ester 


220 

230 

240 

250 

260 

266 

282 

290 

300 

5000 

2050 

650 

375 

376 

345 

290 

255 

165 




(plateau) 


(max.) 

(max.) 




4) Benzylation product of (3) 


220 

230 

240 

25H 

260 

280 

290 

300 

10,600 

3800 

1600 

800 

725 

515 

475 

295 




(shoulder) 

(shoulder) 

(plateau) 




Reaction of BenzylpenicilUn-Cysteine Methyl Ester 
with Mercuric Chloride (Squibb, 8.34, 4). To a solution 
of 480 mg. of the cornjwund in 25 cc. of methanol and 30 cc, 
of water, 14 cc, of a 10% mercuric chloride solution in 33% 
methanol were added, followed by 20 cc. of water. The 


resulting precipitate was (centrifuged immediately and 
washed three times with 50 cc. of 33% methanol. The 
combined supernatant and washings were treated with 
hydrogen sulfide. The residue of the filtrate weighed only 
26 mg. The precipitate was suspended in 33% methanol 
and demerciirized in the same manner. The filtrate from 
the mercuric sulfide was extracted with several portions of 
ether and then with ethyl acetate. Evaporation of the 
solvents yielded 298 mg. and 18 mg., respectively. In addi¬ 
tion, 69 mg. were recovered by extraction of the mercuric 
sulfide with methanol. The ether residue was triturated 
with ethyl acetate, and the soluble fraction (191 mg.) was 
reprecipitated from 4 cc. of this solvent with 8 cc. of ether. 
The material recovered from the supernatant (131 mg.) was 
analyzed. 

Found: C, 51.64; H, 5.51; N, 8.42; S, 12,90; OCH,, 7.36 

Calc, for C 2 oII 270 ,^, 82 : 

C, 51.13; H, 5.80; N, 8.95; S, 13.66; OCH,, 6.61 

The analytical discrepancies may be due to the presence of 
an impurity of aldohydic nature, since in contradistinction to 
the starting material this product gave slightly positive 
(weak or (lelayed) reactions with Schiff’s and Brady’s 
reagents, and with p-nitrophenylhydrazine. 

Reaction of Benzylated Benzylpenicillin-Cysteine Methyl 
Ester with Mercuric Chloride (Squibb, 8.3 4; 36, 8 ). 
The benzylated product (220 rag.) was dissolved in 10 cc. of 
methanol and 5 cc. of water, and precipitated with 5 cc. of a 
10 % mercuric chloride solution in 33% methanol. The 
combined supernatant liquids were treated with dinitro- 
phenylhydrazine reagent and the resulting yellow amorphous 
precipitate was collected after one hour (138 mg., m.p. HO¬ 
MS®). It was dissolved in 0 cc. of warm ethyl acetate, freed 
from a small amount of insoluble matter, and recovered by 
concentrating and chilling. Ilepetition of the procedure 
with 12 cc. of dry methanol yielded 49 mg. of a woll-par- 
ticulated but amorphous yellow product melting at 153- 
164® (dec.). The analysis was inconclusive. 

The remainder (24 mg.) of the derivative, m.p. 153-154®, 
was dissolved in 1.2 cc. benzene-methanol 5:1, A small 
amount remained undissolved and was removed. The 
residue of the supernatant was reprecipitated twice by dis¬ 
solving it in warm methanol and chilling. The resulting 
amorphous but well-particulated product melted at 153- 
154® (dec.). 

Found (Original): 

C, 54.70; H, 4.67; N, 14.04; S, 6.69; OCH,, 6.08 
Found (Purified): 

C, 56.23; H, 4.82; S, 5.27 

Calc, for CssH^OgNtfS: 

C, 66.24; H, 4.64; N, 13.81; S, 6.27; OCH,, 6.1 

Reaction of Benzylated Benzylpenicillin-2-Aminoethane- 
thiol with Mercuric Chloride (Squibb, 8.36, 7). The 
benzylated product (433 mg.) was treated with 1.20 g. of 
mercuric chloride (5.1 molar equivalent) in 26 cc. of 50% 
methanol. Nitrogen was* passed for one hour through the 
solution into a receiver containing dinitrophenylhydrazine 
reagent. There was no evidence for the liberation of a 
volatile aldehyde, as the reagent remained clear. The 
mercuric chloride precipitate was then removed by centrifug¬ 
ing and washed with 3 portions of 60% methanol, and the 
combined supernatant and washings were treated with 50 cc. 
of dinitrophenylhydrazine reagtmt. The resulting precipi¬ 
tate was collected after 20 minutes (81 mg.). After removal 
of a small amount of an impurity insoluble in ethyl acetate^ 
the product was recrystallized twice from benzene-methanol, 
from which it formed fine yellow needles melting at 17H173®. 

Found: C, 67.63; H, 4.90; N, 16,70; S, 5.50 

Calc, for C,gHagO,N,S: C, 67.72; H, 4.76; N, 16.27; S, 6.82 

Inactivation of Penicillin by 2-Dimethylaminoethanethiol 
(Winthrop, WAS, 6 ). Inactivation tests were conducted in 
the following manner: Sodium bensylpenicillin of 500^700 
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uaits per hig. was dissolved in water, and the pll adjusted to 
the desired value (±0.1 unit). To this solution was added 
the inactivator in water at the same value as ilui peni¬ 
cillin solution. The volume was adjusted so that the con¬ 
centration of penicillin in the reaction n\ixture was 7,500 
units per cc. Various ratif)s of inactivator to penicillin were 
tested, but a 5:1 molecular ratio was used for comparing 
inactivators. After allowing the reaction mixture to stand 
for various periods of time, the solution was diluted 1:2500 
and tested by the cup method. A nc'gative test indicated 
that the diluted sample contained less than 0.2 units per cc. 
or that the original reaction mixture contained less than 
about 6% of the original activity. This was considered as 
inactivation. 

It w^as found that at room t(mjp('raturo, cysbune produced 
inactivation under the above conditions in less than 30 min. 
at pH 8, in two hours at pH 7, and in about five hours at 
pH 6. /3-Dimeth5daminootluincthiol and /5f-aminoethanc- 
thiol produc(*d inactivation at about the same rate as cysteine 
at pH 7 and pH 8, but rcquir(»fl overnight reaction (20 
hours ±) at pH 6. /3-DiethyInniinoethanethiol reejuired 
about 4 hours at /jH 8 to produ(!e inactivation; penicillamine 
and homocysteine required about 20-30 hours at pH 8. 
Thioglycollic acid, /S-thiolethanol, N-acetylcystoine, 1-pro- 
panethiol, ammonium sulfide, cthanolamine, ethanol and 
ethylamine showed no significant inactivation after 24 hours 
at pH 6, 7 or 8. 

Reaction of Sodium Benzylpenicillinate with 2-Dim ethyl- 
aminoethanethiol (Squibb, SJf4^ 10; 4^), 9). 2-Dimethyl- 
amiiiotitbanethiol, prepared by the procedure of llenshaw et 
al, (./. Am, Chem.. Soc,, 60, 1707 (1938)), w^as converted into 
the h 3 '^drochloride, m.p. 157-157.5", 

Found: N, 9.90; (3, 24.7 

Calc, for C4H12NSCI: N, 9.89; (3, 25.0 

Potentiometric titration sbow'cd twm binding regions wdth 
pK^s of 7.70 and 10.0, resp(‘ctively. 

Determination of the colorimetric Sll-equivalent by the 
photometric metliod of Kusscll and Brand gave a value 
€ « 7030 for “standard conditions,” and t ~ 8150 after 
3 hours’ contact with the color reagent before dilution to 
the final volume. The value for cysbuuc is 8,200 regardless 
of the time allowed for color devadopnient before dilution. 

Sodium benzylpenicillinab' (703 mg., 1.98 millimole) and 
2-ditnethylaminoethanethiol hj'^drochloride (280 mg., 1.98 
millimole) were dissolved together to 50 cc. wdth 0.5 M 
phosphate buffer pH 6.9<I, containing 1.98 cc. of 1 N NaOH. 
An aliquot was immediately^ withdrawn for rotation measure¬ 
ment, and the remainder of the solution was kept under an 
atmosphere of nitrogen. 

Time (Hours): 0.17 0.67 1.17 2.5 5.4 11 24 31 60 

[aI d: ±245 180 145 103 68 59 49 45 41 

At intervals aliquots were withdrawn with anaerobic 
precautions and used for the photometric SH-d(?termination 
by the method of Kassell and Brand. The results below 
represent the averages of duplicate determinations. 


With¬ 

drawal 

time 

(hr8.) 

[«]d** 

e 

Per cent 
SH* 

(3 hr. 

; value) 

St. Cl 

1.5 hrs.* 

3 hrs.* 

0.33 

±255 

4960 

5900 

6170 

75 

1.83 

121 

3880 

5350 

5960 

72 

6,17 

66 

5370 

6430 

6940 

84 

24 

49 

7676 

7750 

7800 

95 


^ Standard oondif ions. 

* Time allowed for eolor development before final dilution. 
' Calculated on thiolamine added. 


The remainder of the solution was worked up after 29 
hours. Assay of a 8ainj)Ie withdrawn at that tinm showed 
that practically all antibiotic activity^ had b(‘en dcistroyed. 
The solution was acidified to pH 2 with sulfuric acid and 
extracted w ith a total of 500 cc. of ethyl acetate in 5 portions. 
The combined extracts on evaporation ??? vacuo yielded 513 
mg. of a slightly yellow solid. Thc‘ crude produet, analyzed 
after drying at 25° in vacuo, gav(; values in agrtMurnait wdtli 
benzylpenieilU)ie acid. 

Found: X, 7.45; S, 7.70 

Calc, for C,«H 2 of>bN,S: N, 7.95; S, 9.05 

The crude product w'as purified by removing some material 
insoluble in chloroform, and reprocipitiiting the chloroform 
soluble portion twice from cliloroform-toluene. 'Die result¬ 
ing product had a by Id ±19.6° in ethanol. The ultraviolet 
spectrum closely rcsembl(‘d that of henzyipcnicilloic acid. 

Found: X, 7.92; neut. eqiiiv., 220 

Calc, for C,eH 2 oO(,Ni-S; X, 7.95; neut. equiv., 176 

The iodine consumption in neutral solution was about 5 
equivalents. Analogous re.sults were secured in the Win- 
throp laboratories (\V.U)\ 3): f ;0 434 mg. (1 millimoh*} of 
bcnzylpenicillin triethylaminc salt in 10 cc. of bulTer (/»11 7) 
was added 210 mg. (2 millimoles) of the arninothiol in 10 cc. 
of water (pTI adjusted to 7). After standing for 20 hours at 
room temperature, the solution was cooled to 10", the pH 
dropped to 2 and the solution extracted three times with 
25 cc. of ethyl ac-<*tatc'. The ethyl acetate w^as dried briefly 
ov(T Drierite, then Skellysolve B was added to precji)itate 
the reaction product. Thci compound was precipitated 
from 8kellysolve-(dhyl acetate solution several times to 
yield approximat(‘ly 200 mg. of product, ni.p. dec. less than 
110°. The product appears to be penicilloic acid. 

Found: C, 54.64; H, 5.95; N, 8.18; 8, 9.84 

Calc, for CiJlzoOftXftS: C, 54.53; II, 5.72; N, 7.95; S, 9.09 

Reaction of Sodium Benzylpenicillinate with N-Methyl- 
cysteine (Squibb, <8.40, 5). The N-methylcysteine hynlro- 
(diloride w^as prepared according to Bloch and (ylarke (,/. 
Biol. Chnn., 125, 281 (1938)); m.p. 127-130° (soft. 123°); 
[aln ±15.5° (1% in w^ater); found: N, 7.96; calc.: N, 8.16, 

A solution containing 198 mg. of sodium benzylpcni- 
cillinate (0.557 millimole), 102 mg. of X-methylcysteinc 
hydrochloride (0.593 millimole), 0.6 cc. N NaOH and M/2 
pho.sphate buffer pH 7 to 50 cc. was prepared and allowed 
to stand under nitrogen, [aln*® (1 dm.) was ±234° after 
7 min. find fell to an approximately constant value of ±8° 
within 29 hours. A sample withdrawn at 26 hours assayed 
13 U/mg. I’lie reaction product was isolated in the usual 
way by^ acidification and extraction w'ith ethyl aijetate 
(213 mg.) and was purified by precipitation from dioxane 
with toluene (192 mg.; soft, and dec. from 113° on), [aln in 
ethanol w’as —41.3°. The ultraviolet spectrum showed 
strong end absorption and a maximum at 283 m/*, Eicm.^ 

72. The color developed under the standard conditions of 
the Kassell-Brand method was negligible, and after 3 hours 
€ was only 875. In contrast, N-mothylcy^steine in compara¬ 
ble concentration showed e 7850 under standard conditions 
and € 7450 after 3 hours. 

Found: C, 49.96; H, 6.13; N, 7.85; S, 11.19; N/S ratio, 1.62 
Calc, for C 2 oH 2 ® 07 NbS 2 : 

C, 49.24; H, 6.00; N, 8.62; S, 13.16 

Contamination by penicilloic acid appears possible. That 
the product was inhomogeneous was shown by further 
fractionation with methanol-ethyl acetate. The precipi¬ 
tated fraction was sparingly soluble in ethanol, gradually 
melted from 144° on, and had [aju ±6.0°; the soluble fraction 
melted with decomposition from 107° on and had [aI d 
-38.4°. 

Reaction of Methyl Benzylpenicillinate with Cysteine 

(Squibb Institute, unpublished). To a solution of methyl 
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benzylpcnioillinatG (1.05 g., 3 millimoles) in 50% aqueous 
pyridine (25 cc.) saturated with nitrogen gas cysteine hydro¬ 
chloride (0.47 g., 3 millimoles) in 35 cc. of the same solvent 
was added, was 4*253° after 7 minutes, 4218° after 

30 minutes, 4171° after 2 hours and 4111° after 16 hours. 
The solution, which had been kept in an atmosphere of 
nitrogen during that period, was acidified to pH 2 with 2 N 
HCl and extracted three times with ethyl acetate. The 
combined extracts were washed with water to neutrality, 
dried and evaporated in vacuo (Na). The residue (1.28 g., 
88% of theory), a white amorphous pow'der, melted at 
140-146° and showed an fain** of *485° (0.62 per cent in 
methanol). The analytical sample was dried in vacuo at 
100°. 

Found: C, 50.60; II, 6.02; N, 8.83; S, 11.57; OCHa, 5.68 

Calc, for C 2 o 11 . 70 «N,S,: 

C, 51.13; Jl, 5.80; N, 8.05; S, 13.66; OCHa. 6.61 

Reaction of Oxazolones with Cysteine (Squibb, S.S4t S; 
28 , 4), N-J3j5MzoYii-LKUCYL-cy.s'rKiNB. To a mixture of 
1.58 g. (0.01 mole) of L-cystcine hydrochloride and 2,17 g. 
(0.01 mole) of 2-phenyl-4-isc)butyloxazolono under Na were 

TABLE I 

“ Fast ” Inactivators 

ir-Cysteino (S.5, 5; IF.i, 1; M.25, 11; SJ9, 9; 1F.9, 1; 
WJ3, 5); D-Cysteine (8.28, 3); L-Cysteinp methyl ester 
(8.SO, 5; W.9, 1; 8.32, 2); L-Cysteine ethyl aster (W.9, 1); 
ir-N-Methylcysteine (M.S4, 10;i8.4O, 5); 2-.4minocthanethiol 
(M.23, 11; SO, 14; 8.t9, 8; W.12, 4“; S.S8, 5; W.IS, 5); 
2-Dirnethylaminoethanethiol (W.12, 4; IS, 5; 8.44y 10); 
2-Diethylaminoethanethiol (W.IS, 5^; 8.44y 12); Hydrazine 
(8.38, 5; 43 , 9); Hydroxylamine (M.S4f Suppl. No. 2, 2; 58, 
7); N-Methylhydroxylamine (M .34, Suppl. No. 2, 2); 
N-Bcnzylhydroxylaniine (M.3S, 7): 

^^Slow^’ Inactivators 

Di.r- or D-Penicillamine (8.9, 4; M.25, 11^; 8.19, 9; 38, 5; 
W.IS, 5); a-Amino-i5-thiol-n-valeric acid (8.19, 9); Thio- 
glycollic acid (8.3, 5; 9, 4"; W.l, 1; 12, 4; 13, 2°); Homo¬ 
cysteine (S.O, M.25, 12**; W.IS, 5; M.30, 14; Morpholine 

(8.38, 5; 43 , 10); Ethylcnediamine (M.30, 14): 

InefTcctive 

L-N-Benzoylcysteine (M.SO, 14); l-N-A cetylcysteine 
(W.9, r*; 10, 12; S.S4, 5; W.IS, 5); L-N-Phenylacetyl- 
cysteine ( 8 .S 4 , 5); i.r-8-Methylcysteine (W.9, 1; 10, 12); 
L-8-Bonzylcystcine (8.34, 6; 38, 5); L-Cysteine (8.3, 5; 
W.l, 1); Glutathione (W.l, 1; M.30, 14; W.12, 4*); ir-Mc- 
thionine (8.3, 5; W.l, 1). 

2-Amino-2-methylpropane-l-thiol (W.IO, 1); 3-Dime- 
thyiaminopropane-1-thiol (W.16, 1); 2-Piperidinoethane-l- 
thiol (W.16, 1); 2-Aminotluophenol (M.23, 11; SO, 14); 
Thiazoline-2-thiol (M.23, 11). 

Hydrogen sulfide (8.9, 4); Ammonium sulfide (W.IS. 2); 
Benzyl mercaptan (8.9, 4; M.23, 11; 8.38, 5); Propyl 
mercaptan (W.IS, 2); 2-Thiolcthanol (W.l2, 4; 13, 2); 
Thiourea (M.30, 14; 8.34, 6); Thioscmicarbazide (8.34, 6); 
Thioacetic acid iM.23, 11); Thiomalic acid (M.23, 11); 
Mono-2-aminodiethyl sulfide (M.34, 11). 

Glycine (8.3, 5); DL-Sorine (M.SO, 14; 8.SO, 6); Ammonia 
(S. 43 , 9); Mcihylamine (8.43, 9); Ethylamine (W.IS, 2); 
Ethanolarninc (M.SO, 14; W. IS, 2; 8.43, 0) ; Benzylamine 
(8.S8, 5); /5-Phenylethylamine (8.43, 9); Triethylamine 
( 8 . 43 , 9); Aniline (8.S8, 5); O-Methylhydroxylamine (M.S4, 
Suppl. No. 2, 2); N-Phenylhydroxylamitie (M.38, 7); 
N-Acetyl-hydroxy lam ine (M.S8, 7). 

• Reported ae slow, 
b Reported tw* ineffective. 
o Effect doubtful, 
d Reported as fust. 


added 10 cc. of acetone, and then 10 cc, of 2 N NaOH, both 
of which had previously been saturated with Ni. The solu¬ 
tion turned yellow and perceptible evolution of heat occur¬ 
red. After 15 minutes, during which time the color had dis¬ 
appeared, water was added, which precipitated a small 
amount of crystalline material, which was removed by cen¬ 
trifuging. It was rocrystallized three times from alcohol and 
melted at 198-199°. It contained N but no S (C, 68.37; H, 
8.24). The filtrate was acidified with HCl to complete pre¬ 
cipitation. The precipitate w^as centrifuged, washed and 
dried (2.9 g.). It was dissolved in dry other and precipi¬ 
tated with excess benzylamine in the same solvent. The 
amor])hous benzylamnionium salt was dissolved in 15 cc. 
ethanol. On addition of 100 cc. ether a precipitate of fine 


TABLE II 


Compound 

Reac¬ 

tivity 

towards 

peni¬ 

cillin 

pK,' or 
pK,' 

Refer¬ 
ence to 
pKa' 
meas¬ 
urement 

Triethylamine. 


10.8 

(1) 

(1) 

, (2) 

(3) 

(4) 
.(5) 

(6) 

(7) 

(6) 

(8) 

(9) 

(10) 
(11) 

Methylamine... 


10.7 

^-Phenylethylainine. 


10.1 

i)i.r Alanine. 


9.69 

Benzylamine. 


9.40 

DL-Serinc... 


9.15 

S-Benzyloysteine. 


9.0 

Glutathione. 

— 

8.66 

Morpholine. 

++ 

+ 4" 4“ 
4* *4" 4“ 
+ + + 

4-4-4- 

4 - 

4-4-4- 

4-4-4- 

4-? 

4-4-4- 

4-4-4- 

8.45 

L-N-Methylcysteinc. 

8.45 

2-Aminoethylmercaptan. 

8.30 

L-Cysteine... 

8.18 

Hydrazine. 

(8.2 

a-.4mino-8-thiol-n-valeric acid. 
2-Diethylaminocthanethiol — 
2-Dimethylaminocthanethiol.. 

Penicillamine. 

17.93 

8.2 

7.80 

7.70 

r5.98 

<6.98 

(12) 

(8) 

(13) 

(14) 

(15) 

(16) 

(17) 

(7) 

(18) 

(1) 

ir-Cystcine methyl ester. 

I 7 . 7 O 

6.70 

Hydroxylamine.. 

6.03 

Aniline. 

4.7 
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needles formed, which was filtered off after one hour under 
N 2 (2.2 g., m.p. 135-150®). After several recrystallizations 
from the same solvents the salt melted at 183-184®, [aln 
-f-18® (95 % ethanol). It gave a strong nitroprusside test. 

Found: C, 61.97; H, 7.06; N, 10.3; S, 6.50 

Calc, for C 2 .H„ 04 N,S: C, 62.00; H, 7.24; N, 9.43; S, 7.20 

The free dipeptide could also be obtained in crystalline 
form (needles) by repeated re-precipitation from ether solu¬ 
tion with pentane. The final product was practically insolu¬ 
ble in ether and melted unsharply at 90® (effervescence). 
[a]D +19® (95% ethanol). Analysis showed it to be still 
impure. 

Found: C, 58.05; II, 6.67 

Calc, for C,BH 2204 NaS: C, 56.78; H, 6.55 

N-Bbnzoyl-phbnylalanyl-cysteinb was prepared in 
the same manner from cysteine hydrochloride and 2-phenyl- 
4-benzyloxazolone. The yield of the crude! dipeptide (m.p. 
55-70®) was 85% of the theory. It crystallized in tiny 
needles on precipitation from ethanol with ether. After 
repeated rccrystallization from these solvents the compound 
melted at 151-152®. It gave a strong nitroprusside test. 
[a]D +20® (95% ethanol). 

Found: C, 60.96; II, 5.25 

Calc, for C, 9 n 2 o 04 N*S: C, 61.27; H, 5.41 

The reaction was repeated in 50% acetone buffered 
with phosphate to pH 7.2, which approximates the conditions 
used in the penicillin-cysteine reaction. As in the experi¬ 
ment at the higher pH perceptible heat evolution occurred. 
The mixture was shaken overnight under N 2 and then worked 
up as previously described. The dipeptido, m.p. 150-152®, 
was obtained in about the same yield as in the previous 
experiment. Found: N, 7.62; Calc.: N, 7.52, 

The reaction between 2-benzyl-4,4-dimethyl-oxazolone 
and cysteine proceeded as described above, but the precipi¬ 
tate obtained on acidification (75% of weight of azlactone) 
was identified as a-bcnzoylamino-isobutyric acid. On the 
other hand, in ether solution the azlactone reacted rapidly 
with cysteine methyl ester to form N-(a-phenylacetylamino- 
isobutyryl)-cysteine methyl €!ster in 66% yield. Filament¬ 
ous needles from ethyl acetate, m.p. 106-107°. 

Found: C, 57.24; H, 6.35 

Calc, for CiiHa 204 lSr 2 S: C, 56.78; H, 6.55 

THE INACTIVATION OF BENZYLPENICILLIN 
BY SODIUM SULFITE* 

The inactivating effect of sodium sulfite was 
first observed and briefly investigated in the Squibb 
Institute (S. 40 , 7; 4^, 1). When sodium benzyl- 
penicillinate was treated in aqueous solution 
buffered to pll 7 with excess (4 moles) of sodium 
sulfite, the specific rotation fell rapidly, and prac¬ 
tically all the biological activity was destroyed after 
22 hours. When one molar equivalent of sulfite 
was used the reaction proceeded at a slightly slower 
rate. The reaction product could be isolated in 
amorphous form by extraction of the acidified 
mixture with ethyl acetate. The " elementary 
analyses showed definitely that no sulfurous acid 
had entered the molecule, and suggested that the 
product was mainly benzylpenicilloic acid, probably 
contaminated with some benzyIpenilloic acid formed 
from the latter by decarboxylation during the 
isolation procedure. Other data (titration, ultra- 

* By 0. Wint«rst6inor. 


violet spectrum, iodine uptake) supported this 
conclusion. Treatment with diazomethane failed 
to yield a crystalline ester, but with benzylamine a 
crystalline salt, m.p. 148^-149°, was formed in small 
yield, the composition of which was intermediate 
between that of a mono- and a di-bonzylammonium 
salt of benzylpenicilloic acid. (Some loss of benzyl- 
amine may have occurred on drying at elevated 
temperature, as is the case with the benzylam- 
monium salt of benzylpenicilloic acid or-benzylamide 
(S.5a, 3).) That no oxidation-reduction process is 
involved follows from the fact that in the reaction 
with equimolar quantities 82 per cent of the sulfit^e 
used could be recovered unchanged after complete 
inactivation. Hence there can be little doubt that 
the reaction product is actually benzylpenicilloic 
acid, and that the sulfite ion merely acts as a 
catalyst which accelerates the slow hydrolysis 
normally occurring in neutral aqueous solution. 

Regarding the nature of this catalysis, an explana¬ 
tion akin to that advanced in the preceding section 
for the inactivation by aminothiols suggests itself 
(p. 211). Starting again from the concept that the 
resonance of the amide group in the /3-lactam ring of 
penicillin is restricted (Harvard, Wo.^, 18, 21) an 
addition of bisulfite ion*^ to the carbonyl group, 
formally analogous to that to ketones, may be 
postulated as the initial step: 


RCONHCH—CHSC(CH3)2 NaHSO, 


CO—N CHCOONa 

RCONHCH—CHSC(CH8)2 

I I I 

NaOaSC N-CHCOONa 

I 

OH 

RCONHCH—CH‘SC(CH3)2 1 H 2 O 

III -^ 

NaOaSCO NH—CHCOONaJ 

RCONHCH-CHSC(CH3)2 

III + NaHSO, 

COOH NH—CH COONa 


This formulation admittedly rests on a tenuous 
basis, as even with simple ketones the formation of 
bisulfite compounds is severely restricted by consti¬ 
tutional factors. 

EXPERIMENTAL 

Reaction of Sodium Benzylpenicillinate with Sodium 
Sulfite (Squibb, 7). A mixture of 500 mg. of sodium 
benzylpenicillinate (1.4 millimole) and 708 mg. of sodium 
sulfite (5.6 millimoles) was dissolved in M/2 phosphate buffer 
pH 7.0 to 50 cc. Wd fell to +105° in 4.8 hours and was +49® 
after 22.5 hours. Further decline was slow (+40® in 42 
hours). The assay of a sample withdrawn after 22,6 hours 
showed less than 7.5 U/mg; the dinitrophenylhydrazinc and 

* According to Stewart and Donnally (/. Am. Chem. Soe., 3569 
(19*32)). the initial, and ratO'detenuintng. ntep in the reaction of bisulfite 
with bensaldehydo involves sulfite, and not bisulfite, ion: 

C«H6 CnO -h SOi--4C«H» CH (0“) SOi' -^ C6H» CH(OH) SOr. 

fast 
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Schiff tests were negative. The bulk of the solution was 
worked up after 25 hours by extraction with ethyl acetate 
after chilling and acidification. The extracted material 
(462 mg.), a slightly yellowish amorphous powder, melted 
at 84“90® (dc{*.) and had [ajo “f’41° in ethanol. The alde¬ 
hydes and sulfhydryl tests were negative. The ultraviolet 
spectrum (ethanol) showed the following characteristics: 

(max.) (max.) (max.) (max.) 

X (m/x) 220 230 240 248 253 259 265 275 

97 27 6.5 6.65 6.3 6.8 5.45 1.6 

I’o a solution of 162 mg, of the material in 3 cc. of ethyl 

acetate and a few drops of ethanol (slight warming, removal 
of small amount of insoluble matter by centrifuging) 0.06 cc. 
of bcnzylainiim was added. The resulting gummy precipi¬ 
tate was triturated and washed several times with dry ether, 
whereby it bcrcarnc granular. It was dissolved in a mixture 
of 5 cc. of warm ethanol and 1 cc. of ethyl acetate. Upon 
concentrating in Nz-current to about 1 cc. crystallization 
occurred. The crystals (22 mg., in.p. 139-141®) were 

combined with 63 mg. of similar material melting at 138-140® 
which had been prepared in the same manner from 238 mg. 
of the original reaction product. The product (85 mg.) was 
dissolved in 5 cc. of warm ethanol, and the solution was 
evaporated at room temperature to about 2 cc. Addition 
of ether caused the deposition of 16 mg. of prisms, m.p. 
148-149®. 

Found: C, 62.44; II, 6 . 88 ; N, 9.80; S, 6.76 

The mother liquor failed to yield more of the crystalline 
product. On evaporation a brittle resin (m.p. 58-62®) was 
obtaincjd which unlike the original crystals was readily 
soluble in ethanol. Appar<mtly some decomposition (de¬ 
carboxylation?) had occurred. 

The preparation of the product resulting from the inter¬ 
action of sodium bcnzylpenicillin with sodium sulfite (mole 
ratio 1:4) at pH 7 was repeated 2 ). The acidic 

material was purified by precipitation from ethyl acetate 
with hexane. It melted with decomposition at 108-114® 
and had [oId*^ + 66 ® (0.18% in ethanol). 

Found: 

C, 54.34; 11, 6.35; N, 7.99; S, 9.83; neut. eq., 192, 214 
Calc, for CuH 2 o 06 NsS (pcnicilloic acid): 

C, 54.53; H, 5.72; N, 7,95; S, 9.09; neut. eq,, 176 
Calc, for Ci 6 Hj 204 NjS (penilloic acid): 

C, 56.19; H, 6.80; N, 8.58; 8 , 9.82; neut. eq., 326 

6.086 mg. consumed 0.098 milliequivalent of iodine. This 
would correspond to 5.7 atoms if all of the sample were 
benzylpcnicilloic acid. 

The benzylamine salt was prepared as previously described 
and was recrystallized by dissolving it in methanol-ethanol 
1:2 and concentrating the solution in an N 2 -current without 
application of heat. The yield of the purified product, which 
crystallized in filamentous needles instead of in prisms as 
previously observed, was again poor, and the melting point 
cpiild not be raised above 145-146.5®. -However, the anal¬ 
ysis was substantially in agreement with the previous 
figures. 

Found: C, 62.77; H, 6.91; N, 9.86 

An equimolecular mixture of the mono- and di-benzylamine 
salts of bcnzylpenicilloic acid would require: C, 62.03; 

H, 6.58; N, 9.56; S, 6.25. 

Decarboxylation of Reaction Product (Squibb, 8 ,4^^ 2), 
A solution of 25.0 mg. of the inactivation product in pH 7 
phosphate buffer was acidified with excess hydrochloric 
acid and kept at 70-75® for 45 minutes while the vessel was 
swept with C 02 -free nitrogen into a barium hydroxide solu¬ 
tion. The amount BaOOj collected corresponded to 

I. 63 mg. of CO 2 , or 6.5% of the weight of the substance. 
Under identical conditions 24.8 mg. of D- 7 -benzylpenicilloic 


acid yielded 2.4 mg. of CO 2 , corresponding to 9.7% of the 
weight of the substance, or 78% of the theoretical amount. 

Determination of Sulfite Present after Inactivation 
(Squibb, 8 .4^f 3). Equimolecular proportions of sodium 
bcnzylpenicillinate (10.0 mg.) and sodium sulfite (3.54 mg.) 
were used. 'J'he rotation fell somewhat more slowly than in 
the reaction with 4 moles of sulfite, but became constant at 
approximately the same value. 

Time 0.05 1 5 7.17 24 48 70 hours 

+291 246 130 109 45 39 38 degrees 

After transfer into a closed system the solution was 
acidified and swept for one hour at 35-40® with a stream of 
nitrogen which was passed through ico-coolod 0.01 JV iodine 
solution. Hack-titration showed that iodine cornjsponding 
to 0.0228 millimole of sulfite, or 82of the 0.028 millimole 
originally present, had been reduced. 

THE REACTION OF BENZYLPENICILLIN 
WITH MERCURIC ACETATE® 

Soon after the isolation of sodium benzylpenicil- 
linate, it was observed in the Stfuibb Institute that 
mercuric acetate in methanolic or ethanolic solution 
was rapidly reduced by the penicillin salt to mercu¬ 
rous acetate. Subsecpiently it was found that the 
methanol inactivation product (essentially a-methyl 
n-tt-benzylpenicilloate), the benzylamine deriva¬ 
tive^' (benzylammonium salt of a-benzylamido-D- 
a-benzylpenicilloate), and also synthetic 2-phcnyl- 
acetamidomethyl-4-carboxytliiazoIidine behaved in 
the same manner (Dutchcr, MacPhillamy, Stavely 
and Wintersteiner, 11). In a detailed study 
of the reaction, later undertaken in tlie Squibb 
Institute, it was found that when an excess of 
mercuric acetate (4 mole equivalents) in methanol 
was used, very close to 2 moles of mercurous 
actate were formed at a very rapid rate (15-30 
minutes) in the reaction with benzylpenicillin 
(sodium salt, free acid and methyl ester) as well 
as with natural" a-methyl D-benzylpcnicilloate 
4; I4f 2), It could thus be expected that 
the reaction would lead in all these cases to reason¬ 
ably well-defined, homogeneous oxidation products. 
Early attempts to characterize the amorphous and 
apparently unstable materials obtained from the 
three forms of benzylpenicillin failed. However, 
analytical examination of the amorphous product 
derived from a-methyl n-a-benzylpenicilloate af¬ 
forded interpretable results (aSJ^u, 4), Its com¬ 
position corresponded approximately to that of the 
starting material plus one molecule of methanol, a 
result confirmed by the methoxyl determination, 
which demonstrated the presence of two such 
groups. Treatment of the oxidation product with 
benzylamine yielded a crystalline monobenzylam- 
monium salt, m.p, 165®, the analysis of which was in 
agreement with the data obtained on the free acid. 
In view^ of the observed reduction of two moles of 
the reagent it had to be assumed that the overall 
reaction involved the elimination of 2 hydrogen 
atoms as well as the addition pf methanol: 

• By O, Wintersteiner and Homer E. Stavely. 
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C 17 H 22 O 5 N 2 S + 2 Hg(OAc )2 + CH»OH 
C 18 H 24 O 6 N 2 S + 2HgOAc + 2AcOH 

The properties of the oxidation product gave no 
clue as to the site of the dehydrogenation and of the 
newly introduced methoxyl group. The ultra¬ 
violet absorption spectrum was of the benzyl- 
penicilloic type, except for somewhat higher 
extinctions in the region of the phenyl bands. The 
sulfhydryl and aldehyde reactions were negative. 
Treatment in aqueous-mcthanolic solution with 
mercuric chloride resulted in the formation of a 
precipitate and the liberation of an aldehydic group, 
presumably identical with that of the i)enaldic 
moiety in the starting product 2 ). However, 

the 2 , 4 -dinitrophcnylhydra 2 one obtained from the 
supernatant solution proved to be a mixture which 
contained an unstable component and could not be 
effectively separated bj^ fractional crystallization. 

No crystallizable products could be isolated from 
the pigmented materials obtained from benzyl- 
pcnicillinic acid, methyl benzylpenicillinate or 
sodium benzylpenicillinate after treatment with 
ethanolic or methanolic mercuric acetate 3). 

The oxidation product derived from the sodium 
salt was subjected to t he cleavage i-eaction with 
mercuric chloride, but the resulting mixture of 
dinitrophenylhydrazoncs was found to be no more 
tractable than that obtained from the penicilloic 
ester. Moreover, there was analytical evidence 
that in the reaction of tiie fi ee acid w ith methanolic 
mercuric acetate partial rnethariolysis of the reac¬ 
tive ring had taken places simultaneously with the 
rapid oxidative change (8.19, 2 ), 

Particularly in view of the latter finding the 
study was temporarily abandoned, but resumed at a 
later date (January 1945), when purified methanol, 
remarkably uiireactive towards sodium benzyl- 
penicillin, became available in work on another 
phase of the problem. It was conceivable that 
with the use of this methanol sample as the solvent, 
and of methyl benzylpenicillinate, which is generally 
more slowly attacked by methanol than the sodium 
salt, as the starting material, the dehydrogenation 
and methoxylation phases might be dissociated 
from the methanolysis, unless the former reactions 
were predicated on the prior occurrence of the latter. 
When this experiment was carried out, the reaction 
mixture was freed from mercury with hydrogen 
sulfide and the solvent removed as rapidly as possi¬ 
ble. The residue consisted almost entirely of 
neutral material which could not be crystallized. 
On the other hand, it gave no evidence of being 
inhomogeneous when it was subjected to chro¬ 
matographic fractionation (8.38^ 19). The analyti¬ 
cal data showed conclusively that three methoxyl 
groups were present and that the composition of the 
product corresponded to 1 -methyl benzylpenicillin¬ 
ate + 2 methanol — Hf. It therefore appeared 
highly probable that methanolysis of the reactive 


ring in the penicillin ester had taken place and that 
the compound represented the dimethyl ester cor¬ 
responding to the oxidation product obtained from 
methyl n-a-benzylpenicilloate. When the oxida¬ 
tion product was subjected to the cleavage reaction 
with mercuric chloride, the non-precipitable fraction 
yielded a low-melting mixture of 2,4-dinitrophenyl- 
hydrazones similar to that previously obtained 
from a-methyl D-a-benzylpcnicilloate. It was pos¬ 
sible to isolate from this mixture by chromato¬ 
graphic analysis and careful purification of the main 
fractions tw^o distinctly different dinitrophenyl- 
hydrazones, namely oiange-colorcd needles, m.p. 
145-147®, and yellow platelets, m.p. 150 .159® 
{ 8 . 40 ^ 10). Only the nature of the latter substance, 
which was the preponderant constituent of the 
mixture, could be elucidated. It analyzed sharply 
forCisHigOsNs and contained two methoxyl groups. 
From tlie composition of the parent aldehyde, 
CisHuOfiN = CiiH 903 N(OCIl 3 ) 2 , its structure (I, 
methyl benzyl-a-methoxypenaldate) could be read¬ 
ily deduced: 


I 


COOCH3 

CH3OCNHCOCH2C6H6 

I 

CHO 


This conclusion received support from the 
fact that on heating with excess dinitrophenyl- 
hydrazine reagent the derivative m.p. 159® (II) was 
converted into a crystalline orange-red substance 
m.p. 252-255®, of the composition C 16 H 12 O 10 N 8 , 
which is evidently the dinitrophenylosazone (III) of 
a dicarbonyl c.ompound C 4 II 4 O 4 { 8 . 40 y 11). The 
latter must be CIlO CO COOCHs, methyl formyl- 
gly oxylate: 

COOCH3 

CHaOCNHCO-CH.CeHs 

HC=NNHCeH3(N02)2 

II 


+ (N02)2C6H3*NII*NHa-^ 


COOCHs /CHaOH 

C=-N‘NH*C6H3(N02)2 + 

HC=-NNH-C«H,(N0*)2 (CeHsCH^CO-NHa 

in 


The possibility that the methoxyl group in the 
methoxy benzylpenaldate (I) might be situated in 
tlie a-position of the phenylaCetyl group (in which 
case the formation of the osazone III would have to 
be explained by oxidative removal of the phenyl- 
acetamido group) is ruled out by the fact that acid 
hydrolysis of II yielded phenylacetic acid(^\ 4 f^,ll). 

The osazone III is also gradually formed in the 
reagent-containing mother liquor of the original 
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mixture of dinitrophenylhydrazones on standing at 
room temperature. 

The mercuric chloride precipitate formed in the 
cleavage reaction yielded, upon decomposition with 
hydrogen sulfide, n-penicillamine methyl ester 
hydrochloride. 

Identical results were obtained with the mercuric 
acetate oxidation products from crystalline dimethyl 
D- 7 -benzylpenicilloatc, and from the ^^natural'^ 
a-methyl n-a-bcnzylpenicilloate (amorphous meth- 
anolysis product of benzylpenicillin, consisting for 
the most part of the D-a-isomer). In both cases the 
main component of the dinitrophenylhydrazone 
mixture was the benzylmethoxypenaldate deriva¬ 
tive 11. 

From the foregoing it is clear that the mercuric 
acetate oxidation products of methyl benzyl- 
penicillinate and of dimethyl n-y-benzylpenicilloate 
must be formulated as dimethyl D-bcnzylmethoxy- 
penicilloate (IV-a), and the product from a-methyl 
D-a-benzylpenicilloate as the correspondinga-mono- 
ester (IV-b): 

OCH, 

CeHfiCHx-CONHcLcHSCCCH^^ 

CHsOoi NH—CH-COOR 
IV-a (R = CH,); IV-b (R = H) 

This structure is also in accord with the ultra¬ 
violet absorption spectra, wliich are of the penicil- 
loate type, as well as with the fact that the oxidation 
products consumed 3-4 equivalents of iodine in 
neutral solution 2). 

The formation of the methoxylated products 
IV-a and IV-b from the benzylpenicilloates can be 
best interpreted by assuming that the reaction 
proceeds via an intermediate possessing an ethylenic 
double bond. It is well known that many unsatu¬ 
rated compounds (cyclohexene, styrene, derivatives 
of acrylic acid and cinnamic acid) readily add the 
elements of methoxy mercuric acetate (= mercuric 
acetate in methanol solution, cf. G. F. Wright, J. 
Am, Chem. Soc., 57, 1993 (1935)), and that in cer¬ 
tain cases the addition compounds are decomposed 
by hydrogen sulfide or its salts with the formation 
of saturated methoxylated products (Schoeller, 
Schrauth and Struensee, iScr., 44y 1432 (1911); 
Wright, loc. cit.; Rangaswami, Subba Rao and 
Seshadai, Proc, Indian. Acad. Sci., 7A, 296 (1938)), 
for example: 


CeH5CH-=CH‘COOR 

(R = H or alkyl) 


CHsOHgOAc 
-► 


OCH3 


CJIbCH 


HgOAc 

i H,S 

■CHCOOR-> 


OCH, 


CeHsCHCHvCOOR + HgS + AcOH 


In the case of the benzylpenicilloates, the requisite 
ethylenic intermediate would be VI, the dehydro¬ 
genation product formed in the initial oxidation 
phase of the reaction {S.l, 11; 4^, 10). The subse¬ 
quent steps are identical with those just outlined: 


CellsCHjCONHCH—CHSC(CH,)2 

I I I 

CHsOOC Nil—CHCOOR 


+ 2Hg(OAc)* 

Cells CHs CO NH C^C • S • C(CH,), 

CHsOOC NH—CH COOR 

VI 

+ 2HgOAc + 2AcOH 
CIIjO-HgOAc 


OCH* HgOAc 

C,H*CHsCONHC-C • S • C(CH,), + HjS 

CH,OOC NH—CHCOOR 

vn 


OCH* 

I 

C,H*CH*CONHC—CHSC(CH3)* 

I I I 

CHaOOC NH—CH COOR 

IV 


+ HgS + AcOH 

It will be noted that the completion of the over¬ 
all reaction V —> IV by this mechanism requires 
3 moles of mercuric acetate. This is in accord with 
the experience that with the use of only two mules 
of mercuric acetate the amount of mercurous acetate 
formed falls considerably short of the theoretical, 
presumably because a part of the reagent is utilized 
for the fast addition reaction VI —♦ VII. The 
dehydrogenation phase V —» VI can apparently 
proceed independently of the addition reaction, 
since mercurous acetate was also formed when 
a-methyl D-a-benzylpenicilloate was treated with 
mercuric acetate in dioxane solution {S.l4, 2). 
However, in this solvent, it required 22 hours at 
room temperature to reduce 1.55 mole of the 
reagent, while in methanol solution the theoretical 
2 moles are reduced within 15-30 minutes. 

Since peniciUoates in alcoholic solution containing 
mercuric chloride appear to exist mainly in the 
isomeric form VIII (penamaldic acid, cf. Chapter 
XIV), an alternative mechanism with this un¬ 
saturated structure as the starting product might 
also be considered. However, ■ in this case the 
reaetion would have to be formally equivalent to 
epoxide formation from an olefin (oxidative phase) 
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and opening of the epoxide ring by methanol (addi¬ 
tion phase). Elimination of water from the hy- 

CHsOOC HS C(CH,)* 2 Hg(OAc). ^ 
Ri CO NH-C=CH-NH CH-COOR CH.OH, H.O* 

vm 

CHaOOC HSC(CH,)j 

RiCONHC-CH-NH-CHCOOR 

Ach, oh 

IX 

+ 2HgOAc + 2AcOH 

droxyl and sulfhydryl groups of IX would then lead 
to the isolated penicilloic derivative IV. The 
literature records a few examples of this type of 
oxidation with mercuric acetate (glycols from 
aromatic compounds with unsaturated side chains). 
However, the fact that methyl benzylpenicillenate 
(X), which is structurally closely related to VIII, 
fails to reduce methanolic mercuric acetate to any 
appreciable extent (S.58, 8) would seem to argue 
against this mechanism. The experiment with 


If it precedes the dehydrogenation phase and a 
benzylpenicilloic ester is the first intermediate, then 
it must be necessarily assumed that the mercuric 
salt acts as a powerful catalyst for this reaction, 
which is normally slow at room temperature. 
However, there is no evidence that mercuric salts 
exert such an effect. Thus it was observed by the 
Merck group {MJ2Cy 20; 16) that the presence of 

one molar equivalent of mercuric chloride does not 
affect the rate of ethanolysis of sodium benzyl- 
penicillinate and methyl benzylpenicillinate. A 
more satisfactory explanation is that the dehydro¬ 
genation reaction occurs directly on the penicillin 
molecule, yielding the unstable intermediate XI, 
in which the unsaturated jS-lactam ring is subject 
to rapid cleavage by methanol: 


C6H5CH2-C0*NIIC-=CSC(CH8)2 ch,OH 


I I I 


co- 

XI 


-N—CHCOOR 


C*H»CH,CONHC=C- S- C(CHa), 


CHaOOC NH—CH COOR 

VI 


O-CO HSC(CH,)i. 

C,H5-CIl2-C=N-A=-Cn-NHCHCOOR 

X 

methyl benzylpenicillenate also revealed that the 
preformed double bond in this compound displays 
comparatively little tendency to add the elements of 
methoxy mercuric acetate, since, to judge from the 
absorption spectrum of the isolated neutral product, 
about half of the starting material had remained 
unattacked. 

Since methyl benzylpenicillinate and dimethyl 
D- 7 -benzylpenicilloate upon treatment with metha¬ 
nolic mercuric acetate yield the same product, 
dimethyl benzylmethoxypeni(5illoate (IV-a), it is 
likely that the unidentified reaction products from 
free benzylpenicillinic acid and sodium benzyl¬ 
penicillinate are identical with that from a-methyl 
D-a-benzylpenicilloate, namely a-methyl benzyl- 
methoxypenicilloate. (The methoxylated end 
products probably belong to the same stereo¬ 
chemical series in all cases, since in the unsaturated 
intermediates the asymmetric centers 6 and 7, 
which are responsible for the difference between the 
four stereoisomeric forms of n-penicilloic acid, are 
abolished.) 

With all these starting materials the reaction is 
completed within 30 minutes at room temperature, 
and as far as could be observed visually the speed 
with which the mercurous acetate precipitate was 
formed was about the same in every instance. 
This means that the methanolysis of the reactive 
ring in benzylpenicillin must be extremely rapid. 


The methanolysis product VI would then add 
methoxy mercuric acetate as in the sequence 
starting from the bcnzylpenicilloates. 

At the time when the thiazolidine-oxazolone 
formula for penicillin was still priiferred by most 
investigators, a number of model substances were 
examined for their capacity to reduce mercuric 
acetate under conditions similar to those employed 
in the reaction with penicillin and the penicilloates. 
Ethyl a-phenylacetamido-2-(4-carboxythiazol- 
idinc)-acetate (a-ethyl desdimethylbcnzylpenicil- 
loate) and 2-phenylacetamidomethyl-4-carboxythia- 
zolidine (benzyldesdimethylpenilloic acid), which 
are both closely related to the benzylpenicilloates, 
were found to give the typical reaction (S.Jf^, 4; 
H, 4). Among simpler thiazolidine-4-carboxylic 
acids, only 2-isoprop.yl-5,5-dimethylthiazolidine-4- 
carboxylic acid yielded mercurous acetate, but the 
amount formed was 3.3 instead of 2 moles {S,21^ 1). 
All the other compounds of this type yielded precipi¬ 
tates which varied greatly in appearance and 
amount and consisted of ill-defined mixtures of mer¬ 
curic and mercurous salts or complexes. Rupture 
of the thiazolidine ring with mercaptide forma¬ 
tion is evidently involved, since the N-acetyl- 
thiazolidine-4-carboxylic acids tested were not 
attacked by mercuric acetate 4). 

Similarly, the reactivity of saturated'^ oxazol- 
ones (i.e., those lacking an exocyclic double bond in 
position 4) towards mercuric acetate seems to be 
greatly influenced by constitutional factors 
2; 1). In methanolic solution slow oxidative 

attack took place in all cases as eviden(;ed by the 
formation of mercurous acetate, but the amount fell 
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short of 2 moles, even though several days were 
allowed for interaction. The reaction products 
could not be identified. In dioxane solution the 
formation of mt^reurous fxcetate is so slow that 
warming of the reaction mixture for prolonged 
periods is necessary to produce amounts exceeding 
one mole. Two oxazolones carrying a hydrogen 
atom in position 4, 2-j)henyl-4“bcnzyloxazolone 
(Xll-a) and 2-phenyl-4-isobutyloxazolone (Xll-b) 
yielded high-melting compounds which were evi¬ 
dently formed by oxidation, as they could not be 
obtained in the absence of mercuric acetate. 
They appear to be dimeric products containing 
the same number of C, O and N atoms as the 
starting oxazolone, which they also closely resem¬ 
ble in their ultraviolet absorption characteristics 
i)- Though their structure xvas not eluci¬ 
dated, it is fairly certain from the ultraviolet 
spectra that no dehydrogenation had occurred in the 
groups attached in position 4. Nevertheless, the 
presence of a hydrogen atom in this position seems 
to be a prerequisite for this type of oxidation, since 
2-benzyl-4,4-(iimethyloxazolone (XIII) on treat¬ 
ment with mercuric acetate in dioxane yielded 
instead of mercurous acetate merely a crystalline 
mercuric complex or salt of the constituting acyl- 
amino acid, a-phenylacetamidoisobutyricacid (SJ4f 

3). 

C6HbC==NCR 

I I 

0-CO 

Xll-a, R = —CIIa CcHo 
Xll-b, R = - CH2-CH(CH3)* 

CeH6CIl2C--NC(CH3)2 

I I 

Q-.-CO 

XIII 

The acylatcd amino acids from which the oxaz¬ 
olones W'Cre derived, as well as their methyl esters, 
failed to react with mercuric acetate in either 
methanol or dioxane solution 2). 

As far as can be judged from these few observa¬ 
tions, the occurrence of the typical fast oxidation 
reaction such as given by penicillin and the penicil- 
loates is restricted to structures of the type in which 

R NH— 

—CONH—CH—CH—S— 

R may be either H or a carboxylic function. 

EXPERIMENTAL 

Reaction of a-Methyl n-a-Benzylpenicilloate with Mer¬ 
curic Acetate in Methanol (Squibb, E,12a^ 4 ), To 282 mg. 
of methyl benzylpenicilloate’ (0.768 millimole) in 6 cc. 
methanol, 979 mg. of mercuric acetate (3.07 millimoles *» 4 
moles per mole of substance) in 18.4 cc. methanol were added 
in four equal portions. An amorphous precipitate formed 

^ Amorphous acidic product obtained by methanolysis at room tem- 
poraturo of sodium benjs.viponjcillinste, cf. S.2. 


after addition of the first molar equivalent and was rapidly 
replaced by a wholly crystalline precipitate of fine needles. 
Addition of the last two portions produced no further 
visible change. After ten minutes, the crystals of mer¬ 
curous acetate wore removed by filtration (381 mg., 1.47 
m.mole) and th(‘ filtrate was freed from mercury with H 2 S. 
The colorless filtrate; from the Hg:.S was concentrated to a 
small volume in vacuo^ a slight turbidity was removed by 
filtering wdth charcoal, and the distillation was repeated 
after addition of 50 cc. of benzene. Lyopliilizing of the 
benzene solution yielded a fluffy, faintly yellow product 
(204 mg.), which was insolulde in water but soluble in the 
usual organic solvents except petroleum ether. [«]i> 
-f-46.5° in acetone. The ultraviolet spectrum shows the 
usual end absorption, but with a shoulder ])etween 249 and 
201 m/u (t about 400, on MW of starting compound). The 
substance has acidic properties. Fi'Clrj, nitroprusside, 
Na-plumbite, Fehling, and Schiff tests were negative, HgClj 
in (iilute alcohol caused a precipitate soluble in excess 
reagent. Mercuric acetate in ethanol gave an amorphous 
precipitate only on prolonged standing, and a weak Schiff 
test in the supernatant. Tollens’ reagent was reduced 
rapidly. 

Found: C, 53.6; H. 6.04; N, 6.57; S, 7.10; CHA 14.85 

Since the starting product had the correct methoxyl con¬ 
tent (8.47), one molecule of metluiiiol must have entered in 
the reaction. This was confirmed on another, independently 
prepared specimen (CH 30 ,16.2). The composition approxi¬ 
mates 1 methyl ponicilloate -h 1 methanol. On account of 
the oxidative change, two hydrogen atoms less should be 
present, so that the formula is proi)ably CisH 240 eNa 8 . 

Calc, for CigHsiOflNaS: 

C, 54.51; H, 6.11; N, 7.07; S, 8.09; 2(Tl30, 15.6 

The composition of the crystalline benzyls mine salt seems 
to bear out this formula. 51 rng. of the oxidation product 
were dissolved in 10 cc. absoluU^ ether. After the removal 
of a small amount of insoluble material, 0.65 cc. of a 1()% 
benzylamine solution in ether (approx. 1.1 mole) wHu*e added. 
The resulting gum w^as immediately separated from the 
supernatant, dissolved in a little 95% ethanol, and pre¬ 
cipitated with excess ether. The crystalline material formed 
on standing was recrystallizod in the same manner, yielding 
11 mg. of clear granules melting at 157-158°. 

Found: C, 58.96; II, 6.41; N, 8.76; S, 6.49; CHaO, 12.56 

Calc, for C^bHaaOeNsS: 

C, 59.61; H, 6.61; N, 8.35; S, 6.37; CHaO, 12.30 

There seems to be little doubt that the parent compound 
is CieH 240 eN 2 S. The low C-value was probably due to the 
presence of impurities; a preparation from another batch of 
the oxidation product had a constant melting point of 
164-165°. 

Reaction of Methyl Benzylpenicillinate with Mercuric 
Acetate in Methanol (Squibb, 19). The methanol used 
in this and the following experiment had previously been 
found to be remarkably unreactive towards sodium benzyl- 
penicillinate, as shown by the fact that it required 19 days 
at 37° for [ajp of a 2 % solution to decline to 4*149°. To a 
solution of 180 mg. of methyl benzylpenicillinate in 20 cc. of 
this methanol 625 mg. of mercuric acetate dissolved in the 
same volume were added. After 30 minutes the precipitated 
mercurous acetate (198 moles) was filtered off. The filtrate 
was demcrcurized with HaS and after removal of the HgB 
evaporated in vacuo. The residue was dissolved in ether, 
and the latter washed with sodium bicarbonate solution and 
water. The neutral fraction (172 mg.), an almost colorless 
glass with Md 4-37° (in ethanol), could not be crystallized. 
It was dissolved in benzene and chromatographed on alu¬ 
minum oxide. Elution was effected by continued washing 
with benzene and then with benzene-ether 4:1. No frac¬ 
tionation occurred, as the two main fractions showed the 
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isame specific rotation as the original product. The material 
was recombined and lyophilized from benzene to yield a 
white powder, which was analyzed. 

Found: • C, 55.75; H, 6.88; N, 6.83; CH,0, 23.28 

Gale, for C«H„0,N*S (Me Pen. + 2CH,OII - H*): 

C, 55.59; H, 6.39; N, 6.83; CH,0, 22.68 
Calc, for CiJIagOfiNsS (Me Pen. + 2 CH 3 OH): 

C, 55.33; H, 6.84; N, 6.74; CHsO, 22.57 

The absorption curve showed only end absorption of the 
penicilloic type, but with somewhat lower extinction 
throughout. There was the indication of a low maximum 
around 260 m^u. 

X (ruAi) 220 230 240 250 255 260 265 270 

f 2500 1230 510 280 250 260 220 150 

Addition of aqueous mercuric chloride to a solution of the 
product in methanol caused an immediate precipitate. The 
supernatant yielded an amorphous orange-colored dinitro- 
phenylhydrazonc, m.p. 75 80°. 

Reaction of Sodium Benzylpenicillinate with Mercuric 
Acetate in Methanol (Squibb, S.SSy 22). To a solution of 
500 mg. of sodium benzylpenicillinato in 4 cc. of methanol 
1.8 g. of mercuric acetate (4 moles) in the same volume 
was added. The mercurous acetate liltored off after 30 
minutes corresponded to 1.95 moles. After the removal of 
mercury with H 2 S the filtrate was (ivaporated to dryness in 
vacuo. The residue was dissolved in 20 cc. of water and 
extracted three times with ether. Lyophilizing of the aque¬ 
ous phase yielded a yellowish, non-hygroseopic j)Owder, 
-f42° (0.5in water). 50 mg. of this product was 
precipitated with excess mercuric chloride. The precipitate 
was washed with water and dried (43 mg.). 

Found: N, 3.15; S, 3.67; N/S - 1.95 

Though the original N/S ratio was retained in the portion 
pnuupitated with mercuric chloride, some cleav^age liad 
occurred, as the filtrate yiidded a .small amount of an amor¬ 
phous, orange-red dinitrophenylhydrazone, m.p. 75-85°. 

Back titration of a solution of 50 rng. of the oxidation 
product in 10 cc. 0.1 NaOH aft(5r 24 hours, when [ajo had 
dropped to +32°, showed that approximately one equivalent 
of alkali had been consumed. 

Cleavage of Mercuric Acetate Oxidation Product of 
Methyl Benzylpenicillinate with Mercuric Chloride (Squibb, 
10), To a solution of the ester (5(X) mg.) in 30 cc. of 
methanol 1.7 gin. of mercuric acetate in 30 cc. of the same 
solvent was added. The mercurous acetate formed within 
30 minutes corresponded to 1.94 mole. The filtrate was 
worked up as described and yielded 470 mg. of the neutral 
oxidation product. 410 mg. of the latter were dissolved in 
30 cc. of 50% methanol, and a solution of 800 mg. of mercuric 
chloride in 15 cc. methanol was added. After 30 minutes the 
precipitate was centrifuged, washed, suspended in water 
and demercurized with HgS. The filtrate from the mercuric 
sulfide was lyophilized, and the residue recrystallized from 
ethanol-ether. 55 mg. of needles melting at 180-182° 
were obtained. A mixture with synthetic n-penicillamine 
methyl ester hydrochloride (m.p. 181°) melted at the same 
temperature. 

Found; N, 7.09 

Calc, for CgHuOgNS HCl: N, 7.04 

The supernatant from the mercuric chloride precipitate 
was treated with excess dinitrophenylhydrazine reagent and 
yielded within 3 hours 248 mg. of orange-colored product 
m.p. 75-85"*. It was dissolved in ethanol-free chloroform 
an^ chromatographed on acetic acid-washed aluminum 
oxide. The column was washed with the same solvent, 
followed by. chloroform containing 5% of ethanol. From 
a distinct orange band which was eluted first, 9 mg. of orange- 
colored needles m.p, 145-147° were obtained. A bro^, 


more diffuse yellow band was eluted next, for the most part 
with ethanol-containing chloroform. The combined resi¬ 
dues of these fractions on crystallization from ethanol- 
hexane yielded 113 mg. of yellow platelets. After five 
recrystallizatious from the same solvents the melting point 
remained constant at 156-159°. 

Found: 0, 51.33; H, 4,30; N, 15.40; OCH*, 14.9 

Gale, for Gj^ITigOgNs: 

C, 51,24; H, 4.40; N, 15.72; 20CH8, 14.0 

The mother liquor of the crude dinitrophenylhydrazone 
mixture on standing for several days deposited 02 mg. of a 
dark-orange precipitate, which was recry.stallized from aque¬ 
ous dioxane to a constant melting point of 252-255° (dec.). 

Found: C, 40.56; H, 2.62; N, 23.50 

Calc, for CiJIigO.oN,: C, 40.34; II, 2.54; N, 23.53 

When 5 rng. of the- yellow dinitrophenylhydrazone m.p. 
159° were heated for one hour with dinitrophenlyhydrazoiie 
reagent, a dark-orange product was formed which after 
crystallization from aqueous dioxane melted with decompo¬ 
sition at 254° and did not depress the melting point of the 
above product. 

The dinitrophenylhydrazone m.p. 159° (19 mg.) was 
heated with 2 cc. of 2 ^ HCl on th(^ steam bath for 2 hours. 
The filtered solution was extracted with ether. The ether 
extract was treated with Norit, filtered and evaporated. 'I'he 
crystalline residue (1.7 mg.) melted at 72-76°, and gave no 
melting point depression in mixture with phenylacetic acid. 

Cleavage of Mercuric Acetate Oxidation Products of 
Dimethyl i>-a-Benzylpenicilloate and of er-Methyl D-a- 
Benzylpenicilloate with Mercuric Chloride (Squibb, SJA 11). 
The crystalline diester (400 mg.) was oxidized with mercuric 
acetate in methanol and the oxidation product degraded 
with mercuric chloride in the same manner as described 
above for methyl benzylpenicillinate. From the mercuric 
chloride precipitate 39 mg. of D-pcnicillamine methyl ester 
hydrochloride wore ol>tained. Chromatographic fractiona¬ 
tion of the dinitrophenylhydrazone mixture obtained from 
the filtrate yield(?d 02 mg. of the crude yellow diiiitrophenyl- 
hydrazone, which after repeated recrystaliization melted at 
156-159° and did not depress the melting point of the 
preparation from methyl benzylpenicillinate. 

Similar results were obtained by mercuric chloride cleavage 
of 170 mg. of the mercuric acetate oxidation product from 
a-methyl benzylpenicilloate (amorphous methanol inactiva¬ 
tion product of benzylponicillin). The yield of crude yellow 
dinitrophenylhydrazone melting at 154-158° was 52 mg. 
The mother liquor of the dinitrophenylhydrazone mixture on 
standing yielded 36 mg. of crude osazone m.p. 229-236°. 

Behavior of Methyl Benzylpenicillenate towards Mer¬ 
curic Acetate (Squibb, #8.55, 8). When methyl benzyl- 
penicillonate was treated with 4 molar equivalents of 
mercuric acetate in methanol, only 0.2 mole of mercurous 
acetate were formed within 30 minutes, while in the reaction 
with methyl benzylpenicillin or methyl n-o-benzylpenicil- 
loate exactly 2 moles were obtained under these conditions. 
After standing for 20 hotirs the total amount corresponded to 
only 0.44 mole (22% of theory). The neutral fraction 
recovered after demercurization was assayed spectrophoto- 
metrically and found to contain 60% of the penicillenate 
present in the starting product (P^m of the latter was 20,800, 
corresponding to about 75% penicillenate). The slight 
reduction of mercuric acetate observed during the first 30 
minutes was probably caused by some a-methyl penicilloate 
or other impurity in the methyl penicillenate ustid. It may 
be concluded from these results that the oxidation of methyl 
benzylpenicillinate by methanolio mercuric acetate does not 
proceed via methyl benzylpenicillenate. 

Reaction of 2-Phenyl-4-i8obutyl-5(4)-oxazolone and of 
2-Phenyl-4-benzyl-5(4)-oxazolone with Mercuric Acetate in 
Dioxane (Squibb, 1). To 637 mg. of 2-phenyl-4- 

isobutyl-oxazolone (m.p. 56-57°) dissolved in 5 cc. of 
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dioxane a solution of 3.10 k. inorcurir anetate (4 mole 
equivalents) in 100 cr. of dioxane was added, "rhe reaction 
was initiaU'd hy slight wanning for a few jninutes. After 
standing overnight at room InnixTature the crystals of 
mercurous acetate were filtered (512 mg., 0.705 mole eciuhni- 
lents). "rh(‘ liltratt* was healed on lh<' steam hath for 
18 hours and yielded anotlu'r 403 mg. of mercurous acetate 
(total, 1.50 mole eciuiv.alents). Amtlysis of 277.3 mg. of the 
crystals confirmed their composition (IlgaO: found, 255mg.; 
calc., 222.5 mg.; .\cOM: fouml, 02.4 mg.; calc., 04.1). The 
filtrate was dernereurized with MijS and evaporated to 
dryness in vacuo. 44ie partly cry stall iiu' residue was di.s- 
solvc'd in warm methanol. On concentrating and chilling 
253 mg. of clear-cut inism.'- melting at 137 M0° were 
obtained. Two n’c?\ystidliza1 ions from the same solvent 
raised, hut did not shar[)en tli(^ melting point (137-142"). 
'I'o removt‘ acidic^ suhstanecis suspected to h<* present as 
contaminants, sn ether solution of crystals ri‘eover<jd from 
the mother li(piors was t'xtraeled witli sodium carbonate. 
However, almost all of tin* material remained in the neutral 
fraction, and on reerystallization yiehhal a iH’oduet with the 
same prop(Tfies as tfie first crop (m.p. 138-142"). 44ie 
compound is insoIul)le in water, dil. X.aOH and H(’I, and 
readily soluble in mo.st organic solv(‘nts. Though tlie 
analyz(Hl pri'paration (in.[>. 141-145" aft(‘r drying at 100" 
in vacuo) may not liave been quite pure, the analytical 
figures left ?io doubt that tin; original nurnb(‘r of O and N 
atoms wero st.ill presiuit. 

Found; (.•, 72.00; H, 6.35; N, 6.23; MW, 100 (333) 

Calc, for CuIIuOsN: 

C, 71.86; FT, 6.96; N, 6.15; INIW, 217 
Calc, for (CiaHuOuNTs: 

C, 72.20; FT, 6.53; N, 6.48, XFW, 432 

The detcTtnination of moh'cular w(u’ght was eurri(*d out by 
the Hast method. 44iere were signs of decomposition on 
fusion with e.amphor. The higher figure corre8{}orids to the 
first reading, the figure in brackets to an approximately 
constant melting point reached aftc^r repeated re-melting. 

The absorption spectrum shows a singles maximum at 
242 m/Xf witli c 30,500 calculated on MW of dimeric 
formula. The maximum in the spectrum of the starting 
azlactonc (MW 217) has exactly the same location, with 
t = 10,800. It seems probable that the chrornophoric 
groups in both compounds arc identical. 

497 mg. of 2-phenyl-4-bcnzyl-oxazolone (m.p. 71-71.6°) 
were oxidized in the same manner, except that the period of 
heating at 100° was 23 hours. In this case very little 
mercurous acetate was precipitated after standing overnight 
at room temperature. The total amount aftcT heating cor¬ 
responded to 3,23 mole equivalent. Again the crystalline 
precipitate consisted of pure mercurous acetate (95.7 mg. 
gave 77,5 ing. Hg20 and 22.7 mg. AcOH; calc. 76.8 mg. HgaO, 
22.1 ing, AcOH). The partly crystalline residue of the 
demercurized filtrate was freed from gum by washing with 
methanol. The insoluble crystals (158 mg.) were recrystal¬ 
lized twice from aqueous acetone and then melted at 201- 
202.5°. The compound showed the same solubility proper¬ 
ties as the oxidation product from 2-phonyl-4-isobutyl- 
oxazolone. 

Found: C, 76.59; H, 4.98; N, 5.36; MW, 489 (382) 

Calc, for C 16 H 11 O 2 N: 

C, 76.47; H, 5.22; N, 6.58; MW, 251 
Calc, for (CieHj202N)2: 

C, 76.78; H, 4.83; N, 5.60; MW, 600 

The absorption spectrum in ether with e « 33,000 at 
246 m/m (calculated on MW 500 of dimeric product) re¬ 
sembled, but did not fully coincide with, that of the starting 
azlactone (e « 17,300 at 244 mu). There was a small 
plateau at 256 m/i, c « 28,700. When plotted for MW 250 
the extinctions at 222 (minimum) and at the wave 
lengths above the maximum were about 25-30% higher 
than in the curve of the starting product. Nevertheless, it 


may be assiinu‘d that the absorbing groups are the same in 
both compounds. 

Since it was ob8erv<Hl that the dioxanr^ used (purified 
according to Fiesor, Experitnents in Orqanic Chemistry 11^ 
and distilled over Na) was slowly altac^ked by the reagent 
at 100° with the pre(4 pita lion of mereurous acetate, there 
remained sonic iineerbunty as to whether the isolated prod¬ 
ucts actually owed their formation to an oxidative reaction, 
both azlactones wt'.re therefore lu‘at(‘(l for 18 hours at 100° 
in dioxane without the reagent. 'I'he crystalline residue 
obtained by evaporation of tlie solvent in both cases con¬ 
sisted f)f a mixture of starting azlactone and the corre¬ 
sponding benzoylaminn acid, showing tluit oxidative attack 
must liave occurred in the presenco of th(‘ reagent. 

Reaction of 2-Benzyl-4,4-dimethyl-6(4)-oxazolone with 
Mercuric Acetate in Dioxane (Squibb, 3). A solution 
of 509 ing. of Die azlacitone (in.]>. 5!)-59.5") with 4 mole 
equivalents of mercMjric ac('late in 105 cc. of dioxane de¬ 
posited on standing for 18 hours l.M g. of fine needles. 
Thes(‘ on treatnuuit with NaOll yielded only a small 
amount of im^rfurous oxidi* (about 15r, of theory). How¬ 
ever, vvhen the conijilex was (irst di.ssolved in methanol and 
the solution acidified with lU’l, a copious priMupitate of 
mercuric, oxide was obtained on addition of (ixcess metlianolic 
alkali. Decomposition with H^S of thi^ complex susiiended 
in methanol yielded 210 mg. of crystals which after two 
rei-ry.slallizations from aqueous etlianol showed flu; charac¬ 
teristic melting ])oint bcdiavior of phcnylacctamidoisobutyric 
acid (s(‘e below), and gave no depression with the latter. 
I’ho nialcrial recovered from the original dioxane hltrate 
after dcm<»rcurization was sejiaratcd into neutral and acidic 
fractions. The latter on purification yi(‘ld(*(l additional 
amounts of pheiiylacetylaminoisobutyric acid. TFic small 
neutral fraction, though partly crystalline, was not examined 
further. Hydrolysis of the azlactone, obviously caused by a 
small amount of wab^r in the solvimt, must have preceded 
the formation of the mercuric compltjx. 

«-Phenylacetylaminoisobutyric acid was prepared by the 
Schotten-Baumaim method in 73% yield. riat(?s from 
95%, ethanol, m.p. 188 -189° after previous melting at about 
175° and resolidification. 

Found: (.!, 65.22; H, 6.79; N, 6.25 

Calc, for C,2 Hi60,N: C, 65.14; 11, 6.83; N, 6.33 

THE REACTION OF BENZYLPENICILLIN 
WITH ACETIC ACID« 

Introduction. The readiness with whicli methyl 
or sodium benzylpenicillinate reacts with glacial 
acetic acid demonstrates in yet another way the 
unusual reactivity of the penicillin molecule. Mere 
solution and standing at room temperature is 
sufficient to cause a 50% loss in antibiotic activity 
in 2 hours (Abbott, A.?, 1), and overnight the 
activity is completely lost (Squibb, 6). It 
was at first hoped that an investigation of the 
chemical transformation involved would shed 
further light on the structural problem. An abund¬ 
ance of chemical and physical evidence has since 
then established the /3-lactam structure for peni¬ 
cillin as the leading contender and has virtually 
ruled out all other formulations. Since, however, 
the /3-lactam structure cannot be considered as 
unequivocally proved, it may be of interest to 
interpret the experimental facts established in this 
work also in terms of certain other structures for 
penicillin which at one time or the other have 
received serious attention. 

* By Homer B. Stavely. 
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Degradation of Sodium and Methyl Benzyl- 
penicillinate s by Acetic Acid (Squibb, SJO, 5; 
^4, 0; 1; SO, 2; SO, 1; 36, 1, 25). When a solu¬ 

tion of analytically pure sodium benzyl])enioillinate 
was allowed to stand ov(‘rniglit and then lyophilized, 
an amorphous, powdery product was obtaiiK^l, the 
analytical composition of which indicatcid that 
one molecule* of acetic acid had been (*hemically 
bound. However, further examination showed 
that it was not homogeneous. It could be separated 
chromatographically into two fractions, hereafter 
referred to as Fractions A and B. Fi*action A gave 
negative sulfhydryl leasts and was not pi-ecipitated 
by mercuric c!d()rid(\ On tla^ other hand, Frac¬ 
tion 1 ^ resjxmded strongly to th(‘ usual sulfhydryl 
tests and gave an imrnediatf^ pre(*ipitate with 
mercuric chloride. It was then found that the 
separation of the two fractions could be ellected 
more conveniently by means of the latter reagent, 
A being recovered from th(‘ filtrate and B from the. 
mercury-containing preeipitato. 

Thus isolated, Fraction A bed the com])osi(.ion of 
an acetyl benzylpenicilloic, acid ('iHlFiiNuf hjS (benz- 
\dpenicillinic acid plus acetic aci<l). Tlui (luanti- 
tative acetyl determination demonstrate<l that otie 
sindi group was actually present.. l^;le(*troin(Mri(^ 
titration revealed the presence of a singh' l)inding 
region wit.h a >span corresponding to two ecpiivalents 
of alkali. 'Fo judge from t.lu^ pIT values at 25 and 
Y 5 per cent neuti'alization, tlu' t wo grouj)s in ques¬ 
tion have apparent y)K\s of 2.1 and 3,05. That ))oth 
arc represented by acidic groups follows from the 
fact that treatment of the aiad with diazomethane 
yielded an amorphous dimethyl ester of the correct 
methoxyl content. Hydrolysis with hot dilute min¬ 
eral acids yielded only small amounts of carbon 
dioxide; unlike that in bcnzylj)onicilloic acid, the 
second carboxyl group is stable. The stabilizing 
influence of an acyl group on the thiazolidine 
nitrogen of penieilloie acid types has been amply 
demonstrated. 

On treatment with benzylamine, Fraction A 
yielded a mixture of two crystalline benzylam- 
rnonium salts, which could be separated by frac¬ 
tional crystallization. The less soluble salt was 
identical, insofar as melting point and specific 
rotation are concerned, with the ^benzylammonium 
salt of N^-acetyl-D-a-benzylpenicilloic acid, and 
the melting point of the mixture was not depressed. 
Similarly, the more soluble salt appeared to be 
dibenzylammonium N ^-acetyl-D- 7 -benzylpenicil- 
loate by comparison with the synthetic compound, 
but the agreement between melting points ( 6 ® dif¬ 
ference) and rotation was not quite as close as in the 
case of the D-a-isomer. However, a mixture of the 
two melted at an intermediate temperature. While 
the analysis of one of the synthetic preparations 
was satisfactory, analyses of the salts resulting 
from the acetic acid degradation and the salt of the 
D-a-isomer showed some inconsistencies and devia¬ 


tions from tlie required composition. This may bo 
connected with the fact that the synthetic o-a-iso- 
mer, in contradistinction to the D- 7 -isomer, con¬ 
tains two molecules of water of hydration, and that 
the salts isolated from Fraction A were probably not 
quite pure sterically and therefoi*e inhomogeneous 
in regard to their content of bound water. Never¬ 
theless, it. seems reasonably (reitain from the (un- 
dence at hand that Fract ion A represents essentially 
a mixture of the D-a- and L)- 7 -isomers of N ^-acetyl- 
benzyl])enicilloi(; acid (I). 

C.llA'UrCONUCn -- (dISC((Ml3). 

i ! I ' 

IIOCK^ Cn.CON- (^H(X)OH 

I (R - H); II (R - Clh) 

The amor|)hous reaction product of methyl 
b(*nzylpenicillinate and acetic acid had the com¬ 
position (h 9 Ho.iN 2 ()»;S, in(li(‘ating that again one 
molecule of a(*etic acid Jiad l)(*en chemically bouud. 
The substance gave negative sulfhydryl tests and 
was iiidiffert^nt to mercuric (-Idoride. h^hn'tro- 
metric titj'ation deunonstrated the pnjsento of a 
single acid group with a pK of 3.75, in substantial 
agreement with tlic wilue for the S(*cond acidic 
group in hVaction A. Thus this substance appears 
to be t h(^ mono-methyl est(‘r of I'raction A, ) 6 t-metliyl 
N■^-a(*etyi-benzylpeiii(*illoat(‘ (II). 

It has been shown (Mer(*.k, M.33, 8 ) that di- 
methyl-N-benzoyI-D- 7 -benzylpeni(‘ill()at/e is readil^^ 
degraded by treatment with 2 mol(\s of mothanoUc 
potassium hydroxide at room temperatui'e to 
methyl a-berizamido-/ei,/:t-dimethylacrylate. When 
this reaction was a])plied to the j^^-monomeihyl 
ester (II) only ti’aces of neutral products were 
obtained. Synthetics «-et-hyl /iJ-methyl-N'^-acetyl- 
benzylpenicilloate behavc^J in the same manner 
except that the small neutral fraction in this 
case yielded a few crystals of the expected prod¬ 
uct, methyl a:-acetamido-/i?,/51-diniethylacryIate. 
Though this reaction failed to adduce evidence for 
the structure of the acetat e acid inactivation prod¬ 
ucts, the general similarity in the behavior of the 
latter and of the synthetic (‘.oiiipound in this reaction 
is noteworthy and may l)e taken as another indica¬ 
tion of structural identity. 

This similarity is also evident in the failure of 
Fraction A on the one hand, and of synthetic 
N^-acctyl-D- 7 -benzylpenicilloic acid and its a-ethyl 
ester on the other, to undergo under the influen<*.e of 
ethanolic mercuric chloride the change to the 
isomeric form III (ponamaldic acid, see Chapter 
XIV), which is produced by this reagent from 
N^-unsubstituted benz.ylpenicilloic acids or esters 
(Merck, M,4^, 14; Squibb, S.34f 10). Neither the 

COOR COOR 

C,H5CHjCO-NHC==CHNHiH-C(CH,),SH 

m 
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inactivation product nor the synthetic N^-acetyl 
derivatives gave rise, on treatment with ethanolic 
mercuric chloride, to the intense band at 280 ni/i 
characteristic for this compound. 

Reaction of Fraction A and of Synthetic N*-Acetyl- 
benzylpenicilloic Acid with Acetic Anhydride 
(Squibb, S.30, 2; 36, 3). If Fraction A was indeed 
a mixture of stereoisomeric N^-acetyl-benzyl- 
penicill 9 ic acids it could be expected to azlactonize 
readily to give a 2-benzyl-4(2)-(3-acetyl-4-carboxy- 


intermolecular reaction of the intermediate oxazo- 
lone (IV), in which benzylamine accepts the liber¬ 
ated phenylacetyl group. 

When the reaction of Fraction A with acetic 
anhydride and benzylamine was carried out under 
somewhat different conditions (prolonged contact 
with acetic anhydride), it yielded besides N-phenyl- 
acetylbenzylamine a crystalline product m.p. 193- 
195° of the analytical composition (Ci 7 H 2 i 03 N 3 S)n 
for which the dimeric diketopiperazine structure 

CHSC(CH3)3 

CHCONHCHgCeHft 


CcHsCHaNHOG CH—N COCH, NHCOCH 


(CH8)2C-S-CH- 


1 

-CH CO NH CHa CO N 


thiazolidino)-oxa2olone-5(4) (IV). When the prod- 
C«H6*CH2C-=NCH-CHSC(CH3)2 

II II 

O-CO CHaCON—CH COOH 

IV 


uct resulting from short exposure of Fraction A 
to acetic anhydride at room temperature was freed 
from the excess reagent and then treated with 
excess benzylamine, a crystalline product was 
obtained which was identified as N-phenylacetyl- 
benzylamine. Repetition of the experiment with 
the substitution ofi aniline for benzylamine afforded 
phcnylacetanilide. Treatment of synthetic N'*-acet- 
yl-D- 7 -bonzyIpenicilloic acid with acetic anhydride 
and benzylamine likewise yielded N-phenylacet- 
ylbenzylamine. The mechanism of this trans¬ 
acylation reaction is obscure. However, it is 
appropriate to mention in this connection certain 
anomalous results obtained in studies on the 
methanolysis of optically active 2-benzyloxazolones 
which seem to have some bearing on the above 
observation (Squibb, S40, 10). The methanoly¬ 
sis of L-2-benzyl-4-p-methoxybenzyl-5(4)-oxazolone 
and L-2-ben2yl-4-isobutyl-4(5)-oxazolone yielded, 
besides the normal products, the methyl esters of the 
constituting acylamino acids, the N-phenylacetyl 
dipeptides, N-phenylacetyl-p-methoxyphenyl- 
alanyl-p-methoxyphenylalanine and N-phenylacet- 
ylleucyl-leucine. Furthermore, in the case of 
L-2-benzyl-4-isobutyl-4(6)-oxazolone, the presence 
of methyl phenylacetate in the methanolysis 
mixture was demonstrated. Oh the other hand, 
treatment of phenaceturic acid, dimethyl N^-benz- 
oyl-D- 7 -benzylpenicilloate and desthiobenzylpeni- 
cillin with acetic anhydride did not result in 
replacement of the phenylacetyl group in these 
compounds by an acetyl group (Merck, M.66f 12). 
It is clear that 2-benzyloxazolones are apt under 
some conditions to undergo intermolecular reactions 
in wMch the phenylacetyl radical is detached from 
one of the reacting molecules in a reactive form 
capable of combining with an external agent such as 
methanol. The formation of N-phenylaoetylbenz- 
ylamine from Fraction A and S 3 mthetic N^-acetyl- 
D- 7 -benzylpenicilIoic acid might be due to a similar 


has been suggested. The formation of a com¬ 
pound so constituted could occur, in analogy to 
the transacylation reactions discussed above, via 
a N-phenylacetyl dipeptide, w’hich would then lose 
the phenylacetyl group by a second, internal trans¬ 
acylation to close the diketopiperazine ring. The 
postulated formation of a benzylamido grouping at 
the position shown has an analogy in the reaction of 
N-bcuzoyl-D- 7 -benzylpcnieilloic acid with acetic 
anhydride and subsequently with aniline, which 
yielded the anilide of a-benzamido-iS,j9-dimethyl- 
acrylic acid (Cornell Bioch., DJ9, 3). 

Fraction B (Squibb, S.31, 6; 24 ., 3, 8; 28, 2). The 
mercuric chloride-precipitable fraction (B) obtained 
from the crude acetic acid inactivation product of 
sodium benzylpenicillinate has been less extensive¬ 
ly studied than Fraction A, and its chemical 
nature remains for the most part obscure. It 
was found to contain variable amounts of cldoride 
ion and of chemically bound acetic acid and gave 
positive tests for sulfhydryl. The only constituent 
of the mixture which could be definitely identified 
was benzylpenillamine. It was encountered in 
small amounts only, and is probably formed from 
some benzylpenillic acid present in the original 
inactivation product by the action of the mercuric 
chloride used for the separation of Fractions A and 
B. A sulfhydryl-containing crystalline product 
m.p. 167-168° was obtained in small amounts by 
mild acid hydrolysis of Fraction B, but its analyti¬ 
cal composition could not be well rationalized. It 
may be related to benzylisopenillic acid, which it 
resembled in its ultraviolet absorption spectrum. 
It thus appears that the action of acetic acid on 
sodium benzylpenicillinate, in contrast to that on 
methyl benzylpenicillinate, transforms a part of the 
starting material into products belonging to the 
benzylpenillic acid series. 

Reaction of Methyl Benzylpenicillinate with 
Acetic Acid and Acetic Anhydride (Squibb, S,S2, 10; 
S4, 1; 36f 2). Experiments on the degradation of 
methyl benzylpenicillinate with acetic anhydride- 
acetic acid mixtures were imdertaken in the hope of 
obtaining evidence for or against the tricyclic 
structure (V)i which at that time was being seri¬ 
ously cemsidered. It was reasoned that the primaxy 
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acetolysis product (VI) would be dehydrated by 
acetic anhydride to the oxazolone (IV-a), the 
presence of which could then be demonstrated by 
the formation of the acetylated benzylamide (VII) 
on treatment with benzylamine, whereas in the 
absence of a dehydrating agent VI would immedi¬ 
ately rearrange to IL The experimental results 


CO—CH- 

^NH 


O-C- 

I 


CH-SC(CH3)2 
N- CH COOCH, 


CH*C,H3 


CO—CH-CHSCCCH,)* 

^NH 

O C-Oll N- CHCOOCHa ^ 


CHs-CsH, COCHa 
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-CHSC(CHa)s 

I I 

CHaCON-CHCOOCHa 

IV-a 


|CcHaCH,NH, 

CaHaCHaCONHCH-CHSC(CH,)»1 

I I I 

CaHa CHs-NH CO CII 3 CO N-CH COOCH, 

VII 


indeed seemed to conform with the above scheme. 
Wlien methyl benzylpenicillinate was treated with a 
mixture of acetic acid and acetic anhydride a neutral 
product was obtained in about 60% yield, which 
with benzylamine gave a crystalline compound, 
m.p. 138-140®. Its analytical composition and 
acetyl content was that required by the benzyl- 
amide (VII). In addition, the reaction yielded a 
product melting at 132-134® which was free of 
acetyl and on the basis of its analytical composition 
appeared to be a/9-methyl benzylpenicilloate a-benz- 
ylamide (VIII): 


C«H5CH*C0NHCH—CHSC(CH3)2 
CeHsCHa-NHCO NH—CHCOOCH, 

vm 


Its melting point and specific rotation preclude 
identity with the /9-methyl benzylpenicilloate 
o^benzylamide which has been obtained by the 
reaction of methyl benzylpenicillinate with benzyl¬ 
amine in dioxane solution (Merck, M.S9, 7). Its 
precursor was probably not .unattacked methyl 
benzylpenicillinate, since it is unlikely that the use 
of etii^ (in the present case) instead of dioxane as 
the solvent in the reaction with benzylamine would 
give rise to a different stereoisomer. 


In view of the fact that methyl benzylpenicillinate 
(as well as the sodium salt) is inert to acetic anhy¬ 
dride, it is reasonable to assume that the action of 
acetic acid precedes that of acetic anhydride, and 
that the acetyl group in VII was introduced by the 
same mechanism which is operative in the reaction 
of the benzylpenicillin ester with acetic acid alone. 
Since the product of the latter reaction, which has 
the structure of a /9-methyl N'^-acetyl-benzylpeni- 
cilloate (II), merely forms an amorphous benzyl- 
ammonium salt with benzylamine, the acetylated 
benzylamide (VII) must have arisen from a reactive 
precursor present in the neutral fraction, presum¬ 
ably the azlactone (IV-a) or a mixed anhydride (IX) 
derived from II. If this be true, the action of acetic 


C6H5CH2CONHCH 


CHsCOO-CO 


-^CH'SC(CH3)2 

! I 


CHaCON-CHCOOCH 

IX 


s 


anhydride on the acetic acid inactivation product 
of methyl benzylpenicillinate (II), followed by benz¬ 
ylamine, should also lead to the benzylamide 
(VII). It was found that most of H was indeed 
converted by acetic anhydride into a neutral 
product, but the latter yielded with benzylamine 
only an uncrystallizable oil. Nor was the benzyl¬ 
amide (VII) obtained when H was allowed to react 
with acetic acid-acetic anhydride mixture instead 
of with the latter agent alone. The neutral frac¬ 
tion was much smaller in this case, and though a 
crystalline product was formed in very low yield on 
treatment with benzylamine, its melting point 
(75-80®) precluded identity with VII. It therefore 
appears that II is not an intermediate in the route 
leading from methyl benzylpenicillinate to VII. 
On the other hand, the possibility has to be kept in 
mind that the dilTerence between the neutral 
product obtained from the penicillin ester directly 
(IV-a or IX) and that formed from II with acetic 
anhydride may be merely stereochemical, and that 
the oily product obtained from the latter with 
benzylamine could be a stereoisorneric benzylamide 
less readily crystallizable than VII. Since the 
same reagents and experimental conditions were 
used in either case, however, this argument loses 
some of its force. It is of interest in this connection 
that the products resulting from the action of vari¬ 
ous azlactonizing agents, including acetic anhydride, 
on synthetic /3-methyl N^-acetyl-n-y-benzylpenicill- 
oate likewise failed to yield crystalline benzylamides 
with benzylamine (Merck, M.47, 31). If, however, 
this failure is explained on the supposition that 
neither II nor the synthetic compound is capable 
of conversion to an azlactone or mixed anhydride 
under the influence of acetic anhydride, then the 
suggestion advanced above that the acetic acid 
inactivation product II cannot be an intermediate 
in the formation of the acetylated benzylamide 
(VH) is valid. If this be admitted, it further fol- 
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lows that the system in the neutral precursor of VII 
which is reactive towards benzylamine must be 
one pre-existing as such or in a modified form in 
methyl benzylpenicillin. As will be pointed out in 
the following section, this line of reasoning can be 
made the basis of an argument against the /S-lactam 
formula and in favor of the two tricylic structures 
which have been proposed for penicillin. 

Discussion of the Results in Relation to the 
Structure of Penicillin. To account for the forma¬ 
tion of a /3-methyl N^-acetyl-benzylpenicilloate (II) 
from benzylpenicillin and acetic acid on the basis of 
the thiazolidineoxazolone structure (X), it is neces¬ 
sary to assume either that acetic acid as such 
acts as an acetylating agent, or that the acetylating 
agent is the mixed anhydride XIII (formed by 
addition of acetic acid to the oxazolone ring) which 
by intramolecular rearrangement would give II 
(Squibb, 7). The first possibility may be dis¬ 
missed as improbable. The merits of the alternative 
formulation cannot be judged, since no suitable 
models are available; but comment has not been 
favorable (cf. Northern Regional Research Labora¬ 
tories, C.Wf 8). The formation from XII of the 
acetylated benzylamide (VII) resulting from the 
reaction of the penicillin esters with the acid-acetic 
anhydride followed by benzylamine presents no 
further difficulty. The previously discussed objec¬ 
tion that II cannot be an intermediate does not 
apply here. 

The /3-lactam structure (XI) could give rise to 
II by a simple cleavage reaction which is somewdiat 

CeHeCHjC^NC-CHSC(CH3)2 

till 

O-CO N-CHCOOCH, 

X 

IacOH 


C,H6CHsCONHCH—CHSC(CH,) s 

I I I 

CHjCOOCO NH—CHCOOCHa 

XII 


comparable with that of methyl benzylpenicillin 
and certain /3-lactams with isothiocyanic acid, inso¬ 
far as an essentially acidic group becomes attached 
to the thiazolidine nitrogen. It will be noted that 
in the route to the acetylated benz 3 damide (VII) 
via IV-a or IX, the acid (II) is a necessary inter¬ 
mediate. However, as has been pointed out in the 
preceding section, there is reason to believe that the 
neutral, reactive precursor of VII formed in the 
reaction of methyl benzylpenicillin with acetic 
acid-acetic anhydride does not arise from 11. In 
the opinion of the Northern Regional Research 
Laboratories investigators (C£0j 8), this constitutes 
a serious argument against the /3-lactam formula. 
Furthermore, they point out that this difficulty 
docs not obtain with the tricyclic azlactol formula 
(Xni) advocated by Stodola (CJl) which they 
prefer also on other grounds. ^^The cleavage 
products are easily accounted for by the azlactol 
formula without postulating ring closures, an¬ 
hydride formation or acetylation by acetic acid.^' 

It should be noted that the tricyclic formula (V) 
(p. 231) is equivalent in this respect to the azlactol 
formula (XIII). in both cases, the oxazolone ring 
which reacts with benzylamine to yield VII pre¬ 
exists in potential form in the original structure, and 
owes its formation to the dehydrating action of 
acetic anh^^dride on the primary acetolysis product 
which carries a hydroxyl group derived from the 
acetic acid (VI and XIV, respectively). 

The above argument, which interprets the deg¬ 
radation with acetic acid and acetic acid-anhydride 
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as favoring the tricyclic structures rather than the 
iS-lactara structure, hinges essentially on the 
assumption that the neutral precursor of VII and the 
neutral product formed by the action of acetic 
anhydride on the acetolysis product (II) differ from 
each other structurally, and not merely stereo- 
chemically. However, the latter point is not 
conclusively established. It may well be that 
further work on this })roblem will bring forth a 
satisfactory explanation for the apparent incom¬ 
patibility of the present results with the /3-lactam 
formula, which is supported by so many other 
lines of evidence. 

The question whether /3-lactams undergo acetoly¬ 
sis with acetic acid with the formation of the cor¬ 
responding /3-acctamido acid (analogous to II) has 
been investigated in only one instance, namely with 
the /3-lactam XIII (Shell, Sh.ll, 151, 162). Most 

CO—N—CH 2 CHaCON—CH 2 

III II 

(CH,) 2 C-CSCH 2 (CH3)2CHCS*CH2 

I I 

CeHft CeHs 

XIII XIV 

of the compound was recovered unchanged after 
heating in glacial acetic acid at 170° for five hours, 
but in addition a small amount of a substance 
believed to be XTV, 2-phenyl-2-isopropyl-N-acetyl- 
thiazolidine (which could have arisen by decarb¬ 
oxylation of the primary acetolysis product), 
was obtained. Obviously compound XIII is not an 
adequate model for the study of this reaction, as it 
was also found to be highly stable towards other 
agents (methanol, benzylamine) by which penicillin 
is readily attacked. More conclusive evidence re¬ 
garding the nature of the acetolysis products 
formed from jS-lactams would seem desirable. 

Inactivation by Benzoic Acid and Phenylacetic 
Acid. The few exploratory experiments which 
have been carried out with these acids seem to indi¬ 
cate that they inactivate penicillin in the same 
manner as acetic acid. Fusion of sodium benzyl- 


peiiicillinate or methyl benzylpenicillinate with 
benzoic acid or phenylacetic acid yielded products 
which were not precipitablc by mercuric chloride 
and thus seem to correspond to Fraction I from the 
reaction with acetic acid (Squibb, S.30, 3; 33^ 2). 
Difficulties were encountered in their purification, 
and no crystalline derivatives could be obtained. 
Methyl benzylpenicillin was also attacked fairly 
rapidly by excess phenylacetic acid in anhydrous 
n-propyl ether at 64°; the product was not further 
characterized (Merck, 7). When the reac¬ 

tion of sodium benzylpenicillin with 7.5 molar 
equivalents of phenylacetic acid was carried out at 
room temperature in 90% aqueous acetone, all of 
the inactivated material was precipitable by 
mercuric chloride. . It yielded benzylpenillarnine 
hydrochloride as the sole crystallizablc product, 
which indicates that in the presence of water 
isomerization to benzylpenillic acid is probably the 
main reaction (Squibb, S.3!3, 2.) 

EXPERIMENTAL 

Reaction of Sodium Benzylpenicilloate with Acetic Acid 

(Squibb, 5; 5). A sample of analytically pure 

sodium benzylpenicillinate (1 gm.) was dissolved in 5 cc. 
glacial acetic acid. After 18 hours at room temperature 
the solution was frozen and lyophilized, The product was 
completely inactive. It was dried to constant weight at 100® 
in vacuo. \a]u +78® in water. 

Found: C, 49.70; H, 5.28; Na, 5.60 

Calc, for CigHaaOTNaSNa: C, 49.76; H, 5.34; Na, 5.29 

(Na Pen. + CHa COOH + HaO). 

It was ascertained in another experiment that no CO 2 is 
evolved during the inactivation period. 

Fractionation of Reaction Product. 

1 ) Chromatoouaphic Skpahation (Squibb, S.iSly 5). 
The inhomogencity of the; reaction product from sodium 
benzylpenicillinate and acetic acid was established by 
chromatographic fractionation on alumina washed with 
dilute HiS 04 (acetic acid-washed alumina is ineffective). 
The material was adsorbed from 90% acetone. Washing 
wdth 50% acetone eluted about 70% (Fraction A), the rest 
could be removed from the column only by prolonged elution 
with water (Fraction B). While Fraction A failed to give 
the usual SH-rcactions and was not precipitated by HgClj, 
Fraction B responded strongly to the SH-tosts and gave an 
immediate precipitate with llgCh. 
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2) Mbbcuric Chloride Separation (Squibb, 8,^1, 5, 
6). A better means of separating these two entities was 
afforded by the direct precipitation of B with aqueous 
HgClf (2 mole equivalents) from the solution of the inactiva¬ 
tion product. The fractions obtained by H2S-treatment of 
the filtrate and of the precipitate corresponded to Fractions 
A and B above in respect to weight distribution and proper¬ 
ties. In a typical experiment 200 mg. of inactivation 
product yielded 110 mg. of precipitate. The filtrate after 
demercurization was lyophilized. The residue was ex¬ 
tracted with acetone to remove inorganic matter, and the 
extract again lyophilized after dilution with benzene. The 
resulting white powder was ash-free and gave no SH-tests. 

Found: C, 53.89; H, 5.95; N, 6.90; Acetyl, 11.35 

Calc, for CiiHaiNaOeS (Benzvlpenicillin -f AcOH); 

C, 54.76; H, 5.62; N, 7.10; Acetyl, 10.95 

Similar treatment of the mercury precipitate yi(ilded a 
product which contained ionizable Cl and gave strong SH- 
reactions. Found: C, 53.27; H, 6.35; N, 7.81; Cl", 7.31. 
Since the N/Cl ratio is close to 3:1, it appears that this 
material is a hydrochloride which had lost part of its HC"1 on 
drying. 

Fraction A (obtained by HgCla-treatment) evolved COa 
only very slowly on hydrolysis with 0.1 iV HC-l at 100®. 
After two hours 0.15 mole, after four hours 0.29 mole, and 
after eight hours 0.51 mole of COa had been liberated. 
The hydrolysate gave negative aldehyde reactions, but the 
FeCla test had become positive. 

Similar hydrolytic treatment of Fraction B did not liberate 
any COa. 

Reaction of Methyl Benzylpenicillinate with Acetic Acid 

(Squibb, SM, 6; 7). The reaction product of penicillin 

methyl ester and acetic acid (24 hours at room temperature) 
was obtained by lyophilizing after dilution with benzene. 
It was dried for analysis at 60® for 3 hours in a high vacuum. 

Found: C, 55.28; H, 6.12; N, 6.85; CH, CO, 10.14 

Calc, for Ci 9H240 (jNiS (Methyl Benzylpcnicillin -H AcOH): 

C, 55,86; 5.92; 6.86; CHa CO, 10,52 

Since the SH-tests were entirely negative, it is probable 
that this product corresponds to Fraction A of the acetic 
acid-inactivated sodium penicillin. 

Properties of the Sodium and Methyl Benzylpenicillinate 
Acetic Acid Reaction Products (Squibb, 8,^4, 6). Fraction 
A, obtained from HgCla filtrate, was titrated with NaOH 
(phenol red). The neutralization equivalent was 204, 
indicating that the compound contains two strongly acidic 
groups (MW calc. 394). This was confirmed by electro¬ 
metric titration in 10% ethanol, which showed the presence 
of a single binding region with the midpoint at pH 2.97 and a 
span corresponding to 2 equivalents of alkali (neutral equiv. 
208). The two acidic groups would appear to have pK 
values of 2.4 and 3.65 (pH values at 25% and 75% neu¬ 
tralization). The dibasic nature of the acid was further¬ 
more demonstrated by the preparation with diazomethane 
of the amorphous methyl ester and determination of the 
methoxyl content. Found: 14.5; Calc, for Ci^HjoOaNaS- 
(COOCHa),, 14.7. 

The ultraviolet spectrum shows only end absorption (« 
at 225 mju « 3,500, c at 215 am ■* 11,000). The curve 
resembles that of bonzylpenicillin. 

Titration of the acetic acid reaction product of methyl 
benzylpenicillin with phenol red as the indicator showed the 
presence of only one acidic group (equiv. weight found: 414; 
calc. 408). Electrometric titration in 33% ethanol con¬ 
firmed this figure (found, 402) and gave a pK value of 3.75, 
in good agreement with the calculated pK of the second 
acidic group of Fraction A (3.65). 

Benzylammonium Salts of Fraction A (Squibb, SMf 6; 

1). Two crystalline compounds were obtained from 
Fraction A with benzylamine. To a solution of 100 mg. of 
Fraction A in methanol 0.2 co. of benzylamine wan a^ed 


under nitrogen, followed after 30 minutes by ethyl acetate to 
incipient turbidity. After standing overnight 39 mg. of 
crystalline material were collected, m.p. 82-87*. After 
three recrystallizations the melting point was 90-92®. 
1«]d« +13®. 

Found: C, 62.04; H, 6.43; N, 8,57 

Calc, for C,8H4oOaN4S HHtO: C, 62.21; H, 6.69; N, 9.07 

The melting point was not depressed by admixture of the 
di-benzylammonium salt of N^-acetyl-D-a-benzylpcnicilloic 
acid of m.p. 92-95®, [a]D +13®. 

The mother liquor deposited a further crop of micro- 
crystalline material, m.p. 170-172® after recrystallization 
from methanol-ethyl acetate. 

Found: C, 61.93; H, 6.61; N, 8.79 

Calc, for 0.,2H4 o06N4S >^'H20: C, 62.21; H, 6.69; N, 9.07 

A mixture with the di-benzylammonium salt of synthetic 
N-acctyl-D-7-benzylpenicilloic acid (m.p. 176-178°) melted 
at an intermediate temperature. The rotation ([aln +65* 
in water) was higher than that of the synthetic salt (+53®), 

Preparation and Properties of N-Acetyl-D-7-benzyl- 
penicilloic Acid (Squibb, 1; SO, 1). Synthetic a-ethyl 
N-acetyI-i>-a-benzylpenicilloate was prepared by the action 
of acetyl chloride upon the penicilloic ester in chloroform 
containing pyridine (Merck, M.SS, 5). The product did 
not crystallize until seeded with crystals furnished by the 
Merck laboratories. From 300 mg. of a-ethyl D-7-benzyl- 
penicilloate 246 mg, of the acetylated osier, m.p. 144-146®, 
wore obtained. 

Found: C, 56.63; H, 6.30 

Calc, for CioHinOeNaS: C, 56.87; H, 6.21 

For the preparation of the free acid, 224 mg. of the ester 
were dissolved in 2.0 cc. of 1 A NaOH and 5 cc. of water. 
After 3 hours^ standing at room temperature the solution 
was acidified with 1 N HCl and lyophilized. The residue 
was extracted with dry acetone, and the solution was again 
lyophilized after dilution with benzene. The residue, which 
was ash-free, was analyzed without further drying. 

Found: C, 54.33; H, 6.14 

Calc, for CuHaaOeNiS: C, 54.76; H, 5.62 

The spectrum of the synthetic compound was similar to 
that of Fraction A (end absorption, e 6000 at 220 m^J 
€ » 9900 at 215 m^; solvent, 10%, ethanol). The titration 
curve indicated apparent pK values of 2.7 and 3.85 (26 
and 75% neutralization points), which were in agreement 
with those determined in the Merck laboratories. These 
values are somewhat higher than those found for Fraction A 
(2.4 and 3.66). 

In contrast to Fraction A of the inactivation product, 
which yielded two benzylammonium salts melting at 93® 
and 180® respectively, the synthetic acid formed a dibasic 
salt, m.p. 176~178°, as the solo product, [aln** +53* in 
water. 

Found: C, 63.00; H, 6.81; N, 9.23 

Calc, for C„H4 oO«N 4S: C, 63.13; H, 6.62; N, 9.20 

Hydrolysis of the synthetic N-acetyl-benzylpenicilloio 
acid with 0.1 iV HCl at 110® showed that COi is evolved at 
an even slower rate than from Fraction A, There is no 
question but that N-acylation stabilizes the a-carboxy group 
to a very marked degree. 

Preparation and Propertiea of N-Acetyl-n-a-benzyl- 
penicilloic Acid (Squibb, SM, 25; S6, 1). 1.2 gm. of sodium 
benzylpenicillinate were dissolved in 60 co. of methanoL 
After 5 days at 37®, when [ajn had reached +146®, the me¬ 
thanol was removed in vacuo. The syrupy residue ww 
dissolved in 5 00. of water, and 3.4 oc. of N hydrochloric 
acid were added to the chilled solution. The resultiug 
precipitate was filtered off, washed with water and im* 
mediately dissolved in a few oe. of ethanol (slight wam^). 
After ohfiling, water was s^ded droptrise to digU turbidi^« 
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Scratching and seeding with a-methyl D-a-benzylpenicil- 
loate caused the separation of crystals contaminated with 
some oil. After standing in the refrigerator overnight the 
product was removed and washed with water (750 mg., m.p. 
125-128°). Recrystallization from /aqueous methanol 
yielded hexagonal prisms, m.p. 138-134°, [a]D +105° (0.8% 
in methanol). 

The original ethanolic mother liquor yielded more crude 
material, the inclusion of which after recrystallization 
raised the yield of pure product to 812 mg. ( 66 % of theory). 

Crystalline a-methyl o-a-benzylponicilloate, m.p. 128°, 
Wd +107°, obtained by this method, was acotylated in 
chloroform by means of acetyl chloride and pyridine (cf. 
Merck, M,32^ 5). The product failed to crystallize. It was 
saponified in the usual manner with three equivalents of 
aqueous alkali for 3 hours at room temperature. After 
the addition of three equivalents of HCl the solution was 
lyophilized. The residue was extracted with dry acetone, 
and the extract was diluted with benzene and lyophilized. 
The amorphous residue ([aln +35° in ethanol) was treated in 
ethanol solution with excess benzylamine. Addition of 
ethyl acetate precipitated the salt which after four recrystal¬ 
lizations from the same solvcmts melted at 92-95°. [«]d 

+ 13° (0.53% in ethanol), 'fhe melting point was not 
depressed by admixture of the salt m.p. 90-92°, [«1 d +13°, 
from Fraction A. 

Found: C, 59.63; II, 6.82; N, 8.73 

Calc, for C32H4oOeN4S,2II*0: C, 59.61; H, 6 . 88 ; N, 8.69 

Alkaline Hydrolysis of Dimethyl Ester of Fraction A and 
of a-Ethyl/S-M ethyl n- 7 -Benzylpenicilloate (Squibb, 1 ). 
Synthetic a-ethyl N-acetyl-D-i-benzylpcnicilloatc (100 mg., 
0.24 millimole) was methylated with diazomethane in ether. 
The solvent was removed, and the residue was dissolved in 
methanol containing 0.5 millimole of potassium hydroxide. 
After 24 hours the solution was taken to dryness in vacuo^ 
and the residue was distributed between w^ater and ether. 
The ether phase on evaporation left 2.5 mg. of a crystalline 
residue, m.p. 80-84°.® The aqueous phase was acidified 
and extracted with ether. The ether residue (75 mg.) was 
treated with methanol containing 0.5 millimole of potassium 
hydroxide for 48 hours. Again only traces of neutral 
products were recovered. Evidently the N^-acetyl deriva¬ 
tive is not degraded under these conditions in the same 
manner as the corresponding N-benzoyl compound. Never¬ 
theless, it is noteworthy that in this reaction, too, the acetic 
acid inactivation product and the synthetic compound be¬ 
have identically. 

To the acetic acid reaction product of methyl benzyl- 
penicillinate (100 mg.) dissolved in ether was added excess 
ethereal diazomethane. After removal of ether the residue 
was dissolved in 2.1 cc. of 0.23 N potassium hydroxide in 
methanol. After 20 hours it was diluted with water and 
extracted with ether. The ether residue weighed about 
1 mg. 

Ultraviolet Absorption Spectra in Ethanol Containing One 
Molar Equivalent of Mercuric Chloride (Squibb, 8,30^ 2 ). 


* 

Em after one hour 
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<Thls WM Uter identiasd m methyl /B.(8«dimethyl>a-aeetamido- 
aeryUte by comparison with a synthetic specimen. 


Reaction of Fraction A with Acetic Anhydride (Squibb, 
S.SOf 2; 36j 3). A solution of 150 rng. of Fraction A in 1.5 cc. 
of acetic anhydride was allowed to stand for 30 minutes at 
room temperature. The solvent w^as quickly removed by 
vacuum distillation, and the residue dissolved in 1 cc. of 
benzylamine. After one hours’ standing under nitrogen, 
water and hydrochloric acid to acid reaction were added. 
The resulting precipitate was collected, washed with water 
and diB.solved in acetone. The solution w^as treated with 
charcoal and brought to dryness. The residue on crystal¬ 
lization from aqueous ethanol yielded 31 mg. of crystals 
melting at 116-118°. Rccrystallization raised the melting 
point to 117-119°. The product was identified as N-phenyl- 
acetylbenzylaminc by analysis and melting point in mixture 
with a synthetic preparation (m.p. 120 - 121 °). 

Found: C, 79.44; H, 7.25; N, 6.18 

Calc, for (hJliiON: C, 79.94; II, 0.72; N, 6.22 

A similar experiment with 100 mg. of Fraction A, in which 
the reaction mixture was treated with aniline, yielded afte.r 
several recrystallizations 7 mg. of plienylacetanilidc, m.p. 
114-115°. 

When the reaction, followed by treatment with benzyl¬ 
amine, w^as applied to 80 mg. of synthetic N-acetyI-n- 7 - 
penicilloic acid, 6 mg. of N-phcnylacetylbenzylamine, m.p. 
117-119°, were obtained. 

A solution of Fraction A (230 .mg.) in acetic anhydride 
(1.5 cc.) was allowed to stand overnight at room tem¬ 
perature. The reagent was removed by distillation in a high 
vacuum. The residue w^as dissolved in ether and washed 
four times with sodium bicarbonate solution and then with 
water, 'I'he residue of the dried and evaporated ether 
solution (165 mg.) was redissolved in ether and treated with 
0.3 cc. of benzylamine. The resulting oily precipitate 
(55 ing.) failed to yield a crystalline product, but the mother 
liquor on standing overnight deposited clumps of crystals 
(30 mg.), which were recrystallized from acetone-hexane and 
then melted at 193-195°. 

Found: C, 58.71; H, 0.44; N, 12.22 

Calc, for CirHaiOaNaS: C, 58.76; H, 6.11; N, 12.10 

On further concentration of the mother liquor 27 mg. 
of crystals, m.p. 105-110°, separated which were re¬ 
crystallized to melting point constancy (117-119°) and 
gave no melting point depression when mixed with authentic 
N-phenylaootylbenzylamine. 

Reactions of Fraction B (Squibb, S.24, S; 28^ 2), A solu¬ 
tion of 210 mg. of Fraction B in 15 cc. 0.1 A HCl was heated 
on the steam bath for two hours, and then extracted con¬ 
tinuously with ether for 5 hours. Addition of hexane to the 
dried and concentrated ether solution caused the gradual 
deposition of prismatic crystals (37 mg.) which melted at 
167-168°. The compound gave strong SH-reactions. 

Found; C, 58.07; H, 6.09; N, 8.13 

Calc, for CnHwOiNjS: C, 58.26; H, 6.31; N, 8.00 

This composition corresponds to that of an acetyl-penicilloic 
acid, but no acetyl group could be demonstrated knalytically. 
The ultraviolet absorption curve showed a broad plateau at 
215-225 miu with e about 15,000 and is similar to that of 
benzylisopenilLic acid. Other observations mentioned below 
likewise indicate that this product is related to penillic acid 
rather than to penicilloic acid. 

The aqueous phase from the hydrolysate contained a base 
precipitable by picric acid. 84 mg. of picrate melting at 
151-154° were obtained. After recrystallization from 
aqueous methanol the melting point was 155-157°, 

Found: C, 48.26; H, 4.20; N, 13.31 

Calc, for CiiHjiOgN^: C, 48.55; H, 4.08; N, 13.48 

There is little doubt that this substance is benzylpenill- 
amine picrate (m.p. 155-167°). The crude hydrochlcwride. 
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regeneratod from tho picrate melted at 164-*!67®. Pure 
benzylpenillamiiie hydrochloride melts at 174®. 

Found: N, 8.60 

Calc, for CiJlisOaNaS HCl: N, 8.57 


Reaction of Methyl Benzylpenicillinate with Acetic Add 
and Acetic Anhydride (Squibb, S.lU, 1; 36, 1). 301 mg. of 

the ester were dissolved in 2.0 cc. of acetic a(ud and 0.4 cc. 
of acetic anhydride. After standing for 28 hours at room 
temperature the solvents were removed by slow evaporat ion 
in a vacuum desiccator charged with PaOr. and KOFI. TFie 
residue was triturated with absolute etluT. I'he ether 
extract was shaken with four portions of a sodium bicar¬ 
bonate solution containing a total of 1.2 g. The residue 
from the washed and dried ether solution (172 mg.) was 
rcdissolved in 10 C(\ of dry (*ther, and 0.3 ec. of benzylainine 
was added. '^Fhe gummy precipitate which had formed 
within 2 hours crystallized on treatment with aci'tone-ether 
(55 mg., m.p. 134-137”). After two recrystallizations 
from the same solvents tin? molting point was constant at 
138-140®. Analysis showed that the compound was an 
a-benzylamido /3-mcthyl N-ac.etyl-b(*nzylpenicilIoate. 

Found: C, 62.52; II, 6.33; N, 8.40; CTIA^O, 8.93 

Calc, for (" 26 H.„O..Nr<S: 

C, 62.75; II, 6.28; N, 8.45; CThCO, 8.65 

Repetition of this experiment yielded, besid(^s tln^ «-benz- 
ylamido /8-methyI N-acetyl-penicilloate, m.f). 138-140°, 
a compound m.p, 132-134“, |a)u -f-76®, whicli was free of 
acetyl and had the composition of a simple benzylamido 
methyl benzylpenicilloate. It was obviously not i<lentical 
with the «-methyl /J-b(mzylamido penicilloato obtained by 
the reaction of methyl benzyl[)cnicillinate with benzylainine 
in dioxane or by mcthylation of the a-benzylamide of 
bcjnzylpenicilloic acid (m.p. 68* 71°, (alo -f62.2°, Merck, 
M.30, 7; m.p. 81-83®, [«]u +68®, Pfizer, P.19, 15). 

613 mg. of methyl benzylpenicillinate were dissolved in 
4.0 cc. of acetic acid and 0.8 cc. of acetic anhydride. The 
solution was allowed to stand at room temperature for 20 
hours and then worked up as deserribed. The neutral 
fraction on treatment with benzylaniine in ether yielded 
115 mg. of the crude N-acetyl benzylamido ester, from 
which 60 mg. of the pure compound m.p. 138-140°, [a]i> 
-bl3° (0,61% in ethanol) were obtained. Carbon dioxide 
was passed through the original (ithereal mother liquor to 
precipitate benzylamine as the carbonate. Addition of 
hexane to the filtered and concentrated solution and scratch¬ 
ing with a glass rod caused the gradual deposition of a 
aemicrystallinc product (68 mg.) which was recrystallized 
from acetone-hexane to melting constancy; 27 mg. of 
crystals melting at 132-134° were thus obtained, [ak*’ 
+76® (0.67% in ethanol). 

Found; C, 63.20; H, 6.32; N, 8,93; CHaCO, 0.0 

Calc. For Cf 4 Hj# 04 NsS; 

C, 63.27; H, 6.41; N, 9.22 

Action of Acetic Acid-Acetic Anhydride on Acetic Acid- 
Inactivated Methyl Benzylpenicillinate (Squibb, 2). 
With a view of ascertaining whether the acetic acid inactiva¬ 
tion product of methyl penicillinate, which is presumably a 
/^-methyl N-acetyl-penicilloate, is an intermediate in the 
formation of the a-benzylamido j8-methyl N-acetyl-penicil- 
loate, m.p. 140®, obtained by the action of acetic acid- 
acetic anhydr de, 92 mg. of the inactivation product were 
dissolved in 1.0 cc. of acetic anhydride. After standing 
overnight the solvent was removed by distillation in a high 
vacuum at room temperature. The residue was triturat^ 
with dry ether, and the ether was washed with bicarbonate 
solution and water. l"he neutral product thus obtained 
(78 mg.) on treatment with benzylamine in ether yielded 
21 mg. of an oil which could not be crystallized, nor could 


any crystalline products be obtained from the supernatant 
after removal of the benzylamine. 

Action of Acetic Anhydride on Acetic Acid-Inactivated 
Methyl Benzylpenicillinate (Squibb, S.S^, 2). 93 mg. of 
acetic acid-inactivated methyl benzylpenicillinate 6) 

wae dissolved in 1.0 cc. of acetic acid and 0.2 cc. of acetic 
anhydride. After 24 hours tho solution was worked up as 
describf'd above. Thc^ neutral fraction (16 mg.) on treat¬ 
ment with benzylamine in ether solution yielded only 2 mg. 
of a precipitate which after re(Tystallization from acetone- 
ethcr melted at 75 80° after sintcTing at 65®. Thus it would 
appear that the acetic acid inactivation product is not an 
intermediate in the formation of the benzylamide m.p. 140®. 


THE OXIDATION OF SODIUM 
BENZYLPENICILLINATE BY AMMONIACAL 
SILVER OXIDE'o 

Early in the survey of the general reactions of 
benzylpenicillin, it was observed that an aqueous 
solution of the sodium salt rapidly reduced Tollens’s 
alkaline-silver reagent (Squilib, S.Sa, 3). When 
larger amounts of benzylpenicillin were subjected to 
oxidation by this reagent it was possible to isolate 
in meager yield a colorless, crystalline sulfur-free 
product. The melting point and analyses varied 
with the degree of purification. The original, 
less rigorously purified preparations with melting 
points in the range 245 to 250° gave analytical 
valu^is suggestive of the formula ('iillio~i 203 N 2 
(Squibb, S.lt, 10). The prodiujt was weakly 
acidic, as evidenced by its solubility in sodium 
hydroxide solution and ammonia, but not in 
bicarbonate. It was insoluble in dilute acid and 
only sparingly soluble in alcohol and other organic 
solvents. The ultraviolet absorption spectrum 
showed only end absorption with indications of 
phenyl bands. The substance was recovered 
unchanged after treatment with hot 10% sodium 
hydroxide solution or concentrated hydrochloric 
acid. 

The azlactone structure (I), which was originally 
considered, was clearly incompatible with the 
marked chemical stability of the degradation 
product. The possibility that the structure might 

O-CO 

C,H,CH,i=NCHCONH, 

I 


be that of phenylacetylaminomalonimide (11) was 
also considered. It was pointed out that such a 
product might conceivably result from the oxidation 
and cleavage of the ^-lactam structure (HI) 


C,H,CH,CONHCH—CO 


CO—NH 


n 


C4H»CH,C0NHCH—CHSC(CH,), 

io—A-iHCOtH 

m 


By J. D. Butcher. 
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(Squibb, 11). This hypothesis could not be 
verified on account of the laoJi of literature data on 
malonimides, and the failure of synthetic at¬ 
tempts in this direction. 

Some preparations of the silver-oxidation product 
showed the characteristic Schiff reaction for 
aldehydes and yielded yellow-oranp;e precipitates 
with 2,4-dinitrophenylhydrazine reagent (Merck, 
M,8y 1). These observations led to the suggestion 
that this product might he an aldehyde-amide of 
structure IV. However, the isolation from the reac- 

CIIO 

I 

C^JI.ClHCONHCHCDNHa 

IV 

tion mixture of this compound, benzylporialdic 
amide, in form of the crystalline dinitrophenyl- 
hydrazone, in addition to more highly purified silver- 
oxidation product itself which no longer gave the 
aldehyde reactions, eliminated this possibility 
(Merck, M \; Squibb, S.9, 3). 

Later, the Lilly investigators (7^.4, 3) suggested 
that the silver-oxidation prodiu'.t might be the 
imidazolone carboxylic acid (V) a structure which 
could arise by degradation of the so-called tric 3 X‘lic 
formula for penicillin then under discussion. No 
successful s,ynthesis of this product was reported. 

N~ —CHCO 2 II 

II I 

(;6ll6 CHj C-Nil—CO 

V 

This structure is not in accord witli the ultraviolet 
absorption and other data. Moreover, it was 
ruled out by the subsequent revision of the empirical 
formula, as were structures I, II, and IV. 

The preparation of larger amounts of the oxida¬ 
tion product and more rigorous purification led to 
material of higher melting point, 263-264° (Squibb, 
&.9, 2) and 271-273° (Merck, M46, 15), which 
now analyzed for a compound of the empirical 
formula CioH 8 _io 04 N 2 . On this basis, 2-benzyl- 
imidazoline-4,5-dione (VI), was considered as a 
possible structure (Squibb, S.9, 3). The synthesis 
of this substance was eventually achieved (Squibb, 
S.1S, 1) by the condensation of phenylacetamidine 
with ethyl oxalate, but the* product proved to be a 
yellow compound which differed in melting point 
and ultraviolet absorption characteristics from 
the silver-oxidation product from benzylpeni- 
cillin. Nor was the latter identical with the 
2-benzylimidazolidine-4,5-dione (VII) which was 
obtained from VI by catalytic hydrogenation. 


NH—io 

VI 


Nil-CO 

I I 

CeHsCHs-CH—Nil—CO 

VII 

Furtlier chemical work on the degradation 
product failed to yield any information suggestive 
of the true structure of this compound. 

Of considerable concern, however, in the attempt 
at deducing the structure of this product was the 
(luestion whether or not the same substance results 
from the silver oxidation of benzylponicilloic 
acid a-amidc (Merck, MAobj 4). A crystalline 
product rn.]). 2r).'3-2r)0° was obtained from this 
reaction and yielded analyt.i(*al values similar to 
those available at that time for the oxidation 
product from sodium henzylpenicillinale. How¬ 
ever, because of differences in behax ior in the 
mixed melting point determination, it was sug¬ 
gested that the new product might have the 
empirical formula C 10 H 10 O 3 N 2 itnd the structure of 
mono})henylacetv] oxarnide (VIII). But a crystal¬ 
line firoduct, melting at 189-190°, whose structure 

CfiH., (TI 2 CO NH CO CO NII 2 

VIII 

was undoubtedly that of monophenylacotyl oxarnide 
(VIII) was prepared by the Scpiibb investigators 
{S.12y 2; /.9, 2) ])y mild acid hydrolysis of the syn¬ 
thetic 2-benzylimidazoline-I,5-clione (VI j; hence the 
compound from the oxidation of benzylponicilloic 
a-amide cannot possess this structure. The hope 
that the silver oxidation product of penicillin 
might yield some structural evidence concerning 
the nature of the reactive ring was ultimately 
abandoned. 

The corresponding oxidation of benzylpenicdlloic 
acid a-methylamide (Merck, M.l5h, 5) was ex¬ 
pected to cstablisli whether the unsubstituted 
nitrogen atom of the penicillamine moiety or that 
of the methyl carbamide grouping appears in the 
final oxidation product. However, the product 
isolated from this reaction did not resemble the 
oxidation product obtained from sodium benzyl- 
penicillinate and from benzylpenicilloic acid 
a-amide, but was an amorphous compound, the 
analyses and properties of which suggested struc- 

COOH 

I 

CeHsCHaCONHCH—CO-NHCHa 

IX 

ture IX. Hence no conclusions could be drawn in 
answer to the above question. 

EXPERIMENTAL 

Oxidation of Sodium Benzylpenicillinate by Ammoniacal 
Silver Oxide (Squibb, S.d, 2; 9, 2). An ammoniacal silver 
solution prepared from 430 mg. of silver nitrate was added 
to an aqueous solution of 220 mg. of the sodium salt of 
benzylpenicillin at ice temperature (2 atoms of oxygen per 
mole). After standing at room temperature overnight, the 
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mixture was treated with sufficient HCl to precipitate the 
silver ions still present. After filtration the now alinost 
colorless solution was extracted with ether. The ether 
residue (62 mg.) was dissolved in hot ethanol which on 
cooling yielded 15 mg. of colorless needles, with in.p. 
249-250®, unchanged on recrystallization. The product 
was insoluble in water, chloroform, or ether, but readily 
soluble in acetone, and in cold dilute alkali from which it 
was precipitated by acid. In alcoholic solution it formed a 
copious white precipitate with silver nitrate (possible source 
of loss in isolation). 

Found: C, 61.64; H, 4.67; N, 13.33 

Calc, for CnHioOaNz: C, 60,50; H, 4.59; N, 12.85 

The insolubility of the product in camphor prevented the 
determination of the molecular weight by the Hast method. 

However, a subsequent preparation (about 10 mg.), when 
carefully purified, showed a higher melting point (262^264®, 
with decomposition after softening at 260®; capillary in¬ 
serted into bath at 230°). The C and N valucjs definitely 
increased with purification. 

Found: C, 63.74; H, 4.64; N, 14.58 

The next best preparation (m.p. 255°) gave values: 
C, 63.22; H, 4.68. A revision of the formula CuHioOsXj 
(C, 60.5; H, 4.6; N, 12.85) seemed in order. The above 
data came closest to the conipo.sition (CioHoOsNa)* (C, 63.6; 
H, 4.6; N, 14.8). Since it was difficult to visualize the 
formation of a compound CuHigOsNa from benzylpenicillin, 
CioHnOaNa or CioHio 02 N 2 were preferred. 

The ultraviolet absorption spectrum showed only marked 
end absorption in dilute NaOH solution: 

\ (m^) 270 260 240 

€ 260 1400 4000 

Isolation of Phenylacetamide and Benzylpenaldic Amide 
from Oxidation of Sodium Benzylpenicillinate (Merck, M.O^ 
2; 2; 1; 16). Large amounts of phenylacetamide, 

m.p. 156®, were always obtained from this oxidation. In a 
three-minute oxidation period, 18^< of phenylacetamide w'as 
obtained. This yield was increased to 37% and 55^^. when 
the reaction solutions were allowed to stand overnight in the 
refrigerator and at room temperature, respectively. The 
high melting product (m.p. 255-262°) was also isolated. 

In another experiment, freshly precipitated washed silver 
oxide was dissolved in the minimum amount of dilute 
(6 N) ammonium hydroxide and to this solution was added 
about a 20% excess of ammonium hydroxide. An amount 
of this solution corresponding to 6.08 millimoles of silver 
oxide was cooled in ice and added to an ice-cold solution of 
541 mg. of sodium benzylpenicillinate (1.52 millimoles) in 
5 ml. of water. The total volume was then approximately 
15 ml. The solution quickly turned yellow, then brown, 
then began depositing metallic silver, this sequence occur¬ 
ring within two or three minutes after mixing. The solution 
was allowed to stand in the cold room for twenty hours. 
Metallic silver was removed by centrifuging; and to the 
supernatant solution was added dilute hydrochloric acid 
till the pH fell to 2. The resulting brown precipitate was 
removed by centrifugation and dried. The acid super¬ 
natant solution was neutralized to pH 6 with dilute am¬ 
monium hydroxide and lyophilizod. Hot absolute alcohol 
extraction of the resulting white powder and of the acid- 
precipitated material gave a product which could be crystal¬ 
lized from dilute alcohol. The combined yield of once 
crystallized material was 70 mg., melting at 255-264® 
(micro-block). This was dissolved in dilute ammonium 
hydroxide and fractionally crystallized by addition of in¬ 
creasing amounts of dilute hydrochloric acid. The fractions 
of crystals deposited at pH 6 and at pH 2 were reci:y8tallized 
from dilute alcohol, giving crystals melting at 260-264^ 
(micro-block). Further dilution of the mother liquors gave 
a further crop of crystals which melted at 268-271® (micro¬ 


block). One further crystallization of these from dilute 
alcohol gave 10 mg. of needle crystals melting sharply at 
271-273® (micro-block). 

Found: C, 63.79; H, 4.51; N, 15.38 

Calc, for CioHgOaNa: C, 63.87; H, 4.29; N, 14.89 

Reaction of Silver Oxidation Product with Diazomethane 
(Squibb, \\ 19^ \), A solution of the silver oxidation 
product in methanol reacted rapidly with ethereal diazo¬ 
methane. On standing in the ice box overnight, a deposit of 
hair-fine needles formed. More of this product was ob¬ 
tained by concentrating the supernatant solution. Re- 
crystallization from methanol yielded fine needles melting 
at 248-250®. 

Found: C, 66.1; H, 4.57 

Calc, for CuHioOsNg: C, 65.4; H, 4.95 

The product was insoluble in alkali or carbonate and differed 
from the starting material by its inability to form insoluble 
copper or mercury salts. Howtiver, (jiiite surprisingly, 
neither a m ethoxy 1 group nor a N-methyl group could be 
demonstrated analytically. 

Silver Oxidation of the cr*Amide of Benzylpenicilloic 
Acid (Merck, MJ5hy 4; 46^ 15). Two molar equiv¬ 
alents of ammoniacal silver oxide were added to the ice- 
cold aqueous ammonium salt of benzylpenicilloic acid 
a-amide. A deposit of silver began to form almost im¬ 
mediately. After the mixture was allowed to stand in the 
refrigerator for about 24 hours, the solution was freed of 
metallic silver by centrifugation and the supeTuatant solu¬ 
tion was acidified with dilute nitric acid. An amorphous 
precipitate formed and was removed by centrifugation. 
This precipitate was redissolved with the mininiuiu amount 
of dilute ammonium hydroxide, diluted and treated with 
hydrogen sulfide. After removal of silver sulfide and 
hydrogen sulfide the filtrate was acidified with dilute 
ammonia, giving a white needle-crystalline precipitate. 
The product was recrystallized three times from dilute 
alcohol as fine needles. It melted then at 255-260® (micro- 
block) with preliminary softening. 

Found: C, 58.63; II, 5.20; N, 13.36 

Calc, for CioHioOiNg: C, 58.24; H, 4.89; N, 13.59 

Silver Oxidation of the a-Methylamide of Benzylpenicilloic 
Acid (Merck, M.loh, 6). The a-methylamide of bcnzyl- 
penicilloic acid was dissolved in water with dilute methyl- 
ammonium hydroxide and oxidized with a solution of 
silver oxide in dilute mothylammonium hydroxide. The 
reaction mixture, treated as described under the oxidation 
of the a-amido of pcuicilloic acid, yielded a white amorphous 
product which was not obtained in crystalline form. 

Found: C, 67.71; H, 6.68; N, 11.10 

Calc, for CiaHigOgNj: C, 67.59; H, 6.64; N, 11.19 

Synthesis of 2-Benzylimidazoline-4,6*dione (Squibb, 
8A2j 1; 1; and data not previously reported). Five 

grams (0.03 mole) of phenylacetamidine hydrochloride were 
dissolved in water and the base liberated to chloroform with 
concentrated KOH solution. After drying over anhydrous 
NaiSOg, the chloroform solution was added to 2.2 g. (.016 
mole) of ethyl oxalate. The mixture warmed slightly, slowly 
turned yellow and gradually deposited a crop of pale yellow 
crystals. The filtered and washed material weighed 4.0 
gms.; 83% of the theoretical yield. Eecrystallization from 
hot water yielded pale yellow prisms which melted at 165- 
160® after softening at 146®« Its analytical figures agreed 
with those for a hydrat^ salt of phenylacetamidine and 
2-benzylimidasoline^,5-dione. 

Found; C, 60.03; H, 5.69; N, 16.75 

Calc, for CioHgO*N. C«HioN*-2H,0: 

C, 60.80; H. 6.10; N, 16.63 
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Acidification of an aqueous solution of this product caused 
an immediate formation of a crystalline precipitate. The 
pale yellow needles were filtered off and dried in a vacuum 
d^iccator; the melting point of 230® was raised to 232- 
233® by one crystallization from 50% ethanol. This com¬ 
pound is soluble in dilute ammonium hydroxide and crystal¬ 
lizes out on acidification. It exhibited, in alcoholic solu¬ 
tion, a pronounced absorption maximum (e « 17,000) at 
335 m/A. 

Found; C, 04.12; H, 4.46; N, 14.63 

Calc, for CxoBgOaN*: C, 63.80; H, 4.25; N, 14.90 

The attempted preparation of the compound C 6 H.sCH 2 - 
CO NH CO-CO-NH-i by condensation of phenylacctamidine 
with oxamethano yielded in the first step, contrary to 
expectation, the above salt-likc compound, m.p. 155-160®. 
Apparently the oxamido group condensed as readily as the 
ester group to form the cyclic compound. 

Synthesis of Monopheuylacetyl Oxamide (Squibb, SJ2y 2; 
19y 1). Slight warming of 2-benzylimidazoline-4,5-dione 
with dilute hydrochloric acid resulted in cleavage, as 
evidenced by the isolation of oxalic acid, and of a product 
of partial hydrolysis melting at 189®. 

Found: C, 58.44; II, 5.11; N, 13.92 

Calc, for CioHioOjNa: C, 58.25; H, 4.85; N, 13.60 

The monopheuylacetyl oxamide stnud-ure is indicated by 
the following considerations: (1) insolubility in cold dilute 
or cone, hydrochloric acid, (2) insolubility in 5% .sodium 
carbonate solution. The fact that the compound is soluble 
in sodium hydroxide solution may be explained by the 
diacyl amide stru(;turo. (3) Tlu! compound was recovered 
unchanged after 3 days* standing in ethereal diazomethane 
solution. 

The compound is readily hydrolyzed by cold 10% sodium 
hydroxide with the liberation of ammonia and the rapid 
deposition of platelets, m.p. 150®, which were identified as 
phenylacetamide. Oxalic acid was present in the filtrate. 

Synthesis of 2-Benzylimidazolidine-4,6-dione (Squibb, 
S.12y 2). 2-Benzylimidazoline-4,5-diono was subjected to 
catalytic hydrogenation with platinum in alcoholic solution. 
With the disappearance of the pale yellow color, a crystalline 
product precijiitated from the solution. After absorption 
of one mole of H 2 , the compound was separated from the 
catalyst by dissolving it in dilute sodium hydroxide, filtering 
and neutralizing with hydrochloric acid. The hexagonal 
plates thus obtained melted at 316®. 

Found; C, 63.65; H, 5.35 

Calc, for CioHioOjNj; C, 63.20; H, 5.26 

THE REACTION OF METHYL BENZYL- 
PENICILLINATE WITH OXALYL CHLORIDE^^ 

Methyl benzylpenicillinate reacts readily with 
oxalyl chloride, and although the products have 
not been well characterized they are of some inter¬ 
est. The Abbott workers undertook (A,77, 1; 18^ 
1) a study of this reaction with the object of 
detecting and locating an amide group —CO NH— 
in benzylpenicillin. Simultaneous model experi¬ 
ments showed that N-monosubstituted amides such 
as N-methylphenylacetamide, N-benzylphenylacet- 
amide, and methyl phenaceturate yielded well- 
defined compounds with oxalyl chloride. In each 
case the product was an oxazolidine-4,6-dione of the 
type I| analogous to H which is formed from oxalyl 
chloride and acetanilide (Stolid and Luther, Ber.63, 
314 (1920)). 

» By M. A. Spidmzn. 


0—CO—CO 0--CO—CO 

I 1 6 4 I 

C«H5CH=C^^-^NR CH2=C-NCellfi 

I II 

In order to establish the structures assigned, the 
oxazolidinedione III, which is derived from methyl 
phenaceturate, was converted by the addition of 
alcohol to a compound (IV) which proved to be 
identical with the product formed from methyl 
phenaceturate (V) and ethoxalyl chloride. Similar 

O—CO—CO 

III I I 

C6H5CH=C-NCHsCOOMe 

i Eton 

EtOCOCO 

IV I 

CellsCHaCONCHjiCOOMe 

i EtOCOCOCl 

V CeHtCPI^CONIICIIsCOOMe 

reactions have been carried out by the Merck and 
Cornell groups. Thus methyl a-phenylacetamido- 
/?-benzoxyacrylate and oxalyl chloride yielded the 
expected methyl a-benzoxymethyl-/?-benzylidene- 
4,5-diketo-3-oxazolidine-aceiate VI-a (Merck, M.60j 
14). I'hc analogous compounds (Vl-b, c) from 
methyl a-phenylacetamido-/?-inethoxyacrylate and 
a-phenylacetamido-/^l-etlioxyacrylic acid have also 
been prepared (Merck, MMoy 5; 61 y 10). From 

OCOCO COORi 

C,H6CH=A -N- A==CH0R 

Vl-a (R = C0 C«H6, Rx - CH.) 

Vl-b (R = CH,, Rx = CH,) 

VI-c (R = C,H,, Rx = H) 

Vl-d (R = CH,, Rx = H) 

OCOCO COOCH, 

C,H,CH=A-N-AhCH(OCH,), 

vn 

methyl benzylpenaldate dimethyl acetal the ex¬ 
pected compound VII was obtained (Merck, M.65, 
5; Cornell Bioch., D.S2, 6), but when the free 
acid instead of the methyl ester was used as the 
starting material the product was the acrylic acid 
derivative Vl-d (Cornell Bioch., D.S2, 6). Di¬ 
methyl N-benzoyl-D- 7 -benzylpenicilloate sulfone 
yielded the normal oxazolidinedione (Merck, M.65. 
6), as did an N-acyldipeptide ester, phenylacetyl- 
glycyl-Dirvaline ethyl ester (Cornell Bioch., D.SS, 
8 ). 

The 2-benzylideneoxazolidine-4,5-dione8 are 
bright yellow compounds, sparingly soluble in most 
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organic solvents. They have a characteristically 
strong light absorption with a peak at 330-350 m/i 
and molecular extinction in the range of 11,000-15,- 
000. The Merck and Cornell groups (M,61y 16; 
D.SOj 1) have reported a band at 245 m/x with 
considerable variation in extinction. 

The 2-benzylideneoxazolidine-4,5-diones revert on 
mild hydrolysis to the parent phenylacetamides. 
The ring is also readily cleaved by alcohols with 
the formation of the N-alkoxalyl derivative of the 
parent amide (III-^IV) or with regeneration of 
the parent amide itself (Merck, M.OOy 14). The 
product resulting from the action of benzyl- 
amine on the 2-benzylidene-oxazolidinediones may 
be the N-benzylamidooxalyl derivative of the 
original amide, e.g. 


OCOCO 


C«H 5 CH,NHa 


CttHfiCH^-C-NCHgCeHs 


COCONHCHjCeIR 

I 

CaHfiCHsCONCHaCeHB 


or the amide itself, in which case s 2 /m-dibenzyl- 
oxamide is simultaneously formed (Abbott, A,1): 


OCOCO 

I I 

CeHsCH^C-NCHaCOOCHa 


2 CflH 5 CH 2 NHj 


(CONHCIIaCeHft)!! 

+ 

C^eHo-ClIaCONlICHa-COOCHa 


The latter type of cleavage was also observed with 
the oxazolidinedione derived from phenaceturyl-on- 
valine ethyl ester (Cornell Bioch., D.SO, 3). This 
is the basis of a novel peptide synthesis. 

A study of comparable reactions with methyl 
benzylpenicillinate led to no definite conclusion. 
In xylene solution methyl benzylpenicillinate re¬ 
acted with oxalyl chloride to give a poorly crystal¬ 
line yellow substance in low yield. The absorption 
maximum lay at 325 lUju; Em = 12,560. There 
was a secondary peak at 272 m/x; Em = 4,500 
(assumed molecular weight 402). = +90®. 

Biological activity was negligible. The product 
was never obtained in pure form. 

The Merck chemists {M.65, 3, 6) carried out a 
similar reaction on methyl benzylpenicillinate sul- 
fone and observed a strong absorption maximum 
at 325 m/x which they attributed to the presence 
of the penicillenate type of structure VIII. 

C«HbCH2C=N-C=—CH (CH3)2CS02H 

III I 

O-CO NH-CHCOOCH, 

VIII 


melting at 220-222®. Analysis fitted best for a 
product of the reaction of one mole of reagent with 
one mole of methyl benzylpenicillinate. There 
was strong absorption at 262 mg; Em »= 14,600. 
The product was not considered an oxazolidine 
4,5-dione on account of the absorption maximum at 
262 mM. 

The Merck investigators (M.^i, 12) reported 
failure to obtain well-defined products from a num¬ 
ber of penicillin derivatives. A model /3-lactam, 
namely the /3-lactam of Q:-phenylacetamido-/3- 
anilinopropionic acid, failed to react with oxalyl 
chloride at room temperature. Short heating with 
the reagent yielded a yellow crystalline product 
which contained chlorine, but, to judge from its 
absorption spectrum, was probably an oxazolidine- 
4,5-dione (Merck, M.60, 4), 

EXPERIMENTAL 

2-Benzylideiie-3-methylaxazolidine-4,6-(iione (Abbott, 
A.l8f 3). One gram of N-methylphenylacetamide was dis¬ 
solved in 30 cc. of ether and 0.7 g. of oxalyl chloride was 
added. A crop of yellow needles began to come down almost 
immediately. After four hours the product was collected 
and rocrystallized from benzene; 800 mg.; m.p. 174-175®. 
Em ** 14,650 at 331 mu in ether. 

Calc, for CnH»0,N: N, 6.90; Mol. Wt., 203 

Found: N, 6.83; Mol. Wt., (Hast) 163, 182. 

2-Benzylidene-3-benzyloxazolidine-2,4-dioxie (Abbott, 
AA8f 3). One-half gram of N-berizylphenylacetarnide and 
0.6 cc. of oxalyl chloride were swirled in ether until a clear 
solution was obtained. Aft(^r standing overnight the mix¬ 
ture was evaporated to an oil which was crystallized as 
yellow prisms from benzene-petroleum other; 0.4 g., m.p. 
130-131 Em - 11,680 at 335 m/x. 

Calc, for CaHuOsN: (■, 73.2; H, 4.67; N, 5.00 
Found: C, 73.52; H, 4.24; N, 5.00 

A 50 mg. sample was warmed briefly with 1 cc. of alcohol 
and 1 cc. of N KOH. Tin; color faded immediately and on 
cooling N-benzylphonylacctarnide crystallized; m.p. and 
mixed m.p. 120-122®. 

Methyl 2-Benzylideiie-4,5-diketo-3-oxazolidine-acetate 
(III) (Abbott, AA8y 4). One gram of methyl phenaceturate 
was suspended in 50 cc. ether with 1 cc. oxalyl chloride. 
The ester gradually went into solution and a coarse granular 
orange precipitate formed. Next morning it was separated 
and recrystallized from benzene; 800 mg.; m.p. 186-187’*. 
Em 14,300 at 330 m/ix in ether. 

Calc, for CisHiiObN: 

C, 59.7; H, 4.2; N, 5.37; Mol. Wt., 261 
Found: C, 60.1; H, 4.0; N, 5.4; Mol. Wt., (Hast) 275 

A 50 mg. sample was heated to boiling with about 1 cc. of 
ethanol in which it failed to dissolve. On addition of a 
trace of pyridine the color faded abruptly and the solid 
went into solution. On dilution there separated the charac¬ 
teristic flakes of methyl N-ethoxalylphenaceturate (IV) 
m.p. 95-97®. 

Calc, for Ci»Hi 70 «N: N, 4.57 
Found: N, 4.65 


In ether solution (Abbott, AA8, 1; 20^ 1) methyl 
benzylpenicillinate gave a 40% yield, or less, of a 
crystalline compound which melted at about 170® 
when rapidly heated and which then assumed a form 


The above was synthesized in another way: a suspension 
of 1.36 g. of ethoxalyl chloride and 2.07 g. of methyl phenaoet- 
urate in 6 oc. of ether was allowed to stand for two weeks* 
The mixture was filtered from a little unchanged methyl 
phenaceturate, washed with sodium bicarbonate solution 
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and taken down to an oil, which soon crystallized. It was 
recrystallized several times from dilute acetone; 200 ini?.; 
m.p. and mixed m.p. 05-97“. In this experiment and the 
above there was undoubtedly some ester interchange, but 
this in no way affects the conclusions reached. 

Methyl «-Ben20xymethylene-2-benzylidene-4,6-diketo«- 
3 -oxazolidine-acetate (Vl-a) (Merck, 14). A suspen¬ 

sion of 2.95 g. of methyl 3-benzoxy-rt-phenylacetamido- 
acrylate in 50 ml. of anhydrous ether was treated with 2 ml. 
of freshly prepared oxalyl chloride and 30 ml. of dry benzene. 
Solution w'as complete with the formation of a yellow color 
after about six hours. The mixture was allowed to stand 
oveirnight, and the yellow crystalline deposit (0.9 g.) was 
recrystiillized from benzene: the melting point was constant 
at 181-183“. 

Calc, for C^illi.OvN: C, 04.12; ’ H, 3.84; X, 3.58 

Found: (\ 04.71, 64.44; FT, 3.83; N, 3.94 

The ultraviolet absorption of this substance showed a 
maximum at 3300-3400 A“, 1 ^:m 13,000. 

When this compound was treated with methyl alcohol and 
pyridine as a catalyst the starting material was recovered. 

Methyl a-Methoxymethylene-2-benzylidene-4,6-diketo- 
S-oxazolidine-acetate (VI-b) (Merck, 5). Methyl 

^-methoxy-a-phenylacetamidoacrylatc (500mg.) was treated 
with oxalyl chloride in xylene. The product, crystallized 
from benzene, weighed 488 mg. (80^;;,). After rccrystalliza- 
tion from benzene, it melted at 1 72-173“. 

Calc, for C.'uHiaO.N: N, 4.62 
Found: N, 4.68 

In tetrac)ilfjro(dhane an ultraviolet ab.sor])tion maximum 
of Km 12,100 was found at 3500 A^'. 

Methyl rt-Ethoxymethylene-2-benzylidene-4,5-diketo-3- 
oxazolidine-acetate (VI-c) (Merck, 4/.67, 10). To 0.4 g. of 
a-phenylacctamido-/Ji-ethoxyacrylic acid dissolved in 5 ml. 
of tetrachloroetharui was added 0.21 ml. of oxalyl chloride. 
After about one liour at room temperature some i)etroleum 
ether was added, when cry.stallization took place. After 
recrystallization from tetra(*.hlor<)i5thane-petroleum ether, 
the canary yellow needles mt4ted at 210-211“ (dec., capill.). 

Calc, for CuHiaOoN: C, 59.4; H, 4.38; N, 4.62 
Found: C, 59.1; H, 4.41; N, 4.89 

Methyl a-Dimethoxymethyl-2-benzylidene-4,6-diketo-3- 
oxazolidine-acetate (VII) (Merck, ilf.6‘5, 5). Methyl 

benzylpenaldate dimethyl acetal (500 mg.) was treated with 
oxalyl chloride in xylene (1:5). The product, crystallized 
from benzene-petroleum ether, weighed 482 mg. (83%), 
After recrystallization from benzene-petroleum ether, it 
melted at 131-132“. 

Calc, for CuHitOtN: N, 4.18 
Found: N, 4.27 

In tetrachloroethane an ultraviolet absorption maximum 
of Em 10,800 was found at 3475 A“. 

Reaction of Benzylpenaldic Acid Dimethyl Acetal with 
Oxalyl Chloride (Cornell Bioch., 7). A solution of 

1 gm. of the dimethyl acetal of benzylpenaldic acid in 40 cc 
of ethylene dichloride was treated with 3 gm. of oxalyl 
chloride. After 16 hours at room temperature the clear 
yellow solution was diluted with one volume of hexane. 
The precipitate which formed was dissolved in ethylene 
dichloride and was precipitated by the addition of hexane. 
This material was dissolved in benzene and a small amount 
of |S-methoxy-ae-phenylacetamidoacrylic acid, micro m.p. 
189-190“, was separated. Several portions of hexane were 
added to the benzene filtrate and several fractions of material 
melting from 190-200“ up to 255“ were collected. The 
higher-melting fractions were combined and recrystallized 
twiee from benzene to give 70 mg. of yellow oryst^, micro 


m.p. 235-245“ (dec.). This melting point varied some¬ 
what with the rate of heating. This compound possessed 
a 4,5-oxazolidinedione type of absorption spectrum, a 
0.01 mg./cc. solution in dry ether showing two maxima, 
Em - 9,500 at 3350 A“, and Km - 24,000 at 2475 A“. The 
high Em value at the lower wave length is attributable to 
the acrylate moiety. 

Calc, for CwHuOaN: N, 4.84; OCFT.„ 10.7 
Found: N, 4.69; OCHi, 9.8 

In a similar experiment with 1.9 grn. of the dimethyl acetal 
of benzylpenaldic acid and 5 gm. of oxalyl chloride in 20 cc. 
of ethylene di(^hloride, a total of 400 mg. of the product melt¬ 
ing at 235-245“ (micro) was obtained. The benzene- 
hexane mother liquors wer(? concentrated and attempts were 
made to crystallize the resulting viscous material from 
several solvents. A solution of this material in tert.- 
butanol, to wliich a few drops of water had been added, 
deposited prisms, micro m.p. 188-190“, which were ap¬ 
parently identical with a lower-molting component which 
was not satisfactorily purified in the benzene-hexane frac¬ 
tionation. A 0.01 mg./cc. solution of the compound in 
ether showed maxima, Em « 10,000, at 3350 A“, and 
Em = 26,000 at 2475 A“. 

Calc, for CuIIiiOeN: C, 58.12; II, 3.84; OCH,, 10.7 
Found: C, 55.75; H, 3.98; OCH,, 10.0 

Reaction of Dimethyl N-Benzoyl-n-y-benzylpenicilloate 
Sulfone with Oxalyl Chloride (Merck, MMy 6). Finely- 
powdered dimethyl N-benzoyl-i)- 7 -benzylpcniciUoate 
sulfone (300 mg.) was treated with 10 ml. of oxalyl chloride- 
xylene mixture (1:5). Solution was complete in approxi¬ 
mately ten minutes. After forty minutes, the mixture was 
evaporated to dryness m vacuo and the residtie was crystal¬ 
lized from benzene-petroleum ether, giving 199 mg. of 
product (60%) melting! between 180 and 185“. After 
two recrysiallizatious from bcnziuic-petroleum ether, the 
oxazolidine-dione (VIII), pale yellow needles, melted at 
203-204“; [ah^^ -68“ (c, 0.37 in benzene). 

Calc, for C 27 H 2 aOioN 2 S: N, 4.91 
Found: N, 4.63 

In tetrachloroethane an ultraviolet absorption maximum 
of Em 9600 was found at 3525 A 

Reaction of Phenaceturyl-ni.-valine Ethyl Ester with 
Oxalyl Chloride (Cornell Bioch., D.S:By 8). A solution of 
20 mg. of phenaccturyl-i)L-valine ethyl ester (D,S0y 4) in 
5 cc. ether was treated with a drop of oxalyl chloride. The 
development of a yellow color and the appearance of a 
precipitate occurred almost immediately. The crude 
product melted at ca. 150“ (micro), but after two recrystal¬ 
lizations from benzene it melted at 167-170® (micro) and a 
mixture with 2-benzylidene-4,5-diketo-3-oxazolidineacetyl- 
Dirvaline ethyl ester (D.SOy 3) showed no depression of the 
melting point. 

Action of Benzylamine on 2-Benzylidene-3-benzylox- 
azolidine-4,6-dione (Abbott, A My 2). Fifty-six mg. of the 
model compound in 5 cc. ether was treated with 21 mg. 
(one equivalent) of benzylamine in 0.21 cc. ether. A cheesy 
precipitate came down at once. It was washed with ether 
and crystallized from 0.5 cc. acetone and 3 cc. ether; 35 mg. 
of N,N'-dibenzyl-N-phenylacetyloxamide; felted needles 
m.p. 184-186“. 

Calc, for C24H220tN2: N, 7.22 
Found: N, 7.17 

Action of Benzylamine on Methyl 2-Benzylidene-4,6« 
diketo-3-oxazolidine-acetate (III) (Abbott, A.SOy 2). To 
260 mg. of III suspended in 25 cc. ether was added 300 mg. of 
benzylamine. A white precipitate soon began to form as the 
yellow color faded. After standing overnight the solid was 
removed by filtration and crystallized from much benzene. 
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The yield was 120 mg.; the m.p. alone and mixed with 
«l/?»-(iibon«yloxamide was 220-22 P. From the residues 
there was obtained after several crystallizations about 80 mg. 
of fairly pure methyl phonaeeturate; ra.p. 85-86®; mixed 
m.p. 85-88®. Much gummy matter remained, but nothing 
pure could be extracted from it. 

Oxalyl Chloride and Methyl Benzylpenicillinate in Xylene 
(Abbott, AJ8f 4), Twenty-five mg. of methyl benzyl- 
penicillinato was dissolved in 0.75 cc. of warm xylene. It 
was cooled in an ice-bath, and before crystallization became 
extensive, 20 mg. of oxalyl chloride was added. The 
solution gradually became orange and fine crystals began 
to separate. After five minutes the product was collected by 
centrifugation and washed with 0.25 cc. cold xylene and 
0.5 cc. cold ether. The precipitate was dissolved in 10 cc. 
of ether and a small amount of insoluble material was 
centrifuged out. An aliquot was taken out for determina¬ 
tion of solids and the balance was diluted for spectrographic 
examination. The maxitnum lay at 325 mu; Em = 12,560. 
There was a secondary peak at 272 ni/x, Em - 4,500. 
(Assumed mol. wt. 402.) « +90®. 

A sample prepared as abovti showed less than 0.3 U/mg. 
of antibacterial activity. A similar sample was taken up in 
0.25 cc. dioxane and allowed to stand five minutes with 0.5 cc. 
of N/iO NaOH. It was neutralized with sulfuric acid and 
adjusted to pH' 7 after dilution to 15 cc. The solution 
showed only 0.4 U/cc. of activity. 

For purpose of isolation the reaction was carried out sub¬ 
stantially as above. 100 rag. of methyl boiftsylpcnicillinate 
was dissolved in 1.5 cc. of warm xylene, cooled rapidly in ice- 
salt and treated with 8 drops of oxalyl chloride. After 
fifteen minutes the product was separated on the centri¬ 
fuge, w^ashed once with 1 cc. xylene and 4 times with 0.5 cc. 
portions of ether. The yield of dry product was 20 mg.; 
m.p. 96-102®. 

Calc, for CiJIiiOsNjS: C, 56.7; H, 4.6; N, 7.0 
Found: C, 61,3; H, 5.4; N, 6.8 

After drying, the compound became practically insoluble 
in ether, benzene, or carbon tetrachloride. It is readily 
soluble in acetone, alcohol or chloroform. No satisfactory 
method of recrystallization was found. Chromatography 
was of little help, for those absorbents which retained it did so 
so tenaciously that it could not bo recovered. The highest 
melting point obtained was in a sample which was repeatedly 
digested with warm ether to which was later added an equal 


volume of petroleum ether. This softened at 102 ® and 
melted fairly sharply at 108-110® on the hot stage. 

Oxalyl Chloride and Methyl Benzylpenicillinate in Ether 
(Abbott, A,17y 2 ; Wy 3). In a typical run, 200 mg. of 
methyl benzylpenicillinate was placed in 25 cc. of dry ether 
and 200 mg. of oxalyl chloride was added. The flask was 
swept out with nitrogen and left overnight. The mass of 
felted crystals was filtered off and washed with ether. It 
was crystallized from benzene-ether. The m.p. was 370® 
in a preheated bath and 220 - 222 ® when heated slowly. 
Em « 16,600 at 262 mu in fresh ether solution. 

Calc, for CiJIigOjNjS: C, 56.72; H, 4.51; N, 6.97 

Found: C, 66.93; H, 4.86; N, 6.71, 6.46 

Calc, for the few-compound (CitHuNiO 48 ) 2 ( 00 )*: 

C, 57.59; H, 5.10; N, 7.46 

The yield was negligible when ethereal HCl (0.1 cc. of 10% 
solution) was added to the reaction mixture. / Curiously, the 
yield was very poor when dry nitrogen was bubbled through 
the solution. 

Seventy-five mg. of the 170® compound was dissolved in 
3 cc. of warm benzene. The solution was treated with 
30 rag. of benzylamine and left overnight. A cru.st of 
coarse crystals formed, m.p. 230-232®. 

Found: C, 55.80; H, 5.29; N, 10.41 

Treatment of Methyl Benzylpenicillinate Sulfone with 
Oxalyl Chloride (Merck, M.65y C). Finely-powdered methyl 
benzylpenicillinate sulfone (300 mg.) was treated with 10 ml. 
of oxalyl chloride-xylene mixture ( 1 :5). Solution was com¬ 
plete in about fifteen minutes. After forty minutes, the 
mixture was evaporated to dryness in vacuo. The ultra¬ 
violet absorption of the product was immediately examined. 
In tetrachloroethane, a maximum of 150 was found 

at 3250 A®. Assuming the absorbing material is the sulfinic 
acid corresponding to methyl bcnzylpenicilhmate, and that 
the absorption of the sxilfinic acid is quantitatively similar 
to that of a pcnicillenate, the amount of this material can be 
estimated. The extinction, Em 10,000 indicates about 60% 
of this product was present. About 250 mg. of reaction 
product gave 124 mg. (50%) of slightly yellow crystals 
melting between 169 and 173® on crystallization from chlo¬ 
roform-ether. No depression in melting point was observed 
on admixture with pure starting material. One further 
recrystallization sufficed to remove the yellow color and 
give pure sulfone; m.p. 174-175°. 
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INTRODUCTION 

As soon as the presence of sulfur in benz^dpeni- 
cillin had been established (8(iuibb, S.3, 4), the 
application of the sulfur hydrogenol 3 ''sis reaction to 
benzylpenieillin for structural studies was begun 
(Merck, M.L5a, 8). The sulfur hydrogenol^^sis 
reaction provides a method for the cleavage of the 
sulfur-carbon linkages of sulfides by hydrogen with 
Raney nickel catalyst (Mozingo, Wolf, Harris, and 
Folkers, J, Am. Cliem, Sac,, 1013 (1943)). The 
ordinary experimental conditions of solvent, tem¬ 
perature, and time required for sulfur hydrogenoly- 
sis of other known sulfur-containing compounds 
made it seem unlikel}'^ that the highly reactive 
benzylpenieillin molecule would undergo only this 
one reaction under such conditions. It seemed 
probable that hydrolysis of benzylpenieillin to 
benzylpenicilloic acid and that hydrolysis of the 
desired desthiobenzylpenicillin to desthiobenzyl- 
penicilloic acid would be competing reactions which 
would complicate the isolation of the products. 
Consequently, the first exix^riments on this reac¬ 
tion with benzylpenieillin were under comparatively 
mild conditions because cases arc known where 
sulfur can be removed at room temperature in less 
than one hour’s time. Microbiological assays 
showed that sodium benzylpenieillin was recovered 
after treatment with Raney nickel catalyst in 
ethanol solution at 25®. Likewise, a-ethyl n-a- 
benzylpenicilloate was also recovered when it was 
treated similarly. These results and the limited 
availability of crystalline sodium benzylpenieillin 
restricted the exploration of other conditions at that 
time. 

Later, modified experiments were made with 
larger samples of sodium benzylpenieillin (Merck, 
9, 23), in the hope that the results would 
throw new light on the structure of the penicillins, 


since certain structural evidence could not be 
reconciled with a thiazolidine-oxazolone structure 
for the penicillins. The new results appeared to be 
successful since two sulfur-free acids were obtained 
as crystalline benzylamine salts. The analytical 
data on one of them and the corresponding free 
acid and methyl ester were in agreement with 
the formula (b 6 H 2 o 04 N 2 for the free acid. This 
formula corresponds to that of desthiobenzyl¬ 
penicillin and all the research on this acid which 
followed led to the conclusion that it actually is 
desthiobenzylpenicillin. This hope for new struc¬ 
tural evidence was realized since these hydro- 
genolysis products of benzylpenieillin are the only 
degradation products which indicate the presence of 
the /3-lactam linkage in the skeletal structure of 
benzylpenieillin. 

Three products were obtained from the hydro- 
genolysis of benzylpenieillin (I) with Raney nickel 
catalyst. They were desthiobenzylpenicillin (II), 
phenvlacetyl-L-alanyl-D-valine (III), and the iso- 
butvlamidc of phenylacetyl-i.-alanine (IV). The 


CeHtCHjCONIK^n—CH \^(CPl,)s — 


CO--N- 

I 


-(^HCOsH 


CelLCIIaCONHCH—CHs CII(CHi,)s 

CO—N-CHC'OsH 

II 

CelLCHsCONHCH- CH» CH(CH,)* 

CO-NH—(^HCOsI-I 

m 

CeHsCHsCONIICH—CH, CHCCHa)^ 


CO— NH—CHs 

IV 


results on the preparation, characterization, and 
reactions of these compounds are reviewed in the 
following sections. 


PREPARATION OF THE HYDROGENOLYSIS 
PRODUCTS OF BENZYLPENICILLIN 

The experimental conditions of the reaction for 
obtaining these products (Merck, 23; 9; 

62, 4) consisted of adding freshly prepared Raney 
nickel catalyst to an aqueous solution of sodium 
benzylpenieillin, heating the solution quickly to the 
reflux temperature and, after one to ten minutes, 
cooling the solution quickly with ice-water. > The 
nickel catalyst was s^arated and eluted with water. 
The filtrate and the eluates of the nickel were 
combined, acidified and extracted with chloroform. 
The chloroform extractives were separated into 
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acidic and neutral fractions. The neutral fraction 
yielded the isobutylamide of phenylacetyl-L-alanine, 
which was identified by analytical data and by 
comparison with a synthetic sample. 

The acidic fraction did not crystallize from any of 
the several solvents tried, but when it was treated 
with benzylamine in rnethanol-ether solution, a 
mixture of benz 3 damine salts was obtained. Frac¬ 
tional crystallization of these salts from methanol- 
ether gave two crystalline salts. The less soluble 
salt melted at 149—151^ and was the benzylamine 
salt of an acid, C 16 H 20 O 4 N 2 , which was characterized 
later as desthiobenzylpenicillin. The more soluble 
salt melted at 145-147*^ and was the benzylamine 
salt of an acid, C 16 H 22 O 4 N 2 . This acid was 
identified as phenylacctyl-L-alanyl-n-valine by com¬ 
paring it with a synthetic specimen of this substance. 

The tedious fractional crystallization of the 
benzylamine salts could be eliminated when several 
grams of sodium benzylpenicillin was used in 
preparative experiments according to the following 
procedure. The combined alkaline cluates and 
filtrate from the nickel were neutralized and the 
precipitated alumina was removed. When the 
filtrate was acidified and concentrated in vacuo at 
25°, the desthiobenzylpenicillin crystallized from 
the concentrate. The mother liquors from the 
desthiobenzylpenicillin on further concentration 
yielded crystalline phenylacetyl-L-alanyl-n-valine. 

It was also found (Merck and Co.. Inc., Un¬ 
published observations) that triethylammonium 
benzylpenicillinatc (Hcydcn, 1 ; 11, 4 ) could 
be used satisfactorily in the hydrogenolysis reaction. 

In one experiment, the hydrogenolysis reaction 
was carried out in dioxane instead of water in order 
to determine whether the same products were 
formed (Merck, M,56, 11 ). It seemed possible 
that the same products would not be formed in a 
non-hydroxylic solvent, if the products obtained 
from water solution were the result of a new rear¬ 
rangement reaction in addition to hydrogenolysis. 
In this experiment, the Raney nickel catalyst was 
washed with anhydrous ethanol and then with 
anhydrous dioxane before it was added to the 
anhydrous jdioxane containing the sodium benzyl- 
penicillin. 'The mixture was heated in a steel 
bomb to 100 ° under elevated hydrogen pressure 
and then immediately cooled. Desthiobenzyl¬ 
penicillin was isolated from the catalyst filtrate 
and eluates. There was considerable residual 
benzylpenicillin, because of the low solubility of 
the sodium salt in the anhydrous dioxane. 

Further evidence against the possibility of a 
rearrangement during the hydrogenolysis appeared 
to result from experiments on the treatment of 
benzylpenicillin methyl ester, benzylpenillic acid, 
benzylpenicillenic acid (Chapter VII), and benzyl- 
penillonic acid (Chapter VII) with Raney nickel 
catalyst. The treatment of benzylpenicillin methyl 
ester witli the catalyst in aqueous dioxane gave a 


product which has the same melting point and other 
properties as the desthiobenzylpenicillin methyl 
ester which was obtained by the treatment of 
desthiobenzylpenicillin with diazomethane (Merck, 
MM2, 9). Experiments on the liydrogenolysis of 
benzylpenillic acid, benzylpenicillenic acid, and 
benzylpenillonic acid (Chapter VII) failed to yield 
any of the three hydrogenolysis products of sodium 
benzylp(*ni(*illin. 

Rocause of the well-known unstability of benzyb 
penicillin in water, it was necessary to deterniine 
the degree of stability of the sodium benzylpenicillin 
in water at 100° according to the hydrogenolysis 
conditions, but in the absence of Raney nickel 
catalyst. It was found that during the three 
minutes required to raise the temperature to 100°, 
there was no change in the specific rotation of the 
solution although there was a 15% drop in the 
reported activity. The specific rotation and activ¬ 
ity did not decrease rapidly until one and one-half 
to two minutes after refluxing had begun. Both 
desthiobenzylpenicillin and phenylacetyl-L-alanyl- 
D-valine were isolated from the hydrogenolysis re¬ 
action solutions in experiments after heating had 
been stopped at the moment the solution reached 
the reflux temperature and after refluxing for five 
minutes (Merck, 3, 10). There appeared to 

be no reason to doubt that the hydrogenolysis 
products were derived directly from benzylpenicil¬ 
lin, and there were reasons to doubt that the 
products were derived from an intermediate re¬ 
arrangement product of benzylpenicillin. 

When the phenylacetyl-L-alanyl-D-valine was 
first obtained from the hydrogenolysis reaction, it 
was not known whether the desthiobenzylpenicillin 

(II) was being converted by further reaction with 
hydrogen into the alanyl derivative (III) or whether 
the alanyl derivative (III) was a competitive reac¬ 
tion product formed directly from benzylpenicillin. 
Several experiments were carried out to determine 
how the alanyl derivative was formed (Merck, M M2^ 
10; 54 , 3; 56, 11; 59, 9). Desthiobenzylpenicillin 
was subjected to the initial hydrogenolysis condi¬ 
tions, and the same fractionation technique was 
used which yielded the acids (II and III) from sodium 
benzylpenicillin. However, no alanyl derivative 

(III) could be fractionated from the recovered 
desthiobenzylpenicillin even when three times as 
much product was subjected to the fractionation 
technique. When desthiobenzylpenicillin was hy¬ 
drogenated with Raney nickel catalyst in dioxane 
at 140° and 2,400 lbs. pressure for one hour, only 
desthiohexahydrobenzylpcnicillin (V) as a benzyl¬ 
amine salt could be obtained. Since it seemed 
possible that a small amount of desthiobenzyl¬ 
penicillin might have been converted into the 
hexahydro form of the alanyl derivative (VI) which 
was not isolated, a control experiment was done to 
test this possibility. A mixture of 10 mg. of the 
pure alanyl derivative (III) and 106 mg. of desthio- 
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benzylpenicillin (11) was hydrogenated with Raney 
nickel in dioxane at 140® and 2,800 lbs. pressure 
for one hour and twenty minutes. Eighty per cent 
(8 mg.) of the theoretical amount of the hexahydro 
form of the alanyl derivative (VI) was readily 
obtained. The results of this control experiment 
indicated that the hexahydro derivative (VI) should 
have been obtained were it present even in very 
small amounts as a product of hydrogenation of 
desthiobenzylpenicillin. Even subjecting desthio- 
benzylpenicillin to more severe hydrogenation 
conditions with Raney nickel catalyst, such as 
temperatures of 160® and 180® and periods up to 
four hours, failed to yield either the alanyl deriva¬ 
tive (III) or its hexahydro form (VI). Finally, 
desthiobenzylpenicillin was hydrogenated with 
Adams platinum catalyst in methanol solution at 
25® over a period of eighteen hours; desthiohexa- 
hydrobenzylpenicillin was isolated as a benzylamine 
salt. Consequently, it was concluded that des- 
thiobenzylpenicillin was not converted into the 
alanyl derivative (III) under the original hydro- 
genolysis conditions, or into its hexahydro form (VI) 
under more severe reaction conditions. 

Cyclohexylacetyl-L-alanyl-D-valine (VI) was 
readily prepared from phenylacetyl-L-alanyl-n- 
yaline by hydrogenation with Raney nickel catalyst 
in dioxane solution at 140® and 2,700 lbs. pressure. 

Since phenylacetyl-L-alanyl-n-valine (HI) ap¬ 
pears to be formed directly from benzylpenicillin 
by reactions which are competitive with the forma¬ 
tion of desthiobenzylpenicillin, its importance as a 


degradation product is greater. This compound 
was identified immediately upon its isolation, and 
was the first degradation product which specifically 
showed the attachment of the carbonyl group of 
the three-carbon or alanyl moiety to the nitrogen 
atom of the penicillamine moiety in the structure 
of benzylpenicillin. The direct interpretation of 
the formation of this alanyl derivative (HI) is for 
the first hydrogenolysis reaction to cleave the 
carbon-nitrogen bond (linkage A, VII) and for 
the second reaction to remove the sulfur atom 
(linkages B, VII). The formation of desthiobenzyl¬ 
penicillin requires only the hydrogenolysis of the 
carbon-sulfur bonds. These alternative and com¬ 
petitive reactions seem to be acceptable. A prece¬ 
dent for the cleavage of the carbon-nitrogen bond 
was an experiment (Merck, 11; 27) which 

yielded phenylacetyl-DL-alanine (VIII) by the 
hydrogenolysis of “natural^^ a-ethyl n-a-benzyl- 
penicilloate (IX) with Raney nickel catalyst at 70® 
in aqueous sodium carbonate. This experiment 
also yielded n-a-desthiobenzylponicilloic acid (X). 

S 

CcHBdIiCONH OH—CU ^C{Cn,)2 ni(H) 

C^HbOsC NH- CIICO 2 H Na/X)?" 

IX 

f C^IlBCIIsCONH-CIl-CHs CII((^H,)2 

I I I 

CO2II NH-^-CII COaH 

X 

CeHBCHaCONH'CHCHs 

CO2H 

VIII 

Other examples of the hydrogenolysis of the 
carbon-nitrogen bond in /3-lactams were found 
(Pfizer, P£2f 8; 23, 10). In these examples, the 
cleavage of the linkage was probably enhanced by 
the presence of the phenyl group at the j3- position. 
When the j3-lactam of j3-phenylamino-/3-phenyl- 
propionic acid (XI) was treated with Raney nickel 
catalyst in aqueous dioxane at the reflux tempera- 

CHi—CHCellB CII2—CHaCeHs 

1 I I 

CO—N-Cello CO—NHCoHj 

XI XII 

ture, jS-phenylpropionanilide (XII) was obtained. 
Neither the /3-lactam of /3-phenylaminopropionic 
acid (XIII) nor the /S-lactam of a-phenylacetyl- 
amino-/3-phenylaminopropionic acid (XIV) reacted 
with hydrogen under these conditions since the 

CHa—CHg C«H6CH,CONHCH--<3 Hs 

io—N-c,H, io—i!rc,H, 

xra XIV 
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corresponding anilides were not obtained. When 
the /3-lactam of /3-benzylainino-a,a-dimethyr-jS- 
phenylpropionic acid (XV) was treated similarly 
with Raney nickel catalyst (Shell, Sh.9, 123), the 
infrared absorption spectrum of the product indi¬ 
cated the presence of a monosubstituted amide, 
probably N-benzyl-a:,a-dimethyl-/3-phenylpropion- 
amide (XVI). 

(CH3)2C^-CHCeHft 

I I 

CO—N-CHaC^ellfi 

XV 

(cn3)2(^— ciucdh 

1 

CO—NHCHdaCWs 

XVI 

It was bcli(3ved that ^Meuteriurnolysis^^ with 
Raney nickel catalyst of bonzylpenicillin would give 
a desthio product which after degradation and 
location of the two deuterium atoms would estab¬ 
lish with mor(' certainty tlie sulfur linkages. The 
following results were ot)tained (Cornell Bioch., 
D,39,4, 10 ). 

^^Deuterized^^ Raney nickel was prepared and 
benzylpcnicillin was subjected to '^deuteriumoly- 
sis” under the same conditions used for the hydro- 
genolysis. 'I'he isolated product had the properties 
of desthiobenzylpenicillin and analysis showed it to 
have 0.5 atoms of deuterium per molecule. In 
another experiment with another preparation of 
‘Meuterized Raney nickel, the values of deuterium 
per molecule were 7.5 and 7.4, respectively. The 
explanation of the high values was that the hydro¬ 
gen atoms of the phenyl ring were replaced by 
deuterium. Tliis fact was established by the 
results obtained in treating phenylacetic acid and 
jS-phenylalanine with ‘‘deuterized^' Raney nickel 
catalyst in D 2 O under the same conditions. When 
phenaceturic acid was used as a model compound, a 
product was obtained which contained approxi¬ 
mately 8 atoms of deuterium. It was identified 
as cyclohexylacetylglycine. The ready reduction of 
phenaceturic acid by treatment under reflux with 
‘^deuterized'' Raney nickel catalyst in DaO was 
consistently demonstrated, but experiments with 
Raney nickel catalyst in HaO yielded only un¬ 
changed phenaceturic acid. Deuterium in the 
reduced ring is not removed by Raney nickel 
catalyst under conditions which cause replacement 
of deuterium by hydrogen in the aromatic ring. 

When a sample of the ‘‘deuteriumolysis’' product 
of benzylpenicillin was further treated with “deu- 
terized” Raney nickel catalyst^ reduction of the 
phenyl ring took place. This product on hydrolysis 
yielded cyclohexylacetic acid which was isolated 
as the amide and was shown to contain 7.5 atoms of 
deuterium per molecule. It was also found that 
sodium benzylpenicillin was easily desulfurized at 


25® with an uptake of approximately 6 atoms of 
deuterium. 

Treatment of desthiobenzylpenicillin containing (> 
atoms of deuterium, with Raney nickel catalyst for 
four days gave desthiobenzylpenicillin c.ontaining 
3.5 atoms of deuterium. Another sample contain¬ 
ing 7.5 atoms was reduced to approximately 4 
atoms. At reflux temperature for 15 minutes, an¬ 
other sample containing 5.5 atoms was reduced to 
3.3 atoms. 

Hydrolysis of a sample of desthiobenzylpenicillin 
containing 7.5 atoms gave phenyla(*etic acid which 
contained 4.5 deuterium atoms. 

“ Deutoriumolysis’' of heptylpenicillin gave a 
desthio product which was presumed to be dcstliio- 
heptylpeni(‘illin. 4\vo separate preparations were 
calculated to contain appi*o\imately 4 atoms of 
deuterium per molecule, showdng that the removal 
of sulfur from heptylpenicillin resulted in the intro¬ 
duction of more than two atoms of deuterium per 
molecule. 

llow'cver, adfUtional studies showed that the 
penicillins were not the only compounds to show 
anomalous behavior in the uptake of deuterium, 
nius, ^^deuteriumolysis^^ of 3-acetyl-5,5-dimethyl- 
4-thiazolidiuecarboxylic acid gave N-acctyl-N- 
methylvaline containing 3.7 atoms of deuterium 
per molecule. The preparation of desthiobiotin 
resulted in addition of 2.7 deuterium atoms. The 
conversion of S-benzyl-L-penicillamine to l- valine 
resulted in the uptake of 1.(5 deuterium atoms. 

CHARACTERIZATION AND REACTIONS OF 
THE HYDROGENOLYSIS PRODUCTS 

The crude hydrogenolysis products from the 
reaction of sodium benzylpenicillin with Raney 
nickel catalyst in hot aqueous solution were 
separated into neutral and acidic fractions by 
treatment with sodium bicarbonate solution. The 
neutral fraction yielded a crystalline compound; 
m.p. 170-172® (micro-block). —61® (c. 0.6 

in methanol). The analytical data on tliis neutral 
product were in agreement with CibH 2202 N», and 
the product was identical with an authentic speci¬ 
men of the isobutylamide of phenylacetyl-L-alanine. 
The authentic specimen was synthesized from 
phenylacetyl-L-alAnine (XVH) through the inter¬ 
mediates, XVm, XIX, and XX (Merck, 23; 

es, 5). 

The acidic fraction of the crude hydrogenolysis 
products was converted into benzylamine salts. 
Fractional crystallization yielded a salt which 
melted at 146-157® and had the composition 
C2aH2i04N8. It was converted to the free acid 
which was foimd to melt at 208-210® and had the 
composition CieH2204N2. Since an authentic speci¬ 
men of phenylacetyl-ii-alanyl-n-valine was avail¬ 
able, and since the composition of the acid was 
identical with that of the synthetic compound, a 
mixed melting point determination was made. 
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this mixture by repeated crystallization. This 
isomer was identical with phenylacetyl-L-alanyl-D- 
valine which was prepared in a second S 3 aithesis 
from the azide of phenylacetyl-L-alanine (XXIII) 
and D-valine (XXII). A more efficient method of 
separation of the i^-alanyl isomer from the mixture 
involved the preparation of the ephcdrine salts. 
The first crop of crystalline material was the 
ephedriiK^ salt of the L-alanyl isomer. The free 
acids were recovered from the remaining mixture 
of salts and were treated with cinchonidinc. The 
less soluble cinchonidine salt yielded the ivalanyl 
isomer (Merck, M4^, 23 ;6£j 5] SO^ 17). 

The identi fication of phenylacetyl-L-alanyl-D- 
^'aline as a hydrogenolysis product of benzyl- 
penicillin proves that carbon atom G of the jS-lactam 
structure (I) luis the “natural” configuration and 

S 

6 f. / \ 

C6H5CII2CONHCH- CTH 0(01X3)2 

I 1 I 

CO N-OHOO2H 


The melting point of the mixture was 208-210®. 
Potentiometric titration showed that it was a strong 
monobasic acid, pKi^ 3.7. The ultraviolet absorp¬ 
tion spectrum of the acid showed an absorption 
which was typical of phen 3 dacetamide derivatives. 
Thus, the melting point and other properties 
showed that the acid was phenylacetyl-L-alanyl-n- 
valine (III). 

The authentic specimen was synthesized by two 
methods. The first synthesis was from 2-benzyl-4- 
methyl-5 (4)-oxazolone (XXI) and d- valine (XXII). 
These compounds reacted to give a mixture of 
phenylacctyl-L-alanyl- and phenylacetyl-n-alanyl- 
D-vaUne. One isomer was finally obtained from 
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carbon atom 3 the “unnatural” configuration of 
the amino acids. The identification of the iso- 
butylamide of phenylacetyl-n-alanine also estab¬ 
lishes the configuration of carbon atom 0. I'he 
configuration of carbon atom 5 is unknown. The 
configuration of carbon atom 3 was established first 
during studies on the structure of penicillamine 
(Chapter IV). 

The original fractional crystallization of the 
benzylamine salts of the acidic fraction from the 
crude hydrogenolysis product yielded another 
salt which melted at 14^151® and had the compo¬ 
sition C 28 H 29 O 4 N 8 . The benzylamine salt was 
converted to the free acid which melted at 109-111® 
and had the composition C 16 H 20 O 4 N 2 . The free 
acid reacted with diazomethane to give a crystalline 
methyl ester of the composition CnH 2204 N 2 . 

Potentiometric titration of the acid showed that 
it was a monobasic acid of pK^ 3.6. This value of 
3.6 corresponds well with pK. 3.7 which was found 
for phenylacetyl-L-alanyl-D-valine and indicates 
that the acid has the partial structure XXIV 
according to the known acidic properties of 
N-acylvaline derivatives and related compounds. 


io—— 


CH(CH,), 

incotH 


XXIV 


The partial structure XXIV was readily expanded 
to the /3-lactam structure (II) on the basis of the 
presence of a C»HtCHiCO — group and the b^ance 
of the molecular composition. The direct explana¬ 
tion of the origin of the acid, on the basis of the 
the |3-lactam structure (II) was the assumption 
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C«H5CH2C0NH CH—CH 2 CHCCHs)* 


CO- N- CH CO 2 H 

II 


that benzylpenicillin itself has the jS-lactam struc¬ 
ture. Since the hydrogcnolysis of various sulfur 
compounds is generally a rapid reaction, and since 
the two acidic products of hydrogenolysis were 
present even at tlie moment reflux temperature was 
reached, the probability of the two acids being 
derived directly from benzylpenicillin is apparent. 
Furthermore, the several experiments described in 
the above section failed to reveal any evidence 
which indicat-es the possibility of a rearrangement 
during the hydrogenolysis reaction. These results 
indicated that the acid (II) is desthiobenzylpenicillin 
(Merck, 23; Ji.9, 9). The further physical 

and organic chemical studies of this compound, 
which are described in the following paragraphs, 
confirm this interpretation. 

The comparative stability of desthiobcnzylpeni- 
cillin (II) to methanol, acid and alkaline hydrolyses 
as compared with model oxazolones (XXV) indicate 
that it could not have the oxazolone structure 
(XXVI). For example, desthiobenzylpenicillin was 

C«H5CH2C--N 

\ 

CHR 

/ 

O—CO 

XXV 


CJl5CH2C==N—CH—CH2NHCnCII(CH3)2 


0-CO COzH 


XXVI 


recovered after dissolving in methanol and refluxing 
the solution for five hours (Merck, 2). 

The amide character of desthiobenzylpenicillin 
was substantiated by the infrared absorption 
spectrum of methyl desthiobenzylpenicillin. The 
spectrum showed three characteristic bands at 
5.77 M, 5-98 /i and 6.59 These bands are near 
those at 5.72 fi, 5.99 m and 6.55 ix for N-phenyl- 
acetylalanine methyl ester (Merck, 2; Shell, 

4). The subsequent detailed studies of the 
infrared absorption spectra of desthiobenzylpenicil- 
lin, the sodium salt, and methyl ester are in agree¬ 
ment with the jS-lactam structure (II) for this 
hydrogenolysis product. 

The infrared spectrum of desthiobenzylpenicillin 
methyl ester showed only two bands in the double 
bond region, namely those at 5.77 m and 5.98 m. It 
appeared probable that the band for the ester 
carbonyl group and the /3-lactam carbonyl group 
were superimposed at 5.77 Because of this 
assumption, the spectrum of the sodium salt of 
desthiobenzylpenicillin was determined. Three 
bands were foimd as expected for a /3-lactam 


carbonyl group, the amide carbonyl group, and the 
carbonyl group of the carboxylate ion. Thus, the 
spectra of the ester and the sodium salt are in 
agreement with the proposed /3-lactam structure. 
It was considered that if benzylpenicillin has the 
/3-lactam structure, the band at 5.()2 /x in the spec¬ 
trum of benzylpenicillin must correspond to the 
/3-lactam cjarbonyl group. I'he shift of the band 
at 5.62 ji for benzylpenicillin to 5.77 /u for desthio- 
benzylponicillin appeared to be due to some effect 
of the thiazolidine ring fusion, such as strain or the 
presence of sulfur (Shell, Sh.6j 53). 

Evidence which supports the interpretation given 
to the infrared bands at 5.62 /u and 5.77 /x for benzyl¬ 
penicillin and its desthio derivative were obtained 
from a study of a “moder^ compound having a 
fused /3-lactam-tliiazolidine ring system. The /3-lac- 
tara of a , a-di me thy 1 -2-phony 1-2-thiazolidineac!etic 
acid (XXVII) (Chapter XXvi) was obtained and it 
was found to show a band at about 5.62 /x in the 
infrared as does benzylpenicillin and which is- 
unqucstional)ly due to the /3-lactam carbonyl group 
of the fused ring system. Hydrogenolysis of this 
‘^moder^ fused /3-lactam (XXVII) gave the cor¬ 
responding /3-lactam of a,a:-dimethyl-/3-ethylammo- 
/3-phenylpropionic acid (XXVIII). Removal of the 
sulfur atom caused a shift in the band for the /3-lac¬ 
tam carbonyl group to about 5.72 /u wdiich cor¬ 
responds to the shift in the position of the band 
caused by removal of the sulfur atom from benzyl¬ 
penicillin (Shell, Sh.9j 118). 


CelU S 

\ / \ 

(CIla)2C-C CHa 


CO- 


-N— 

XXVII 


-CHa 


CeHa 
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(CHa/sC-Cn 


CO- 


-N- 

xxvin 



The spectra of the sodium salt, the methyl ester, 
and the free acid of benzylpenicillin and desthio¬ 
benzylpenicillin as determined in another labora¬ 
tory are tabulated as follows (Mich. Phys., R.7, 60). 


Benzylpenicillin 
Na salt (paraffin oil) 

5.65 n 5.89 M 6.20 m 6.67 n 
Na salt (CHjOH solution) 
5.59 ft 6.00 ft 6.20 ft 6.5 ft 
Methyl ester (solution) 

5.66/1* 5.99/1* 5.72 ft 6.67 p 
Free acid (solid) 

5.61/s 6.06 ft 5.76/* 6.51 ft 


Desthiobenzylpenicillin 
5.79 ft 5.90 ft 6.30/1* 6.60 ft 
5.76 ft 6.01 ft 6.24 ft 6.46 it 
5.79 ft 5.98 It 5.79 it 6.66 it 
5.76 It 6.04 It 5.76 it 6.46^ 


The behavior of the bands is analogous in almost 
all circumstances. The band at 5.60-5.65 it in 
benzylpenicillin and 5.76-5.79 /t in desthiobenzyl- 
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penicillin remain almost fixed in position under all 
circumstances. The first amide band is at 5.90 m 
in the crystalline sodium salts, at 6.00 /x in solution 
and in the methyl ester, and at 6.05 /x in the free 
acid. The second amide band likewise shifts in 
nearly the same manner, A further similarity is 
found in the long wave-length regions. The bands 
attributed to the phenylacctyl group are found at 
exactly the same wave-lengths in crystalline sodium 
desthiobenzylpenicillin as in crystalline sodium 
benzylpenicillin. They all practically disappear 
in the free acids in both cases. These data indicate 
that it is probable that the structure of benzyl- 
penicillin has undergone no alteration other than 
the loss of the sulfur atom in the formation of 
desthiobenzylpenicillin, and that the ^S-lactam 
structure for benzylpenicillin may therefore be 
regarded as being secure to the same extent as the 
/9-lactam structure for desthiobenzylpenicillin is 
secure. On the latter point, it was observed that 
the spectrum of desthiobenzylpenicillin is con¬ 
sistent with spectra of known models. 

A number of studies were made to determine 
whether desthiobenzylpenicillin reacted qualita¬ 
tively toward certain reagents as did benzylpenicil¬ 
lin, and the results are described in the following 
paragraphs. 

When a solution of desthiobenzylpenicillin (II) in 
3 N hydrochloric acid was refluxed for six hours and 
then extracted, an acid was obtained which melted 
at 77-78® and was identified as phenylacetic acid 
(XXIX). This result proved that the hydrogenoly- 
sis reaction had not affected the phenylacetyl 


moiety of benzylpenicillin (Merck, M,49, 11). 
When desthiobenzylpenicillin was subjected to a 
mild acid or alkaline hydrolysis, a dibasic acid 
was formed which was identified as n-a-desthio- 
benzylpenicilloic acid (XXX). The authentic sam¬ 
ple of this dibasic acid, which was used for compari¬ 
son, was obtained by the hydrogenolysis and 
saponification of natural’^ a-ethyl n-a-benzylpeni- 
cilloate (XXXI) to the dibasic acid (XXX). It is 
noteworthy that the same stereoisomer («) of 
D-desthiobenzylpenicilloic acid was obtained when 
benzylpenicillin was subjected to hydrogenolysis 
and hydrolysis, or when, alternatively, it was sub¬ 
jected to alcoholysis, hydrogenolysis and hydrolysis. 
This alternative removal of the sulfur atom and 
opening of the /S-lactam ring might not have been 
expected to lead to the same sterpoisoraeric dibasic 
acid if a molecular rearrangement were involved 
in the hydrogenolysis reaction of benzylpenicillin 
(Merck, 11; 4 ^, 12; 51, 2-3). 

Desthiobenzylpenicillin (II) was found to react 
with benzylamine in dioxane when the solution was 
refluxed for three hours, or when the solution was 
allowed to statid at 25® for several days. The 
product was identified as the a-benzylamide of n-a- 
desthiobenzylpenicillioc acid (XXXII) by comparing 
it with an authentic specimen of this compound. 
The authentic specimen had been obtained pre¬ 
viously by the reaction of benzylpenicillin with 
benzylamine to give the a-benzylamide of D-a- 
benzylpenicilloic acid (XXXUI) and hydrogenolysis 
of the latter amide to the desthio compound 
(XXXII). Once again, the same stereoisomer (a) 


CeHiCHtCONH CH—CH 2 CH(CH ,)2 c,H.CH,NH, C 6 H 5 CH 2 CONH CH—CHj CH(CH,), 
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of D-desthiobenzylpenicilloic acid was obtained as 
the of-benzylamide by alternative removal of the 
sulfur atom and opening of the /3-lactam ring 
(Merck, MM, 10 - 11 ; 15b, 8 ; 52, 8 ). 

Desthiobenzylpenicillin in ethanol-chloroform 
solution reacted to give a-ethyl n-a-dcsthiobenzyl- 
penicilloate (XXXIV) (Merck, M.65, G). 

CJIfiCHjCONHC^H—CH 2 CH(CIIs)2 

I I I 

CilltO^C NH—(^H-COsH 

XXXIV 

Although there was no experiment to correlate 
stereochemically the a-ethyl n-a-desthiobenzyl- 
pcnicilloate and tlie a-beiizylamide of n-a-desthio- 
benzylpenicilloic acid, it is probable that they have 
the same configuration. 

Experiments were carried out to determine 
whether desthiobenzylpenicillin ( 11 ) would re¬ 
arrange into desthiobenzylpenillic acid (XXXV) just 
as benzylpenicillin (I) rearranges into benzylpenillic 
acid (XltXVI), Although benzylpenicillin rear¬ 
ranges into benzylpenillic acid in aqueous solution 
at 25®, desthiobenzylpenicillin was stable under 
these conditions. When an acid solution of 
desthiobenzylpenicillin was heated to 60-75®, only 
hydrolysis to n-a-desthiobenzylpenicilloic acid ap¬ 
peared to take place; no desthiobenzylpenillic 
acid was obtained. Since there was no certainty 
that desthiobenzylpenillic acid, which is an imid¬ 
azoline would be stable under such experimental 
conditions, several experiments were carried out on 
the treatment of benzylpenillic acid with Raney 
nickel catalyst for the attempted direct preparation 
of desthiobenzylpenillic acid (XXXV), These ex¬ 
periments failed to result in a satisfactory char¬ 
acterization of desthiobenzylpenillic acid.® It had 

•The hydrogenolyeie product of dimethyl bonxvlpemllate formed a 
eryeudline hydroobloride which melted at 129The mclung 
point of a miature of this hydrochloride with the corresponding hydro- 
eUoiide which wae obtained from the hydrogenolywa of dimethyl 
bentyttaopenillate was 129'-!31*^. The hydrogenolysis of bensylpenillio 
acid ZavA a aulfur-free product, which molted at 194-197^, and showed 
no optical activity. It appears that hydrogonolvsis of dimethyl beniyl- 
penillzte and bensylpenilHc acid gave dimethyl deeihioiaobenaylpenillate 
had doAthioisohensylpenillic aoid» respectively (Mer6k, M.B6, 9; 69i 7). 


been found earlier (Merck, M.4^, 13) that methyl 
benzylpenicillin gave dimethyl benzyipcnillate when 
it was treated with hydrogen chloride in methanol 
and then diazomethane. CConsequently, desthio¬ 
benzylpenicillin and its methyl ester wore treated 
with hydrogen chloride under anhydrous condi¬ 
tions to determine whether the rearrangement 
might occur under these conditions. Although 
these experiments with hydrogen chloride also 
failed to yield desthiobenzylpenillic acid or the 
dimethyl ester, interesting results were obtained. 

Desthiobenzylpenicillin (II) was treated with 
hydrogen chloride in dioxane solution at room 
temperature. A product of this reaction was 
identified as the hydrochloride of D- 7 -dcsthiobenzyl- 
penicilloic acid (XXXVTI) by the analytical data, 
by comparison with an authentic specimen of this 
substance, and by reaction with diazomethane to 
give the known dimethyl D- 7 -desthiobenzylpenicil- 
loate hydrochloride. The acetone mother liquors 
from the crystallization of the D- 7 -dcsthiobenzyl- 
penicilloic acid hydrochloride were treated with 
ammonia to precipitate the remaining acids, and 
the precipitated acids yielded crystalline n-a-des- 
thiobenzylpcnicilloic acid» (XXX) (Merck, MM, 9; 
59, 7). 

The fact that the D- 7 -isomer of desthiobenzyl- 
penicilloic acid was obtained is of particular interest 
since this result shows that epimerization must have 
taken place. It had been found previously that 
direct opening of the /S-lactam ring of desthio¬ 
benzylpenicillin produced the n-a-isoraer of desthio- 
benzylpenicilloic acid. The water which was 
necessary for the formation of the D- 7 -desthio- 
benzylpenicilloic acid hydrochloride was probably 
present in traces in the dioxane. The most likely 
explanation of the epimerization is to assume that 
desthiobenzylpenicillin (II) reacted with hydrogen 
chloride to form first the acid chloride (xxxvni) 
wWch rearranged into tlie oxazolone hydrochloride 

»The D-a-desthionenavlpenioilloic acid hydrochloride did not eryatal-^ 
liate. Kven att^impts to prepare the orvetalline hydroohioride from 
authentic crystalline n-a-deathiobenKylpenicilloio acid failed. 
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(XXXIX). The rearrangement of certain N-acyl- 
amino acid chlorides into the corresponding 
oxazolone hydrochlorides had been recognized 
in connection with other penicillin programs 
(Merck, M,8S, 15; NRRL, CJOy 2 ; Barber, Gregory, 
Slack, Stickings, and Woolman, of May and Baker, 
Ltd., CPSy ^S4, 4; Upjohn, l/JS, 1 ). The oxaz¬ 
olone could then conceivably react with water 
undergoing epimerization and the formation of 
both D-a- and D- 7 -desthiobenzylpenicilloic acids, 
XXX and XXXVII. There appeared to be no reason 
to assume that the acid chloride (XXXVIII) would 
epimerize per sc, but this possibility is not excluded. 

H 

C6H6CH2CONH C-—CH2 CH(CH 8)2 iici 

III 

CO—N-CHCO2H 

II 


Destliiobenzylpenicillin was treated with hydro¬ 
gen chloride in dioxane solution and special pre¬ 
cautions were made to exclude traces of water. 
After the mixture had stood for one hour at 25®, 
a crystalline compound began to precipitate. This 
crystalline compound was identified as D-valine 
hydrochloride (XLII) (Merck, M.dO, 8 ). 

The formation of n-valine from desthiobenzyl- 
penicillin appears to be explained best by assuming 
agein that the oxazolone intermediate (XXXIX) 
was formed. This inherently unstable compound, 

r N—CII—CH 2 CH(CH8)2l 

/■ 

CeHsCHsC 

^0—CO NH-CHCOsH 
XXXIX (HCl salt) 

CH(CH3)2 



optically active oxazolones, such as XLI, racemize 
slowly during their preparation and rapidly during 
reaction with methyl alcohol or benzylamine. 


NHaCHCOsH 
XLn (HCl salt) 

in the absence of water for hydrolysis, underwent 
cleavage with the elimination of o-valine. This 
possible reaction for a /3-lactam is substantiated 
by the result of the reaction of a “model” /3-lactam 
with hydrogen chloride. It was found that the 
^-lactam of ( 8 -anilino-a-phenylacetamidopropionic 
acid (XLIII) reacted with hydrogen chloride to 
give aniline hydrochloride (XLV) (Merck, M.67, 4). 
Again, the unstable oxazolone (XLIV) appeared 

CelltCHsCONHCH—CHs hcI 

CO—N-CJls 

XLIII 

r N— CH—CH* 1 

CJIeCHjC 

\ 

0—CO NHCeHj 
XLIV (HCl salt) 

— NH^C^Hr, (HCl salt) 

XLV 

to be formed as an intermediate. These results 
are in agreement with the interpretation that 
oxazolones of structure XLVI are not stable com¬ 
pounds, and an amine or alcohol (R 2 NH or 
ROH) are readily eliminated with the formation of 
a 4-methylene-(5)4-oxazolone (XLVII). The ox¬ 
azolones (XLVii) isomerize in some cases to the 
2-alkylidene-4-methyl-5(2)oxazolones (XLVm) 
(Chapter XXI) or hydrolyzes to the N-acylamino- 
acrylic acid (XLIX). The converaon of serine (L) 
into pyruvic acid (LI) by treatment with acetic 
anhydride and then aqueous acid has been explained 
on the basis of such intermediate oxazolones 
(Ln, Lm) (Bergmann and Delis, Ann., 4S8, 76 
(1927)). 
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The authentic specimens of derivatives of D-7- 
desthiobenzylpenicilloic acid were made from the 
corresponding synthetic n-y-benzylpenicilloates by 
straightforward reactions. a-Methyl n-y-benzyl- 
penicilloate (LIV) was treated with Raney nickel 
catalyst for the hydrogenolysis reaction and then 
alkali for saponification of the carbomethoxy group 
to yield n-y-desthiobenzylpenicilloic acid (XXXVII). 
This D-y-isomer readily formed a crystalline hydro¬ 
chloride. Dimethyl n-y-benzylpenicilloate (LV) 
was readily converted into the crystalline dimethyl 
D- 7 -desthiobenzylpenicilloate (LVI) which jdelded a 
crystalline hydrochloride (Merck, M.50, 19; 53, 16; 
56, 12). 

HjNCH CHjOH NH- CHCHsOH 

I - I i 

CO 2 H CII 3 CO C^OsH 

N—cmCHsOHI 
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O—C^O 
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O 0=0—011, 

CH,C -I- NH, -I- 

^OH COiH 

LI 

Although an oxazolone was not actually char¬ 
acterized ae an intermediate product from the 
reaction of desthiobenzylpenicillin with hydrogen 
chloride, an oxazolone was obtained by subjecting 
desthiobenzylpenicillin to other conditions. 

It was known that desthiobenzylpenicillin methyl 
ester (LVll) was stable in xylene solution at the 


reflux temperature (140®); however, it decomposed 
rapidly in anisole solution at the reflux temperature 
(155®) to give 2-bcnzylidene-4-methyl-5(2)-oxaz- 
olone (LVIII). The “model" /3-lactam of /3-anil- 
ino-ft-phenylacctamidopropionic acid (XLIII) in 
anisole solution at the reflux temperature gave a 
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product which showed an ultraviolet absorption 
spectrum strongly indicating the presence of the 
5(2)-oxa2olone (LVIII). This 5(2)-oxazolone was 
also obtained from the products of reaction of 
/3-methyl N Msobutyryl-n-y-desthiobcn zylpenicill o- 
ate (LIX) in anisole or xylene solution at the reflux 
temperature. The /3-lactam of D*' 7 -desthioben 2 yl- 
penicilloic acid, which wiis the desired product in 
the latter experiment, was not obtained from the 
products of this reaction. If it were formed in 
the reaction, it might well have decomposed to the 
oxazolone (LVIII) (Merck, 12; 72^ 3, 8). 
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The 2-benzylidene-4-methyl-5(2)-oxazolone 
(LVIII) was also formed by heating a xylene solu¬ 
tion of a-phenylacetamidoacrylic acid (LX) at the 
reflux temperature. This compound melted at 
130-132® (micro-block) and showed ultraviolet 
absorption maxima in ethanol solution at 2,400 A 
(Em 8,350) and 3,500 A (Em 21,500) (Merck, 
M.72, 7). It had been prepared previously by the 
reaction of a-bromo- and a-chlorophenylacetyl- 
alanine (LXI) with acetic anhydride and pyridine 
and reported to melt at 106-109° (from «-bromo- 
derivative), 105-115° (from a-chloro derivative) 
(Winthrop, W. 6 , 11), at 111-113° (from a-bromo- 
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derivative) (King, Waley, Abraham, Baker, Chain, 
and Robinson, of Oxford Univ., CPS, S72y 2). 
When this oxazolone was prepared by the action 
of acetic anhydride upon a-phenylacetamido- 
acrylic acid (LX), the product was found to melt 
at 125-126® (Winthrop, W.I 4 , 3). This oxaaolone 
was difficult to recrystallize and possessed marked 
irritant properties to the skin. 


The accumulated evidence, as described in the 
above paragraphs, on the conversion of desthio- 
benzylpenicillin to an oxazolone is of interest in 
connection with the mechanism of the rearrange¬ 
ment of benzylpcnicillin to benzylpenillic acid. 
An intermediate compound of the thiazolidine- 
oxazolone structure has been considered as an 
intermediate in this rearrangement (Merck, 

6 ). An intensive study of the reaction of benzyl- 
penicillin methyl ester and hydrogen chloride in 
ethereal solution showed that a mixture of products 
was formed (Chapter XXIV). A component of the 
mixture appeared to have the thiazolidine-oxazolone 
stnicture and was designated ^‘pseudobenzylpeni- 
cillin methyl ester'^ (Upjohn, 17,26^ 1). 

Desthiobenzylpenicillin (II) was alkylated by 
treatment with sodium and benzyl chloride in 
liquid ammonia solution. The product of the 
alkylation reaction was isolated as a benzylamine 
salt, m.p. 124-127®, which had the composition 
C 80 H 86 O 4 N 3 . The salt was converted to the free 
acid which melted at 77-79® and had the composi¬ 
tion C 28 H 2 « 04 N 2 . The acid was found by titration 
to be monobasic; pK. 3.8; eq. wt., 382 (calc. 394). 
These data are in agreement with structure LXII 
for the alkylation product. N-Benzyldesthiobenz- 
ylpenicillin (LXII) showed infrared absorption 
bands at 5.75 m and 6.1 A band at 6.6 m, which is 
present in the spectrum of desthiobenzylpenicillin, 
is absent in the spectrum of this benzyl derivative. 
The disappearance of the band at 6.6 ^ is in agree¬ 
ment with the interpretation of the ‘‘benzylation*' 
of a moDosubstituted C 8 H 5 CH 2 CONH— group to a 
disubstituted C 8 H 5 CH 2 CON(CH 2 CeH 5 )— group. 
N-Benzyldesthiobenzylpenicillin reacted slowly in 
ethanol-hydrogen chloride solution, as judged by 
the slow change in the specific rotation of the solu¬ 
tion, which was analogous to the behavior of 
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ester with nitrosyl chloride was carried out accord¬ 
ing to the conditions of a new method for the prepa¬ 
ration of nitrosoacylarylamines (France,H^^ilbron, 
and Hey, J. Chem, Soc., 369 (1940)) which was 
successful in certain cases where nitrosation with 
nitrous fumes failed. These conditions involve 
the treatment of the compound with nitrosyl chloride 
in a mixture of glacial acetic acid, acetic anhydride, 
potassium acetate, and phosphorus pentoxide 
(Merck, M.54, 0; 74, 1; 79, 2). 

The reaction of desthiobenzylpenicillin and its 
methyl ester with ammonium thiocyanate in acetic 
anhydride was studied in an attempt to obtain 
reaction products (LXV) similar to the one which 
was obtained from bonzylpenicillin. However, a 
dihydrouracil derivative was not characterized as a 
product from either reaction (Cornell Bioch., D.Sl, 
desthiobenzylpenicillin itself under these conditi ons. 10). 

It also reacted with methanol containing sodium Experiments on the transacylationof desthio- 
methoxide at the reflux temperature; the product benzylpenicillin were studied. Reactants such as 
appeared to be a-methyl NMienzyl-n-a-desthio- acetyl cliloride, acetic anhydride, and formic acid 
benzylpenicilloate (LXIH) (Merck, M.72, 5; 80, 1). with and without acid catalysts were examined in 

caucHjCONH-cn~cii2 ch(cii3)2 

/ \ I 

CO N—Cn COs—(H, CHa) 

\ / 

NH*-CS 

LXV 


CeH.CH^CONHCH—CHa CH(CHa), 


i 


10—N- 

n 


CH,C,H6 

I 


-CHCO,H 


C,H5CH,C0NCH—CH* CH(CII,)j 


I I 

CO—N- 

LXII 


-inc 


CO,H 


CHjC,H6 

C.HjCHsCON CH-CH, CHCCH,)* 

I I I 

CKjOjC NH—CHCOsH 

LXIII 


The nitrosation of desthiobenzylpenicillin methyl 
ester was studied. Although treatment of desthio- 
benzylpenicillin methyl ester with nitrous fumes in 
dioxane solution failed to give a nitroso derivative, 
treatment with nitrosyl chloride under special con¬ 
ditions gave a yellow crystalline nitroso derivative 
which melted at 62-70®. The ultraviolet absorp¬ 
tion spectrum of the nitroso derivative showed 
bands at 4,070 A (Em 98 j and 4,270 A (Em 102 ) 
which correspond to the bands at 4,050 A and 
4,250 A showm by ‘^modeP’ N-nitroso derivatives 
of monosiibstituted amides. The nitroso deriva¬ 
tive in tetrachloroethane s olution showed two 
infrared absorption bands at 6.76 and 6.59 /x. 
The strong band at 6.59 fi corresponds to the 
0==N—N—CO group according to the spectra 
of known nitrosoamides. A band at 6.0 /x, which 
is characteristic of the monosubstituted CcHsCHjr 
CONH— group of desthiobenzylpenicillin, was 
absent in the spectrum of the nitroso derivative, as 
was expected in terms of previous facts on the 
absorption of mono- and disubstituted amides. 
Thus, the nitroso derivative of desthiobenzylpeni- 
cillin methyl ester appears to have structure LXIV. 
The reaction of desthiobenzylpenicillin methyl 


NO 


C*H»CH,CONCH—CH* CH(CH«), 

1 I i 

CO—N-CHCOiCHt 

LXIV 


the temperature range of 25-100®. Desthio¬ 
benzylpenicillin was recovered in some experiments, 
and there was no evidence indicating the addition 
of a CHsCO— or HCO— group or the replacement 
of the C 6 H 6 CH 2 CO— group by one of these groups. 
When phenaceturic acid was treated with acetic 
anhydride at 100®, phenylacetic acid was formed 
(Merck, MM, 12). 

The relative rates of hydrolysis of desthiobenzyl¬ 
penicillin and some model jS-lactams were studied. 
It was found that the jS-lactam of i3-benzylamino- 
a-methyl-/3-phenylpropionic acid (LXVI) was more 
reactive towards butanol in the presence of sodium 
butoxide than was its corresponding hydrogenation 
product (LXVII). It was found that desthio¬ 
benzylpenicillin, the /3-lactam of /3-anilinora-phenyI- 

CHsCH—CHCeHii 

I I 

CO—NCIUCellu 

LXVII 

acetamidopropionic acid (XLIII) and its liydrogena- 
tion product (LXVIII) reacted so readily with 
butanol in the presence of sodium butoxide that no 
rate measurements could be obtained. The /3-lac¬ 
tam (LXVI) was also more susceptible to hydrolysis 
in sodium hydroxide solution than the reduced 
/3-lactam (LXVII). Desthiobenzylpenicillin was 
found to be less susceptible to acid hydrolysis than 
wats the /3-lactam of a-cyclohexylacetamido-/3- 
cyclohexylaminopropionic acid (LXVIII). The al- 


CHsCH—CHCeHs 
io— nch,c,H5 

LXVI 
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CeHsCHsCONHCH—CH, 

I I 

CO—NC,H6 

XLin 


C*HnCH,CONIICH—CHs 


CO—NC,Hi, 


LXVIII 


coholysis reaction wth butanol was followed 
by the disappearance of the band at 5.7 m for the 


the condensation product LXXI. Numerous 
experiments on the reduction of the product (LXXI) 
to give the a-cthyl ester of desthiobenzylpcnicilloic 
acid (LXXn) were not successful. However, 
catalytic hydrogenation of the prodmst with a 
platinum catalyst gave an amorphous product 
which seemed to be N-(2-carbcthoxy-2-cycloliexyl- 
acetylaminocthyl)-valine methyl ester (LXXIU). 
Three farther attempts to repeat the preparation of 
the product (LXXIII) were unsuccessful. The re¬ 
duced product (LXXn) was desired for reaction with 


CeHsCHsCONH CH CHO 


CsiHsOCO 

LXIX 


-i- 


CHCCHa), 

I 

lIjNCHCOjCHa 

LXX 


CcIHClIjCm^HCH-CH CH(CH,)s 

I il i 

C 2 IUOCO N-CHCOjCII, 

LXXI 


i 


C,Hi,CHjCONH CH--CIlj CH(CH3)2 

I I I 

CsHaOCO NH—CHCOsCHa 

LXXII 


CcHnCIHCONHCH-CHj CIKCH,)* 

CjHtOCO Nil—CHCOjCH, 

LXXIII 


/3-lactam group and the hydrolysis reaction was 
followed by titration of the new carboxy group 
which appeared as a result of hydrolysis (Merck, 
9; 67, 7). 

ATTEMPTED SYNTHESES OF 
DESTHIOBENZYLPENICILLIN 

Several attempts were made to synthesize des- 
thiobenzylpenicillin or a related stereoisomer. An 
unambiguous synthesis of desthiobenzylpenicillin 
is desirable, because the results of the comparison 
of the natural’’ and synthetic products would al¬ 
low the final judgment in the classical determination 
of structure. 

/3-Methyl N^-isobutyryl-D- 7 -de 8 thiobenzylpeni- 
cilloate was subjected to various conditions for the 
elimination of isobutyric acid and /3-lactam ring 
closure. It was found that there was a narrow 
temperature margin between the stability of this 
compound and its decomposition to the 2-benzyl- 
idene-4-methyl-5(2)oxazolone (LVIII), which is 
described elsewhere in this chapter. It was 
realized that the stability of the expected /3-lactam 
of D- 7 -desthiobenzylpenicilloic acid might be less 
than that of the known /3-lactam of n-a-destliio- 
benzylpenicilloic acid (desthiobenzylpenicillin). 
The fact that the 5(2)-oxazolone derivative was 
formed might indicate the intermediate formation of 
the /3-lactam of the i>- 7 -isomer. Similar treatments 
of the stereoisomeric acid, /3-methyl NMsobutyryl- 
i>-of-desthiobenzylpenicilloate, wliich corresponds to 
desthiobenzylpenicillin, failed to yield any desthio¬ 
benzylpenicillin. It was established that desthio¬ 
benzylpenicillin methyl ester was stable to iso¬ 
butyric acid in xylene solution at the reflux tem¬ 
perature (Merck, M.69, 12; 75 , 4; 78, 6). 

Ethyl benzylpenaldate (LXIX) and PL-valine 
methyl ester (LJffi) were allowed to react and gave 


a Crignard reagent in an attempt to cyclize the 
compound to the /3-lactam (Pfizer, P.22, 7; 2 S, 12; 

H, 8 ). 

BIOLOGICAL TESTS OF 
DESTHIOBENZYLPENICILLIN 

Desthiobenzylpenicillin and its methyl ester were 
tested for antibiotic activity in mice which were 
injected with Diplococcus pneumoniae Type I. 
Treatment consisted of a vsingle dose at 25 mg. 
per 20 g. mouse which was administered subcuta¬ 
neously immediately after injection. These com¬ 
pounds showed little, if any, activity under these 
conditions (Merck, M,5'2, 8, and data not reported). 

EXPERIMENTAL 

Hydrogenolysis of Sodium Benzylpenicillin with Raney 
Nickel Catalyst. Preparation of Desthiobenzylpenicillin, 
Phenylacetyl-L-alanyl-D-valine and the Isobutylamide of 
Phenylacetyl-L-alanine (Mcirck, 23; 49, 9; 62, 4). 

One teaspoonful (3 grams) of freshly prepared Haney nickel 
catalyst (under water) (Mozingo, Wolf, Harris, Folkers, 
J. Am. Chem. Soc., 65, 1013 (1943)), was added to a solution 
of 800 mg. of sodium benzylpenicillin in 100 ml. of water. 
The mixture was heated rapidly to the reflux temperature 
and it was maintained at that temperature for ten minutes 
after which it was immediately cooled with ice-water. The 
heating was done carefully during the initial copious evolu¬ 
tion of hydrogen. 

The nickel catalyst was separated, by centrifuging, and 
washed ten times with about 10-ml. portions of water, and 
the washings were combined with the solution which was 
separated from the catalyst. The aqueous solution was 
then acidified with dilute hydrochloric acid and evaporated 
to dryness under reduced pressure at 25®. The residue was 
thoroughly extracted with chloroform. The chloroform 
extract was dried and then evaporated to dryness under 
reduced pressure at 25® to yield 612 mg. of Ught-colored 
amorphous residue. This residue was redissolved in 50 ml. 
of chloroform and the chloroform solution was extracted 
successively with 0.1 N hydrochloric acid and 2% sodium 
bicarbonate and then washed with water until the washings 
were neutral to litmus. The extracted chloroform solution 
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was then dried with magnesium sulfate and evaporated to 
dryness under reduced pressure at 25° to yield 69 mg. of a 
non-crystalline neutral residue. This material was dis¬ 
solved in ethanol-water from which it crystallized in the 
form of slender needles, m.p. 135-155°. After repeated 
recrystallizations from hot water, the compound melted 
constantly at 170-172° (micro-block; the melt crystallized 
on cooling), Wd** —61° (c, 0.5 in methanol). This com¬ 
pound was identified as the isobutylamide of phenylacetyl- 
L-alanine by analytical data and by comparison with an 
authentic synthetic sample. The melting point of a mixture 
of the two compounds was 170-172° with crystallization 
of the melt on the micro-block after cooling. 


Oalc. for CifcIl 220 aN 2 * 

C, 68.67; H, 8.45; N, 10.68. 
Found: C, 68.80, 68.40; H, 8.50, 8.54; N, 10.75 

The sodium bicarbonate solution was acidified to pH 3 
with dilute hydrochloric acid and then thoroughly extracted 
with chloroform. The chloroform extract was dried with 
magnesium sulfate and then evaporated to dryness under 
reduced pressure at 25° to yield 455 mg. of acidic amber- 
colored waxy residue. 

After several unsuccessful attempts to crystallize this 
acidic fraction from various solvents and solvent pairs, 
35 mg. of this material was dissolved in 0.5 ml. of methanol 
and 0.05 ml. of benzylamine added. Addition of ether to the 
methanol solution precipitated an oil. After separation and 
washing the oil with ether, it was allowed to crystallize from 
methanol-ether; m.p. 139-146° (micro-block). This crys¬ 
talline precipitate on fractional crystallization from methanol 
by the addition of ether gave two crystalline benzylamine 
salts. The first salt crystallized in the form of plates and 
after repeated recrystallization melted at 149-151° (dec.) 
(micro-block), [aln*® 4-9° (c, 1.07 in water) and was identi¬ 
fied as the benzylamine salt of dc^sthiobenzylptiiiicillin or the 
i3-lactam of n-a-desthiobenzylpenicilloic acid. 


Calc, for C23H2f.04Nr,: 

C, 67.13; H, 7.10; N, 10.21. 
Found: C, 67.28, 67,23; II, 7.46, 7.47; N, 10.27, 10.62. 

The second benzylamine salt crystallized in the form of 
needles and after repeated recrystallizations, it melted at 
145-147° (dec.) (micro-block). 

Calc, for CsbILiOiN,: 

C, 66.80; H, 7.56; N, 10.16. 
Found: C, 66.49, 66.47; H, 7.48, 7.38; N, 10.57. 

This benzylamine salt, m.p. 145-147°, was converted 
to the free acid. The acid crystallized when it was dissolved 
in N sodium hydroxide and the solution was neutralized with 
hydrochloric acid; m.p, 208-210° (micro-block); Hd*'* —37° 
(c, I in N sodium hydroxide); —45° (c, 0.63 in 20% 

ethanol). This compound was identified as phenylacetyl- 
li-alanyl-D-valine from the analytical data and by compari¬ 
son with an authentic synthetic sample of phenylacctyl-L- 
alanyl-D-valine. The melting point of a mixture of the two 
compounds was 208-210° (micro-block). 


Calc, for Ci(|H 2204 Nj: 

C, 62.72; H, 7.24; N, 9.15. 
Found: C, 62.82, 62.79; H, 7.08, 7 . 12 ; N, 9.41, 9.44. 

Potentiometrio titration of the valine derivative with 
0.1 N sodium hydroxide in 8 % ethanol showed it to be a 
strong monobasic acid of pRy^ « 3.7; equivalent weight, 
810 (calc, for C] 6 Hi 204 N 2 , 306). The ultraviolet absorption 
spectrum of this compound in water solution showed an 
absorption which is typical of phenylacetamido derivatives, 
Em - 190 at 2,580 A (Merck, M.61, 4). 

Potentiomctric titration of the benzylamine salt of 
desthiobenzylpenicillin, m.p. 149-151°, indicated it to be 
the benzylamine salt (pK » 9.55) of a monobasio acid; 


equivalent weight, 404 (calc, for C 28 H 2904 N», 411). The 
ultraviolet absorption spectrum of this salt (Merck, 

14) in ethanol solution as tabulated below, indicates a com¬ 
pound containing two non-conjugated phenyl groups: 


Wavelength (A) 
2,700 
2,650 
2,580 
2,520 
2,450 
2,400 
2,350 
2,300 


Em (M.W. « 411) 
115 

288 (max.) 
390 (max.) 
328 (max.) 
275 (min.) 

404 

884 

1,895 


The benzylamine salt, m.p. 149-151°, was converted to 
the free acid by dissolving it in water and acidifying the 
solution with hydrochloric acid. The free acid was ex¬ 
tracted with chloroform, llie chloroform extract was dried 
with magnesium sulfate and then evaporated to dryness 
under reduced pressure. This acid, dejsthiobcnzylpenicillin, 
crystallized from chloroform-petroleum ether (b.p. 30-60°) 
in the form of plates; m.p. 70-80°. After recrystallizaiion 
from the same solvents, it melted at 109-111°, and after 
another recrystallizaiion from chloroform, it melted at 
109-111° (micro-block). 


Calc, for C 14 HJ 0 O 4 N 2 : C, 63.14; H, 6.63; N, 9.21. 

Found: C, 63.27; H, 6.70; N, 9.23. 

Potentiomctric titration of desthiobenzylpenicillin with 
0.1 W sodium hydroxide indicated it to be a strong monobasic 
acid of pR\i ** 3.5 in 8 % ethanol; equivalent weight, 317 
(calc, for C 16 H 20 O 4 N 2 , 304). 

The infrared absorption spectrum (Shell, ShM^ 63; .9, 110) 
of the sodium salt of desthiobenzylpenicillin in methanol 
solution showed three strong bands in the double bond 
region at 5.74 /u, 6.01 m aod 6.22 m- There is also a band at 
6.60 n. The infrared absorption (Mich. Phys., li,7, 60) of 
the sodium salt in paraffin oil showed bands at 5.79 m, 5.90 
6.30 M aod 6.60 m; and in methanol solution these bands were 
at 5.76 fly 6.01 n, 6.24 and 6.46 fi. 

Hydrogenolysis of Sodium Benzylpenicillin with Raney 
Nickel Catalyst. Direct Preparation of Crystalline Desthio¬ 
benzylpenicillin and Phenylacetyl-L-alanyl-D-valine without 
Prior Fractionation of Benzylamine Salts (Merck, M.4.9y 9). 
Two tablespoonfuls (18 grams) of freshly prepared Raney 
nickel catalyst (under water) was added to a solution of 3 g. 
of sodium benzylpenicillin in 250 ml. of water. The mixture 
was rapidly heated to the reflux temperature by placing the 
flask in an oil bath preheated to 170°. After refluxing for 
fifteen minutes, the mixture was cooled rapidly and the 
nickel removed by filtering. The nickel was eluted five 
times with about 10-ml. portions of water. To the combined 
el nates and filtrate, 1 ml. of N hydrochloric acid was added 
and the alumina which precipitated was removed by filtra¬ 
tion thru super-cel on a sintered glass funnel. 4\) the 
filtrate, 7.5 ml. of N hydrochloric acid was added and the 
solution was concentrated to 200 ml. at 25° under reduced 
pressure during which time a small amount of desthiobenzyl- 
j>enicillin began to crystallize. After standing overnight in 
the refrigerator, further crystallization took place and a total 
of 1.14 g. of desthiobenzylpenicillin, m.p. 95-105°, was col¬ 
lected. The mother liquor, after concentration to one-half 
its volume at 25° under reduced pressure, was allowed to 
stand for eight hours in the refrigerator. It yielded 121 mg, 
of phenylacetyl-L-alanyl-D-valine, m.p. 188-193°. 

The desthiobenzylpenicillin, m.p. 95-105°, after two 
recrystallizations from ethanol-water molted at 109-111° 
(micro-block). The phenylacetyl-ir-alanyl-D-valine was 
washed with small amounts of chloroform, dissolved in 
sodium hydroxide and precipitated by neutralization with 
0,1 N hydrochloric acid. After washing with water and 
drying, it melted at 208-210° (micro-block). 
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Hydrogenation of Sodium Benzylpenicillin with Rnney 
Nickel Catalyst. Preparation of Desthiobenzylpenicillin in 
Dioxane Solution (Merck, MM, 11). Two hundred and 
fifty milligrams of sodium benzylpenicillin and one teaspoon* 
ful (3 grams) of Raney nickel catalyst were added to IM ml. 
of anhydrous dioxane in a steel bomb and heated to 100° 
under hydrogen pressure and then immediately cooled. 
The nickel was separated and eluted with 60 ml. of 0.05 N 
sodium hydroxide. The eluates were adjusted to pH 6, 
filtered and concentrated under reduced pressure at 25° 
to 7 ml. and then adjusted to pH 2. An oil precipitated 
which was separated from the aqueous solution. The 
aqueous solution was exirac>ted twice with 4-ml, portions of 
chloroform and the extracts added to the oily precipitate. 
The oily residue and chloroform extracts yielded desthio¬ 
benzylpenicillin by removal of the solvent and crystallization 
of the residue from ethanol-w'ater. The aqueous solution, 
after standing for less than one-half hour, began to deposit 
crystalline needles which were removed and identified as 
benzylpenillic acid. 

These results indicate that then' was residual benzyl- 
penicillin present at the end of the hydrogenation experiment, 
because of the very low solubility of tin? sodium salt in the 
solvent. This residual benzylpenicillin rearranged to 
benzylpenillic acid when the aqueous solution as acidified 
to pH 2 for extraction of the desthiobenzylpenicillin. 

Hydrogenolysis of Benzylpenicillin Methyl Ester with 
Raney Nickel Catalyst. Preparation of Desthiobenzyl¬ 
penicillin Methyl Ester (Merck, M.S2, 9). P'ive hundred 
milligrams of benzylpenicillin methyl ester was dissolved in 
30 ml. of 60% aqueous dioxane and two teaspoonfuls (6 
grams) of freshly prepared Raney nickel catalyst (under 
water) was added. The mixture was heated at the reflux 
temperature for five minutes. It was cooled, centrifuged 
and the nickel washed with 60 ml. of dioxane in 6-ml. por¬ 
tions. The extract was evaporated to dryness under re¬ 
duced pressure, and the residue was dissolved in chloroform. 
This solution was filtered and evaporated to dryness under 
reduced pressure to yield 388 mg. of a clear oil; [a]u” -f 39° 
(c, 1.28 in ethanol). 

The oil was freed from acidic materials by dissolving it in 
ethyl acetate and extraction of the solution with N sodium 
bicarbonate. The ethyl acetate solution was then dried and 
evaporated to dryness under reduced pressure to yield an 
amber colored oil. A few milligrams of this oil was seeded 
with a Crystal of desthiobenzylpenicillin methyl ester 
previously prepared from desthiobenzylpenicillin and diazo¬ 
methane (Merck, M.40, 9), Crystallization took place and 
the crude product was recrystallized from chloroform-petro¬ 
leum ether (30-60°). After two recrystallizations, the 
crystalline plates of desthiobenzylpenicillin methyl ester 
melted at 107-108° (micro-block). 

Hydrogenolysis of Dimethyl Benzylpenillate (Merck, 
M,64f 4). Four hundred milligrams of dimethyl benzyl¬ 
penillate was dissolved in 80 ml. of pure dioxane and treated 
with three teaspoonfuls of Raney nickel catalyst. The 
suspension was rapidly heated to the reflux temperature, 
kept there for five minutes, and then immediately cooled to 
room temperature. The nickel was centrifuged from the 
liquid and washed with a total of 110 ml. of fresh dioxane. 
The combined dioxane solutions were concentrated to dry¬ 
ness in vacuo, at room temperature. A clear, colorless oil 
was obtained, weighing 361 mg. This oil, when dissolved in 
ether and treated with anhydrous hydrogen chloride, yielded 
a hydrochloride. It was crystallized from methanol-ether, 
m.p. 114-116° (micro-block), [ab*® —9° (c, 0.96 in methyl 
alcohol). 

Calc, for CuHaaO^NjCl: C, 68.61; H, 6.83; N, 7.60. 

Found: C, 68.20; H, 6.69; N, 7.68. 

Hydrogenolysis of Dimethyl Bensylpenlllate (Merck^ 
MM, 9). Two hundred milhgrams of dimethyl benzyl¬ 
penillate was dissolved in 100 ml. of dioxane and shaken for 


three hours with one-half teaspoon of Raney nickel catalyst 
under carbon dioxide and hydrogen pressure. The residue, 
weighing 188 mg., after removing the nickel and dioxane, 
gave negative tests for sulfur. With hydrogen chloride 
in ether it gave a crystalline hydrochloride. After recrys- 
tallization from methanol-ether, this compound melted at 
129-131° (micro-block). A mixed melting point with the 
hydrochloride obtained from the hydrogenolysis of dimethyl 
isobenzylpenillatc was 129-131° (micro-block). 

Hydrogenolysis of Dimethyl Benzylisopenillate (Merck, 
MM, 9). One hundred milligrams of dimethyl benzyliso¬ 
penillate (synthetic, m.p. 129-129°) was dissolved in 20 ml. 
of purified dioxane and treated with one teaspoon of Raney 
nickel catalyst. The suspension was heated rapidly to 
reflux and then immediately cooled. The total operation 
required six minutes. The suspension was centrifuged and 
the nickel was washed five times with 4-ml. portions of fresh 
dioxane. The solution, after distilling the dioxane, yielded 
77 mg. of a clear oil. The oil gave a crystalline hydro¬ 
chloride, which when recrystallized from methanol-ether, 
melted at 129-131° (micro-block). Em 10,980 at 2,375 A. 

Hydrogenolysis of Benzylpenillic Acid (Merck, MM, 7). 
Three hundred and seventy-five milligrams of benzyl- 
penillic acid was dissolved in 250 ml. of warm methanol and 
treated with two teasi:)oonful8 of Raney nickel catalyst. The 
mixture was quickly heated to the boiling point and kept 
refluxing for six minutes. After standing and cooling for 
five minutes, the supernatant liquid was filtered through a 
bed of Supercel on a sintered glass funnel, while the nickel 
residue was washed .seven times with 20 ml. portions of fresh 
methanol. The methanol solution was concentrated to dry¬ 
ness in vacuo. A white solid weighing 63 mg. was obtained 
which when acidified with 1 N hydrochloric acid, gave the 
characteristic odor of phenylacetic acid. 

The nickel residue was then washed with five 20 ml. 
portions of 5% sodium bicarbonate solution. The filtrate 
was brought to approximately pH 6 with 2.5 AT hydrochloric 
acid, and the resultant flocculent precipitate was filtered. 
The filtrate was concentrated to dryness in vacuo below 
60°. The dry residue was then extracted with chloroform. 
The filtered, dried chloroform solution upon concentration 
yielded 162 mg. of a viscous oil, which crystallized on stand¬ 
ing, m.p. 185-190° (micro-block). After several recrystal- 
lizations from methanol-ether, the melting point became 
constant at 194-197° (micro-block). The compound con¬ 
tained no sulfur, as determined by a sodium fusion: [ab** 
-0. 

Stability of Sodium Benzylpenicillin under the Conditiona 
of Solvent and Temperature for Hydrogenolysis (Merck, 
M,49t 10). Experiments I and II, as tabulated below, were 
carried out with aqueous solutions of sodium benzylpenicillin 
(2 mg./ml. and 1 mg./ml., respectively) which were heated 
rapidly to the reflux temperature. Samples of the solutions 


Experiment I 


1 

Time (min.) 

Temperature 

Activity 
(in buffer) 
(U./mg.) 

0 

26 

2350 

1 

45 

2100 

2 

65 

2000 

3 

90 

2000 

4 

100 

1800 

6 

100 

1850 

6 

100 

1600 

7 

100 

910 

S 

100 

420 

9 

100 

120 

20 

50 

1 10 

■ 
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were taken at intervals for bioassay in the first experiment 
and for bioassay and optical rotation in the second. As may 
be seen in the table below, the inactivation is quite slow as 
the temperature rises until one and one-half to two minutes 
after refluxing has begun, then activity and optical rotation 
fall rapidly. In experiment 1, the activity decreased from 
2,350 IJ./mg. to about 1,800 U./mg. after one and one-half 
minutes at the reflux temperature. In experiment II, the 
activity fell from 2,600 U./mg. to 1,940 U./mg. after two 
minutes at the reflux temperature. 


Kxperimerit II 


Time (Min.) 

Temperature 

Activity 
(in buffer) 
(U./mg.) 


0 

25 

2600 

+300 

1 

51 

2600 

300 

2 

80 

2600 

300 

3 

100 

2200 

300 

4 

100 

2800 

280 

5 

100 

1940 

210 

6 

100 

1400 

180 

7 

100 

430 

130 

8 

100 

21 

170 

14 

60 

10 

150 


jS-Phenylpropionanilide (Pliz(‘r, P.JUJi, 8). One-half gram 
of the /3-lactam of /3-phenylamino-j9-ph(uiylpropionic acid in 
30 cc, of 50% aqueous dioxane was treat(^d wdth 2 teaspoon¬ 
fuls of Raney nickel catalyst and the solution was refluxed 
for five minutes. The mixture was filtered and the catalyst 
washed with 50 cc. of dioxanci in several small portions. The 
colorless solution was evaporated to dryness under reduced 
pressure to give a white crystalline residue melting at 
97-98®. Recrystallization of the residue from aqueous 
methanol gave 300 mg. of product melting at 97-98®. 
Another crop of 150 mg. was obtained from the mother 
liquor by diluting with water. 

Calc, for CuHuON: C, 80.00; H, 6.66; N, 6.23. 
Found: C, 79.71, 80.14; H, 6.71, 6.60; N, 6.56. 

A sample of /3-phenylpropionanilide was prepared from 
cinnamanilide by hydrogenation using Adams platinum 
oxide catalyst. The /3-phenylpropionanilide was recrystal- 
lized from Skellysolve-C and melted at 97-98®. A mixed 
melting point determination with this product and the 
material obtained from the action of Raney nickel on the 
, /8-phenylamino-/3-phenylpropionic acid showed no depression. 

Attempted Hydrogenolysis of the /3-Lactam of a-Phenyl- 
acetylamiBO-/3-phenylammopropionic Acid (Pfizer, P.;S5,10). 
A solution of 0.5 g. of the /3-lactam in 30 cc. of 50% aqueous 
dioxane was refluxed for five minutes with 2 teaspoonfuls of 
Raney nickel catalyst. After filtering and washing the 
catalyst, the solution was evaporated to dryness under 
reduced pressure. The residue (0.3 g.) was recrystallized 
from ethanol. The first crop, melting at 217-218®, was 
recovered /5-lectam and weighed 0.2 g. The second crop 
melted at 163-165®, but when mixed with a-phenyl- 
aoetylaminopropionanilide, the melting point was depressed 
to 153-156®, indicating that no cr-phenylacetylamino- 
propion&nilide was forthed. Authentic cv-phenylacetyl- 
aminopropionanilide was prepared by heating phenylacetyl- 
. alanine and aniline until no more water was evolved. 
After recrystallization from ethanol, the product melted at 
165-166*, 

Calc, for CitHiiO,N,: C, 72.25; H, 6.39; N, 9.93. 

Found: C, 72.76; H, 6.46; N, 10.15, 9.90. 


Attempted Hydrogenolysis of the /3«Lactam of /3-Phenyl- 
aminopropionic Acid (Pfizer, r,2Sy 10). A solution of 0.3 g. 
of the /3-lactam in 25 cc. of 50% aqueous dioxane was refluxed 
for five minutes with a teaspoonful of Raney nickel catalyst. 
After cooling, the mixture was filtered and the nickel washed 
with dioxane. The combined filtrate and washings were 
evaporated to dryness under reduced pressure. The resi¬ 
due weighed 0.25 g. and melted at 79-80°. This material 
showed no depression in melting point upon admixture with 
the starting material. 

Hydrogenolysis of ^-Lactam of ^-Benzylamino-c»,a-di- 
methyl-/3-phenylpropionic Acid (Shell, Sh.9^ 123). A solu¬ 
tion of 0.5 g. of the /3-lactam in 15 ml. of dioxane and 1.5 ml, 
of water was refluxed with 2 teaspoonfuls of Raney nickel 
catalyst for twenty minutes. The nickel was collectiul on a 
filter and washed w'ith dioxane. The filtrate was tjonc^en- 
trated to 10 ml. and extracted with (dber. The ether extract 
was dried with sodium sulfate and the ether removed on a 
steam cone. The residue could not he crystallized and was 
extracted several times with petroleum ether (b.p. 50-70°). 
The infrared spectrum indicated the prcsiuKM^ of a monosub- 
stituted amide, probably N-bcnzyl-o,«-(limethyl-^-phenyl- 
propionainide, contaminated with a slight amount of starting 
material. 

Hydrogenolysis of /3-Lactam of 2-Phenyl-2-thiazolidine- 
a-isobutyric Acid (Shell, Sh.9y 122). A mixture of 0.5 g. 
of the i^-lactam in 75 ml. of dioxane and four tea.spoonfuls of 
Raney nickel was shaken occasional!}^ at room temperature 
for one hour. The Haney nickel was collected on a filter and 
washed with dioxane. The solvent was removed from the 
filtrate under reduced pre^ssure. A pale ycilow' oil w^as 
obtained which could not be crystallized. A solution of this 
oil in 30 ml. of petroleum ether %va8 treated with charcoal. 
Removal of the petroleum ether under reduced pressure leit 
0.3 g. of a clear colorless oil. The infrared spectrum ((.iiap- 
tcr XIII) of this material w'as identical with that of the 
^-lactam of /3-ethylaniino-a,n'-dimethyl-/3-phenylpropionic 
acid. 

Experiments on the Hydrogenolysis and Hydrogenation 
of Desthiobenzylpenicillin. 

Experiment I (Merck, M.52, 10). One hundred and ten 
milligrams of desthiobenzylpenicillin was subj(*cted to the 
same conditions used for the hydrogenolysis of sodium benzyl-, 
penicillin to give desthiobenzylpenicillin and phenylacetyl- 
ir-alanyl-D-valine. Using the same technique for the 
isolation of the above two compounds, only the starting 
material wsis recovered. 

Experiment II. Desthiohexahydrobenzylpenicillin 
(Merck, M.59, 10). One teaspoonful (3 grams) of Raney 
nickel catalyst (under water) was added to a solution of 
385 mg. of desthiobenzylpenicillin in 150 ml. of dioxane. 
The solution was hydrogenated at 2,400 lbs. pressure and 
140-144° for one hour. 

The nickel catalyst was separated and extracted ten 
times with 5-ml. portions of 0.1 N sodium hydroxide. The 
extracts were adjusted to pH 6 and the alumina which 
precipitated was removed by filtration. The filtrate was 
adjusted to pH 3-4 and the solution allow^ed to stand over¬ 
night in the refrigerator. The small amount of crystals 
which appeared were separated, washed with water and 
dried; m.p. 256-260® (dec.) (micro-block); yield, about 1 mg. 

The filtrate was concentrated under reduced pressure 
at 25° to about 15 ml., and as the solution was adjusted to 
pH 2 an oil precipitated. The oil was extracted from the 
solution with chloroform. The chloroform extract was 
dried, fiiltered and evaporated to dryness under reduced 
pressure at 25®; yield, 200 mg. As all attempts to crystal¬ 
lize this residue were unsuccessful, it w as dissolved in 10 ml. 
of methanol and a slight excess of benzylamine added. 
Addition of ether to the methanol solution gave 150 mg. of 
crystalline material, m.p. 90-135° (dec.). 

In the slow fractional crystallization from methanol solu¬ 
tion by the slow addition of ether, fractions were obtained 
which consisted of a mixture (about 20:1) of well-defined 





260 


DESTHIOBENZYLPENICILLIN AND RELATED PRODUCTS 


needles and plates. This mixture of crj'^stals was observed 
on the micro-block; the needles melted at 124-128° and the 
plates at 196-210° (dec.). Separation of the two compounds 
was effected by careful w'ashirig with a small amount of 
methanol. Ether was added to the methanol solution to 
cause rapid crystallization of the needle-like material; m,p. 
12«5-128° (dec.) (micro-block); [alo®'’ -f8° (c, 1.8in water). 

Potentiometric titration of this compound, m.p. 125-128°, 
showed it was a benzylarnine salt of a monobasic acid with an 
equivalent weight of 417. This compound is believed to be 
the benzylarnine salt of the hexahydro derivative of desthio- 
benzylpenicillin. The ultraviolet absorption spectrum 
substantiated the belief that the phenyl nucleus of dcsthio- 
benzylpenicillin had been hydrogenated to a cyclohexyl 
nucleus. 

Calc, for 

C, 06.16; H, 8.45; N, 10.05. Mol. wt., 416. 
Found: C, 06.85; H, 8.73; N, 9.65. 

The plate-like material wliich was sparingly soluble in 
methanol, after crystallization from nu)thanol-ether, or by 
neutralization of its alkaliiu? solution, melUid at 219 220° 
(dec.) (micro-block). This compound is believed to be the 
a-b(?nzylaniide of D-a-desthiohexahydrobenzyliienicilloic 
acid. This belief was substantiated again l^y the ultraviolet 
absorption spectrum of the compound, 'fitration showed it 
was a monobasic acid with an equivalent w(*ighl of 382. 

Calc, for C, 66.16: H. 8.45; N, 10.05. 

Found: C, 66.13; H, 8.43; N, 9.73. 

It appeared that the benzylarnine salt, m.p. 125 128°, was 
converted to the a-benzylarnide when the mothanol-cther 
solution of the salt was allowed to stand. This belief was 
strengthened by the fact that when a methanol-ether solu¬ 
tion of desthiobenzylpenicillin and benzylarnine was allowed 
to stand, the a-benzylamido of n-a-desthiobenzylpenicilloic 
acid was formed. 

Experiment III (Merck, M.64j 3). Treatment of a 
dioxane solution of desthiobenzylpenicillin and Haney nickel 
catalyst at 100°, 140°, 160°, 180° for periods of one-half to 
four hours did not effect a conversion to phenylacetyl- 
L-alanyl-D-valine or its hexahydro derivative. However, in 
each attempt a very small yield (less than 1 %) of crystalline 
material, m.p. 254-258° (dec.) (micro-block) was obtained. 

Experiment IV. Hydrogenation of Desthiobenzyl- 

PBNICILLIN to DesTHIOHEXAHYDROBENZYLPENICILIJN WITH 

Platinum Oxide Catalyst (Merck, M.66, 11). A solution 
of 248 mg. of desthiobenzylpenicillin in 200 rnl. of methanol 
with 300 mg. of platinum oxide catalyst ceased to absorb 
hydrogen after eighteen and one-half hours at 25°. The 
catalyst was removed and the solution evaporated to dry¬ 
ness under reduced pressure, llie residue was dissolved in 
0.1 JV sodium hydroxide. Neutralization with dilute acid 
precipitated an oil. Attempts to crystallize this oil were 
unsuccessful. When one equivalent of benzylarnine was 
added to the oil in methanol and after addition of ether, a 
crystalline benzylarnine salt was precipitated. After throe 
recrystallizations from methanol-ether, crystals in the form 
of needles, m.p. 125-128° (micro-block), were obtained, 
[a]D** 4-8° (c, 1.8 in water). This salt was identical with the 
benzylarnine salt, m.p. 125-128°, obtained in the previous 
experiment where Raney nickel was used as the catalyst. 

Experiment V. Hydrogenation of a Mixture of 
Desthiobenzylpenicillin and Phenylacetyi^l-alanyl- 
D-VALiNE (Merck, 9). A mixture of desthiobenzyl¬ 

penicillin (106 mg.) and phenylacetyl-L-alanyl-D-valine 
(10 mg.) in 100 ml. of dioxane solution was hydrogenated at 
2,800 lbs. pressure with 0.5 teaspoonful of Haney nickel 
catalyst at 140° for one hour and twenty minutes. 

The nickel catalyst was separated and extracted ten times 
with 5-ml. portions of 0,1 V sodium hydroxide. The com¬ 
bined extracts were adjusted to pH 6 and the alumina which 
precipitated was removed by Miration. The filtrate was 


adjusted to pH 3-4 and let stand. After a short period of 
time, cyclohexylac.etyl-L-alanyl-D-valine began to precipitate 
in a crystalline form; yield, 8 mg.; m.p. 235-237° (dec.) 
(micro-block). 

Synthesis of the Isobutylamide of Phenylacetyl-L-alanine 

(Merck, 5). Eleven and nine-tenths grams of 

phenylacetyl-r^alanine was converted to the methyl ester 
with excess diazouicthaue in ether solution. The solvent 
was nunoved under reduced pressure. To the residue, were 
added 2.50 ml. of ethanol and 8 inL of 85% hydrazine hydrate 
and the solution was refluxed for three hours. On cooling, 
the colorless crystalline hydrazide of phenylacetyl-ii-alanine 
was collected. AftiT rocrystallization from hot ethanol, 
10.5 g. of product was collected; m.p. 190-192°. After a 
second recrvstallization from hot etlianol, the melting point 
was 191-192°; [ah^^ -62.5° (r, 1.1 in 50% ethanol). 

Calc, for CuHiiO.Na: C, 59.71; H, 6.83; N, 18.99. 

Found: C, 59.56; H, 6.47; N, 19.35. 

The azide of phenylacetyl-i^alanine w^as prepared from 
1.08 g. (4.9 inilliinoles) of tlie hydrazide of phonylacotyl-L- 
alanine by di.ssolving the hydrazide in 20 ml. of water (!on- 
tainiiig 0.9 ml. of concentrated hydrochloric acid and while 
cooling in an ice bath, 0.38 grams of sodium nitrite in water 
w'a.s added. Tlie solution W'as stirred for five minutes in the 
ice bath. The azide was collected on a filter washed with 
water and tlum with petroleum ether. The moist azide w^as 
added to 0.36 g. (4.9 millimoles) of isobutylaniinc and 0.42 g. 
of sodium bicarbonate in 10 ml. of water. After allowing 
the reaction mixture to stand for four hours with occasional 
stirring and shaking, 0.9 g., m.p. 163-165°, of colorless 
crystallim‘, product was collected. Repi'ated recrystalliza- 
tion from hot water raised the melting point to 165-160° 
(capillary), m.p. 170-172° (micro-block), -59° (c, 0.5 
in methanol). 

Calc, for Cl JI 22 O 2 N 2 : C, 68.67; II, 8.45; N, 10.68. 

Found: C, 68.90; H, 8.06; N, 10.52. 

Synthesis of Phenylacetyl-L-alanyl-D-valine and Phenyl- 
acetyl-D-alanyl-D-valine from 2-Benzyl-4-methyl-5(4)-ox- 
azolone and D-Valine (Merck, MJO^ 17; 63, 23). A mixture 
of 3.2 g. (0.017 mole) of 2-benzyl-4-methyl-5(4)-oxazolone 
and 2.2 g. (0.0187 mole) of d- valine in 25 ml. of glacial acetic 
acid was heated to boiling and then allowed to cool. The 
solvent was removed under reduced preissure. The resulting 
oil was dissolved in N sodium hydroxide and the solution 
was washed with chloroform. The alkaline solution was 
filtered and then acidified with hydrochloric acid. An oil 
separated which slowly crystallized. The crystalline product 
was washed with water and then with ether until colorless. 
It weighed 2.2 g., m.p. 169-170°. Repeated crystallization 
from ethyl acetate and precipitation from N sodium hydrox¬ 
ide with hydrochloric acid yielded a small amount of one 
isomer; m.p. 206-207°; [ajp** —44° (c, 1.04 in N sodium 
hydroxide). 

Calc, for Ci,Hm 04 N,: C, 62.72; H, 7.24; N, 9.15. 

Found: C, 62.78; H, 7.14; N, 9.28. 

A more efficient method of isolating this isomer is as 
follows: One gram of crude colorless phenylacetylalanyl-D- 
valine, m.p. 165-176°, was dissolved in 40 ml. of warm acet¬ 
one with the calculated amount of ephedrine and filtered. 
An ephedrine salt slowly crystallized at room temperature. 
There was collected 0.61 g. of the salt; m.p. 172-173° (sinter¬ 
ing at 170°). 

Calc, for C»H, 70 *N,: C, 66.22; H, 7.90; N, 8.91. 

Found: C, 65.65; H, 7.79; N, 8.98. 

The ephedrine salt was dissolved in ammonium hydroxide 
and the solution was extracted with chloroform. The idka- 
line solution was filtered and acidified with hydrochloric 
acid. The crystalline product which separate weighed 
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0.21 g.; m.p. 206-207®. This isomer was identical with 
phenylacetyl-L-alanyl-D~valine which is described in the 
following section. 

To 0.76 g. of mixed isomers, m.p. 175-184°, from which 
part of the isomer of m.p. 206-207° had be(5n r(*mov(»d 
through the ephedrinc salt, was added the calculated amount 
of cinchonidine in 8 ml. of warm ethanol. There was 
collected 0.56 g. of cinchonidine salt, m.p. 185-187°. Ke- 
peated crystallization from hot ethyl acetate raised the 
melting point to 188-189°. 

Calc, for C,6H4406N4: C, 69.97; H, 7.38; N, 9.33. 

Found: C, 69.81; H, 7.58; N, 9.13. 

To 0.23 g. of this cinchonidine salt were added 3 ml. of N 
sodium hydroxide and 5 nil. of cdiloroform and the mixture 
was thoroughly shaken. Tin* alkaline layer was washed 
once witii 5 ml. of chloroform and filtered. Upon acidifica¬ 
tion with hydrochloric acid, an oil separated which im¬ 
mediately crystallized. There was collected 0.080 g. of 
phenylacetyl-n-alanyl-i)-valine, m.p. 199-200°, ^83° 

(c, 1.02 in N sodium hydroxide). The melting point of a 
mixture of this isomer, m.p. 199-200°, with the other isonnir, 
m.p. 206-207°, was 178 181". 

Calc, for CiflH 2 '.i 04 N,: C, 62.72; 11, 7.24; N, 9.15. 

Found: C, 62.37; 11, 6.99; N, 8.91. 

Synthesis of Phenylacetyl-L-alanyl-o-valine from the 
Azide of Phenylacetyl-L-alanine and n-Valine (Merck, 
M£2, 5). The azide of phenylacet 5 d-i/-alaniuc was pre¬ 
pared from 1.08 g. (0.0049 niole) of the hydrazide of phenyl- 
acetyl-f^alanine. The moist azide was added to a solution 
of 0.57 g. (0.0049 mole) of i»-valine, 0.26 g. of sodium car¬ 
bonate and 0.42 g. of sodium bicarbonate in 10 ml. of water. 
With stirring, n(;arly all of the azide had gone into solution 
after two hours. The nearly chuir solution was liltered and 
the filtrate was made acid to pll 2 with hydrochloric acid. 
The colorless crystals which immediately separated were 
collected and crystallized from N sodium hydroxide by 
acidifying wdth hydrochloric acid. The phenylacetyl- 
Lr-alanyl-D-valine weighed 0.91 g. and melted at 206-207°. 
After tw^o recrystallizations from N sodium hydroxide by 
acidification, the melting point w^as unchanged; —42° 

(c, 1.1 in /V sodium hydro.xidc). 

Cyclohexylacetyl-L-alanyl-D-valine from Hydrogenation 
of Phenylacetyl-L-alanyl-D-valine (Merck, MM9, 9). One 
hundred milligrams of phenylacetyl-L-alanyl-i>-valine in 
100 ml, of dioxane was hydrogtmated at 2,700 lbs. pressure 
with one toaspoonful of Raney nickel catalyst at 140° for 
two hours. 

The nickel catalyst was separated and extracted ten 
times with a total volume of 45 ml, of 0.05 N sodium hydrox¬ 
ide. The extracts were adjusted to pH 6 and the alumina 
which precipitated was removed by filtration. The filtrate 
was adjusted to pH 4 and scratching the sides of the fiask 
induced the crystallization of cyclohexylacetyl-L-alanyl-n- 
valine, m.p. 236-238® (dec.) (micro-block). Reorystalliza- 
tion by precipitation from alkaline solution with dilute 
acid gave needles, m.p. 236-238® (dec.) (micro-block). 

Calc, for CiiHiB 04 N,: C, 61.61; H, 9.03; N, 8.97. 

Found: C, 61.48; H, 8.95; N, 9.03. 

Detthio1>eiizylpenicilli]i Methyl Ester by Reaction of 
Dosthiobenzylpenicillin with Diazomethane (Merck, 

9). Twenty-two milligrams of desthiobenzylpenicillin was 
treated with an excess of diazomethane in ether solution for 
ten minutes. The solution was then evaporated to dryness 
under reduced pressure and the residue allowed to crystal¬ 
lize from chloroform by the addition of petroleum ether 
(30-60®). The crystals melted at 108-110®, Recrystal- 
lization from the same solvents gave dense crystals; m.p. 
108-^110® (micro-block). Active hydrogen determinations 
by the Zerewitinoff method gave 1.08 and 1.18 moles of 
methane^ respectively. 


Calc, for CnH 2204 N 2 : 

(\ 64.13; H, 6.97; N, 8.80. 

Found: (\ 64.26, 64.25; H, 6.79, 7.08; N, 8.96. 

The infrared spectrum (Slu41, #S7i.4? 32; 53, 56; Mich. 

Fhys., 60; Merck, Af Ml, 3) shows two bands in the 3 n 
region (2.94 m and 3.05 m), two band.s in the double bond 
region (5.77 m and 5.98 m) and a characteristic band at 
6.60 M. 

Phenylacetic Acid from the Acid Hydrolysis of Desthio¬ 
benzylpenicillin (Merck, MJf9, 11). A solution of 86 mg. of 
desthiobenzylpenicillin in 10 ml. of 3 N hydrochloric acid 
was refluxed for six liours. The solution w^as then extracted 
with ether by a contmuous process for fifteen hours. The 
Cither extract was evaporated to dryness and the resulting 
dark colored residue triturated with petroleum ether (30- 
60°). Concentration and cooling of the petroleum ether 
solution gave 29 mg. of crystals; rn.p. 77-78° (micro-block). 
When this crystalline product was mixed with an authentic 
sample of phenylacetic aewd, thci medting point of the mixture 
w'as 77- 78“ (micro-ljlock). 

D-a-Desthiobenzylpenicilloic Acid from the Acid Hy¬ 
drolysis of Desthiobenzylpenicillin (Merck, A/.4.9, 12:57, 2). 
A solution of 166 mg. of desthiobenzylpenicillin in 10 ml. of 
0.5 N al<!oholic hydrochloric acid (1:1) was heated at 60-75° 
for fiftetjn minutes. Muring this period of heating, the 
optical rotation decreased and b(u;ame constant at fajp** 
—25°. The acidity was adjusted to pll 3-4 and the solution 
w’a.s concentrated to less than one-half of its volume. It w^as 
then liltered and allowed to stand overnight. The crystals 
which formed w'cre collected, washed with w^ater and dried; 
m.f). 188-189° (dec.); yield, 30 mg. After repeated recrys¬ 
tallization from methanol-ether, the melting point was 
constant at 196-198° (dec.) (micro-block); [a]D*‘’* —36° (c, 
1.05 in 0.5 N hydrochloric acid), When these crystals were 
mixed with i>-a-d(iHthiobenzylpenicilloic acid obtained from 
hydrogenolysis and saponification of a-cthyl n-a-benzyl- 
penicilloate (see following section), the melting point was 
unchanged at 190 -198° (micro-block). 

Calc, for Ci«H2.20lN,>: C, 59.61; II, 6.88; N, 8.69. 

Found: C, 59.58; 11, 6.33; N, 9.13. 

Potentiometrie titration gave unequal spans. However, 
the found pK* values, 3.30 and 8.88, are in good agreement 
with pK* 3,34 and 8.85 obtained from the titration of the 
hydrogenolysis product of i)-a-benzylpenicilloic acid. 

D-a-Desthiobenzylpenicilloic Acid from Hydrogenolysis 
and Saponification of a-£thyl n-a-Benzylpenicilloate (Merck, 
M.22, 11; 27, 1). a-Ethyl D-«-benzylpenicilloate was sub¬ 
jected to hydrogenolysis with excess Raney nickel catalyst in 
0.5% sodium carbonate solution at 60-70° for thirty minutes. 
When the sodium carbonate solution was acidified and con¬ 
centrated under reduced pressure, an oil separated. This oil 
was removed and treated with benzylamine in methanol 
solution to give a benzylamine salt, m.p. 140-141® (micro¬ 
block). This salt was identified as the benzylamine salt of 
phenylacetylalanine by analyses and comparison with an 
authentic synthetic sample. 

After separation of the N-phenylacetylalanine, a second 
product was isolated from the aqueous mother liquor. This 
product, D-a-desthiobenzylpenicilloic acid, crystallized from 
water in the form of needles, m.p. 192.5-193.5® (dec.) 
(micro-block). 

Calc, for CieHajOftN*: C, 59.61 ; H, 6.88; N, 8.69. 

Found: C, 59.62; H, 7.48; N, 8.52. 

u-a-Desthiobenzylpenicilloic Acid from the Alkaline Hy-> 
droljrziz of Desthiobenzylpenicillin (Merck, Af .4^, 12; 5/, 3). 
A solution of 99 mg. of desthiobenzylpenicillin in 10 ml. of 
O.l AT sodium hydroxide was heated on the steam bath for 
fifteen hours. The rotation of the solu tion after the addition 
of 11 ml. of 0.1 AT hydrochloric acid was [ajo** —24®. This 
solution was extracted with chloroform. The chloroform 
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extract yielded a residue which, after crystallization from 
methanol-ether, melted at 168““173® (dec.). The extracted 
aqueous solution was evaporated to dryness under reduced 
pressure. The residue was washed with 3-ml. portions of 
cold water and then crystallized from water to yield needle¬ 
like crystals, m.p. 195-196° (dec.) (micro-block). The 
melting point was unchanged when these crystals were 
mixed with n-a-desthiobenzylpenicilloic acid obtained from 
the acid hydrolysis of desthiobenzylpenicilliu or with n-a- 
desthiobenzylpenicilloic acid obtained from the hydrogenoly- 
sis and saponification of a-ethyl o-oi-benzylpeaicilloate. 

Potentiometrie titration of repeatedly crystallized material 
showed presence of a small amount of a persistent impurity 
which was demonstrated by the unequal spans obtained 
(span ratio =» 1.23). However, the pK* values were always 
in good agreement with 3.30 and 8.88 for n-a-desthiobenzyl- 
penicilloic acid. 

<xoBenzylamide of n-a-^Desthiobenzylpenicilloic Acid from 
Desthiobenzylpenicillin and Benzylamine (Merck, 8). 

A solution of 65 mg. of desthiobenzylpenicillin in 3 ml. of 
dioxane containing 0.25 ml. of benzylamine was refluxed for 
three hours. The solution was then cooled and concentrated 
under reduced pressure at 25° until a viscous oil n^mained. 
This residue was dissolved in 4 ml. of water and on acidifica¬ 
tion with dilute hydrochloric acid, a crystalline precipitate 
began to form. The cry.stalline pr(‘cipitate was collected, 
washed with water and dried; yield, 52 mg.; m.p. 187-191°. 
After two recryatallization.s froiii 75% methanol, the melting 
point of the product w^as constant at 204-205° (micro-block); 
[aln*® —17.1° (c, 0.35 in N sodium hydroxide). When this 
product was mixed with a sample of the a-benzylamide of 
D-a-deathiobenzylpenicilloic acid derived from the hydro- 
genolysis of tlio a-bcnzylamide of D-a-benzylpenicilloic 
acid (see follow ing section), the melting point w as unchanged. 

Calc, for C«H 2 » 04 N,: C, 67.13; H, 7.10; N, 10.21. 

Found: C, 66.80; H, 7.18; N, 9.97. 

a-Benzylamide of D-cr-DesthiobenzylpenicUloic Acid from 
the Hydrogenolysis of the a>Benzylamide of n-a-Benzyl- 
penicilloic Acid (Merck, M,22y 10; 16b, 8). The a-benzyl- 
amide of n-o^benzylpenicilloic acid prepared from benzyl- 
penicillin and benzylamine (Merck, M.lbh, 4) was dissolved 
in 0.5% sodium carbonate solution and treated with excess 
Raney nickel catalyst at 70° for thirty minutes. The 
catalyst was separated by filtration and eluted with 0.5% 
sodium carbonate. The eluates were combined with the 
filtrate and after acidification with dilute hydrochloric acid, a 
precipitate was obtained. Purification of this precipitate 
gave the crystalline a-benzylamide of D-a-desthiobenzyl- 
penicilloic acid; m.p. 201-202° (micro-block). 

Calc, for CaJi 2 . 04 N,: C, 67.13; H, 7.10; N, 10.21. 

Found: C, 67.42; H, 7.40; N, 10.08. 

Hydrogenolysis (Merck, M,22, 11) of synthetic o-benzyi- 
amide of D-benzylpenicilloic acid (Merck, MJ6c, 4) by the 
same procedure gave a crystalline residue which melted over 
a wide range. By a process of fractional crystallization, two 
products were isolated. One product melt^ at 202° (micro¬ 
block); [alo** —24.6° (c, 0.3 in 0.1 N sodium hydroxide). 
When this product was mixed with a sample of the o-benzyl- 
amide of n-o-desthiobenzylpenicilloic acid obtained from 
hydrogenolysis of the natural’’ ce-benzylamide of n-eeben- 
zylpenicilloic acid, the melting point was imchanged. 

Calc, for C,iH 2 * 04 N,: C, 67.18; H, 7.10; N, 10.21. 

Found: C, 07.44; H, 7.51; N, 10.31. 

The other product melted at 153-157° (micro-block) and 
gave the following analytical data. Found: C, 69.68; H| 
6.51; N, 9.71. The compound appeared to be an impure 
sample of the second possible diastereoisomer. 

a^Sthyl n-a^Desthiobenzylpenicilloate from Reaetioii of 
Deathiobenzylpeiiiciliiii with Bthanol (Merck, ilf .dd, 6). In 
a study of the reaction of desthiobenzylpenicillin with 


anhydrous hydrogen chloride in inert solvents, chloroform, 
which later w'as found to contain 0.7% ethyl alcohol, was 
used as a solvent in one of these experiments. In this par¬ 
ticular case, a compound was obtained which was presumed 
to be of-ethyl D-a-desthiobenzylpenicilloate and was ob¬ 
tained as follow*s: 

Two hundred and forty milligrams of desthiobenzylpeni¬ 
cillin was dissolved in 25 ml. of chloroform. Anhydrous 
hydrogen chloride was bubbled in for three minutes and the 
solution was then heated on the steam bath for three 
minutes. The solution was concentrated under reduced 
pressure to one-half of its volume; 1 ml. of pyridine was 
added and the concentration continued until a viscous oil 
remained. To this oil, 2 ml. of ethyl alcohol was added 
and on scratching the walls of the flask, crystallization began. 
The crystals were separated, washed with water and then 
ether. After drying, the crystals softened at 188° and 
melted at 212-215° (dec.) (micro-block). They were twice 
recrystallized from hot ethyl alcohol without change in melt¬ 
ing point; fajD** —55° (c, 0.67 in 0.1 N hydrochloric acid). 

Calc, for C, 61.71; H, 7,48; N, 8.00. 

Found: C, 61.83; H, 7.44; N, 7.94. 

]>-y-Desthiobenzylpenicilloic Acid Hydrochloride, Di¬ 
methyl n-Y-Desthiobenzylpenicilloate Hydrochloride, n-a- 
Desthiobenzylpenicilloic Acid and n-Valine Hydrochloride 
from Reaction of Desthiobenzylpenicillin with Anhydrous 
Hydrogen Chloride (Merck, M,66, 9; 69, 7, 8). In a series 
of experiments on the attempted rearrangement of desthio- 
benzylpenicillin and its methyl ester to desthiobenzylpenillic 
acid and its ester, the significant experimental results are as 
follows: 

Expkkimmnt I. A solution of 45.7 rng. of dcsthiobenzyl- 
penicillin in 10 ml. of dioxane containing ten equivalents of 
anhydrous hydrogen chloride, after standing for onc-half 
hour at 25°, had a rotation of [a]D*“ —21,9°. Prolonged 
standing produced no further change in rotation. 

The solution was evaporated to dryness under reduced 
pressure at 25° and the viscous residue dissolved in 10 ml. of 
acetone. After standing at room temperature for about one 
hour^ crystallization began and continued slowly for twenty- 
four hours. The crystalline material was washed with acet¬ 
one and dried; yield, 11 mg.; m.p. 172-173° (dec.). After 
recrystallization from rnethanol-ether, the melting point was 
172-173° (dec.) (micro-block). It was identified as d- 7- 
desthiobenzylpeniciUoic acid hydrochloride. When this 
compound was mixed with a sample obtained by hydro¬ 
genolysis of n-y-benzylpenicilloic acid (Merck, M,6S, 16; 
66, 12) the melting point was unchanged. 

CaJe. for CiiHsaOsNiCl: C, 53.55; H, 6.46; N, 7.81. 

Found: C, 53.85; H, 6.71; N, 7.69. 

A further comparison was made by converting the above 
compound, m.p. 172-173° (dec), to the dimethyl ester hydro¬ 
chloride by reaction with diazomethane and then formation 
of the hydrochloride. The crystalline product melted at 
145-148° (micro-block). A mixture of this compound with 
.an authentic sample of dimethyl n-y-desthiobenzylpenicil- 
loate hydrochloride (Merck, M.SO, 19; 66, 12) melted at 
145-148° (micro-block). 

Calc, for CxgHjTOsNtCl: C, 55.83; H, 7.04; N, 7.25. 

Found: C, 66.07; H, 7.09; N, 7.24. 

Experiment II. Three hundred and twenty milligrams 
of desthiobenzylpenicillin was dissolved in 30 ml. of puri¬ 
fied dioxane and fifteen equivalents of anhydrous hydrogen 
chloride was added. An additional 20 ml. of dioxane was 
added to the solution and the solution allowed to stand lor 
sixteen hours at 25°. After standing for this time, the 
solution, JaJp** -11°, was evaporated to dryness imder 
reduced pressure at 25° and the viscous residue dissolved 
in 10 ml. of acetone. The acetone solution after standing for 
two hours begsn to deposit a orystalline preeipita^ of 
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o- 7 -de 8 thiobenzylpenicilloic acid hydrochloride. After 
twenty-four hours when crystallization was nearly complete, 
the crystals were separated, washed with acetone and dried; 
yield, 100 mg., m.p. 172-173® (dec.) (micro-block). During 
a period of thirteen days second and third crops of crystals 
were collected; total yield, 38%. The acetone solution on 
further standing deposited ca. 1 mg. of crystalline material, 
m.p 238-241® (dec.) (micro-block). The acetone solution, 
which during these separations began to turn yellow, was 
treated witli dilute ammonia. This treatment gave a 
crystalline precipitate which was separated and washed with 
acetone. The precipitate was dissolved in 8 ml. of water and 
the solution adjusted to pH 3-4 with hydrochloric acid. 
Rosettes of (trystals formed in the solution during a period of 
two days. Theses crystals were collected, washed with cold 
water and dried; yield, 32 rng.; m.p. 191“ 193°; —22.4® 

(r, 0.79 in 0.07 N hydrochloric acid). The compound was 
identified as D-a-desthiobenzylpenicilloic acid. 

Calc, for 59.C1; TI, 0.88; N, 8.69. 

Found: C, 59.89; II, 7.16; N, 8.75. 

Kxpekiment III. An attempt was made in this experi¬ 
ment to exclude all traces of water. 'Hie apparatus was 
^Ujaked out” and then cooled in a vacuum desiccator over 
sodium hydroxide. Nine liundred milligrams of desthio- 
henzylpenicillin (dried at 70® at 1 mm. for two hours) was 
dissolved in 30 ml. of purified dioxane (freshly distilled 
over sodium) and one equivalent of anhydrous hydrogen 
chloride added. After standing at 25® for one hour, a line 
crystalline precipitate began to form. The solution at 
this time had a rotation of -h36®. 

After forty-eight hours, the crystalline precipitate was 
collected, washed with ether, and dried. On the micro- 
block, the plate-like crystals changed to a needle form at 
190® and then began to sublime at 210®. After recrystal¬ 
lization from methanol by the addition of ether, plate-like 
crystals were obtained with no change of sublimation tem¬ 
perature; (o]i)** — 21 , 2 ® (c, 0.8 in water). This compound 
was identified as o-valine hydrochloride. When this com¬ 
pound was mixed with an authentic sample, the mixture 
changed to needle form at 189® and sublimation began at 
209® on the micro-block. 

Calc, for CJ 1 , 20 *NC 1 : 

C, 39.09; H, 7,88; N, 9.12 
Found: C, 39.57, 38.86; H, 7.48, 7.44; N, 9.09. 

Attempted Rearrangement of Desthiobenzylpenicillin to 
Desthiobenzylpenillic Acid (Merck, 8). Fifty-four 

milligrams of desthiobenzylpenicillin was dissolved in a mix¬ 
ture of 4.5 ml. of methanol and 18 ml. of water. To this 
solution was added 0.5 ml. of O*.! N hydrochloric acid, bring¬ 
ing the solution to approximately pH 2. The solution was 
allowed to stand at room temperature for thirty-six hours 
during which time the optical rotation remained unchanged 
at [a]D** -f 9®. When the solution was concentrated to 
one-half of its volume under reduced pressure at room tem¬ 
perature, crystals of starting material began to form. 
Thirty-nine milligrams of starting material was recovered. 
There was no evidence of rearrangement products. 

Preparation of D-y-Desthiobenzylpenicillolc Acid and Its 
Hydrochloride (Merck, 16; 56^ 12). Two grams of 

cK-methyl n-y-benzylpenicilloate was dissolved in 35 ml. 
of 0.15 N sodium hydroxide. This solution was added to a 
suspension of three toaspoonfuls of Raney nickel catalyst in 
water. The mixture was diluted to about 70 ml. and heated 
at 50® for twenty minutes with vigorous stirring. The 
nickel was then separated by filtration and washed with 
dilute sodium hydroxide and the washings added to the 
filtrate. This solution was made acid with N hydrochloric 
acid, filtered, and the filtrate concentrated under reduced 
preshure at 50® to 5 ml. Five milliliters of chloroform was 
added to the concentrate and after thorough shaking, the 
tvrp Ico^ers were separated. The chloroform layer was 


extracted with water in two 5-ml. portions. The combined 
aqueous extracts after standing overnight in the refrigerator, 
deposited 135 mg. of crystalline precipitate. The crystalline 
r>- 7 -de 8 thiobenzylpenicilloif* a(;id was separated and after 
recrystallization from 4 ml. of alcohol-water, it melted at 
187-188®; [a]D*“ +23.8® (c, 0.9 in 0.5 N hydrochloric acid); 
yield, 45 ing. 

Fotentiometric titration of the compound showed it to 
bo a dibasic acid of pK* 3.‘41 and 8.78. 

Calc, for 

0,59.61; H, 6 . 88 ; N, 8.69. 

Found: C, 59.36, 59,49; H, 6.73; 6.84; N, 8.60. 

Fifteen and six-tenths niilligrams of i>- 7 -desthiobenzyJ- 
pcnicilloic acid was dissolved in 25 ml, of dioxane and treated 
with an excess of anhydrous hydrogen chloride. The solu¬ 
tion was concentrated to dryness under reduced pressure and 
the oily residue dissolved in 4 ml. of acetone. On standing, 
the acetone solution dciposited 12 mg. of white crystals; m.p. 
171-172® (dec.) (micro-block). The compound was ana¬ 
lyzed without further purification. 

Calc, for CiellisOftNoCl: C, 53.55; H, 0.46, 

Found: C, 53.97; H, 6.79. 

Dimethyl D- 7 -Desthiobenzylpenicilloate and Its Hydro¬ 
chloride (Merck, 19; 66^ 12 ). One gram of dimethyl 

i>- 7 -henzylpeiiicilloate was dissolved in 15 rnj. of pure 
dioxane and the solution was diluted with 15 ml. of water. 
Seven teaspoonsfuls of Raney nickel catalyst was added and 
the suspension was stirred at 25® for one and one-half hours, 
then at 70® for fifteen minutes. The catalyst was removed 
by filtration. The filtrate was concentrated under reduced 
pressure to a volume of 5 ml. The crystalline dimethyl 
D- 7 -de 8 thiobonzylpenicilloate which formed during the 
concentration was separated by filtration and dried; yield, 
240 mg., m.p. 77-79®. Two recrystallizations from ether- 
petroleum ether gave a product which melted at 79®; 

+28® (c, 1.0 in methyl alcohol). 

Calc, for CuHaeOsN^: C, 61.69; H. 7.’47; N, 7.99. 

Found: C, 61.90; H, 7.13; N, 8.33. 

Thirty-seven milligrams of the dimethyl D- 7 -desthio- 
benzylpenicilloate was dissolved in 3 ml. of ether and treated 
with an excess of anhydrous hydrogen chloride. The result¬ 
ing oily precipitate readily crystallized after standing for a 
few minutes. After two recrystallizations from methanol- 
ether, the dimethyl D- 7 -de 8 thiobenzylpenicilloate hydro¬ 
chloride melted at 145-148® (micro-block), [alD** +30.6® 
(c, 3.92 in methyl alcohol). 

Calc, for CisHnOfiNaCl: C, 55.83; H, 7.04; N, 7.25. 

Found: C, 55.79; H, 7.00; N, 7.45. 

N-Benzyldesthiobenzylpenicillin (Merck, M,7fSf 5). Two' 
hundred and forty milligrams of desthiobenzylpenicillin was 
added to a solution of 35 mg. of sodium in 20 ml. of an¬ 
hydrous liquid ammonia. After the immediate disappear¬ 
ance of the blue color of the solution, 0.1 ml. of benzyl 
chloride was added. This solution was then evaporated 
slowly to dryness leaving a white powdery residue which was 
dissolved in 10 ml. of water. The alkaline solution (pH 
9 - 10 ) was thoroughly extracted with ether, acidified to 
pH 2-3, and again extracted with ether. The latter ether 
extract was washed with water, dried with magnesium sul¬ 
fate, and evaporated to dryness under reduced pressure to 
yield 165 mg. of residue. 

After several attempts to crystallize the residue, it was 
treated with a slight excess of benzyfamine in methanol 
solution. The benzylamine salts were precipitated by the 
addition of ether. The mixture was dissolved in methanol- 
ether and five successive crops of crystals were collected. 
The data on these crops are as follows: (1) m.p. 135-146®, 
640 mg., [«]d** +11® (c, 3.3 in water); (2) m.p. 135-146®, 
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11 mg.; (3)m.p. 131-136°,44.5mg.; (4)m.p. 130-136°, 33mg.; 
(6) m.p. 128-136°, 10 mg. Further purification of each of 
these crops was accomplished by conversion of the salts to 
the free acids and crystallization of the acids from ethanoL 
water. The first two crops were essentially recovered 
desthiobenzylpenicilllin, m.p. 110-112° (micro-block). 
Crops 3 (m.p. 60-71°), 4 (m.p. 68-75°), and 5 (m.p. 65-74°) 
were combined and tecrystallized three times to yield crystals 
which melted at 71-74°. Ether was added to this crystalline 
product and the ethereal solution was filtered to remove a 
few milligrams of residual desthiobonzylpenicillin. After 
removal of the ether, the residue was recrystallized from 
acetone-water to give tieedles which melted at 77-79° 
(micro-block). The rotation changed slowly from [ofjD** 
-}-9,6° (c, 1 in 0.6 A alcoholic hydrogen chloride) to [ajD** 
— 12.8° during a period of two hours and fifteen minutes. 

Calc, for C2,H2604N2: C, 70.03; H, 6.64; N, 7.10. 

Found: G, 70.17; H, 6.07; N, 7.40. 

Potentioinetric titration show^ed that this <\ompound was 
a monobasic acid with a pK of 3.8 and an equivalent weight 
of 382 (calc. 394). 

The infrared absorption spectrum did not show the band 
at 6.6 M exhibited by desthiobenzylpenicillin and considered 
characteristic of the —NHCO— group in this compound. 
However, the band at 5.75 tx was still present and the band 
at 6.0 fi was shifted to 6.1 

These results indicate that this product is the N-benzyl 
derivative of desthiobenzylpenicillin. 

In another experiment, 149 mg. of sodium was dissolved 
in 25 ml. of anhydrous ammonia, and 890 mg. of desthio¬ 
benzylpenicillin was added. The blue color disappeared 
after shaking the solution, and 0.05 ml. of benzyl chloride 
was added. The ammonia was allowed to evaporate over a 
period of for^y-five minutes. The last of the ammonia was 
removed in vacua. The residue was triturated with ether, 
treated with 20 ml. of water, and the solution was extracted 
with ether. The solution was adjusted to pH 4-5 and 
again extracted with three 10-ml. portions of ether. The 
solution was adjusted* to pH 2-3 and extracted with ether 
similarly. The unreacted desthiobenzylpenicillin now crys¬ 
tallized from the aqueous solution; recovery, 360 mg. The 
first ether extract was washed with water and evaporated to 
yield 1^1 rng. of residue. It was then treated with a slight 
excess of benzylamine in methanol and ether was added to 
precipitate the salt; 46 rag., m.p. 110-120°. Two recrystal¬ 
lizations from methanol yielded the benzylamine salt of 
N-benzyldesthiobenzylpenicillin; m.p, 120-122° and after 
drying in vacuo, m.p. 124-127° (dec.) (micro-block). 

Calc, for CaoHjfcOiNj: O, 71.83; H, 7,03; N, 8.38. 

Found: C, 71.60; H, 7,18; N, 8.45. 

Another acidic product was obtained in two experiments 
" when the aqueous reaction solution was acidified to pH 4. 
The crude acidic product melted at 166-170° (dec.) (micro¬ 
block). After two recrystallizations from hot methanol, the 
melting point was constant at 192-195° (dec., with crystal¬ 
lization of the decomposition product on the micro-block). 

Reaction of N-Benzyldesthiobenzylpenicillin with Meth¬ 
anol (Merck, M.80, 1). Fifty-one mUligrams of N-benzyl- 
desthiobenzyl penicillin was dissolved in 20 ml. of methanol 
containing 2.1 equivalents of sodium methoxide and the 
oolution was heated at the reflux temperature for twenty 
hours. 

The solution was cooled, adjusted to pH 2-3 with 0.1 iV* 
hydrochloric acid, concentrated under reduced pressure and 
then extracted with ether. The ether extract yielded star^ 
ing material. The extracted aqueous solution, after addi¬ 
tion of two drops of pyridine, was cooled to 0° and while 
warming at room temperature, crystallization occurred. 
Thirteen milligrams of a crystalline compound was col¬ 
lected, washed with water and ether and dried, m.p» 171-173° 
(dec.). The compound was crystallized from methanol 


by the addition of ether and after three such crystallizations, 
it melted at 194-195° (dec.) (micro-block). 

The results of the analyses indicated that this product 
was an impure sample of a-methyl N-benzyl D-o-desthio- 
benzylpenicilloic acid. 

Calc, for C 34 H 8 oO*N 2 : C, 67.58; H, 7.09; N, 6.57. 

Found: C, 66.29; H, 6.71; N, 7.13. 

Potentiometric titration showed that the compound was a 
monobasic acid with a pK» 3.71 and an equivalent weight of 
457 (calc. 427). 

Attempted Nitrosation of Desthiobenzylpenicillin Methyl 
Ester with Nitrous Fumes (Merck, M.64i O)* A. solution of 
51.4 mg. of the desthiobenzylpenicillin methyl ester in 0.3 ml. 
of dioxane was cooled to 5-6° and 1.6 ml. of acetic acid added. 
Nitrous fumes were passed into the solution for twenty 
minutes. It was then poured into water containing an 
excess of sodium bicarbonate. The mixture was extracted 
with chloroform and the chloroform solution was washed 
with pH 7 phosphate buffer and with water. Removal of 
the solvent left 63 mg. of an almost colorless oil. Crystal¬ 
lization from carbon tetrachloride-petroleum ether gave 
43 mg. (85%) of plates, m.p. 108.5-111°. The melting 
point of a mixture of this material and starting, material 
was 108.5-111°. 

N-Nitrosodesthlobenzylpenicillln Methyl Ester from 
Reaction with Nitrosyl Chloride (M erck, M. 79, 4). Desthio¬ 
benzylpenicillin methyl ester was dissolved in the nitrosation 
solution (France, Heilbron, and Hey, J. Chan. Sac., 369 
(1940)), which was composed of 35 ml. of acetic acid, 5 g. 
of potassium acetate, 15 ml. of acetic anhydride, and 0.6 g. 
of phosphorus pentoxide. An excess of nitrosyl chloride in 
acetic anhydride was added to this solution. After allow¬ 
ing the reaction mixture to stand for one hour at 0°, the 
mixture was filtered and evaporated to dryness in vacuo at 
25°. The residue was extracted with chloroform. The 
chloroform solution w’as evaporated to drj^iiess in vacuo at 
25°. The residue obtained was again extracted with chloro¬ 
form and the chloroform solution was treated with an equal 
volume of petroleum ether. A small amount of precipitated 
material was separated by centrifuging and rejected. Fol¬ 
lowing evaporation of the clear solution, a yellow oil re¬ 
mained which slowly crystallized over a period of several 
days. This crystalline material was rccrystallized from a 
chloroform-petroleum ether solution. The yellow crystals 
melted at 62-70° (capillary). 

Calc, for C,rPl 2 iC)*Na: C, 58.8; H, 6.10; N, 12.1. 

Found: C, 58.9; H, 5,82; N, 12.4. 

This substance showed two characteristic ultraviolet 
absorption bands at 4,270 A(Eioin.*^ 102) and 4,070 A 
(E,a«.i% 98). 

The infrared spectrum of a concentrated solution of this 
product in tetrachloroethane showed two intense bands at 
6.75 and 6.69 n. The band at 6.0 m which is characteristic 
of the monosubstituted amide group of desthiobenzylpenicil- 
lin is missing in this derivative, as would be expectcil from 
the previous facts (Merck, M.74)- 

2-Benzylideiie-4-methyl-5(2)-oxazolone from Desthio¬ 
benzylpenicillin Methyl Ester by Thermal Treatment 
(Merck, MJ8, 8). A solution of 200 mg. of destfaiobenzyl- 
penicillin methyl ester in 10 ml. of anisole was refluxed for 
one-half hour. The anisole was evaporated in vacuo and the 
residue was extracted with 50 ml. of boiling ligroin. The 
solvent was removed «n vacuo and the residue was crystal¬ 
lized from ether; 24 mg. of product melting at 129-130° 
was obtained. When this product was mixed with an 
authentic saihple of 2^b6nzylidene-4-inethyl-5(2)*oxazolon6, 
the melting point was unchanged. Ultraviolet absorption 
maxima were observed at 2,400 A (Eic 8,100) and 3,^ A 
(Em 22,800). 

(Me. for CnHiOtN: C, 70.37; H, 4.84. 

Found; ^ C, m28; H, 3.18. 
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8«B6azylidene-4-methyl>5(2)*oxazolone from the /3-Lac* 
tam of ^-Anilino-a-phenylacetamidopropionic Acid (Merck, 
M.72y 8). A solution of 10 mg. of the ^lactam of /3-anilino- 
cr-phenylacetamidopropionic acid in 2 ml. of anisole was 
refluxed for twenty minutes. The solution was evaporated 
to dryness. The residue showed ultraviolet absorption 
maxima at 2,450 k 636) and 3,500 k (Eiom.*^® 267). 

On the basis of the more characteristic 3,500 k band, the 
yield of 2-benzylidene-4-methyl-5(2)-oxazolone was ap¬ 
proximately 40%. 

Action of Hydrogen Chloride on the /S-Lactam of /3-Anilino* 
oc-phenylacetamidopropionic Acid (Merck, 4). The 

/3-lactam of jS-anilino-or-phenylacetamidopropionic acid 
(150 mg.) was suspended in dry dioxane (3 ml.> and hydrogen 
chloride bubbled into the mixture for forty-five seconds. 
The suspension was then warmed on the steam bath for one 
minute producing a homogeneous solution and some colora¬ 
tion. The solution was then cooled and a solid (40 mg.) 
separated. After this was recrystallized twice from methyl 
alcohol-ether, it melted at 191-192®. 

Calc, for CeHsNCl: C, 55.61; H, 6.22. 

Found: C, 55.99; H, 6.11. 

The melting point of a mixture of this compound and 
aniline hydrochloride was 191-192®. 

/3-Anilino-a-phenylacetamidopropionic acid was stable in 
hot concentrated hydrochloric, acid as well as in dioxane and 
dry hydrogen chloride as describt’d for the experiment on the 
^’lactam, and yet aniline was readily obtained from the 
/3-lactam with dry hydrogen c)))oridc. 

Attempted Reaction of Desthiobenzylpenicillin with 
Thiocyanic Acid (Cornell Bioc.h., 10). A mixture of 

25 mg. of desthiobenzylpenicillin, 20 mg. of ammonium 
thiocyanate and 0.2 cc. of ac^ctic anhydride was heated in an 
oil bath at 98-100® for fiftei'ii minutes. The mixture was 
then cooled and 2 cc. of water added. The yellow oil which 
separated was extracted with ethyl acetate and the ethyl 
acetate solution was washed fifteen times with water and 
was then dried over sodium sulfate. The solution was 
treated with Darco, filtered and evaporated. The yellow, 
oily residue weighed 11.5 mg. It did not crystallize from a 
methanol-carbon tetrachloride mixture. The ultraviolet 
absorption spectrum of an ethanol solution containing 
0,014 mg./cc. in a 1-cm. cell possessed a maximum at 
2,750 A (d « 0.237), a minimum at 2,450 A (d « 0.132), and 
a shoulder at 2,300 A (d *= 0.238). 

Attempted Reaction of Desthiobenzylpenicillin Methyl 
Ester with Thiocyanic Acid (Cornell Bioch., D.Sl, 10). A 
23.4 mg. sample of desthiobenzylpenicillin methyl e.ster and 
20 mg. of ammonium thiocyanate were mixed with 0.2 cc. 
of acetic anhydride. The mixture was lieated for fifteen 
minutes at 100®, cooled, and 2 cc. of water was added. The 
oil which separated was extracted with 1 cc. of ethyl acetate 
and the extract was washed w ith 10% potassium carbonate 
until the washings were alkaline and then three times with 
water. The ethyl acetate solution was dried over sodium 
sulfate and evaporated to a*guni which gradually crj^-stal- 
lized in rosettes of needles. The product weighed 24.5 mg. 
and appeared to be starting material. 

A 2«%mg. sample of desthiobenzylpenicillin was treated 
in a similar manner except that the heating was continued for 
one hour and additional 20-mg. portions of ammonium thio¬ 
cyanate were added every fifteen minutes. The solution 
was then treated as described above and yielded a yellow- 
orange gum containing a small amount of crystalline material 
wbioh melted at 107-109® and was apparently starting 
tnateriah 

Rates of Hydrolysis of Desthiobenzylpeaiciliiii and 
/9^t4Ctslda (Merck, 9; d7, 7). Quantitative hydro- 

studies of desthiobenzylpenicillin, the /34actam of 
llMifmzyismino*^inethyl-j3-phenylpropionic acid, the /3-lac- 
tsiin df ^3^olpbexyL/3^cycloh6xylmethylamino-<x-methyl- 
aedd^ /$-lactam of d'^anilino-a-phenj^laoetamido- 


propioni(5 acid, and the /3-lactam of «-cycIohcxylacetamido- 
jS-cyclohoxylaminopropionic acid were made. 

The hydrolysis was followed by infrared absorption by 
means of the disappearance of the intense “^-lactam band'' 
at about 5.7 /x and/or the appearance of a strong carboxylate 
ion band at about 6.3 m- 

About 200 rug. of each /3-lactam was dissolved in 2 ml. of 
1 sodium butoxide in n-butanol. The reaction solution 
was heated at 76® for various lengths of time and examined in 
the infrared. Table I summarizes the results obtained with 
the /3-lactam of /3-benzylammo-a-methyl-/3-plienylpr()pionic 
acid and its hydrogenation product. 


TABLE T 

Data on Alcoholysis 


Substance 

Time 
at 76® 
(hours) 

Transmit¬ 
tance at 

.'■>.78 M 

6.36 m 

/3-Lactam of /3-benzylamino-a- 

0.0 

33 i 

97 

methyl-/3-ph(‘nylpropionic acid. 

0.5 

61 

83 


1.0 

70 

71 


2.0 

88 

65 

^-Lactam of /3-cyclohexyl-j8-cydo¬ 

0.0 

45 

100 

ll exy 1 m c thy lamino-a-m et by 1 pro- 

2.0 

45 

90 

pionic acid. 

4.0 

45 

90 


The data show that the position of the “/3-lactam band" 
at 5.78 fx is unchanged by reduction of the phenyl group and 
that the stability is greater in the reduced form as would bo 
expected in terms of the relative basic strengths of the nitro¬ 
gen atoms is these compounds (Shell, Sh.S^ 17; 7, 70). 

Desthiobenzylpenicillin, the /3-lactam of /3-anilino-a- 
phcnylacetamidopropionic acid and itshexahydro derivative 
reacted so readily under the influence of sodium butoxide 
that no rate measurements could be obtained. 

With each of the above-mentioned compounds, one minute 
w^armiug of 8UKpen.sions of these /3-lactam8 on the steam bath 
in order to dissolve the compounds sufficed to eliminate the 
“/3-Iactam band" at about 5.75 /u, and only a strong carb¬ 
oxylate ion band at 6.27 n was observed in the region at 
5-7 

A second method based on potentiometric titration of the 
reaction system was used to follow the rates of hydrolysis 
of the ^-lactam of i8-benzylamino-tt-mcthyl-/3-phcnylpro- 
pionic acid and the /3-lactam of /3-cyclohexyl-/3-cyclohcxyl- 
methylamino-a-methylpropionic acid under the influence of 
alkali and acid in hthanol-water solution. The hydrolyses 
were carried out as follows: To 164 mg. of the /3-lactam in 


TABLE II 
Data on Hydrolysis 



j % Hydrolyzed 

Time at 76° 
(hours) 

/3-Lactam of j3-benzyl- 
ainino-ot-raethyl-/3- 
phenylpropionic acid 

/3-Lactam of /3-cyclo- 
hexy l-j8-cy clohexy 1- 
methylamino-a- 
methylpropionic acid 

0 

0 

0 

1 

0 

0 

5 

24 

0 

29 

63 

0 
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20 ml. of ethanol was added 10 ml. of 0.12 N sodium hydrox¬ 
ide. After heating at 76® in a closed vessel for various 
periods of time, 5-ml. aliquots were removed and titrated 
potentiometrically. The length of the span (pK^ 8.6) 
(Merck, M,d8, 5) was taken as a measure of dibasic acid 
formed. 

The results are given in Table II and also show the greater 
stability of the /3-laetam of /3-cyclohcxyl-/3-cyc*lohexyl- 
methylamino-a-methylpropiomeaeid 

The above experiment was repeated with hytlrochloric 
acid in -place of sodium hydroxide. No hydrolysis was 
observed to take place with <nther compound even after 
eighty-six hours at 76®. 

The relative rates of acid hydrolysis of the /3-lactam of 
a-cyclohexylacetamido-/3-cy<‘lohexylaminopropionic acid 
and desthiobenzylpenicillin were .studied as follows: 

About 100 mg. of the /3-lactam was a<lded to 7 ml. of 
water and 1 ml. of N hydrochloric acid. This solution was 
diluted to 26 ml. with ethanol. The reaction was allowed 
to take place at 23®. Aliquots were removed from time to 
time and potentiometrically titrated with alkali, the magni¬ 
tude of the span (pK« 8,6) being used as a measure of the 
extent of the hydrolysis. The results are given m Table III. 


TABLE III 
Data on Hydrolysis 


Compound 

Time 

(hours) 

% 

hydrolyzed 

Desthiobenzylpenicillin. 

1 

0 

0 


24 

0 


96 

0 

^-Lactam of a-cyclohexylacctamido- 

0 

0 

^-cyclohexylaminopropionic acid. 

5 

10 


24 

_ 

52 


The Action of Acetic Anhydride on Phenaceturic Arid 

(Merck, M,56^ 12). A mixture of 1.99 g. of phenaceturic 
acid and 4.86 ml. (five equivalents) of acetic anhydride was 
heated for twenty-five minutes at 100®. ^'ho resulting dark 
brown solution was cooled to 16® and 5 ml, of water and 
0.80 ml. of pyridine were added. After the decomposition 
of the acetic anhydride was complete (ten minutes), water 
and sufficient sulfuric acid to neutralize the pyridine were 
added. The solution was extracted twice with ether and the 
ethereal solution was washed three times with 6% sodium 


bicarbonate. The bicarbonate solution was acidified to pH 
2 with sulfuric acid, at which point some red gum separated 
and was removed by filtration. The aqueous solution was 
extracted six times with 75-ml. portions of petroleum ether. 
Evaporation of the Solvent left a partially crystalline residue 
(114 mg.), ''rhia residue sublimed almost comple*tely at 
55-60® and 0.1 mm. pressure. The sublimate, phcnylacetic 
acid, melted at 70-74® (capillary). 

Preparation of “Deuterized” Raney Nickel (Cornell Bioch., 
10). The catalyst was prepared according to the 
method d^»scnbed in Organic SynthcMn^ 21^ 16 (1941) with 
the modification (Mozingo, Wolf, Hams, and Folkers, J, 
Ain. Chem. Sor., 65 ,1013 (1943)) that the final heating was at 
60® for 1 hour. 25 gm. of nickel (still wet with alcohol) were 
washt'd with three 25-cc. portions of purified dioxane by 
centrifugation, and the nickel was then suspended in 10 cc. 
of 99 9% DA) and allowed to stand in a stoppered tube for 
48 hours The nickel was resuspended by stirring a few 
times throughout the equilibration period. It was then col¬ 
lected by centrifugation, washed with three 25-cc. portions 
of dioxane and again sus})ended in 10 ce. of 99.9 % 1)20 and 
allowed to stand for 48 hours. This time the suspension was 
centrifuged, the liquid was decanted, and the nickel was 
washed once with 5 cc. of 99.9% 1)20. Nickel prepared in 
this maimer was stored under a small amount of D 2 O and 
appeared to give identical and satisfactory results for a 
pt'riod of at least 2 months. That is, treatment of 3-acetyl- 
4-thiazolidineearboxylic acid with this nickel yielded a 
hydrogenolysis product containing 2.0 atoms of deuterium 
per molecule, which probably represents the maximum value 
under the experimental conditions. 

In one experiment when the original nickel catalyst was 
washed with D 2 O and then allowed to stand v ith fresh D 2 O, 
the resulting nickel wa.s not completely “deuterized,^^ as 
evidenced by the fact that the liquid in contact with the 
nickel after the equilibration contained only 60% D 2 O. 
This preparation was tested in hydrogenolysis experiments 
with 3-acetyl-4-thiazolidinecarboxylic acid, and the isolated 
product was found to contain 0.7 and 1.0 atom of deuterium 
per molecule in two experiments at reflux temperature, and 
0.6 atom in an experiment at room temperature. These 
low values were obtained despite the fact that the technique, 
as described in later experiments, involves carrying out the 
hydrogenolysis in a rather large amount of 99.9 % D 2 O. 

Hydrogenolysis of Sodium Benzylpenicillin in D 2 O with 
“Deuterized” Raney Nickel (Cornell Bioch., D.S9, 14). 
200 mg. of sodium benzylpenicillin were heated under reflux 
for 15 minutes with about 2 gm, of “dcuterized” Haney 
nickel in about 10 cc. of 99.5 % D 2 O according to the proce¬ 
dure employed by the Merck group for the preparation of 


TABLE IV V 


Transa^lation Experiments on Desthiobenzylpenicillin 


Experiment No. 
and quantity of 
desthiobenzylpenicillin 

Reagent 

Condition 

Results 

1) 30 mg. 

Acetyl chloride 

Acetic anhydride (excess) 

Acetic anhydride (excess) 

Acetic anhydride (excess) 

Acetic anhydride (excess) 

Coned, sulfuric acid (catalytic 
amount) 

Acetic anhydride (excess) 
Perchloric acid (catalytic amount) 
Anhyd. formic acid 

Acetic anhydride 

Anhydrous formic acid (5:1) 

26®; 3 hrs. 

Non-crystalline dark gum 

Recovery of starting material 
Starting material recovery 

90% Recovery of starting material 
85% Recovery of starting material 

2) 67 mg... 

25®; 20 hrs. 

3) 43 mg.. 

60“; 1 hr. 

4) 22 mg. 

100®; 1 hr. 

6) 43 mg. 

26®; 12 hrs. 

6) 20 mg. 

25®; 2 hrs. 

70®~76®; 0.5 hrs. 
26® 

I 

7) 15 mg. 

D-a-Desthiopcnicilloio acid 

70% Recovery of starting material. 
Remainder waxy and non-crystal* 
line. 

8 ) 21 mg. 
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desthiobenzylpeniciUin 9, 10). The mixture wa43 

cooled. The nickel was removed by filtration and was 
washed six times with 0.5*cc. portions of HsO. The filtrate 
and washings were acidified with 1 equivalent of hydrochloric 
acid. The precipitated alumina was separated from the 
solution. The filtrate was concentrated to about 10 cc. in 
vacuo. The remaining solution was seeded with crj^stals of 
desthiobenzylpeniciUin and cooled in an ice bath. After 1 
hour the precipitated crystalline material was separated by 
filtration. The micro melting point of the air-dried material 
was 91-95®, and the yield was 81 mg. (47 %). 

The material was dissolved in about 2 cc. of 95 % ethanol 
and to the solution were added about 15 cc. of H 2 O. Crys¬ 
tals formed in rosettes of prismatic needles. The product 
was separated by centrifugation, washed with cold water, 
and dried in vacuo over phosphorus pentoxide. The yield of 
the first crop of recrystallized material was 40 mg., micro 
m.p, 104-106®. 

Deuterium analysis on the rccrystallized material indi¬ 
cated that the desthiobenzylpeniciUin contained 6.5 stable 
deuterium atoms. 

Calc. Ci8 H„.5D«.604N2: 61.83; N, 9.02. 

Found: C, 59.77; N, 9.50. 

Hydrogenolysis of sodium bonzylpenicillin was also 
effected smoothly at room terni)oniture. In one experiment, 
110 mg. of sodium beiizylpeniciUin were treated for 24 hours 
at room temperature wdth continuous shaking. There were 
obtained 40 mg. of desthiobenzylpeniciUin, micro m.p. 
104-108®. This material was recrystallized and analyzed 
for deuterium and found to contain 5.8 atoms of deuterium 
per molecule. It is interesting that from this same reaction 
mixture was isolated a small yield of material which is 
apparently phenylacetyl-i^aIanyl-n-valine (Merck, 

3). The recrystallized material, micro m.p. 200-205®, 
weighed 6 mg. and, from deuterium analysis, was shown to 
contain 7.2 atoms of deuterium per molecule. 

Removal of Deuterium from DesthiobenzylpeniciUin 
(Cornell Bioch., D.5.9, 15). Forty-six milligrams of desthio- 
benzylpenicillin containing 5.5 atoms of deuterium per 
molecule were dissolved in 1 equivalent of sodium hydroxide. 
To the solution were added 2 cc. of H 2 O and about 0.5 gm. of 
Raney nickel. The nickel had been washed with dioxane 
and HjO and kept under water overnight. The mixture 
was heated under reflux for 15 minutes in an oil bath pre¬ 
heated to 150-160®, The product was isolated in the usual 
manner. The yield was 15 mg. and the micro melting point 
was 103-105®. The deuterium analysis of this material 
indicated that the compound still contained 3.3 atoms of 
deuterium per molecule. 

In other experiments, the removal of deuterium at room 
temperature was studied. A preparation of dcsthiobenzyl- 
penioiUin (46 mg.) containing 7.5 atoms of deuterium was 
dissolved in HjO containing 1 equivalent of sodium hydrox¬ 
ide and shaken with Raney nickel (approximately 1 gm., 
moist) for 36 hours. The desthiobenzylpeniciUin (10 mg.) 
obtained from this treatment possessed a micro melting 
point of 106-108®, and contained 3.7 atoms of deuterium per 
molecule. A sample of desthiobenzylpeniciUin prepared at 
room temperature and containing 5.8 atoms of deuterium 
per molecule (see above) was shaken for 100 hours in the 
presence of Raney nickel. The recovered desthiobenzyl- 
penicillin, micro m.p. 106-108®, contained 3.4 atoms of 
deuterium per molecule. 

Isolation of Deuteriophenylacetic Acid from Desthio- 
benzylpei^cillin (Cornell Bioch., D.S9f 15). A sample 
(30 mg.) of desthiobenzylpeniciUin containing 7.4 atoms of 
deuterium per molecule was hydrolyzed to phenylacetic 
acid by. heating it imder reflux for 3 hours in 10% hydro- 
ohlorio acid. The hydrolysate was extracted with ether 
aad the ether extract was evaporated to dryness. The 
residue was extracted with hexane. From the extract were 
obtained Smg. of crystalline material, micro m.p. 71-75®. A 


deuterium analysis showed that the material contained 4.2 
atoms of deuterium per molecule. 

Reaction of DesthiobenzylpenicUlin with **Deuterized” 
Raney Nickel in D,0 (CorneU Bioch., D.S9, 15). 70 mg. 
of desthiobenzylpeniciUin were dissolved in approximately 
5 cc. of 99.9 % D 2 O containing 1 equivalent of NaOD. To 
the solution were added approximately 1.5 gm, of *Meuter- 
ized^* Raney nickel, and the mixture was heated under 
reflux for 15 minutes. The solution was cooled, the nickel 
was removed bj'’ centrifugation and washed with water, 
and the combined supernatant liquids were acidified with a 
drop of 1 A hydrochloric acid. The precipitated alumina 
w^as rcmioved by centrifugation, and the supernatant liquid 
was acidified with 0.2 cc. of I A hydrocliloric acifi. The 
acidified solution was evaporated to dryness, but all at¬ 
tempts to crystallize the resulting oil failed. 

To characterize this product, it was subjected to acid 
hydrolysis. The oii was refluxed with 4 cc. of 3 A hydro¬ 
chloric acid for 3 liours. The hydrolysate was then ex¬ 
tracted with ether. Evaporation of the solvent left 20 mg. 
of oil w hich was unarmed for a few minutes at 45® wdth 0.5 cc, 
of i)urified thionyl chloride. The excess thionyl chloride 
was removed by evaporation in vacuo and to the residue 
were added several drops of concentrated anjmonia water. 
The excess ammonia was removed in vaaio, and the residue 
was di.ssolved in 2-3 cc. of water, treated with a small amount 
of carbon, and filten^d. On cooling, the solution deposited 
4 mg. of crystals, micro m.p. 169®. Analysis showed the 
compound to contain 8.4 atoms of deuterium per molecule. 

Reaction of UL-Valine Methyl Ester with Ethyl Benzyl- 
penaldate (Pfizer, 7; SS. 12), Fresh ethyl benzyl- 

penaldatc was prepared by warming 44 grams of monoethyl 
des-dimethylbenzylpenicilloate in 1,300 cc. of ethanol and 
adding 265 cc. of 0.25 molar mercuric chloride. The mix¬ 
ture was adjusted to pll 3 with potassium bicarbonate and 
allowed to stand for several hours to precipitate the? erystcinc. 
The inercaptide was then filtered, the filtrate evaporated 
and extracted with benzene. The benzene layer was dried 
and evaporated to give 22.6 grams of ethyl benzylpenaldate. 
This product w^as then treated with 13 grams of DL-valine 
methyl ester in 60 cc. of absolute ethanol and allowed to 
stand overnight. The solvent was then removed in vacuo 
and the semi-crystalline residue was triturated with ligroin. 
The Schiff’s base so obtained weighed 20.6 grams and 
melted at 96-97®. When it was recrystallized from 50% 
aqueous methanol and after 2 crystallizations, the melting 
point remained constant at 97-98®. This purified product 
absorbed hydrogen much more readily than did the crude. 

Calc, for Ci.HsbOsNj: 

C, 62.98; H, 7.18; N, 7.73. 
Found: C, 63.09, 63.25; H, 7,41, 7.32; N, 7.79, 7.90. 

Reduction of the Condensation Product from Valine 
Methyl Ester and Ethyl Benzylpenaldate (Pfizer, P.2S^ 12; 

8 ). Two hundred milligrams of platinum oxide was 
added to 200 cc. of absolute ethanol containing .015 mole of 
anhydrous hydrogen chloride. The catalyst was prepared 
by reduction under 2 atmospheres of hydrogen and then 
1.81 grams (.005 mole) of the valine methyl ester-ethyl 
benzylpenaldate condensation product was added. The 
mixture was shaken under 2 atmospheres of hydrogen until 4 
moles of hydrogen had been absorbed. The catalyst was 
filtered and the solvent removed in vacuo. The residual 
yellow oil was completely soluble in water and upon addition 
of ammonium hydroxide to the aqueous] solution, an oil 
was precipitated. This oil was taken up in benzene and 
lyophillzed. The crude semicrystalline material was 
recrystallized from ligroin; m.p. 68-70®. 

Calc, for Ci^HMOftNj: 

C, 61.57; H, 9.26; N, 7.56. 
Found: C, 61.47, 61.39; H, 9.41, 9.21; N, 7.74, 7,72. 
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Attempts to repeat this reduction on other batches of the 
condensation product were unsuccessful. 

Attempts to Prepare DesthiobenzylpenicUlin Methyl 
Ester from /3-Methyl N-Isobutyryl-D-Y-desthiobenzyl- 
penicilloate (Merck, 12; 72y 6; 78^ 5). 

A. /3-Mothyl N-isobutyryl-n-Y-desthiobenzylpenicilloate 
was recovered unchanged after heating for one hour at 120* 
and 1 mm. or refluxing a solution of it in methyl isobutyl 
ketone for one hour. When an anisole solution was refluxed 
for twenty minutes, approximately 20% of oily neutral 
material was secured. From this fraction a small amount of 
crude crystalline product melting at 120-122* has been 
secured. Dry distillation of the acid at 125-150* and 
6(10)mm. gave a small yield of the same product. 

(In connection with this work it has been found that 
the d-lactam secured from methyl benzylpenicillinate 
by hydrogenolysis, distills unchanged at 115-120° and 
6(10)”® mm.) 

B. A solution of 500 mg. of /3-methyl N-isobutyryl-n-T- 
desthiobenzylpenicilloate in 50 ml. of anisole w^as refluxed for 
one-half hour. During this refluxing 30 ml. of anisole was 
distilled. The anisole solution was washed with 40 ml. of 
0.2 M phosphate buffer (pH 7), and evaporated to dryness to 
give 251 mg. of neutral product. This product was extracted 
with 30 ml. of hot petroleum ether and the residue upon 
evaporation of the petroleum ether was crystallized from 
ether giving 22 mg. of slightly yellow plates melting at 
130-132°, The compound gave no depression in melting 
point on admixture writh authentic 2-benzylidene-4-methyl- 
5(2)-oxazolone. 

Calc, for CnHgOjN: C, 70.67; H, 4.84; N, 7.48. 

Found: C, 70.95; H, 5.33; N, 7.36. 

When the above experiment was repeated using xylene as 
the solvent instead of anisole, 122 mg. of neutral product was 
recovered. This product gave 4.6 mg. of 2-benzylidene-4- 
methyl-5 (2)-oxazolone after petroleum ether extraction and 
erystdlization from ether. The product melted at 130-131* 
and did not depress the melting point of authentic material. 

C. Six hundred milligrams of «-methyl N-isobutyryl-n-cr- 
benzylpenicilloate in 60 ml. of ethyl ether was treated with 
excess diazomethane in 50 ml. of ethyl ether. When evolu¬ 
tion of gas ceased, the solution was concentrated to 75-ml. 
volume and washed once with a 25-ml. portion of 5 % sodium 
bicarbonate solution followed by two treatments with 25-ml. 
portions of water. The ether solution was concentrated to 


dryness to yield 580 mg. of the non-crystalline dimethyl 
ester. 

The dimethyl ester (560 mg.) was saponified by dis-' 
solving it in 10 ml. of methanol and treating the solu¬ 
tion with 10 ml. of water containing 50 mg. of sodium 
hydroxide. After standing overnight in the refrigerator, 
the solution was concentrated in vacuo to 5 ml. and then 
diluted to 100 ml. with water. The solution was adjusted 
to pH 9.0, then stirred at room temperature while one 
tabiespoonful of Raney nickel catalyst was added. The 
stirring was continued for one hour at room tempera¬ 
ture and then filtered. The filtrate was washed once 
with 60 ml. of chloroform; then it was acidified to pH 4,0 
with hydrochloric acid and extracted four times with 50-ml. 
portions of chloroform. CConcentration of this chloro¬ 
form solution to dryness yielded 126 mg. of non-crystalline 
/3-methyl N-isobutyryl-D-a-desthiobcnzylpenicilloate. 

One hundred milligrams of the non-crystalline /5-methyl 
N-isobutyryl-D-«-desthiobenzylpcnicilloate was dissolved 
in 16 ml. of methyl isobutyl ketone and the solution refluxed 
for one hour. The solution was evaporated to dryness in 
vacuoj and the residue was dissolved in 10 ml. of chloroform. 
This solution was w^ashed once with 10 ml. of ice-cold 1 % 
sodium bicarbonate solution followed by 10 ml. of ice-cold 
water. Evaporation of the chloroform solution to dryness 
in vacuo yielded only 2 mg. of neutral material. 

The bicarbonate wash and the water wash were combined 
and acidified to pH 4.0 with hydrochloric acid. The solution 
was extracted twice with 20-n:il. portions of cliloroform and 
the chloroform extract w'as evaporated to dryness in vacuo to 
yield 103 mg. of acidic material, identical with the starting 
product. 

Preparation of 2-Benzylidene-4-methyl-6(2)-oxazolone 

(Winthrop, WJ4, 3). of-PhenylacetyJaminoacrylic acid 
(4.1 g., 0.02 mole) and acetic anhydride (26 ml.) were heated 
one-half hour on the steam cone, then all volatile material 
was removed in vacuo on the steam cone. The residue was 
extracted thoroughly with light petroleum, concentration 
of which yielded about 100 mg. of very pure 2-benzylidene- 
4-methyl-5(2)-oxazolone, m.p. 125-126*.^ When mixed with 
a sample of the same material, m.p. 114-116°, prepared from 
o-chlorophenylacetylalanine, the mixture melted at 117-121*. 

* It wan tho experience of this group to find that the m.p. of this 
substance, that of tho acrylic acid derivative, as well as those of several 
other reUtad eompounds oould be varied almost at will, i.e., the melting 
point obtained for a given compound varied by depending on the 
solvent used for recrystallisation. 
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INTRODUCTION 

Early in the chemical investigations of penicillin 
it became evident that the penicillin molecule con¬ 
tained a sensitive anhydride grouping which was 
readily opened by such reagents as alcohol, alkali 
and amines. Many of the properties of the com¬ 
pound were consistent with the known properties 
of 5(4)-oxazolones (azlactones). Postulation of the 
oxazolone-thiazolidine structure for penicillin, and 
the subsequent large amount of synthetic work 


R_C=N—CH—CH—S—C(CH ,)2 

III I 

o-CO NH-CH—COOH 


wMch was carried out based on this structure, 
indicated the importance of applying to penicillin a 
type of reaction which might be characteristic of 
oxazolones. It was thought that the formation of 
thiohydantoins by treatment of oxazolones with 
thiocyanate might be of value in this direction. 

R—CH—COOH NH4SCN 
NHt AcOH 

R—CH-CO 

CH,CO— N—cs—A h 

R-CH-COOH NH 48 CN 

- * 

R'CO—NH 

R—CH-CO 

R'CO—A~CS~Ah 





























270 


THIOCYANATE DERIVATIVE OF METHYL BENZYLPENICILLINATE 


a-Amino acids and acylamino acids, on treatment 
with ammonium thiocyanate in the presence of 
acetic anhydride, in general yield the corresponding 
l-acyl- 2 -thiohydantoins (Johnson and Scott, J. 
Am, Chem. Soc,, S5, 1136 (1913)). An oxazolone, 
formed by the action of acetic anhydride on the 
acylated amino acid, is postulated as an inter¬ 
mediate. Evidence for this has been offered by the 
demonstration of the formation of 1 -acyl- 2 -thio- 
hydantoins from oxazolonos in the abs('nce of 
acetic anhydride, with acetic acid as the solvent. 
Under these latter conditions, acylamino acids did 
not form thiohydantoins. 


R— cir—CO 


NH4SCN 


R—CH- 


-CO 


N = C—O R'CO—N- CS—NH 

I 

R' 


It was of interest, therefore, to investigate the 
behavior of benzyIpenicillin or its derivatives to¬ 
ward thiocyanate under non-azlactoniziug (‘ondi- 
tions. Th(' reaction with thiocyanate and acetic 
anhydride was tirst investigated. 

FORMATION AND PROPERTIES OF THE 
THIOCYANATE DERIVATIVE 

When benzylpenicillin was treated with am¬ 
monium thiocyanate and acetic anhydride, no 
crystalline product was isolated (Merck, M,6^ 5). 
The greater stability of the methyl ester of benzyl- 
penicillin toward various reagents suggested that it 
would be worthwhile to investigate the effect of 
thiocyanate on this compound (Cornell Bioch. D.£0; 
Squibb, 8.32^ 9). Treatment of the methyl ester 
with ammonium thiocyanate in acetic anhydride- 
acetic acid solution at 100 ® for 10 minutes yielded 
an oil. Several attempts to induce crystallization 
were unsuccessful. Finally, there was obtained 
a crystalline compound {0,20, 4) which contained 
carbon tetrachloride of crystallization. The carbon 
tetrachloride-free compound, obtained by crystal¬ 
lization from aqueous methanol, possessed the 
correct empirical formula for a thiohydantoin 
derivative of benzylpenicillin methyl ester {0,20, 4; 
22,2)24,1), On the basis of the oxazolone-thiaz- 
olidine structure for penicillin, the reaction could be 
formulated as indicated. 


Ct}hVBr-C^^—CB—Cll-S—C{ClU)2 


O*- 


-io in-<!' 


O NH-CH—COOCH, 


inscN 

I • 

-CIT—CII-S—(XCH,)i 


N- 


S—NH—CO NH-CH—COOCH, 

I 


The yield of the ‘‘thiocyanate derivative'' of 
benzylpenicillin methyl ester under the above 
conditions was 50% of the theoretical amount* 
When the treatment with ammonium thiocyanate 
and acetic anhydride was carried out for several 
hours at room temperature or at 0 ®—conditions 
which result in the formation of optically active 
thiohydantoins from optically active amino acids 
{S.32, 6 ; 0.23 )—the same thiocyanate derivative 
was obtained, in somewhat lower yield { 0 . 24 , 5; 
S. 34 , 9). 

Attempts were then made to prepare the thio¬ 
cyanate derivative under non-azlacIonizing condi¬ 
tions. Treatment of benzylpenicillin methyl ester 
vntli ammonium thiocyanate in acetic acid, under 
the conditions used by Johnson and Scott for the 
formation of thiohydantoins from azlactones, 
yielded no isolable product. Substitution of ethyl 
acetate for acetic anhydride likewise was unsuccess¬ 
ful. However, in model experiments with the 
azlactone of phenylacetylalanirie, it was found that 
treatment of this compound in tertiary butanol 
with ammonium thiocyanate and an ecjuivalent 
amount of sulfuric acid yielded a crystalline thio¬ 
hydantoin identical with the compound obtained 
from phenylaeetylalanine and thiocyanate in acetic 
anhydride {0.20, 4, 5). 


C 6 H 5 CH 2 --CI N—CH—C^H3 jisCN 
o-CO (MiuOflT 


CHr- CH- 


-CO 


C,H sC H * CO—N—CS—N H 


Benzylpenicillin methyl ester was therefore 
treated with ammonium thiocyanate and an 
equivalent amount of sulfuric acid in tertiary 
butanol. By use of carbon tetrachloride as the 
crystallization solvent there was obtained the 
same carbon tetrachloride addition product, in 
somewhat lower yield, as had been obtained when 
the reaction was carried out in the presence of 
acetic anhydride {D.20, 6 ; 24 , 6 ). This material on 
crystallization from aqueous alcohol yielded the 
carbon tetrachloride-free product, identical with 
the compound obtained from the acetic anhydride 
reaction. 

To insure against the possibility that under these 
conditions an acylated amino acid could give rise to 
a thiohydantoin, phenylaeetylalanine was treated 
with ammonium thiocyanate and sulfuric acid in 
tertiary butanol. No evidence of reaction was 
observed. The greater part of the phenylacetyl- 
alanine was recovered unchanged {D,20, 5). 

Preliminary studies {D.20) on the thiocyanate 
derivative of benzylpenicillin methyl ester were in 
agreement with the thiol^dantoin-thiazolidine struc¬ 
ture I. In addition to the analytical data indicating 
the empirical formula CriHuOfNiSi^.the methoxyl 
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content agreed with the expected value and thus 
indicated that the original carbomethoxy group 
was still present in the reaction product. A com¬ 
parison of the ultraviolet absorption spectrum of 
this compound with the spectra of several thio- 
hydantoins possessing various N-substitucnts 
yielded interesting results. The thiohydaiitoins 
with an acyl group in the 1-position all showed an 
absorption peak at approximately 280 m/x, while 
those possessing a methyl group or hydrogen atom 
on this ring nitrogen atom exhibited a peak at 
265 mu. The compound from benzylpenicillin 
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Figure 1. Ultraviolet absorjition spectra in 95 per cent 
ethanol of the thiocyanate aenvalive of honzylptniicillm 
methyl ostor (solid line) and l-phenylac(*tyl~5-methyl- 
2 -thiohydantoin (broken line). 

showed a peak at 280 m^, in agreement with the 
spectra of 1-acyl-2-thiohydantoins {D,20, 0). Fur¬ 
thermore, the thiocyanate derivative and model 
1-acyl tliiohydantoins also exhibited a second peak 
at approximately 237 m/x in addition to the peak at 
280 m/x ((S. 54 , 7; 0,24, 6). The ultraviolet absorp¬ 
tion spectra of the thiocyanate derivative and 1-phe- 
nylacetyl-2-thiohydantoin are illustrated in Fig. 1. 

On the basis of this evidence it was stated {D,20, 
4) that if the product obtained from benzylpenicil¬ 
lin methyl ester and thiocyanate were a thiohydan- 
toin with the structure indicated by formula I, 
the most straightforward interpretation would be 
that benzylpenicillin possessed the oxazolone- 
thiazolidine structure, although it was possible 
that this structure was formed from penicillin 
during the reaction, or that penicillin possessed a 
heretofore imknown or little-understood type of 
grouping which reacted with thiocyanate to produce 
a thiohydantoin. 

While the ultraviolet absorption data were not 
inconsistent with the phenylacetyl-thiohydantoin 
structure (I) for the thiocyanate derivative, pre¬ 
liminary titration data {D,22, 1) indicated the 
absence of a basic group in the compoimd with a 
strength corresponding to that of the basic group 
present in the methyl ester of 4-thiazolidine- 
carboxylic acid, A more detailed study 21, 

34) of the behavior of the thiocyanate derivative 



and of several model thiohydantoins and thiaz- 
olidines in potentiometric titrations, in aqueous and 
acetic acid solutions, likewise failed to demonstrate 
the presence of a basic group in the thiocyanate 
derivative. Such groups were readily detected in 
the model thiazolidines studied, including penicil- 
loates, containing a free >NH group. 

The inability to detect a basic* group in the thio¬ 
cyanate derivative cast considerable doubt on the 
validity of the phenylacetylthiohydantoin-thiazol- 
idinc structure (I). Furthermore*, attempted acetyl¬ 
ation of the thic»cyanate derivative with acetic 
anhydride and pyridine resulted in recovery of the 
unchanged thiocyanate derivative {D, 24 , 12). 

Such resistance to acetylation appeared inconsistent 
with the presence of a thiazolidine >NII group. 
In addition, it was found that the thiocyanate 
derivative was remarkably resistant to fission by 
reagents such as mercuric chloride {D. 24 , 11; S,S6, 
21) and 2,4-dinitrophenylhydrazine {0.24^ S,38, 

7) which readily produce ring fission in com¬ 
pounds containing thiazolidine rings with free >N II 
groupings. 

Another fact which argued against structure I 
was the difference in the behavior of the thiocyanate 
derivative and of 1-acyl-2-thiohydantoins towards 
cold aqueous methanolic alkali, and towards 
alcoholic mercuric chloride (S,S8, 13, 14). Both 
these agents remove the acyl group from l-acyl-2- 
thiobydantoins, whereas the thiocyanate derivative 
suffers no such loss, but is transformed instead to 
products still containing all its essential structural 
elements (see following section). 

In view of these discrepancies, other possible 
structures (II, HI and IV) for the thiocyanate 
derivative were also considered {S.3S, 9; D,2S, 2,3): 

COCIIjCoHft 

N-OH—S—C(CH8)2 

I III 

CS—NH—(X) NH-(’II—COOCH. 

I 

N H-CH—CH—S—C; (CH,) * 

I III 

CS—Nil—CO N-OH—COOCH, 

I 

C0CH*C,H5 

u 

NIK’OCHjCJH 

I 

CO- CIl—CH—S— (’(CH3)2 

I I I 

Nil—CS—N-CH—COOCIl, 

III 

CO-Cl I-CII—S—C(CH,) * 

I III 

NH—CS—N—C/—N-CH—COOCH, 

HO^ ^CHsCaH, 

IV 




272 


THICK’VANATK DKRIVATIVE OF MF/niYL BENZYLPENICILLINATE 


Structures II and III would seem to be more com¬ 
patible with the data than structure I, insofar as 
the thiazolidine nitrogen atom is covered in each 
of these structures. Titrational data, resistance to 
fission by mercuric chloride, and resistance to 
acetylation might thus be explained. 

Structure IV could be considered as derivable 
from penicillin {p.25, 3) if penicillin possessed the 
tricyclic structure, or from a compound of structure 
II by ring closure {S.S8, 9). The presence of the 
rather unusual type of linkage in this compound 
made a prediction of its properties uncertain. 

The thiohydantoin-phenylacetylthiazolidine 
structure 11 appeared to be incompatible (S.Si, 
8 ) with the ultraviolet absorption spectrum of the 
thiocyanate derivative, which show'ed an absorption 
peak at 280 m^, since model thiohydantoins unsub¬ 
stituted in the 1-position showed an absorption 
peak at the appreciably shorter wave length of 
265 mM (DJO, 6; S.34, 7). The phenylacetamido- 
thiohydrouracil type of structure of formula III 
might conceivably possess the ultraviolet absorption 
characteristics shown by the thiocyanate derivative. 

A labile hydrogen determination on the thio¬ 
cyanate derivative by a method similar to that used 
for the determination of the labile hydrogen atoms 
of benzylpenicillin (D.ll) revealed the presence of 2 
labile hydrogen atoms {D.S5, 19). Each of the 
structures considered was compatible with this 
result. 

FORMATION AND PROPERTIES OF THE 

ALKALI-ISOMERIZATION PRODUCT OF 
THE THIOCYANATE DERIVATIVE 

As a step in establishing the structure of the 
thiocyanate derivative by degradation, saponifica¬ 
tion of the compound was attempted by treatment 
at room temperature with one equivalent of alkali 
in aqueous methanol solution (Cornell Bioch., D.$3, 
2 ). Upon acidification of the reaction mixture, 
a crystalline compound separated in excellent yield. 
Although different from the starting material, it 
possessed the same empirical formula as the start¬ 
ing material and, furthermore, a mothoxyl deter¬ 
mination indicated the presence of the carbomethoxy 
group originally present. The alkali-treated prod¬ 
uct possessed a different crystalline form and a 
much sharper melting point than the material 
before treatment with ali^i, and a mixture of the 
two compounds exhibited a large depression of the 
melting point. While the thiocyanate derivative 
of methyl benzylpenicillin possessed a specific 
rotation of approximatdy —14% the alkali-treated 
material exhibited a specific rotation in the neifd^- 
borhood of -1-240®. 

An attempt was then made to follow the rate of 
change of the thiocyanate derivative under the 
influence of alkali by examination of the rate of 
change of rotation. That the reaction is rapid 
was indicated by the observation that by the time 


the first reading was taken, 1.6 minutes after the 
addition of the alkali, a high positive rotation was 
obtained, with very little increase when the solution 
was allowed to stand {D.3Z, 2). 

Further work indicated that reagents other than 
alkaU were effective, although slower in action, in 
bringing about transformation of the thiocyanate 
derivative to the alkali-isomerization type of com¬ 
pound. After prolonged treatment of the thio¬ 
cyanate derivative with either alcoholic mercuric 
chloride (Squibb, S.S6, 19; 35,10) or alcoholic silver 
nitrate {S.S8, 11; .^0, 2; 43, 7), the same crystalline 
compound was isolated, and this compound ap¬ 
peared to be closely related in many respects to 
the alkali-isomerization product. Although dif¬ 
ferences in melting point and in analytical carbon 
and hydrogen values were observed between the 
alkali-isomerization product and the mercuric 
chloride product, these differences were explained 
by later work which demonstrated beyond reasona¬ 
ble doubt the similarity of the general structural 
features of the two compounds (page 282). 

The alkali-isomerization product of the thio¬ 
cyanate derivative exhibited an ultraviolet absorp¬ 
tion spectrum quite similar to that of the thiocyanate 
derivative, with peaks at 270 mp and 235 xnii (D.34, 
6 ). A labile hydrogen determination by the 
deuterium oxide technique demonstrated the pres¬ 
ence of 2 labile hydrogen atoms {D.25, 19). Po- 
tentiornctric titrations of the compound in aqueous 
or glacial acetic acid solutions failed to reveal the 
presence of an acid-binding group {D.25, 21, 24). 
The compound was resistant to the action of 2,4- 
dinitrophenylhydrazine {D.24, 4) and mercuric 
chloride {S.38, 11). 

The foregoing data made it appear possible that 
the conversion of the thiocyanate derivative to the 
alkali-isomerization product might be explicable 
simply by epimerization. Evidence supporting 
this view was afforded by the finding that treatment 
of optically active 1-acetyl- or l-phenylacetyl-5- 
isobutyl-2-thiobydantoin with one equivalent of 
alkali, under conditions similar to those used for 
the penicillin derivative, resulted in a drop in 
rotation to zero {S.S8, 13; D.25, 12). This racemi- 
zation, however, was much slower than the very 
rapid change in rotation observed in the case of 
the thiocyanate derivative. However, the possi¬ 
bility of structural isomerization was also considered 
{D.25, 2), and in particular, the possibility of acyl 
wandering. To test this hypothesis, the alkali- 
isomerization reaction vras carried out in the pres¬ 
ence of arginine as a phenylacetyl group acceptor, 
but the results were negative. 

As in the case of the thiocyanate derivative, the 
lack of a basic group in the alkaU-isomerization 
product appeared to preclude the suppotition that 
the latter compoxmd might possess the acylthio- 
hydantoin-thiazolidine struotiure L Polarographio 
data were likewise in opposition to this struotura 
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{D,25j 20). On the other hand, the thiohydantoin- 
acylthiazolidine structure II for the alkali-isomeriza¬ 
tion product appeared to be excluded on the grounds 
that the ultraviolet absorption spectrum of this 
compound did not resemble the spectra of any of the 
model thiohydantoins studied which were noii- 
acylated in position 1. 

DEGRADATION STUDIES 

Acid-Hydrolysis Products. Although the thio¬ 
cyanate derivative when treated with excess alkali 
yielded intractable oils (Cornell Bioeh., D.25, 4; 
Squibb, 1; 4-^, 9), it was relatively stable to 

treatment with acid. However, hydrolysis of the 
compound with concentrated hydrochloric acid for 
2 hours at a bath temperature of 155® yielded a 
crystalline product, micro m.p. 206-207®, possess¬ 
ing the empirical formula CyIIi 3 ().iN 3 S 2 (D. 24 , 12). 
This formula indicated the hydrolysis of a phenyl- 
acetyl group and the carbomethoxy group from the 
starting material. Phenylacetic acid was isolated 
in good yield from the hydrolysis mixture. 

From the composition and properties of this 
acid-hydrolysis product, it seemed probable that 
it was deri\ ed from the thiocyanate derivative by 
simple hydrolysis of the (‘st<'r and phenylacetyl 
groups. To te^t this point, the acid-hydrolysis 
product was subjended to esteiihcation and phenyl- 
acetylation procedures in an attempt to reconvert it 
to the thiocyanate derivative. A crystalline prod¬ 
uct was obtained by these procedures, and was 
shown to be identical, not with the thiocyanate 
derivative, but with the alkali-isomerization prod¬ 
uct {D.2B, 12). 

It then became of interest to determine the be¬ 
havior of the alkali-isomerization product under 
the same conditions of acid hydrolysis used for the 
thiocyanate derivative. Such an experiment was 
carried out, and a crystalline product, micro m.p. 
206-207®, was obtained in good yield, along with 
phenylacetic acid 11). Comparison of this 

product with the acid-hydrolysis product of the 
thiocyanate derivative indicated them to be identi¬ 
cal with respect to empirical formula, crystalline 
form, solubility, melting point, specific rotation, 
labile hydrogen atoms, and ultraviolet absorption. 
X-ray analyses confirmed the identity (Illinois, 
8 ), as did infrared analyses (Mich. Phys., 
reported in DM^ 2). In addition, both acid- 
hydrolysis products yielded the same crystalline 
compound (the alkali-isomerization product) when 
subjected to phenylacetylation and esterification 
procedures. The relationships among these com¬ 
pounds may be expressed diagrammatically as 
indicated. 

If the transformation of the thiocyanate deriva¬ 
tive to its alkali-isomerization product involved 
only epimerization, then the formation of the same 
acid^&ydrolysis product from both compounds 
indicated that ^dimerization also took place during 


the acid hydrolysis. I'hat concentrated hydro¬ 
chloric acid could racemize the asymmetric carbon 
atom of 5-substituted thiohydantoins was shown by 
the hydrolysis of optically active l-plicnylacetyl-5- 
i8obutyl-2-thi()hydant()iu to yield the optically 
inactive 5-isobutyl-2-thi(diydantoin {D,25, 11). 


thiocyanate_alkali-isomerization 

derivative i equivalent produ(*t 


HCl 


nci 


esterification and 
phenylacetylation 


acid-hydrolysis ^ M 
product 

The ultraviolet absorption spectrum of the acid- 
hydrolysis product showed two peaks, at 273 m/x 
and 237 mu. Labile hydrogen determinations 
{D.25f 19) yielded a value of 4 atoms per molecule; 
this result was in agreement with structures such 
as V and VI, derivable from the structures previ¬ 
ously discussed for the thiocyanate derivative 
(page 271). 


CO- 


—CH—CH- -S--C(CH8)2 

I III 

NH—CS—Nil Nil-CH—COOH 

V 

NH, 

I 

C’O—ClI—CH—S-CXC’Ha)* 


NH C'S—N- 


-CII—COOH 


VI 


During the preparation of the acid-hydrolysis 
product from the thiocyanate derivative, a small 
amount of a higher-melting crystalhne compound 
was formed [D.24> 13). The same high-melting 
product was formed in much smaller amounts duiv 
ing the acid hydrolysis of the alkali-isomerization 
product. This high-melting acid-hydrolysis prod¬ 
uct possessed the same ultraviolet absorption 
spectrum as the main hydrolysis product of m.p. 
206-207'’, and appeared to be isomeric with it. 

In potentiometric titration studies on the acid- 
hydrolysis product of m.p. 206-207®, the presence of 
a basic group of pK' 7.3 was detected {D.26, 23, 
25). (Two base-binding groups were also present. 
One group, with a pK' value of less than 1.8, was 
assigned to a carboxyl function. A third group, 
pK' 8.5, was similar in strength to the acidic group 
present in model 2-thiohydantoins, and was 
assigned to an acidic sulfur atom.) Since it was 
posrible to convert the acid-hydrolysis product, by 
phenylacetylation and esterification, to the all^- 
isomerization product of the thiocyanate derivative, 
it appeared likely that no structural changes other 
than hydrolysis of the ester and phenylacetyl groups 
occurred in the hydrolysis of alkali-isomeriza- 
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tion product with hydrochloric acid. On the basis 
of the titration data, this meant that the basic 
group which is evident in the acid-hydrolysis 
product was covered by the pheiiylacetyl radical 
in the alkali-isomerization product. Since no basic 
group was present in model thiohydantoins suffi¬ 
ciently strong to be detected in the titration experi¬ 
ments, the data strongly suggested that the phenyl- 
acetyl group is attached, in the alkali-isomerization 
product, to a nitrogen atom other than those which 
might be present in a thif)hydantoin ring as in 
structure II or III, but not structure I). 

Consideration of the titration data suggested 
further that the basic nitrogen atom present in the 
acid-hydrolysis product was in close proximity to 
the carboxyl group. This ^\as intimated by the 
results from the titration of t.he methyl ester of the 
acid-hydrolysis product (I).25, 23). The hydro¬ 
chloride of this compound possessed 2 base-binding 
groups, with pK' values of 5.0 and 7.8. Since the 
7.8 value could be considered to be due to the acidic 
sulfur atom, it was comduded that the pK' of the 
basic group present in tlie acid-hydrolysis product 
had been lowered from 7.3 to 5.0 by esterification. 
This low'cring is similar to that ol)served after 
esterification of 4-thiazolidinecarboxyli(5 acid, and 
a-amino acids in gcmcral. 

The acid-hydrolysis product of m.p. 200-207®, 
when subjected to a micro Van Slyke amino-nitro¬ 
gen analysis, yielded suffi(*ient nitrogen to account 
for almost tw'o primal y amino groups. When the 
compound w’^as treated with bromine water to 
eliminate any possible nitrogen formation due to 
the sulfur present in the compound, the amino- 
nitrogen value obtained w'as'in fairly good agree¬ 
ment with the theoretical value for one primary 
amino group. A positive ninhydrin reaction was 
given by the acid-hydrolysis product; after treat¬ 
ment with bromine water the reaction was negative 
(D.Si, 20). 

The foregoing data were not in satisfactory agree¬ 
ment for either of the depicted structures (V and 
VI) for the acid-hydrolysis product. While the 
titration data suggested a structure such as V, in 
which the basic group is close to the acidic group, 
the amino-nitrogen determination indicated a 
structure such as VI, containing a primary amino 
group. The positive ninhydrin reaction likewise 
indicated an a-amino carbonyl configuration. 

Two model thiohydrouracils (6-phenyl-2-thio- 
5 ,6-dihydrouracil and 2-thio-6,6-dihydrouracil) 
showed absorption peaks in the ultraviolet region 
in the neighborhood of those exhibited by the acid- 
hydrolysis product 21, 22). In all cases, 

in alkaline solution the double peaks in the ultra¬ 
violet spectra were replaced by a single peak, at 
240 vcifjL for the thiohydrouracils, and at 270 mg for 
the acid-hydrolysis product. 5-Methyl-2-thiohy- 
dantoin showed the same general behavior. How¬ 
ever, upon acidification the acid-hydrolysis product 


and the model thiohydantoin showed reversion 
to the original spectra, but the thiohydrouracils did 
not. (It was later shown that this does not apply 
to all thiohydrouracils. With l-substituted-2- 
thiohydrouracils such as l-bcnzyl-2-thiohydrouraciI 
(a 8.47, 7) and l-bcnzyl-5-phcnyIacetamido-2-thio- 
hydrouracil {S.45, 6) the original spectrum is 
rapidly reconstituted upon acidification {S^Oy 6; 
47, 9)). In the case of the ()-phenyl thiohydrouracil 
it was established that mild alkaline treatment 
brings about a ring-opening, and /^f-phenyl-/^i-thio- 
ureidopropionic a(*id w^as isolated after acidification 
of the alkaline solution of this compound 21). 

It was concluded, therefore, from this and later 
data, that the aeid-hydrolysis product probably 
possessed a structure other than that depicted by 
formula V or VI. 

Mercuric Acetate Product of the Thiocyanate 
Derivative. In investigating the structure of the 
tliiocyanatc derivative, the effect of mercuric acetate 
on the compound w'as studied (Squibl), 2; 

4 ^, 5; 3). After treatment wdth mercuric 

acetate in acetic acid solution for 15 minutes at 
lOO®, mercuric sulfide separated from the solution. 
Addition of w^ater to the filtrate from the mercuric 
sulfide precipitate n^sulted hi the deposition of a 
crystalline degradation product. The absorption 
spectnim of the (compound exhibited maxima at 
290 mg and 235 mg. Analyses indicated that 
the product contained one less sulfur atom than the 
thiocyanate derivative. It seemed likely tliat the 
sulfur atom eliminated was that originally intro¬ 
duced in the reaction of benzylpenicillin with 
thiocyanate, since it was found that 1-acyl thio¬ 
hydantoins are readily desulfurized by mercuric 
acetate 7). 

The stability of the remaining sulfur atom in the 
mercuric acetate product under the relatively 
severe conditions employed was noteworthy, inas¬ 
much as thiazolidines, even those possessing an 
acylated nitrogen atom, were readily desulfurized 
by mercuric acetate 8; 44i 5). 

The specific rotation of the mercuric acetate prod¬ 
uct was low, and varied for different preparations 
(+5.5® to +39®). It seemed possible that tliis 
low optical activity might be attributable to small 
amounts of optically active impurities admixed 
with an optically inactive main product (Cornell 
Bioch., D,S1, 3). Such indeed was found to be the 
case, for when the mercuric acetate product was 
prepared and purified by several crystallizations, no 
optical activity was demonstrable (D.Sl, 14). 
Analytical data obtained on this optically inac** 
tive material indicated the empirical formula 
Ci 8 H,» 04 N,S. 

On the basis of these analytical data, the overall 
change in composition in the formation of the mer¬ 
curic acetate product was the loss of one sulfur and 
two hydrogen atoms from the thiocyanate deriv¬ 
ative. If the optical inactivity of this compound 
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were due, not to racemization, but to destruction 
of the asymmetric centers present in the thio¬ 
cyanate derivative, the simplest explanation of the 
reaction mechanism would be the elimination of the 
sulfur atom originally present in benzylpenicillin 
methyl ester as hydrogen sulfide. In considering 
the thiohydrouracil structure (III) for the thio¬ 
cyanate derivative, the reaction was postulated as 
follows {D.Sl, 4): 



NHCHiCTIoCcH, 


CO C--CU 

I I !! 


NH—CS-N- -C-COOCIU 

VII 


In order to prove beyond doubt which of the two 
sulfur atoms of tlie thiocyanate derivative was 
eliminated by the mercuric acetate treatment^ the 
thiocyanate derivative was prepared by treatment 
of benzylpenicillin methyl ester with KSCN con¬ 
taining radioactive sulfur, and subjected to the 
mercuric acetate treatment 15). The crys¬ 

talline mercuric acetate product so obtained con¬ 
tained radioactive sulfur in an amount sufficient 
to show unequivocally that the sulfur atom present 
in the mercuric acetate product was the sulfur 
introduced into the penicillin molecule from the 
inorganic thiocyanate. 

This demonstration that the sulfur atom elimi¬ 
nated in the reaction of the thio(;yanate derivative 
with mercuric acetate was the sulfur atom originally 
present in benzylpenicillin lent great support to 
the type of mechanism formulated above. Addi¬ 
tional evidence in favor of this mechanism was 
derived from ozonolysis experiments. Should the 
mercuric acetate product possess a structure of the 
type illustrated by formula VII, it should be possi¬ 
ble by treatment of the compound with ozone to 
obtain acetone from the dimethylacrylic acid portion 
of the molecule. It was found that the mercuric 
acetate product yielded 73% of the theoretical 
amount of acetone expected if one isopropylidene 
group were present; furthermore, the thiocyanate 
derivative failed to yield any detectable amount of 
acetone under the same conditions of ozonolysis 
(D.SJ, 18). 

In considering the thiouracil structure VII for the 
mercuric acetate product, the presence of this type 
of ring structure was compatible with the stability 
of the remaining sulfur atom of the mercuric acetate 
product, since tests with model compounds indi- 
Oated tW although the thiohydrouracils studied 


were desulfurized by mercuric acetate, thiouracils 
appeared to be resistant to desulfurization by this 
reagent (D,5i, 5; S,46,8). 

The ultraviolet absorption of the mercuric 
acetate product (peaks at 290 m^ an'd 235 rn^t) 
did not coincide 'with the speettra of 5-phenylacet- 
amido-2-thiouracil {D.Sl, 25) or l-benzyl-5-phenyl- 
acetamido-2-thiouracil (>S.^6', 9), both of which 
showed maxima at 320 m/x and 290 m/x. However, 
it is not inconceivable that the dimethylacrylate 
fragment attached to the 1-position of the thiouracil 
ring (formula VII) may exert an eiTect on the ultra¬ 
violet absorptic*n sufficient to bring about the 
observed differences in the spectra. On the other 
hand, of the structures under considerati()n, the 
thiohydrouracil structure III agreed most satis¬ 
factorily with the results of infrared analyses 
(University of Michigan, Department of Physics, 
as reported in D.So, 2). 

Significant results were acciuired from a study of 
the reaction of the compound with hydrogen perox¬ 
ide in alkaline solution {S,47y (>; 48f 7). This 
reaction was carried out with the object of desul¬ 
furizing the mercuric acetate product, inasmuch as 
2-thiouracils were not desulfurized with mercniric 
acetate, while 5-phenylacetamido-2-thi()uracil was 
smoothly desulfurized by alkaline peroxide to the 
corresponding uracil {S.47, 5): 

NllCOClhCell , NII(:OCH2CeIl5 

CO—(’II CO—c-= c'H 

I I I I 

Nil—CS—NH Nil—CO-NH 

VIII 

When the peroxide procedure was applied to the 
mercuric acetate product, a mixture of crystalline 
products was formed, from which a small amount of 
a product of melting point 307-310® was isolated 
(S. 47 , 6). This substance gave no melting point 
depression when mixed with 5-phenylacetamido- 
uracil (formula VIII), and its ultraviolet spectrum 
was identical with that of the latter compound. 
Analytical values agreed with the theoretical 
values 7). Acetone was identified as a 

constituent of the reaction mixture. It was ap¬ 
parent that both desulfurization of the thiouracil 
moiety and oxidation of the dimethyl acrylate 
side chain had occurred, with subsequent hydrolytic 
cleavage of the side chain by the alkali present. 

The bulk of evidence accumulated was, therefore, 
predominantly in favor of the thiouracil structure 
Vn for the mercuric acetate product, and conse¬ 
quently, the phenylacetamidothiohydrouracil struc¬ 
ture III for the thiocyanate derivative. However, 
the correctness of the thiouracil structure for the 
mercuric acetate product did not necessarily prove 
conclusively the existence of a thiohydrouracil ring 
system in the thiocyanate derivative, since a rear¬ 
rangement in the reaction with mercuric acetate 
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was not entirely out of the question (547, 2). 
Final confirmation of the structure of the thio 
cyanate derivative came from synthetic studies 
(page 279). 


NHCOCHsCells 

CO—C=^CII C(CHs)i 

I I II 

NH- CS— N-C—COOCH, 

VII 


NIICOCHjfMIs 

I 

CO-C- CH 


+ (CH,),CO 


NH-CO~N—CO-COOCHa 

NHCOCIIaCelfs 

lL*™co-c'' -cii 

I I 

Nil - CO -NH 

VIII 


Mercuric Acetate Product of the Alkali-Isomeri¬ 
zation Product The demonstration that treat¬ 
ment of the lliiocyanate derivative' with mercuric 
acetate resulted in the formation of a compound 
containing no asymmetric centers offered a method 
for determining conclusively whether or not the 
alkali-isomerization product was an epirner of the 
thiocyanate derivative. If the thiocyanate deriva¬ 
tive and the alkali-isomerization product were 
simply stereoisomers, both should yield the same 
optically inactive mercuric acetate product. 

However, when the alkali-isomerization product 
was subjected to the treatment with mercuric 
acetate, there was no indication of the formation of 
a compound similar to the mercuric acetate product 
obtained from the thiocyanate derivative (Squibb, 
4; Cornell Bioch., D.3I, 17). In one case, a 
crystalline reaction product, together with an oil, 
was isolated, but both these materials presented 
entirely different absorption spectra from the 
mercuric acetate product of the thiocyanate deriva¬ 
tive {D.Sl^ 17). Furthermore, it was ascertained 
that when the reaction was carried out with radio¬ 
active alkali-isomerization product, prepared from 
the radioactive thiocyanate derivative previously 
described, the crystalline reaction product con¬ 
tained much less radioactivity per mg. of sulfur 
than the starting material (D,34, 8). This result 
was in direcit contrast with that obtained when 
radioactive tliiocyanate derivative was treated with 
mercuric acetate, and suggested a difference in 
lability of the corresponding sulfur atoms in the 
two compounds. The oily, non-crystalline fraction 
which was obtained from the alkali-isomerization 
product contained an appreciable amount of 
radioactivity per mg. of sulfur, indicating that in 
this material there had been removal of the penicil-' 
lin sulfur atom. 


It was possible to isolate in crystalline form a 
small amount of a sulfur-free compound by mer¬ 
curic acetate treatment of the alkali-isomi'riza- 
tion product 4; 4^, G). Analytical values 

on this compound indicated the empirical formula 
CtoHiiOaNj, and the presence of the methoxy 
group of the starting material. It appeared that 
the overall change in composition had been the loss 
of two molecules of hydrogen sulfide and the 
phenylacetyl radical. A small amount of phenyl- 
acetic acid was i.solated from the reaction mixture. 
It appeared difficult to interpret these results on the 
basis of any of the considered structures for the 
alkali-isomerization product. 

Alkali-Isomerization Product. The results of the 
preceding experiments with radiosulfur appeared 
to demonstrate conclusively that the thiocyanate 
derivative and its alkali-isomerization product were 
structural isomers rather t han stereoisomers. X-ray 
analyses were in accord with this conclusion; greater 
differences ap])eared in the x-ray patterns of the 
two compounds than would have been expected if 
the eompound^ wer(' merely stereoisomers (Illinois, 
CL4j 7). Infrared analyses likewise showed large 
differences between the two compounds (Merck, 
ilf.^7, C; Mich. Phys., reported in l).S5f 2). Since, 
in the case of the thiocyanate derivative, the evi¬ 
dence available was greatly in favor of the thio- 
hydrouracil structure III for this compound, it was 


NIICOCITsCelU 

I 

CO -CII—(^H—S--0(0113)2 


Nil—CS~N- 


III 


-on -COOClIa 


necessary to considei structures other than III for 
the alkali-isomerization product 

As previously pointed out, no basic group could 
be detected in the alkali-isomerization product and 
thus it appeared unlikely that it possessed the 
phenylacetylthiohydantoin-thiazolidine structure. 


COCIIaCeHs 

N-(UI—CH- 

I I I 

CS-NII-CO NH- 


S-(’(CT1,), 


CH—COOCHs 


The difficulty in visualizing the ready conversion by 
dilute alkali of the thiocyanate derivative possessing 
the thiohydrouracil structure to a thiohydantoin- 
phenylacetylthiazolidine made it seem improbable 


NH- 


-CH—CH—S—C(CH,), 


CS—NH—CO N 


-CH—COOCH, 


0CHaC.H» 


that the alkali-isomerization product possessed 
such a structure. Therefore, on the assumption 
that the thiocyanate derivative possessed the thio> 
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hydrouracil structure III, it was concluded that the 
alkali-isoraerimtion product possessed a structure 
other than those thus far considered. 

In examining the accumulated data obtained on 
the acid-hydrolysis product of both the thiocyanate 
derivative and the alkali-isomerization prod net» it 
appeared that several of the properties of this com¬ 
pound were suggestive of an oj-amino acid. Such 
properties were the positive ninhydrin color reac¬ 
tion, the liberation of nitrogen in the Van Slyke 
procedure, and the change in pK' of tlie basic 
group when the carboxyl group was esterified 
Solely on these considerations, and neglecting the 
mode of origin of the compound, the structure 
shown in formula IX was postulated for the acid- 
hydrolysis product (Cornell Bioch., D.S 4 ,3). 


IIOOC—Clf—CII- 

I I 

NH* N— 


-C(C1I.02 

-CH 


CS—NH-~CO 

IX 


It vnll be recalled that in the acid fiydrolysis of 
the thiocyanate derivative and its alkali-isomeriza¬ 
tion product, a high-melting product (m.p. about 
270®) was formed along with the common hydrolysis 
product of m.p, 20f>-207®. In the case of the 
thiocyanate derivative the high-melting hydrolysis 
product constituted ap])ro\imately of the 

hydrolysis mixture; with the alkali-isomenzation 
product only a tra(*e was formed The high- and 
low-meltmg products possessed the same empirical 
formula and ultraMolet absoiption chaiacteiistics, 
and appeared to be stereoisomei s. 

If the two hydrolysis products were indeed optical 
isomers of structure IX, and further, it they differed 
only in the configuration of the a-carbon atom, it 
should be possible to apply procedures commonly 
used for the racemization of a-amino acids to one of 
the compounds and obtain partial conversion to the 
other. With this purpose in mind, the high-melting 
hydrolysis product was treated with acetic anhy¬ 
dride, and from the reaction mixture both the 
high- and low-melting products were obtained, in 
approximately equal amounts (D.Si., 12 ). This 
result, therefore, further stn'iigthened the supposi¬ 
tion that the acid-hydrolysis product possessed the 
structure shown in formula IX. 

Additional evidence to indicate that the high- 
and low-melting acid-hydrolysis products were in 
fact stereoisomers was afforded by the treatment 
of these compounds with mercuric acetate (D.34^ 
12, 13). When the low-melting product with a 
specific rotation of +344® was esterified (for reason 
of solubility) and treated with mercuric acetate, a 
crystalline product was isolated and found to be 
optically inactive. If the high- and low-melting 
products were stereoisomers, then it would bo 
mpeoted that both c- mpounds would yield the same 


optically inactive product. When tlxc high-inclt ing 
acid-hydrolysis product with a specific rotation of 
+290® was subjected to the above procedure the 
same crystalline, optically inactive product was 
obtained. 

Analytical data indicated that this reaction prod¬ 
uct was formed from the acid-hydrolysis products 
by the removal of both sulfur atoms and four liydro- 
gen atoms. Furthermore, ozonolysis of the com¬ 
pound resulted in the formation of acetone m good 
yield. The following formulation of the mercuric 
acetate reaction agreed satisfactorily with the data. 


(^HaOoc—ni- cdi—s—c(cii3)2 


Nils N- 


-CII 


Hg(OAc )2 


CS-~N 1 I—CO 


CllsOOt^—C—CH C(CIl 3)2 


I I I 

N=C—NH—CO 

X 

Since it is possible by esterification and phenyl- 
acetylation procedures to convert the acid-hydroly¬ 
sis product to the alkali-isomerized thiocyanate 
derivative (DJ5, 12), it seemed very probable that 
both compounds possessed the same structural 
ring s\stem On tlie basis of sirueture IX for the 
acid-hydi olysis product, tliereloie, the alkali- 
isomerization ])roduct would in all likelihood possess 
the structure illustrated by formula XL 

CH 3 OOC CH-(dI~S—C(CH 3)2 

I I I 

C\H 5 CIl 2 CO—Nil N-(II 

1 I 

CS NH—('0 

XI 

It will be noted that the sulfur atom introduced 
originally into benzyl penicillin methyl ester by the 
reaction with thiocyanate is present in structure 
XI in a thiohydantoin ring. This sulfur atom would 
therefore be ex]>ected to be susceptible to attack by 
mercuric acetate. As previously described, the 
results obtained from the treatment of the alkali- 
isomerizalion product containing radiosulfur with 
mercuric acetate did in fact demonstrate that the 
‘^thiocyanate’* sulfur atom was removed by this 
reagent. In addition, the infrared spectrum of the 
alkali-isomerization product was compatible with 
the presence of a thiohydantoin ring (Mich. Phys., 
reported in D,S5, 2 ). 

It became obvious that the nature of the sulfur- 
free compound obtained from mercuric acetate 
treatment of the alkali-isomerization product (page 
27G) was readily explained on the basis of structure 
XI for the alkali-isomerization product. The sul¬ 
fur-free compound was without doubt identical 
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with the compound obtained by treatment of the 
methyl esters of the acid-hydrolysis i)roduct8 with 
mercuric acetate. The reaction could be formu¬ 
lated as indicated. 


CTljOOC—CH- CH S—C(CrL)s 


C,Hr,CiLCO NH N-(’ll 


HK(0\c)i 


CS -Nil- CO 

XI 


CH,OOC-C-(’H ('((’IDs 

I i| 

N-C 


NH-CO 

X 


+ C^6H5CH,CT)0H 


The rea(‘tioii of the alkali isomerization produet 
with methyl iodide and ethanolic potassium hydrox¬ 
ide followed by treatment with acid (elimination of 
methyl mercaptan) yielded a crystalline product 
of the composition Ci 8 H 2 i() 5 N 3 S 17; 5) 

in which one of the sulfur atoms of the starting 
product is replaced by oxygen. From the mode of 
its formation and the lack of the characteristic 
thiohydantoin spectrum it seems probable that this 
compound is the hydantoin. 


CTInOOC—CH—CII-S— CHCIl 3)2 

I I I 

CsIRCHaCO—NH N-CH 

I I 

CO—NH—(’0 


In contradistinction to the alkali isomerization 
product it remained unchanged on treatment with 
mercuric acetate (S.4^, 5). Apparently it requires 
the presence of the thiohydantoin sulfur atom in the 
former to initiate the reactions leading to the forma¬ 
tion of the sulfur-free compound X. 


SYNTHETIC STUDIES 

Early in the study of the thiocyanate derivative, 
attempts were made to synthesize the compound by 
the treatment of penicilloates with thiocyanic acid 
under various conditions. In attempting to syn¬ 
thesize the phenylacetylthiohydantoin-thiazolicUne 
structure (I), jS-methyl n-v-benzylpenicilloato was 
treated with ammonium thiocyanate and acetic 
anhydride at room temperature (Squibb, S,34f 11). 

NHCOCH^CellB 

in-CH-s—{’( ch,)2 hscn 

COOH NH-(^’H—COOCH, 


COCH2C.H6 

i— 


CS—NH-CO NH 

I 


-CH—CH—S—C(CH,), 

I 1 I 

-CH—COOCH, 


Although the ultraviolet spectrum of the crude 
reaction mixture showed the presence of two bands 
at 279 m/i and 234 m^, characteristic of acylated 
thiohydantoins, no crystalline product was isolated. 
Treatment of the / 3 -methyl D- 7 -benzylpenicilloate 
\nth thiocyanate at 0 °, under conditions which had 
previously been shown to yield optically active 
thiohydantoins from optically active amino acids 
(Cornell Hioch., or at 100 ®, failed to yield a 

crystalline product 9). The same nega¬ 

tive r(‘sults were obtained when /3-methyl D-«-benz- 
ylpenicilloate, prepared from benzylpenicillin, 
was used as the starting material 9). 

When Ihe amorphous material obtained by treat¬ 
ment of /3-methyl D- 7 -benzylpenicilloate with thio¬ 
cyanate was treated with concentrated hydrochloric 
acid under the conditions used to obtain the acid- 
hydrolysis products of the thiocyanate derivative, 
there was obtained a low yield of a crystalline 
product which appeared to be i<lentical with the 
high-melting acid-hydrolysis product of the thio¬ 
cyanate derivative {0.25, 15). Infrared analysis 
confirmed this identity (Mich. Phys., reported in 
D.S5, 2). 

Synthesis of the Acid-Hydrolysis Products. In 

the foregoing early attempts to obtain the thiocya¬ 
nate derivative, its alkali-isomerization product, or 
their acid-hydrolysis product by synthetic methods, 
the /3-methyl esters of natural and synthetic penicil¬ 
loates had been used. After postulation of the 
fused thiazolidine-thiohydantoin structure (IX) 
for the acid-hydrolysis product (page 277) a 
synthesis of this compound employing an a-ester 
of l^enzylpcnicilloic acid was undertaken {0.84, 10 ). 


(^eHsC^IaCONII-CH—CII—S--C(CH 8)2 

C 2 H 5 OOC NH-CH—COOH 


r«H 5 CH 2 CONH—CH—CH—S—C(CH 3)2 


HSCN 

AC 2 O 


C 2 H 5 OOC N- 


~CH 


HCl 


CS—Nil—CO 
HOOC—CH—CH—S—C(CH 3)2 
-CH 


I 1 

NHj N- 


CS—NH—CO 


From the reaction of a-ethyl D- 7 -benzylpenicil- 
loate with thiocyanate there was obtained a 
crystalline reaction product which, on acid hydroly¬ 
sis, gave a crystalline material, in 28% yield, 
identical with the high-melting acid-hydrol 3 r 8 is 
product of the thiocyanate derivative of methyl 
benzylpenicillin. 

As earlier described (page 277), the high-melting 
acid-hydrolysis product could be converted to the 
lower-melting form by treatment with acetic 
anhydride. The low-melting form so prepared was 
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identical by all available criteria, including x-ray 
analyses (Illinois, CL 6, 8 ), with the low-melting 
acid-hydrolysis product of the thiocyanate deriva¬ 
tive. Tins synthesis of the acid-hydrolysis prod¬ 
ucts, therefore, provided additional and more 
direct evidence for the structure of both the acid- 
hydrolysis products and the alkali-isomerization 
product. 

It was of interest that the same acid-hydrolysis 
product was obtained from syntheses which uti¬ 
lized either the a- or jS-esters of bcnzylpenicilloic 
acid. Such a result was in conformity with the 
formation of the same acid-hydrolysis product from 
‘both the thiocyanate derivative and its alkali- 
isomerization product; it was evident that during 
acid hydrolysis of the thiocyanate derivative, a 
structural rearrangement had occurred and this 
rearrangement was the same as that which occurred 
in the alkali isomerization of the thiocyanate deriva¬ 
tive. In the case of tlie synthesis of the acid- 
hydrolysis product from the a- an<l /3-esters of 
bcnzylpenicilloic acid, this rearrangement would 
occur during acid hydrolysis of the product obtained 
from the /3-ester. 

Synthesis of the Alkali-Isomerization Product 
With the isolation of the high-melting acid-hydroly¬ 
sis product from the react ion mixture obtained by 
treatment of an a-ester of D- 7 -bcnzylpenicilloic 
acid with thiocyanate, the synthesis of the alkali- 
isomerization product could be considered as ac¬ 
complished, inasmuch as it had already been shown 
(page 277) that the high-melting acid-hydrolysis 
product could be converted, by treatment with 
acetic anhydride, into the lower-melting product, 
and this in turn could be phenylacetylated and 
esterified to yield the alkali-isomerization product 
of the thiocyanate derivative. However, from a 
structural point of view, it was desirable to obtain 
the crystalline alkali-isomerization product itself 
by direct synthesis from a-methyl benzylpenicil- 
loate. This possibility was therefore investigated. 

Since s 3 rnthesis starting with n-y-benzylpenicil- 
loates yielded an acid-hydrolysis product stereo- 
isomeric with the chief acid-hydrolysis product of 
the alkali-isomerized thiocyanate derivative, it 
seemed advisable to utilize a different penicilloate 
isomer in the attempted synthesis. a-Methyl 
D-a-benzylpenicilloate was accordingly prepared 
from sodium benzylpenicillin and was treated with 
thiocyanate and acetic anhydride. From this 


CeHfiCHjCONH—CH—CH—S—C(CHa )8 


I I 

CH,OOC NH- 


-CH—COOH 


Cja 6 CH,CX)NH—CH—CH—S- 


HSCN 
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CH,OOC 


N- 


iS—NH—( 


C(CH,), 

in 
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reaction a crystalline product was obtained which 
was found to be identical with the alkali-isomeriza¬ 
tion product with regard to melting point, spt^cific 
rotation, analysis and ultraviolet absorption (Cornell 
Bioch., D.S5, 7). 

This direct synthesis of the alkali-isomerization 
product in conjunction with the otlier data accu¬ 
mulated was regarded as conclusive evidence that 
the structure of the alkali-isomerization product was 
that represented by formula XI. 

Synthesis of the Thiocyanate Derivative. The 
earlier attempts to obtain a crystalline, synthetic 
thiocyanate derivative by treatment of /3-methyl 
benzylpenicilloates with thiocyanate had not been 
successful. However, examination of the ultra¬ 
violet absorption spectra of the crude reaction 
mixtures indicated that appreciable amounts of 
material with absorption characteristics very similar 
to those of the thiocyanate derival ive were present. 
It was considered that the presence of a different 
stereoisomer or a mixture of stereoisomers of the 
thiocyanate derivative might be the reason for the 
failure to obtain crystalline material. It therefore 
became of interest to study the effect of mercuric 
acetate on the synthetic amorphous product, since 
in the formation of the mercuric acetate product of 
the thiocyanate derivative all centers of asymmetry 
are dest royed: 


NHCOCILCelTs 

I 

CO--~CH—CII -S- (\CU,h 

I I I 

NH- CS—N-(TI—COOCHa 

NlKWTWVJIfi 

I 

CO—C—(^II CXCTL )2 

I I I' 

NH—CS- N- - C - COOCJh 




Accordingly, synthetic /3-mcthyl n-y-bcnzylpeni- 
cilloate was treated with 1 hiocyanate and the crude, 
amorphous reaction product was subjected to 
treatment with mercuric acetate under the same 
conditions used for the treatment of the thiocyanate 
derivative with this reagent. From the reaction 
mixture it was possible to isolate, in crystalline form 
and appreciable amount, a compound identical 
with the mercuric acetate product of the thio¬ 
cyanate derivative (Cornell Bioch., D.S4^ 13). 


CeHBCHjCONH—CH—CH—S—C(CH3)2 

IIOOC Nil-ill—COOCH, 


HSCN + Ae.,0 
then Hg(OAc)j 
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CO—C==CH C(CII,)j 

I I II 


XI 


NH—CS—N-C—COOCH, 
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This formation of the mercuric acetate product 
from the synthetic material strongly suggested that 
one or more optical isomers of the thiocyanate 
derivative were present in the crude synthetic mix¬ 
ture. Later, in fact, a crystalline, stercoisomeric 
form of the thiocyanate derivative was isolated from 
the synthetic mixture (Squibb, ii.53, 3). The 
preparation of this stereoisomer was first achieved 
through a study of the reaction of model compounds 
with thiocyanate in acetic acid. 

It had been found iS.47, 10), in .studying the 
formation of model thiohydrouracils, that 1-benzyl- 
5-phenylacetaniido-2-thio-5,()-dihy( 1 rouracil could 
be more conveniently prepared by treatment of the 
ethyl ester of a-phenylacetamido-/3-benzylamino- 
proi)ionic acid hydrochloride with ammonium 
thiocyanate and acetic acid, than by treatment of 
the corresponding free acid with this reagent in 
acetic anhydride. I'nder the latter conditions the 
benzylamino group was acetylated and a thio- 
hydantoin was formed as the main product, at the 
expense of the tliioliydrouracd. 


ciis—cii—coon 

I i IISCN 

Nil Nil- COCIIsCsHs - - 

I AcjO 
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CHjCO—N 


CH- 


-CO 
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NHHCl NHCOCHjC.H5-^^ 

I AcOH 
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empirical formula as the thiocyanate derivative of 
benzylpenicillin methyl ester, and showed a very 
similar ultraviolet absorption spectrum. It dif¬ 
fered from the thiocyanate derivative by its 
distinctly higher Icvorotation ([a]D —43 to —49°), 
higher melting point, crystalline form, and the 
position of the main ultraviolet absorption peak at 
277 m/x instead of 279 m/z. To determine whether 
the compound was a stereoisomer of the natural^' 
thiocyanate derivative, it was subjected to treat¬ 
ment with mercuric acetate, which bhould eliminate 
all asymmetric centers. The product formed in 
this reaction was identical, according to all available 
criteria, with the mercuric acetate product obtained 
from the ‘‘natural’^ thiocyanate derivative 
10). It appeared, therefore, that the synthetic 
compound was in all likelihood a stereoisomer of the 
“nat ural ” thiocyanate derivative, although rigorous 
proof was not adducible by this method insofar as 
the possibility remained of a rearrangement having 
occiirred in one of the reactions leading to the 
mercuric acetate product; that is, in the formation 
of this latter compound either from the “natural” 
thiocyanate derivative or from the synthetic 
product. 

In order to facilitate discussion, the term “thio¬ 
cyanate derivative A” will be used to designate the 
compound originally prepared from benzylpenicillin 
methyl ester, and the term “thiocyanate derivative 
B” the compound prepared from a-ethyl /3-methyl 
D- 7 -pcnicilloate. 

Experiments with model compounds showed that 
the methyl esters of 4-thiazolidinecarboxylic acids, 
when treated with ammonium thiocyanate in 
acetic acid, yielded fused thiazolidine-thiohydan- 
toins of the type present in the alkali-isomerization 
product (S.4^, 11, 12), 

(CH,)*CH-CII-S—C(CH,), hscn 

NH-CH—COOCHs 


CHr-CII—CO 

I I 

N-CS—NH 
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(CH,),CH—CH- 
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-ia 
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It eeemed reasonable to suppose that the difficulty 
experienced in preparing crystalline products by the 
treatment of mono- and di-esters of benzylpeni- 
cilloic acid with thiocyanate in acetic anhydride 
could be due to the formation of mixtures contain¬ 
ing N-acetylated products. It was of interest, 
therefore, to apply to this class of compounds the 
modified procedure utilizing acetic acid in place 
of acetic anhydride. 

When an acetic acid solution of a-ethyl |8-methyl 
D- 7 -benzylpeniciiloate was heated under reflux for 
2 hours with ammonium thiocyanate, a crystalline 
product was obtained without difficulty 9). 

The compound, m.p. 214-216®, possessed the same 


However, that the synthetic thiocyanate deriva¬ 
tive B was not formed similarly, by the interaction 
of the /3-carbomethoxy group of the starting material 
with thiocyanate, was shown clearly by the analyti¬ 
cal data indicating that the ethoxy group had b^n 
lost, and by conversion of the compound to a mer¬ 
curic acetate product identical with that obtained 
from thiocyanate derivative A. Furthermore, by 
treatment of the methyl ester of benzylpenicillin 
with ammonium thiocyanate in acetic acid, it was 
possible to obtain the crystalline thiocyanate 
derivative B in small amount {S. 48 , 9). These 
results therefore showed conclusively that the 
thiocyanate derivative B was formed from a-ethyl 
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/3-methyl D- 7 -benzylpemcilloate by the reaction of 
thiocyanate with the a-carbethoxy group. 

With the fused thiazolidine-thiohydantoin type of 
structure rendered implausible for the thiocyanate 
derivative B, other structures considered were the 
thiohydrouracil (III) and thiohydantoin-thiazolidine 
(I) structures. Structure I for thiocyanate deriva¬ 
tive A had already been considered highly improba¬ 
ble from titration data {D.25^ 8 ). Evidence against 
this structure for thiocyanate derivative B was 
derived from experiments in which the methyl 
esters of N-bcnzoyl-L-leucine and N-phcnylacetyl- 
L-leucine were treated with ammonium thiocyanate 
in acetic acid 12, 13). In both cases the 

starting materials were recovered unchanged. 

The formation of thiocyanate derivative B from 
a-ethyl jS-methyl D- 7 -benzylpcnicilloate therefore 
suggested the thiohydrouracil structure III for 
thiocyanate derivative B, since there appeared to be 
no other way by which the a-carbethoxy group of 
the benzyljjenicilloate could have reacted with 
thiocyanate to give this compound. 


no crystalline product, repetition of the experiment 
and treatment of the reaction mixture with carbon 
tetrachloride by the same procedure that had 
yielded the original crystalline product from benzyl- 
penicillin metliyl ester {D.20, 4) nvsulted in the 
isolation of a small amount of a crystalline com¬ 
pound which was shown to be identical with the 
carbon tetrachloride addition product of tlie thio¬ 
cyanate derivative A of methyl bcnzylpenicillin, as 
determined by melting point, ultraviolet absorption^ 
specific rotation and conversion to the alkali- 
isomerization product {1).35, 0). 

Since the reaction of j( 3 -methyl benzylpenicilloate 
with thiocyanate would be expected to proceed in 
not more than two directions, with the formation of 
either a thiohydrouracil of structure III or a tliio- 
hydantoin of structure I, and since the thiohydan- 

COClUC^ll, 

I 

Nil—CII—CIl -S--C((’Il3)2 

I 1 I 

nooc Nil- CH-roocii, 


C.HsCHjCONII—CH—ClI—S—C(CH3)2 

I I I 

CkIIsOOC Nil-ClI—C’OOCH, 

NHCOC'IIjC.Hd 


HSCN 

'Ao'oH* 


CO—CH—("II—S—C(CII,)t 


Nil—CS— N- 


-c:h— coocHs 


ra 


NHCOCIIsColIs 

HSCN ('O—C'll—CH- S -C(('H3 )s 

Ac,() nH-(’S—N-CH—(’OOC'H, 

III 

CO("Il2C\Il6 

I 

or N-Cll—Cll—S-C(CIl 3)2 


This latter evidence for the structure of thio¬ 
cyanate derivative B, coupled with the evidence 
for its stercoisomeric relation to tliiocyanate 
derivative A, offered further strong support for the 
thiohydrouracil structure of thiocyanate derivative 
A. Final evidence for this structure was obtained 
by direct synthesis of thiocyanate derivative A from 
a benzylpenicilloate. 

Synthetic attempts utilizing the D- 7 -stereoisomer 
of the benzylpenicilloates, with ammonium thio¬ 
cyanate and acetic anhydride as the reagents, had 
not yielded a crystalline thiocyanate derivative. 
However, from ultraviolet absorption data and from 
the fact that these synthetic mixtures did yield a 
crystalline mercuric acetate product in substantial 
amount, it appeared evident that a stereoisomer of 
the thiocyanate derivative A was formed in these 
syntheses. It was considered worthwhile therefore 
to study more thoroughly the reaction with thio¬ 
cyanate of other stereoisomers of benzylpenicilloic 
acid. The n-a-isomer, which is formed when 
benzylpenicillin is converted to benzylpenicjilloate, 
appeared to offer the most promise. 

On this line of reasoning, the reaction of if?-methyl 
D-a-benzylpenicilloate, prepared from benzylpeni- 
eillin^ with thiocyanate was reinvestigated. Al¬ 
though earlier work on this reaction had yielded 


CS—NIL CO Nil-CTd^-COOCHs 

I 

toin structure I had been quite conclusively ruled 
out as a possible structure for the thiocyanate 
derivative A, this direct synthesis of the thiocyanate 
derivative, in conjunction with the other evidence 
described, afforded conclusive evidence that the 
structure of the thiocyanate derivative of bcnzyl¬ 
penicillin methyl ester was the thiohydrouracil 
structure depicted by formula HI. 

Further studios on the thiocyanate derivative B 
yielded interesting stereochemical data. When the 
dimethyl ester of D-a-benzylpenicilloic acid was 
treated wdth ammonium thiocyanate in acetic 
acid, thiocyanate derivative B was obtained 
{S.BOy 0 ). It was clear that cpimerization had 
occurred in the synthesis of cither thiocyanate 
derivative A or B. It seemed probable that this 
change occurred in the acetic acid reaction leading 
to thiocyanate derivative B, in which the conditions 
were comparatively severe, and the formation of 
the product was relatively slow, as judged by 
spectrographic measurements (<S.50, G). 

Hydrolysis of thiocyanate derivative B with 
concentrated hydrochloric acid yielded two crystal¬ 
line acid-hydrolysis products with specific rotations 
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of +33° and —12° (S.53, 4). Both products had 
the exj)ected analytical composition and ultraviolet 
absorption characteristics. It was not determined 
definitely whether these two compounds were 
distinct stereoisomers, or were the same isomer, in 
one case contaminated with one of the highly 
dextrorotatory acid-hydrolysis products obtained 
from thiocyanate derivative A (page 277). In any 
event, the rotation data precluded identity Avith 
either of the latter stereoisomers. Since it had 
been demonstrated that the acid-hydrolysis prod¬ 
ucts of thiocyanate derivative A (formula IX) dif- 

IIOOC~(TI—CH—S—C(Cn3)2 

I I I 

NHn N-CH 

I I 

CS—NH—CO 

IX 

fered from each other by stereoisomerism at the 
or-carbon atom of the amino acid moiety, epimeriza- 
tion at some other center of asymmetry, in all 
probability at the starred carbon atom, was respon¬ 
sible for the difference between tliiocyanate deriva¬ 
tives A and B. 


STUDIES ON THE MECHANISM OF THE 
ALKALI-ISOMERIZATION OF THE 
THIOCYANATE DERIVATIVE 


The accumulated data obtained up to this point 
provided convincing evidence for the thiohydro- 
uracil structure HI for the thiocyanate derivative 
and the thiohydantoin structure XI for its alkali- 
isomerization product. The rajtid conversion of 
the thiocyanate derivative A to the alkali-isomeriza¬ 
tion product by mild treatment ^vith one equivalent 
of alkali in aqueous methanolic solution would not 
be readily predicted on the basis of these structures. 


NHCOCHjCeHe 


-i 


CO—CH—CH—S—C(CH,), 


NaOH 


(CHjOH—H2O) 


NH—CS—N- 


-CH—COOCHa 


m 


CH 3 OOC—CH—CH- S— C(CHa )2 

I I I 

CeHfiCHjCONH N-CH 

I I 

CS—NH—CO 

XI 


In an attempt to find confirmatory evidence for • 
the nature of this conversion, the effect of the 
solvent used in the reaction was investigated. In 
all cases in which the alkali-isomerization product 
had previously been prepared, aqueous methanol 
had been used. If the above formulation were 
correct, it appeared that a trans-esterification reac¬ 
tion had occurred in the alkali-isomerization of the 


thiocyanate derivative. It was thought that this 
apparent trans-esterification reaction might not 
be a purely intramolecular effect, in that the solvent 
alcohol might enter into the reaction. Demonstra¬ 
tion of the participation of the solvent alcohol would 
therefore be strong evidence in favor of the con¬ 
version as proposed above (Cornell Bioch., D.S+ 7). 

Highly convincing evidence that the methanol 
used as a solvent did enter into the reaction was 
obtained by the use of deuteriomethanol (Z).5J, 7). 
Treatment of the thiocyanate derivative A with one 
equivalent of aqueous alkali was carried out in the 
presence of CDsOD containing 90.() ± 0,6 atom per 
cent stable deuterium in the methyl group. The 
crystalline alkali-isomerization product isolated 
from the reaction mixture was recrystallized from 
I-I 2 O—CllaOII to remove labile deuterium and then 
was analyzed for stably-bound deuterium. The 
product contained sufficient stable deuterium to 
account for 92.4 ± 0.7 atom per cent deuterium in 
the methyl ester group of the alkali-isomerization 
product. This large amount of stable deuterium 
found in the alkali-isomerization product was con¬ 
clusive evidence for the participation of the solvent 
alcohol in the rearrangement, * and strengthened 
considerably the belief that the assigned formulation 
of the rearrangement was correct. 


NHCOCH2CJH5 


CO -- CH—CH- S - tXCIIs)* 


NaOH 

"ROiT 


Nil—CS - N-CH— COOCH3 


ROOC—CH—CH—S—C(CH3)2 
CeHiCHsCONH A-CH 

! I 

CS-NH—CO 

When the alkali iKomerization of the thiocyanate 
derivative A was carried out in the presence of aqueous 
ethanol, the crystalline product which was obtained 
possessed a melting point of 169-170®, compared 
to a melting point of 157-158® for the alkali-isomeri¬ 
zation product prepared in the presence of aqueous 
methanol (D.S4. 15). Carbon-hydrogen analyses 
on the compound prepared in the presence of 
ethanol agreed more closely with the theoretical 
values for the ethyl ester than for the methyl ester. 
In addition, the compound appeared to be identical 
with the crystalline compounds isolated earlier 
(page 272) from the treatment of the thiocyanate 
derivative A in ethanol solution with either mercuric 
chloride or silver nitrate; it was concluded from 
these latter results that the alkali isomerization of 
the thiocyanate derivative A may be catalyzed by 
metallic cations (Squibb, S.4S, 6). 

When the stereoisomer B of the thiocyanate 
derivative was obtained, the effect of the alkali- 
isomerization procedure on this eompoimd was 
investigated. As in the case of the thiocywiate 
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derivative A, treatment of isomer B with one equiv¬ 
alent of sodium hydroxide in aqueous methanol 
resulted in a sharp rise in rotation, although the 
change was not as great and proceeded somewhat 
more slowly than with isomer A 10). From 

the reaction mixture two crystalline products were 
isolated which appeared to be stereoisomeric with 
each other, and with the alkali-isomerization prod¬ 
uct of thiocyanate derivative A (S.4^, 3). Since 
the properties of thiocyanate derivative B left little 
doubt as to its steric homogeneity, the formation 
of two products in the rearrangement must be 
ascribed to epimerization of one of the asymmetric 
centers during the reaction with alkali. It seemed 
not unlikely that the asymmetric center involved 
was the a-carbon atom of the penicillamine moiety, 
since it is present in a thiohydantoin ring, and it had 
been demonstrated that optically active thiohydan- 
toins racemize when treated with one equivalent 
of alkali in aqueous methanol (8.38^ 13; D.35, 12). 

In an attempt to gain further insight into the 
mechanism of the alkali-isomerization reaction, 
thiocyanate derivatives A and B were treated with 
benzylamine in dioxane solution (8.53^ 5). While 
isomer B under these conditions yielded amounts of 
crystalline products too small for characterization, 
isomer A yielded readily a (uystalline benzylamide, 
which, as judged by its high dextrorotation and 
ultraviolet spectrum, possessed the alkali-isomerized 
type of structure. 


CeHoCHaNHCOCll-CH—S—C(Cll3)2 

i I I 

CeHfiCHsCONH N-CH 

I I 

CS—NH—CO 


Treatment of a-ethyl D-y-benzylpenicilloate with 
ammonium thiocyanate in acetic acid yielded two 
crystalline compounds ( 8 , 4 ^, 4). One of these 
compounds contained the carbethoxy group of the 
starting material; it apparently possessed the 
alkali-isomerized type of structure, and probably 
corresponded to one of the two products obtained 
from the alkali-methanol isomerization of thio¬ 
cyanate derivative B. The other compound lacked 
the carbethoxy group of the starting material. It 
undoubtedly possessed a thiohydrouracil type of 
structure (XII). 

When the a-methyl ester of D-a-bcnzylpenicilloic 
acid was treated similarly, two products were again 
formed (S.50, 6), and the acidic product appeared 
to be identical with the corresponding acid (formula 
XII) from the preceding experiment. The neutral 
carbomethoxy-containing product melted in the 
same temperature range as one of the compounds 
obtained from the alkali isomerization of thio¬ 
cyanate derivative B, but the optical rotation was 
markedly lower. The difference in rotation could 
be attributed to steric impurity of the product from 
thiocyanate derivative B. It has been seen (page 


279) that when acetic anhydride is used in the 
treatment of a-methyl n-a-benzylpenicilloate with 
thiocyanate, the alkali-isomerization product of 
thiocyanate derivative A is formed. 

C6H6CIl2CONHCH~Cn~‘S—C(CH3)2 

C2H5OOC NH-CH— coon 


HSCN 

AcOU 


C\H5CH2C0NHCH-(TI—S— C{Clhh 

I I I 

C 2 H 6 OOC N-C 


CS~NH—CO 


+ 


NnCOCH2C6Hr> 

I 

CO—CH~CH—S—C(t^H3)2 


NH—CS- N- 


XII 


-CH—COOH 


The reaction product possessing the thiohydro- 
uracil str\K‘ture (XII), whicli is the free-acid form of 
thiocyanate derivative B, wiis of interest since 
compounds of this type had not previously been 
prepared because of the ready rearrangement of 
the correspondiiig methyl esters (the thiocyanate 
derivatives A and li) on treatment with alkali or 
with acid. With this compound it was therefore 
possible to study the effect on the alkali-isomeri¬ 
zation reaction of the presence of a free carboxyl 
rather than an ester group in the penicillamine por¬ 
tion of the tliiocyanate derivative. When this 
compound was treated with one equivalent of 
alkali in aqueous ethanol, rapid mutarotation oc¬ 
curred, but a crystalline product was not obtained 
(8.50, 7). The crude, non-crystalline reaction 
mixture was found to contain ethoxyl equivalent to* 
36% of the amount w'hich would be given by the 
rearrangement product (8.53, 7). This indicated 
that the presence of a free 0-carboxyl group in the 
thiocyanate derivative did not prevent the alkali 
rearrangement and concurrent esterification of the 
a-carboxyl group, although the reaction proceeded 
far less smoothly than with the corresponding ester. 

The effect of the phenylacetamido grouping of the 
thiocyanate derivative on the alkali-isomerization 
reaction was investigated. For the preparation of a 
tliiocyanate derivative possessing no phenylacet¬ 
amido group, the a-cthyl ester of D-4-carboxy-5,5- 
dimethyl-2-thiazolidineacotic acid hydrochloride 
was treated with ammonium thiocyanate in acetic 
acid ( 8 . 4 ^, 5; 50, 9). However, the expected 
thiohydrouracil (XIV) was obtained only in small 
amounts, the chief products being two stereoisomeric 
modifications of the fused thiazolidine-thiohydan- 
toin (XIII). 

When the diester hydrochloride of the starting 
material was used in this synthesis, the only crystal¬ 
line product obtained w^'as again the thiohydantoin 
(S.60, 9). However, when the 0-monomethyl ester 
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CjH»OOC—CHr-C»—S-C(CH,)2 hSCN 


nCl NH-(II—COOH ^‘■0“ 


SIGNIFICANCE OF THE THIOCYANATE 
DERIVATIVE TO THE STRUCTURE 
OF PENICILLIN 


CjHiOOC—CH.—CII- S—C((ni,)s 


N 


-C’H 


+ 


(’S- Nil—('0 

XIII 


CO—CH,- CH—S—C(CH,), 


NH—CS—N-CH—COOH 

XIV 


wa8 treated with thiocyanate and acetic anhydride, 
the anticipated thiohydrouracil (XV) was formed 
{S.SSy 6). When the latter compound was sub¬ 
jected to the reaction with ethanolic alkali, it 
yielded both of the stereoisomeric thiohydantoins 
(XIII) previously obtained directly from the 
a-monoethyl ester 7). This result paralleled 

the formation of two stereoisomeric alkali-isomeri- 
zation products from thiocyanate derivative B. 
It showed further that the rearranp;ement was not 
dependent on the presence of the phenylacctamido 
substituent present in the thiocyanate derivative. 


CO-C^Ho-- ClI—S-C(ClIa)2 NaOH 

NH—CH— N-djH—COOCH3 

XV 

CJLOOC—CHs—CH—S—C(CH,)2 

I I 

N-(Tl 


I ■ i 

CS—NH—CO 

xni 


The ease with which the thiohydrouracil-to-thio- 
hydantoin rearrangement proceeded, in the thio¬ 
cyanate derivatives and model compounds, appeared 
to be connected with the latam-like properties of the 
thiohydrouracil, as evidenced by its facile hydrolysis 
by alkali, and by the ready formation of benzyl- 
amides on treatment with benzylamine. However, 
that the concurrent esterification reaction which 
occurs in the rearrangement is dependent on substit¬ 
uents in the thiohydrouracil ring was shown by the 
treatment of l-benzyl-2-thio-5,6-dihydrouracil with 
alkali under conditions known to cause the thio- 
hydrouracil-to-thiohydantoin rearrangement (S.60, 
10). In tliis case, although the thioureido acid was 
rapidly formed, no esterification of the carboxyl 
group was detected. 


CO—CHz—CH* NaOH 


NH—CS—N—CH»CeH» C,H.0H 


HOOO-CHr-CH* 

I 

NH,— CS —N— CH,C,H6 


With the thiohydrouracil structure for the thio¬ 
cyanate derivative of benzylpcnicillin methyl ester 
quite conclusively demonstrated, the question of the 
significance of this structure to the structure of 
bcnzylpenicillin can be examined. 

The fact that 5(4)-oxaz<)lonos in general react 
readily with thiocyanate to form 2-thiohydantoins 
justifies the expectation that, should bcnzylpenicil¬ 
lin possess the oxazolone-thiazolidine structure, the 
thiocyanate derivative would possess a thiohydan- 
toin-thiazolidine stmeture. Conversely, the ab¬ 
sence of such a thiohydantoin structure in the 
thiocyanate derivatives casts doubt on the valid¬ 
ity of the oxazolone-thiazolidine structure for 
benzylpenicillin. 

In tins connection, it was found (Squibb, S.53y 4) 
that methyl benzylpenicillenate, which possesses 
an oxazolone ring, yielded a small amount of 
thiocyanate derivative B on treatment with am¬ 
monium thiocyanate and acetic anhydride. How- 

C6ll5CH* C-=N—(" - -CH HS CCCII*)* 

III I 

0-(D Nil-CH—GOOCH, 

NHCOCTIsCeHb 



AC 2 O XH~CH -N-CH—COOCH, 

ever, it appeared unlikely that the mechanism of 
formation of this thiohydrouracil was a direct reac¬ 
tion of thiocyanate with the oxazolone, inasmuch 
as it had been shown (Johnson and Scott, «/. Am, 
Chem. Soc.y 35, 1130 (1913)) that oxazolonos pos- 
s(*ssing a double bond in the 5 position do not react 
with thiocyanate under these conditions. 

In considering the/5-lactam structure for penicillin 
it became of importance to investigate the reaction 
of model /5-lactams with ammonium thiocyanate un¬ 
der the conditions used for the preparation of the 
thiocyanate derivative from benzylpenicillin methyl 
ester. Such a study was made, with significant 
results. 

When the jS-lactam of a-phenylacetamido-/5- 
anilinopropionic acid was treated with ammonium 
thiocyanate and acetic anhydride, the starting 
material was recovered unchanged (Merck, MM3y 
9). However, when the hydrogenated analogue 
of this compound, the i3-lactam of oi-cyclohexylacet- 
amido-jS-cyclohexylaminopropionic acid, was 
treated similarly, reaction occurred. A crystalline 
product possessing an ultraviolet absorption very 
similar to that of the thiocyanate derivative (peaks 
at 280 mix and 235 m/i) was obtained (M.SSy 9). 
The infrared spectrum of the isolated compound 
was likewise similar, possessing bands at 5.87, 6.01, 
and 6.63 Mi as compared to bands at 5.84, 5.97, and 
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6.61 for the thiocyanate derivative. The intense 
6.63 IX band was siiggcstive of a monosubstituted 
amide. The reaction postulated, the formation of a 
thiohydrouracil, appeared to agree satisfactorily 
with the data. 


CJInCHsCONH- CH—CHs hSCN 

CO—N—CcHii 
NHCOCHjC.IIii 

I 

CO—CH—CIIs 

I I 

Nil—CS—N- caixi 


Further evidence for the thiohydrouracil struc¬ 
ture of the product was adduced from the reaction 
of the parent acid of the model /3-lactam (a-cyclo- 
hexylacetamido-jS-cyclohexylaminopropionic acid) 
with thiocyanate and acetic anhydride. From the 
reaction of this compound, and also its N-acetyl 
derivative, there was obtained a crystalline product 
which differed from the product obtained from the 
^-lactam. The properties of the new compound 
agreed with an acetylated structure containing a 
thiohydantoin ring (MMP, 3, 4). 

C,HuCH 2CON1 I- CII—CIIs 

HOO(! Nil—C^Hii 

I HSCN 

1 AcaO 

CJIuClIaCO—N-Cll—CHj 

I I I 

CS—Nil—CO N—C«H„ 

I 

COCH, 

tHSC'N 

I AcaO 


C.IInCIIaCONH—CH—CHa 

I I 

HOOC N—Celli, 

I 

(XICH, 


On the other hand, when the a-cyclohcxylacet- 
amido-d-cyclohexylaminopropionic acid was first 
converted to the hydrochloride and then treated 
with thiocyanate and acetic anhydride, the com¬ 
pound isolated was identical with the thiohydroura¬ 
cil obtained previously from the model /3-lactam 
{M.66, 6). 


CeHuGHjCONH-CH—CHa 


HOOC 


NH—C.Hn 


HSCN 

AciO 


HCl 

NHCOCII,C,Hu 

CO—in—CH» 

! I 

NH—CS—N—C.Hu 


Similar results were obtained with a-phenyl- 
acctamido-/3-benzylaminopropionic acid and its 
hydrochloride (M.66, 7; 69, 4). 

C.HsCILCO-N-CH—CII2 

CS—Nil—CO N—CHjC.Hj 
COCII, 

THSCN 
1 AcaO 

CeHsCIIaCONH—CH—CHj 

I I 

HOOC NH—CHaC.H, 


IHCI 

I 

CJLCHjCONII—CH—CIIj 

HOOC iIh—(T ljC.lIt 


HCl 


HSCN 
. AciO 


NHCOClIzCelU 


CO—CH—CH2 


NH—CS—N—CHiCeHi 


When desthiobeuzylpenieillin methyl ester (Chap¬ 
ter IX) was treated with ammonium thiocyanate 
and acetic anhydride under the conditions used with 
benzylpcnicillin methyl ester, no evidence of reac¬ 
tion was observed (Cornell Bioch., D.Sly 10). A 
similarly negative result was obtained with the 
sulfonc of benzylpcnicillin methyl ester {M.()4, 11; 
D.8 /, 11); both these results were in conformity with 
the decreased reactivities of these two compounds 
toward other reagents, as compared with benzyl- 
penicillin methyl ester. 

It was apparent from these investigations that 
i^-lactarn structures could react with ammonium 
thiocyanate in acetic anhydride to give rise to thio- 
hydrouracils. In addition, it was evident that in 
the case of a-acylamino-jS-amino acids the type of 
compound formed—thiohydantoin or thiohydro¬ 
uracil—was dependent on the nature of the jS-arnino 
group. If this group were covered cither by salt 
formation or by membership in a /3-lactam ring, 
then a thiohydrouracil would be formed. When the 
/8-amino group was free, acetylation of this group 
was apparently the first reaction, followed by thio¬ 
hydantoin formation involving the a-acylamino 
group. These considerations provided further 
evidence against the view that penicillins possess 
the oxazolone-thiazolidine structure, in which the 
thiazoUdine > Nil group is free. 

With the demonstration of the formation of a 
thiohydrouracil from a model ^-lactam and elucida¬ 
tion of the thiohydrouracil nature of the thiocyanate 
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derivative, it was evident that the formation of the 
thiocyanate derivative from benzylpenicillin methyl 
ester was consistent with the jS-lactam formulation 
for penicillin. 

EXPERIMENTAL 

Treatment of Benzylpenicillin Methyl Ester with Am¬ 
monium Thiocyanate (Cornell Bioch., D.22^ 2). To a mix¬ 
ture of 200 mg. of benzylpenicillin methyl ester and 100 mg. 
of dry, powdered ammonium thiocyanate ivas added 1 cc. 
of acetic anhydride. The mixture was heated in an oil 
bath at 100° for 10 minutes. The orange solution w^as then 
cooled and stirred with 10 cc. of water. The insoluble oil 
was extracted with four 2-cc. portions of ethyl acetate. 
The combined ethyl a(‘etate extracts were cooled in an ice 
bath and extracted with 2-cc. portions of cold aqueous 10% 
sodium carbonate solution until the aqueous extracts were 
faintly alkaline to phenolphthalein, and then with two 2-cc. 
portions of water. Tlie ethyl acetate layer was dried with 
magnesium sulfate, filten'd, and concentrated to a thick oil. 
The oil was dis8olvc*d in a few drops of methanol, and 
2 to 3 cc. of carbon tetrachloride were added. The resulting 
solution was seeded with crystals of the carbon tetrachloride 
addition product (D.20). After crystallization had started, 
a total of approximately 10 cc, of carbon tetrachloride was 
added and the mixture was cooled overnight at 5°. The 
long, fine needles (227 mg.) were' recrystallized twice from a 
methanol-carbon tetrachloride mixture. A yield of 201 mg. 
of colorless needles was obtained. The product was dis-, 
solved in 0.5 cc. of warm methanol. When the solution was 
cooled, prisms separated. Water was added dropwise to 
the mixture until no further turbidity was produced. The 
crystals were washed wdth w^ater and dried. The yield 
was 125 rng. (53<^;) of prism-rods, micro m.p. 164-157°; 
[ajo** —12.6° {l,2ZV( in absolute methanol). A potenti- 
ometric titration of this compound with acid showed no 
evidence of binding. 

Calc. CuHjiOiNiSj: 

O 53.05, H 5.20, N 10.31, S 15.73, OCH, 7.62 
Found: C 53.10, H 5,20, N 10.09, S 15.86, OCH, 7.60 

Preparation of l-Phenylacetyl-5-methyl-2-thiohydantoin 

(D,20^ 4). To a mixture of 200 mg, of phenylacetylalanine 
and 80 mg. of dry ammonium thiocyanate was added 1 cc. 
of acetic anhydride containing 10% acetic acid. The mix¬ 
ture was heated in a boiling water bath for 20 minutes. The 
addition of approximately 10 cc. of water to the cooled 
reaction solution yielded an insoluble oil which soon crystal¬ 
lized completely. The yellow needles so formed were 
washed with water, dried, and recrystallized by dissolving 
them in 4 cc. of hot ethanol and adding an approximately 
equal volume of water. The recrystallized material was 
washed with ethanol and dried. The j^eld was 200 mg., 
micro m.p. 192-194°. 

Calc. Ci 2 Hij|OiN,S: N 11.28 
Found: N 11.50 

Preparation of 2-Benzyl-4-methyl-5-oxazolone 11). 

10.3 gm. of phenylacetyl-DL-alanine (hlrlenmcyer, Ber^Sl, 
2238 (1898); D.19y 10) were heated for 30 minutes on the 
steam bath with 100 cc. of acetic anhydride. The acetic 
anhydride was then removed at 60° imder reduced pressure 
and the residue was distilled. After three high-vacuum 
distillations the product boiled at 91.5° at 0.03 mm. 

Calc. CiiHiiOjN: C 69.82, H 5.86, N 7.40 
Found: C 69.24, II 6.01, N 7.45 

Treatment of 2-BenzyM-methyl-6-oxazolone with Am¬ 
monium Thiocyanate in tert.-Butanol (Z).f?0, 5). To a 
mixture of 113 mg. of the azlactone and 76 mg, of dry 
ammonium thiocyanate were added 1.76 cc. of 0.57 N sul¬ 
furic acid in tert.-butanol. The mixture was heated for 
30 minutes at 80°, cooled, and 6 cc. of water were added. 


The water-insoluble oil crystallized on standing. The 
crystals wTre washed with water and dried; the yield was 
25 mg., micro m.p. 187-190°. Kecrystallization from 
ethanoWater raised the melting point to 191-193°. A 
mixed melting point with l-phenylacetyl-5-methyl-2-thio- 
hydantoin showed no dt^pressiem. 

Preparation of the Thiocyanate Derivative of Benzyl¬ 
penicillin Methyl Ester in tert.-Butanol (/). 24^ 6). A mix¬ 
ture of 50 mg. of benzylpenicillin methyl este'r and 50 mg. of 
dry powdered ammonium thiocyanate was dissolved in 1 cc. 
of tert.-butanol. The solution was heated in a bath at 85° 
with continuous stirring, and 1.18 ee. of 0,556 N sulfuric 
acid in tert.-butanol were added dropwise over a period of 
5 minutes. Ihe stirred mixture was heated for a total of 
30 minutes, and was then cook'd and diluted with 10 cc. of 
water. The mixture was extracted wit h three 2-cc. portions 
of ethyl acetate. The combined extracts were washed with 
winter, dried over magnesium sulfate, and filtered. The 
solvent was removed by concentration in vacuo. The resi¬ 
due was dissolved in 2 or 3 drops of ethanol, and 2 cc. of 
carbon tetrachloride were added. The solution was seeded 
with crystalline carbon tetrachloride addition compound 
and 4 cc. of carbon tetrachloride were added. After the 
mixture had been kept at 5" for 14 hours, the crystals were 
st'parated and washed with carbon tetrachloride. 47 mg. 
of carlion tetrachloride addition product w'cre obtained. 

Treatment of Phenylacetyl-r>L-alanine with Ammonium 
Thiocyanate in tert.-Butanol (D.20, 5). To a mixture of 
200 mg. of phenylacetylalanine and 150 mg. of dry ammo¬ 
nium thiocyanate were added 4.25 ee. of 0.47 N sulfuric 
acid in tert.-butanol. The mixture w^as heated in a boiling 
water bath for 30 minutes, cooled, and 10 cc. of water w^ere 
added. I'he crystalline material w^hieh separated was 
removed, washed with a few^ drops of water, and dried. 
Concentration of the mother liquors yielded additional 
product. The total yield was 150 mg. of colorless plates, 
micro m.p. 162-154°. A mixed melting point with phenyl¬ 
acetylalanine, micro m.p. 152-154°, show ed no depression. 

Ultraviolet Absorption Spectra {D.24t 6). All measure¬ 
ments were made upon solutions with a concentrat ion of 
approximately 0.01 gm./l. of the compound in 95% ethanol. 


Sample 


Maxima 


Minima 

mfi 

Em 

mu 

Em 

m^t 

Em 

m/u 

Em 

Thiocyanate de- 
rivative of 
benzylpenicil¬ 
lin methyl 
ester. 

280 

16,600 

238 

12,100 

256 

6,100 

222 

8,800 

Thiocyanate de- 
rivative of 
benzylpenicil- 
lin methyl 
ester. 

280 

16,700 

238 

11,900 

266 

6,600 

222 

8,700 

Alkali-treated 
thiocyanate 
derivative.... 

275 

17,800 

236 

11,000 

260 

6,900 

223 

8,900 

Alkali-treated 
thiocyanate 
derivative.... 

276 

16,600 

236 

9,400 

260 

6,300 

223 

6,800 

Acid hydrolysis 
product of the 
thiocyanate 
derivative.... 

273 

15,600 

236 

9,900 

249 

6,400 

213 

3,400 

1-Phenylaoetyl- 

6-methyl-2- 

thiohydantoin 

280 

17,700 

236 

18,700 

260 

6,000 

220 

9,800 
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Ultraviolet Absorption Characteristics of 2-Thiohydantoins 
in Ethanol Solution (Squibb, S.S4, 7). 


Substituents in position 

Maximum 

Minimum 

1 

5 

m/i 

Bm 

m/i 

Fm 

— 

— 

1) 223 

2) 264 

8,800 

16,800 

238 

3,000 


isobutyl 

1) 224 

2) 267 

9,100 

18,200 

238 

3,700 

Benzoyl. 

— 

1) 241 

2) 284 

24,300 

9,600 

263 

7,700 

Benzoyl. 

isobutyl 

1) 243 

2) 283 

20,000 

9,900 

206 

8,100 

Acetyl. 

methyl 

1) 233 

2) 278 

15,500 

18,200 

248 

4,000 

Acetyl. 

isobutyl 

1 

1) 234 

2) 279 

15,000 

19,000 

248 

4,200 

Phenylacetyl... 

— 

1) 235 

2) 280 

17,400 

16,000 

251 

6,000 

Phenylacetyl... 

dimethyl 

1 

1) 234 

2) 280 

18,600 

16,000 

252 

4,200 

Compound from benzyl- 

1; 237 

11,700 

222 

9,800 

penicillin methyl ester. 

2) 279 

15,500 

253 

6,40f) 


Preparation of Model 2<-Thiohydantoin8. 

2-Thiohydantoin and 1-Benzoyl-2-thiohydantoin. The 

method of Johnson and Nicolet {J. Am. Chnu. 

1973 (1911)) was employed. 

DL-l-Acetyl-6-methyl-2-thiohydantoin (Squibb, 7). 
The ('xpermient of ( sonka and Kicolet {J. Biol. Chem., 99^ 
213 (1932)) was repeated on ni^-alunine (1.0 gm.). The 
crude product (1.39 gm., m.p. lOO-lCS®) was recrystaliized 
three times from water and then melted at 104-167° (743 mg.). 

To a mixture of DL-alanine (1.0 gm.) and ammonium thio¬ 
cyanate (1.0 gm.) 4.5 cc. of acetic anhydride and 0.5 cc. 
acetic acid were added. The amino acid dissolved within 
20 minutes (occasional shaking). The yellow solution was 
allowed to stand at room temperature for 16 hours. Grad¬ 
ual addition of 25 cc. of water precipitated needles (857 mg., 
m.p. 159-162®). After three recrystallizatious (one from 
water, two from dilute ethanol) the compound melted at 
163-167°. 

Calc. C.H,0,N,S; C 41.85, II 4.68, N 16.27 
Found: C 41.84, H 4.66, N 16.43 

L*l-Acetyl-6-i8obutyl-2-thiohydantoin (8.S2, 7). A mix¬ 
ture of Lrleucine (1.0 gm.) and ammonium thiocyanate 
(1.0 gm.), acetic anhydride (4.5 cc.) and acetic acid (0.5 cc.) 
was heated on the steam bath for 30 minutes. Gradual 
addition of 25 cc. of water precipitated crystals (1,62 gm., 
m.p. 120-124°) which after two recrystallizations from 25% 
ethanol melted at 128.5-130° (1.19 gm). [ajo 4*21.2° (in 
absolute ethanol). Judging from the high dextrorotation of 
the corresponding benzoyl compound, this preparation was 
probably partly racemized. 

Calc. CjauO,N,S: C 50.44, H 6.59, N 13.08 
Found: C 50.68, H 6.13, N 13.13 

l«*Beiizoyl*548obutyl-2-thiohyda]itoin 8). A. 

Fbom Bbnzotl-lkxjcine. The racemic compound was 
obtained by allowing a solution of benzoyl-nii-leucine 
(251 mg.) and ammonium thiocyanate (95 mg.) in 1 cc. 
of acetic anhydride containing 10% of acetic acid to stand 


at room temperatuic for 19 hours. The crude product 
(247 mg., m.p. 159-164°) was recrystallized twice from 50% 
ethanol (190 mg., m.p. 168-169°). 

Calc. CuIIuO-iNjS: C 00.84, II 5.84, N 10.14 
Found: C 60.93, H 6.01, N 10.12 

When tlie experiment was carried out under the sanie 
conditions and with the same proportion of reagents on 
940 mg. of benzoyl-Lrleucine (m.p. 106-107°, [ajo +12° in 
0.5 N NaOH) the crude i>roduct (785 mg., m.p. 135-148°) 
had an ftvjD** of 4 70° in 95% ethanol. Rocrystallization 
from absolute ethanol (2 cc.) yielded 146 mg., m.p. 105-167° 
[ab** +124°. In three subsequent recrystallizations from 
50% etiianol, the melting point did not change materially; 
[a]i> values were consecutively +99°, +121°, -f-108°. 

B. From 2-PHI^:^ yii-+i80BUTYir5-0XAZ0L0NE. A mix¬ 
ture of 217 mg. of the azlactone (1.0 millimole), 98 mg. of 
ammonium thiocyanate (1.1 millimoles) and 1 cc. of acetic 
anhydride containing 10% of acetic acid was allowed to 
stand at room temperature overnight. The twice recrys¬ 
taliized product (189 mg., 68.5% of theory) melted at 
168.5-169.5°. The melting point of a mixture with the 
racemic thiohydantoin obtained from bcnzoyl-DL-leucine 
w^as not depressed. 

The experiment was repeated wdth 1 cc. of acetic acid as 
the solvent. The twice recrystallized product (m.p. 168.5- 
169.5°) represented 47.5% of the theoretical amount. 

The use of 3 cc. of accdic anhydride (without acetic acid) 
as the solvent yielded a less pure product in the overnight 
reaction (thrice recrystaliized, m.p. 167-168°, 50% of 
theory). However, wlien the reaction period was shortened 
to one hour, Ihe crude product melted at 166-169.5°. The 
yield of the twice recrystaliized compound (m.p. 168-170°) 
was 66% of the theoretical. 

The use of inert solvents has likewise been explored. 

When dry ethyl acetate (w’ithout acetic acid) was used, the 
reagent went into Nolulion on nu'chaiiical shaking overnight, 
but the yield of thrice recrystaliized material (m.p. 163- 
165°) was only 11.3 % of the theory. 

Reaction also took place in acetone without or with acetic 
acid. A solution of 217 mg. (1 millimole) of the oxazolone 
in 1.0 cc. of dry acetone containing 9.12 mg. (1.2 milli¬ 
moles) of ammonium thiocyanate yielded after three hours 
at room temperature 164 ing. of crude product, m.p. 140- 
155°; recrystaliized once from 50% ethanol, 76 mg., m.p. 
167-169° (28% of theory). An analogous experiment, in 
wrhioh the mixture contained 0.072 cc. (1.2 millimoles) of 
acetic acid and in which the reaction period was one hour, 
yielded 69 mg. of once recrystaliized product m.p, 167-168° 
(25% of theory). 

l-Pheiiylacetyl-6,6-dimethyl-2-thiohydantoin (8,32^ 9; 
58, 12). A mixture of 227 mg. of 2-benzyl-4,4-dimethyl-6- 
oxazolone and 112 mg. of ammonium thiocyanate in 1.0 cc. 
of acetic anhydride was allowed to stand for 1 hour at room 
temperature. The crude product (197 mg., sintering at 
119°, m.p. 154-166°) yielded on two recrystallizations from 
50% ethanol 82 mg. (29% of theory) of the thiohydantoin, 
which melted at 119-121°. 

Calc. CuHuOjNjS: O 59.52, IT 5.38, N 10.68 
Found: C 59.64, II 5.15, N 10.96 

The following 2-thiohydantoins were prepared from the 
N-acylamino acids (or amino acids when the 1-acetyl deriva¬ 
tives were desired) by treatment with ammonium thio¬ 
cyanate (1.2-2.0 equivalents) and acetic anhydride-acetic 
acid 9 : 1 at room temperature as described {8,S2y 8) for l-1- 
benzoyl-5-isobufyI-2-thiohydantoin, except that the reaction 
period w^as shortened to 3-6 hours {D.2S). The crude opti¬ 
cally active thiohydantoins prepared in this manner show^ed 
high dextrorotations (generally greater than 100°) which 
usually underwent some decline as the melting point rose in 
consecutive recrystallizations. 
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l-PhenylacetyU2-thiohydantoin (8.38^ 12). This com¬ 
pound was prepared from phcuiaccfuric! acid. It jiosscssed 
a inciting point of 153-157*". 

Calc. CiiHioOjNaS: 50.30, 11 4.30, N 11.96 
Found: C 50.25. H 4.50, N 12.32 

5-Isobutyl-2-thiohydantoin (S.SS^ 13). This compound 
was preparc'd by warming a solution of 206 mg. of partly 
racemized Facetyl-5-i8obutyl-2-thiohydantoin 4-21°) 

in 3 cc. ethanol and 3 cc. concentrated hydrochloric acid on 
the* at cam bath for 2 hours. Tlic crystals which formed on 
chilling were filtered and washed with water (118 mg., m.p. 
173-175°). After recrystallization from ethanol-wuler 1:1 
they melted at 174-175°. [a]n“ 0°. 

Calc. (MliaONaS: C 48.81, II 7.02, M 16.27 
Found: C 48.01, H 7.03, N 16.37 

Potentiometric Titrations in Aqueous Media (Cornell 
Bioch., D.SiOf 21). In these experiments, a Beckman pH 
metiT ^lodel-G equijipi'd vv ith a glass and a saturati'd calomel 
electrode was used. Wliere solutions became alkaline 
during titration, caic was taken to exclude carbon dioxide 
by passing over the .solutions a stream of car))on dioxide-free 
nitrogen, saturated with water vapor. Most of the titra¬ 
tions were performed with approximately O.I N standard 
solutions of hydrochloric acid or sodium hydroxide; some 
were carried out with approximately 0.01 standard solu¬ 
tions. 7’he solubility characteristics of .some eompounds 
required the use* ol methanol-water solutions, where this 
W’as not required (as in model expcTinients) it was applied, 
nevertheless, in order to maintain conditions as nearly alike 
as possible. 

The term pK', used in this report, refers to the pH value 
obtained at the mid-point of the titration span of an acid- or 
base-binding group under the experiiiHuital conditions. 

A. MiSTHYL 4-TniAZOLIDINECARBOXYnATE HyDROC^IILOR- 
IDB. A 17.04-mg. sample of methyl 4-lhiazolidineearbox'yl- 
ate hydrochloride was dissolved in 1 ec. of whaler and 1 cc. 
of absolute methanol w^as added. The solution w'as titrated 
with 0.0982 N sodium hydroxide. A suitable blank con¬ 
taining hydrochloric acid was titrated. The differenee 
curve* gave a value of 3.5 for the pll at the half-neutraliza- 
tion point. A calculated pK'* value of 3,7 was obtained 
from the titration data. 

B. 4-THiAzoLiDiNBCARBoxyLic AciD. A 10.09-mg. sam¬ 
ple of the compound was dissolved in 1.0 ec. of 0.0934 N 
hydrochloric acid and titrated with 0.0982 A' sodium hydrox¬ 
ide. A blank was also titrated. The curve indicated the 
presence of 1 group with a pK' of less than 1.7 and 1 group 
with a pK' of about 6.4. 

C . 'I'mOCYANATE DERIVATIVE OF BeNZYLPENICILLIN 

Methyl Kster. A 35,48-mg. sample of the compound was 
dissolved in 1 ec. of methanol and 1 cc. of water was 
add^. Partial precipitation of the compound occurred; an 
additional 1 ec. of methanol was added. The solution was 
titrated with 0.0934 N hydrochloric acid. There was a 
slight dijffercnee observed between this and a blank titration. 
This small difference may indicate the presence of a very 
weakly basic group or may be due to diffiTcnces in activity 
of the hydrochloric acid in the 2 titrations. 

A 208, Bmg. sample of the thiocyanate derivative Avas dis¬ 
solved in 5 cc. of methanol and 5 cc. of carbon dioxide-free 
water wore added. Partial precipitation of the compound 
occurred, necessitating the addition of another 5-cc. portion 
of methanol. The solution was titrated with 0.0982 N 
sodium hydroxide to a slight excess over 1 equivalent of 

• Th« difference curve is obtained in the following manner. For each 
pB value, the volume of standard solution required for the blank is 
subtracted from the volume of standard solution necessary to give the 
same for the unknown. The difference in volume of standard solu¬ 
tion is plotted against pH and the curve which is obtained represents 
the difference curve. 

• This pK* value was calculated from the titration data according to 
the method described by C. L. A. 8chmidt, Chemittry of Amino Aeido 
and Protfino, Charles C. Thomas, Bpringfield, Ill., 1988, p. 604. 


alkali. The titration span indicated the binding of 1 
equivalent of alkali. A neutralization equivalent of 407 was 
obtained (theoretical for (.’ 18 H 21 O 4 N jSj =* 407.5) and the 
mid-point of the titration span had a pH value of 8.5. 

I). Alkaij- Isomerization Product. A 33.28-mg. sam¬ 
ple of th(* compound, titrated with acid by the procedure 
described for the tliioeyanatc derivative, showed no differ¬ 
ence fro n a blank titration. 

A 9-64-mg. sample of the compound was dissolved in 5 cc. 
of methanol and 5 cc. of carlion dioxide-free w^atcr were 
added. The solution was titrated with 0.00989 N sodium 
hydroxide. The titration span gave a neutralization 
equivalent of 398, while the mid-point of the span indicated 
a group with a pK' ol* about 8.0 under the conditions of the 
experiment. 

E. Acid-Hydro LYSIS Prodik't (micro in.p. 206-207°). 
The compound (22.15 mg.) w^as dissolved in I.O cc. of warm 
0.0934 N hydrochloric acid and 1 cc. of w'atcr. The cooled 
solution was titrated wdth 0.0982 N sodium hydroxide. A 
blank of 1.0 ec. of 0.0934 N hydrochloric acid and 1 cc. 
of water was also titrated. Th<‘ difference curve indicated 
the ]uest‘nce of a group with a pK' of less than 1,8 and 2 
groups w ith pK' values of about 7.3 and 8.5. 

F. a-KTHYL Methyl d-y-Benzylpenicii.loate. The 
compound (23.86 mg.) was dissolved in 1 ee. of methanol and 
to the solution was added 1.0 cc. of 0.0934 N hydrochloric 
acid 'J‘he solution was titrated with 0.0982 N sodium 
hydroxide. A blank titrated in the same manner showed 
only a very slight difference from the first titration. This 
small difference could be due to a very weakly acid-binding 
group. 

G. a-ETHYL D-Y-BENZYIiPENKTLLOAns. I'hc COmpOUUd 
(22.44 mg.) was dissolved in 2 ee. of methanol and to the 
solution was added 1 ee. of w ater. The soliit 1011 was titrated 
with 0.0982 N sodium hydroxide. The titration curve 
indicated the presence of 1 grou}) with a pK' value of about 
4.9. 

H. Methyl Ester Hydrochloride op the Acid- 
Hydrolysis Product. Tlie compound (18.04 mg.) w'^as 
dissolved m 1 cc. of methanol and to the solution w^as added 
1 cc. of w'ater. The solution was titrated with 0.0982 N 
sodium hydroxide. The titration curve indicated the 
presence of 2 titratable groups w ith pK' values of about 5.0 
and 7.8. 

I. Model 2-Thiohydantoins. A scries of 2-thiohydan- 
toina w^as titrated with 0.0982 N sodium hydroxide. In 
each ease the compound was dissolved in a mixture of 1 cc. 
of methanol and 1 cc. of w^ater. With om* exception, only 1 
equivalent of alkali was necessary per equivalent of com¬ 
pound to bring the pH of the solution to the value of a blank 
titration. The exception was l-phenylacetyl-5-methyl'2- 
thiohydantoin. In the titration of this compound it was 
observed that no steady value of pH w^as attainable but that 
a doAvnward drift was always noted. At the addition of 1 
equivalent of alkali no inflection in the titration curve could 
be noticed. After the addition of 2 equivalents of alkali 
the pH was high enough to indicate complete neutralization. 
The titrated solution was allowed to stand for about 10 
minutes and then back-titrated with 0.0934 N hydrochloric 
acid. The curve for the back-titration was different from 
that of the titration with alkali, with a distinct inflection at 
the addition of slightly more than 1 equivalent of acid. Ap¬ 
parently, a second titratable group was liberated during the 
alkali titration. The following pK' values were found under 
the conditions of the experiments. 


Compound pK' 

2-Thiohydantoin 8.9 

1-Acetyl-2-thiohydantoin 7.5 

Diy-5-Methyl-2^thiohydantoin 9.1 

Di/-l-Acetyi-5-methyl-2-thiohydantom 7.5 


No definite values were obtained for DL-l-pbenylaoetyl-5- 
inetbyl-2-thiohydantoin. 
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Whon Di/-6-methyl-2-thiohydantoin (11.50 mg. in 2 cc. of 
60 per cent methanol) was titrated with 0.0934 N hydro¬ 
chloric acid, no significant difference was observed between 
this titration curve and that of a blank lucthanol-watcr 
mixture. 

Potentiometric Titrations in Acetic Acid 24). The 

titrations in anhydrous acetic acid, for the detection of 
weakly basic groups, were carried out with the following 
system. 


Glass elec- 

Acetic acid 

Sat, LiCl 

Sat. aque- 

Sat. calo- 

trode 

solution 

in acetic 

ous KCl 

mei elec- 


of com¬ 

acid 


trode 


pound 





A type E National Technical Laboratorh's glass electrode 
was used, and the K.M.F. was measured with the aid of a 
Beckman Model-G pll meter. No attempt was made to 
calibrate the instrument; however, it was used in tlie same 
manner in all experiments, so that (‘aeh result is comparable 
lyith the others obtained by this method. It was noted that 
in pure anhydrous acetic acid the system always gave the 
same E.M.F. within 10 millivolts. Titrations were carried 
out at 22-24®, with mechanical stirring. The E.M.F.'s 
observed were of the same order of magnitude as those 
reported by Conant, Hall, and Werner {J. Am. Chcni. Noc., 
49, 3047 (1927); 50, 2307 (1928)) for a chloranil-lithium 
chloride-potassium chloride-calomel system. 

Tlie anhydrous acetic acid was prepared by the triacetyl 
borate method of Eichelbcrger and La Mcr (J. Am. Chem. 
Soc., 55, 3633 (1933)), and possessed a melting point of 
16.7 t 0.1®. The solution of perchloric acid in anhydrous 
acetic acid was made by the method of Hall and Werner 
(J. Am. Chem. Soc., 60, 2373 (1928)), and was standardized 
against anhydrous sodium acetate. For the titrations ap¬ 
proximately O.l milliequivah'iit of the compound was dis¬ 
solved in 2 cc. of anhydrous acetic acid and the solution was 
titrated with standard 0.1 N perchloric acid m anhydrous 
acetic acid. 

Of the model compounds titrated, no indication of the 
presence of any acid-binding group was obtained with dl- 
6-methyl-2-thiohydantoin, i)L-l-acctyl-5-methyl-2-thiohy- 
dantoin, and N-acetyl-4~thiazoIidine-carboxylic acid. The 
presence of 1 acid-binding group was definitely shown in 
4-thiazolidinecarboxylic acid, mcthyl-4-thiazolidin(‘carbox- 
ylate, a-ethyl D-y-pcnicilloato, and a-etliyl ^-methyl 
D- 7 -penicilloate. 

Of the bonzylpenicillin thioi'yanate derivatives, neither 
the thiocyanate derivative nor its alkali-isomerization prod¬ 
uct exhibited any acid-binding group. 'JIk* titration of the 
acid-hydrolysis product showed the presence of one acid¬ 
binding group. This compound was only slightly soluble 
in anhydrous acetic acid, but dissolved completely during 
the addition of one (*quivalent of acid, and a definite inflec¬ 
tion in the titration curve was obtained. 

In the case of the thiocyanate derivative and its alkali- 
isomerization product, the solutions from the titration experi¬ 
ments were neutralized and the crystalline compounds which 
were obtained were shown to be unchanged thiocyanate 
derivative and alkali-isomerization product as judged by 
melting point and specific rotation. 

Treatment of the TUocyanate Derivative with Acetic 
Anhydride and Pyridine (Cornell Bioch., 12). A 

24-mg. sample of the thiocyanate derivative was suspended 
in 0.06 cc. of acetic anhydride at room temperature. 4 
drops of pyridine were added and the crystals dissolved. 
After 2 hours the solvents were evaporated at reduced 
pressure. ITie residue was washed with 1 N hydrochloric 
acid and water and then dried and crystallised from meth¬ 
anol-water. The recovery of unchanged material was 15 mg. 

Action of Alkali on L-l-Acetyl-S-isobutyl-S-fhiohydantoin 
(Squibb, 8,S8, 13). a) To a solution of 61.8 mg. (0.29 milli¬ 


mole) of i.-l-acctyl-5-i8obutyl-2-thiohydantoin ([«]d -M14®) 
in 2.5 cc. of mothanoJ 0.29 cc. of aqueous 1.0 N NaOIT was 
added, and the volume was made up with water to 5 0 cc. 
[a)D was -f 74® in 10 minutes, 4*30.7® in 3 hours, and 4-5.0® 
in 18 liours. On addition of 5 cc. of water a small amount of 
crystalline material separated on standing in the refriger¬ 
ator. Kecrystallization from aqueous (*thaiiol yielded 
plates (8.5 mg.) melting at 243-240®. The absorption 
spectrum showed two maxima at 229 inpi, Em 0300, and 
209 m/i, Km 11,350. 

Calc. (’TlIizONaS: C 48.81, II 7.02 
Found: CMS 08, H 0.75 

b) A solution of 117.2 ing. of n-l-a(*etyl-5-i8obutyl-2- 
thiohydantoiii with [alu 4114® in 6 cc. methanol was mixed 
with 0 cc. of water containing 3.28 millimoles (0 equivah'iits) 
of sodium hydroxide*, [alo vas 43.4® after 10 minutes and 
zero after 30 minutes. The crystalJine pre(*ipitate obtained 
by neutralization with the ecjiiivalont amount of 1 A hydro¬ 
chloric acid and diluting \\itli water (59 mg.) melted at 
174-175®. The melting point remained unchanged on 
recrystnlJization from aqiK'ous ethanol. A mixture of this 
compound with rac(‘rnic 5-i&oba1 Yl-2-thiohydaritoin (in.p. 
174-175®) melted at t he* same temperature. 

(^alc. C7H,20N2S: C 48.81, H 7.02, N 10.27 
Found: C 48.83, 11 0.02, N 10.00 

Action of Mercuric Chloride on l- 1-Acetyl-6-isobutyl-2- 
thiohydantoin (S.S8, 14). A solution of 124.6 mg. of the 
thiohydaritoin ([a]D 4-114°) in 4 cc, of ethanol was treated 
with 1.16 cc. of an ethanolic 0.5 N solution (5 moles) of 
Hg('b- The solution became turbid, and a white amorphous 
precipitate gradually formed. Since a prtwious experiment 
had shown that less than half of the organic matter is 
precipitated under these conditions, the whole mixture, 
after it had stood for 22 hours, was treated with HjS. 
The residue of the demercurized filtrate (108 mg.) was 
recryst alii zed several times from aqueous ethanol, until the 
inciting point became constant at 167-171° (45 mg.). The 
mixture with racemic 5-isobutyl-2-tluohydantoin (m.p. 
174-175°) melted at 109-172°. The spectrum was identical 
with that of the latter compound (Em 8700 at 224 m/x; Em 
17,500 at 267 m/a). The product was devoid of optical 
activity. 

Calc. C7IT12ON2S: C 48.81, H 7.02, N 16.27 
Found: C 49.00, 11 0.51, N 10.07 

Labile Hydrogen Determinations with Deuterium in 
Mixed and Non-aqueous Solvents (Cornell Bioch., />.25, 
19). In adapting tlie deuterium method of labile hydrogen 
determination (D.ll) to compounds insoluble in H 2 O and 
DjO, the exchange reactions were carried out in deiiterio- 
methanol and in mixtures of either methanol and D 2 () or 
dioxane and D-O. 

Deuterio-methanol, in which 88.4 % of the hydrogen in the 
hydroxyl group was replaced by deuterium, was prepared 
from 99.5% D 2 O and an excess of sodium methylate. The 
labile hydrogen atoms of urea were determined by dissolving 
the compound first in the deuterio-methanol and then in 
ordinary methanol, with an equilibration time of 15 minutes. 
The final methanol distillate was burned to water and the 
deuterium content determined by the falling-drop method. 
The value obtained for urea by this method was satisfactory. 
However, the use of methanol-D20 mixtures gave equally 
satisfactory results and proved to bc' more convenient for 
the compounds being studied. 

Methanol-DjO mixtures were used for the labile hydrogen 
determinations in urea, benzylpenicillin methyl ester, the 
thiocyanate derivative, and its alkali-isomerization product. 
After equilibration with these mixtures for 15 minutes, the 
samples were equilibrated with methanol and the methanol 
was burned to water. 
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Because of the relative insolubility of the acid-hydrolysis 
product of the thiocyanate derivative and of its alkali- 
isomerization product (micro m.p. 206-'207®) in all the 
neutral solvents which were tried, the number of labile 
hydrogen atoms in these compounds was determined by 
dissolving the compounds in 90.5 % DaO with the application 
of heat. The deuterium-containing compounds were not 
treated with ordinary water but were burned directly. A 
model compound, 5-methyl-2-thiohydantoin, wdien subjected 
to this procedure gave a value ui agreement with the expected 
value. The values obtained by these various methods are 
listed in the following table. 


initial reading, which was obtained minutes 1.5 after the 
solutions were mixed, was -f0.40® (observed). After 25 
minutes the rotation was -b6.53‘'; this corresponds to a 
specific rotation of [alo®* *=* 4-326°. No further change in 
rotation occurred during 1.5 hours. The solution was acidi¬ 
fied with 1.5 cc. of 0.1 N hydrochloric acid and cooled. The 
product which separated was removed; the observed rota¬ 
tion of the mother liquor was 40.20°. The separated 
product was rccrystallized from a methanol-water mixture. 
The rccrystallized material (58 mg.), micro m.p. 168-160*, 
possessed a specific rotation of [alo*’ «« 4241* (1% in 
methanol). 



First equilibration 






Sample 


99 5% 


" 

Second 

equilibration 

Atom % D 
fniind in CII.OH 

Labile 

hydrogen 


\Vt. 

D^O 

CH3OH 

CH*OH 



atoms 


mg. 

mg. 

mg 






Urea. 

22 7 


454 

5^ 

368.8 

9.80 

+ 0 08 

4 2 

Urea. 

9 85 

688.0 

469 

1 

301.6 

5.44 

4: 0.08 

4.1 

Benzylpenicillin methyl ester. 

34 22 

630.9 

423 

1 

311.2 

0.88 

± 0.08 

1.1 

Thiocyanate derivative. 

17 68 

278 8 

265 

3 

204.4 

1.00 

± 0.08 

! 2.0 

Alkali-isomerization product. 

37 96 

458.7 

472 

5 

332.4 

1.28 

± 0.08 

1.9 

6-Methyl-2-thioh ydantoin. 

14 26 

1,233. 

— 


— 

32.9 

± 0.6'^ 

2.0 

Acid-hydrolysis product of the thiocyanate 









derivative. 

12.72 

1,879. 

— 


__ 

31.0 

± 0.5^ 

4.0 

Acid-hydrolysis product of the alkali-iso¬ 









merization product. 

11.78 

1,310 

— 



32.5 

± 0.5^ 

4 2 


Reaction of the Thiocyanate Derivative of Benzylpenicillin 
Methyl Eater with Alkali (Cornell Bioch., D.ISSlf 2). A 
100-mg. sample of the thiocyanate derivative ([«1 d‘* ■* 

— 12.6* (1.23% in absolute methanol)) w^as dissolved in 
4 cc. of methanol, and 2.45 cc. (1 equivalent) of 0.100 N 
sodium hydroxide were added in portions over a period of 1 
hour. The solution was allowed to stand at room tempera¬ 
ture for 3 hours and then 10 cc. of water and 1 equivalent 
of approximately 0,1 N hydrochloric acid were added. 
The white precipitate which resulted was dissolved in 10 cc. 
of methanol, and 10 cc. of water were added. Rosettes of 
needles formed slowly. After the solution had been allowed 
to stand for 2 hours at 5*, the crystals were separated and 
washed with water. The yield was 64.3 mg., micro m.p. 
168-160*. Recrystallization from a methanol-water mix¬ 
ture yielded 62 mg., micro m.p. 158-160*. A mixture of this 
compound with the original thiocyanate derivative melted 
at 136-143°. The specific rotation was [ab'* ** 4234° 
(0.848% in absolute methanol). 

Calc. CisH 2 i 04 N*S 2 : 

C 53.05, H 5.20, N 10.31, S 15.73, OCHi 7.62 
Found: C 63.40, H 5.29, N 10.33, S 15.90, OCH, 7.70 

A potentiometric titration of the compound with alkali 
indicated the binding of 1 equivalent, with a pH value of 8 
for the midpoint of the titration span. A potentiometric 
titration with acid showed no binding. 

Speed of the Reaction of the Thiocyanate Derivative of 
Benzylpenicillin Methyl Ester with Alkali 2). A 

solution of 61 mg. of the thiocyanate derivative ■■ 

— 13.8° (1.3% in absolute methanol)) in 3 cc. of methanol 
was mixed quickly with 3 cc. of water containing 0.15 miUi- 
molo (1 equivalent) of sodium hydroxide. The solution was 
immediately transferred to a polarimeter tube, and the rota¬ 
tion was measured as soon as the solution cleared. The 

^ Deuterio-methanol, oontaininf 88.5% fof tha labile hydrofen aa 
deutorium. 

* Deuterium content of compound. 


Reaction of the Thiocyanate Derivative with Mercuric 
Chloride in Absolute Ethanol (Squibb, 19). To a solu¬ 
tion of 14.6 mg. of the thiocyanate derivative in 0.3 cc. of 
absolute ethanol 50 mg. of mercuric chloride in 0.5 cc. of the 
same solvent were added. After standing for 18 hours a 
small amount of amorphous material (1.7 mg.) had deposited 
on the wails of the vessel. Addition to the supernatant 
liquid of 2 cc. of 2 N IIOl followed by 2 cc. of water caused 
the formation of needle-shaped crystals, which after 20 
minutes were filtered and washed with 33 % ethanol (9.4 mg., 
m.p. 160-165°, [ajo** 4206* in absolute ethanol). The 
product was recrystallized by the dropwise addition of water 
to the ethanolic solution and then melted at 166-168°. 

The experiment was repeated with a larger amount 
(62 mg.) of the thiocyanate derivative (200 mg. of mercuric 
chloride, 4.0 cc. of ethanol), but in this instance the rise of 
the dextrorotation was followed. 


Time. 

0.05 

0 5 

1.6 

2.6 

6 

7 

23.5 

26 

26.5 hrs. 

(ab“. 

4182* 

185 

194 

210 

227 

237 

254 

252 

251 


A small amount of precipitate (4.0 mg.) was removed by 
centrifuging. The supernatant liquid remained clear on 
addition of 4.5 cc. of N HCl; subsequent addition of the 
same volume of water caused the gradual deposition of 
needles, which after one hour were filtered and washed with 
water (43 mg., m.p. 168-169*). The melting point remained 
unchanged on recrystallization from ethanol-water, [ab 
4249° (0.6 per cent in ethanol). 

Calc. Ci 9 H 2 , 04 NaS,:« C 54.14, H 5.50, N 9.97 
Found: C 64.17, H 6.14, N 9.96 

Absorption spectrum (S.S6, 17): maximum at 237 mp 
(Em 9,600} and 275 mp (Em 15,600). A mixture with the 
alkali-isomerization product (m.p. 167-160°) melted * at 
164-169°. 

• In the origlaal leport, the oalevUated valuet were for CiiHtiOiNiSi. 
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Treatment of the Thiocyanate Derivative with Silver 
Nitrate in Ethanol (S. 40 f 2). A Rolution of 103.5 mg. of the 
thiocyanate derivative (0.255 milliniole) in 22 cc. of absolute 
ethanol was mixed with 2.5 cc. 0.1 iV ethanolic silver nitrate 
solution and the volume was made up with ethanol to 25.0 co. 
lajo*® of the clear solution was +464° and remained at 
exactly this value for the following 4 hours. 12.5 cc. were 
withdrawn at this point and worked up with HjS in the 
usual way. The resulting crystalline product (54 mg.) was 
recrystallized twice from ethanol-water and yielded the 
typical prisms of the starting product, m.p. 162-170° after 
softening at 149°; [alo** +8.5° (0.82% in ethanol). 

The remainder of the solution was allowed to stand at 
room temperature. After 19 hours, when [a]i>** was still 
+459°, a precipitate began to form gradually. After 72 
hours from the start of the experiment the precipitate was 
oollectod, washed with ethanol and dried (44 mg.). It 
was re-suspended in 5 cc. of ethanol and decomposed with 
HjS. The silver-free filtrate was concentrated to 2 cc. and 
an equal volume of water was added gradually. The result¬ 
ing silky needles (30 mg., m.p. 166-168°) after recrystalliza¬ 
tion melted at 168-169° and had lain +234° (0.51 % in 
ethanol). The melting point of a mixture with a sample of 
the ^'mercuric chloride product,^'m.p. 168-169°, [ajo +233°, 
was not depressed. 

Calc. C,*H2504N,St:» 

C 54.14, H 5.50, N 0.97, S 15.21, OCaH^ 10.69 
Found: Cl 54.35, H 5.54, N 14.2,« S 16.03, OCaHs 12.39 

Polarographic Studies (Cornell Bioch., D.jeS, 20). The 
following acylatcMl and non-acylated thiohydantoins were 
examined polarographically: 2-thiohydantoin, l-methyI-2- 
thiohydantoin, 5-methyl-2-thiohydantoin, 1 -acetyl-2-thio- 
hydantoin, and l-phenylac<^tyl-.5-mcthyl-2-thiohydantoin. 
These compounds were e 9 n)pared with the thiocyanate 
derivative and its acid-hydrolysis product, micro m.p. 
206-207°. 

From the results obtained with the model thiohydantoins, 
it appeared possible to distinguish polarographically between 
an acylated and a non-acylated thiohydantoin. Although 
botli types of compounds show the sanu* reaction at the 
anodioally polarized dropping mcTcury electrode, namely, a 
small anodic sulfhydryl wave between 0 and —0.2 volt 
(v^/’Si/a the normal calomel electrode), they differ markedly in 
tiu* reH<’tion at the cathodically polarized dropping mercury 
electrode. The non-acylated thiohydantoins have no 
cathodu* polarographic reaction; the curve does not differ 
from a blank in the region from —0.3 to —2.2 volts (versus 
the normal calomel electrode). On the other hand, the 
acylated 2-thiohydantoins have a very pronounced double 
wave with the first half-wave potential at about —1.55 volts 
and the second at —1.7 volts (versus the normal calomel 
electrode) in an ammoniacal buffer of pH 9.2. The first 
part of the double wave has about twice the height of the 
second. 

Neither type of thiohydantoin appears to have any typical 
Brdicka reaction. The acylated thiohydantoins, however, 
do seem to affect slightly the position of the cobalt wave of 
the Brdicka buffer solution; this effect is completely absent 
in the case of the non-acylated compounds. 

The same experiments on the thiocyanate derivative 
failed to give any polarographic reaction anodically or 
cathodically, with the exception gf completely suppressing 
the cobalt maximum of the Brdicka buffer solution. The 
lack of any anodic or cathodic polarographic reaction was 
also observed with the acid-hydrolysis product. With the 
latter compound, there was a slight atypical reaction in the 
Brdicka buffer solution, to which no significance has been 
attached. 

Acid Hydrolyais of the Thiocyanate Derivative (Cornell 
Bioch., D,lS4, 12). A mixture of 50 mg. of the thiocyanate 

* In the original report, the onloulated values are for CiiHtiO«N«St. 
and the alkoay group present nrae assumed to be OCHi. 

* A later antdyaie gave N 9.68. 


derivative and 3 cc. of concentrated hydrochloric acid was 
heated under reflux in an oil bath at 155° for 2 hours. The 
crystalline material dissolved slowly ov('r a period of 1 hour. 
The clear, almost colorloRs reaction solution was extracted 
3 times with other and the combined ether extracts were 
washed twice wuth water. Evaporation of t he ether yielded 
18.0 mg. of crystalline residue, micro m.p. 74-76°. Ilecrys- 
tallization from petroleum ('ther yielded colorless plates, 
micro m.p. 76-77°. A mixture of this compound with 
phenylacetic acid, micro m.p. 76-77°, showed no depression 
of the melting point. The aqueous layer on concentration 
to a small volume yielded crystals which were separated 
and washed with water. The w^eight of this fraction was 
2.6 mg., micro m.p. 195-197°. The mother liquor wa.s con¬ 
centrated to a glass, dissolved in a few drops of ethanol, and 
1 cc. of water was added. Partial concentration of this 
solution yielded a mixture of amorphous material and 
needles. This mixture was washed with ethanol in which 
the greater part of the crystalline material dissolved; the 
ethanol solution deposited needles when it was allowed to 
stand. A few drops of water were added to this mixture 
and additional crystals were obtained. The yield of amor¬ 
phous material was 7.9 mg., micro m.p. 240-245° (dec.), 
and of crystalline material was 12.4 mg., micro m.p. 206- 
207° (dec.). The crystalline fraction was analyzed. 

Calc. CftHiaOiNaSa: N 15.26; S 23.29 
Found: N 14.70; S 22.72 

This fraction exhibited 2 peaks in the ultraviolet spectrum, 
Em — 15,600 at 273 m/* and Em =* 9,900 at 236 lu/u. 

The yield of the hydrol 3 ' 8 is product was irnprovi’d and the 
procedure wtis simplihed in subsequent preparations. After 
hydrolysis the phenylacetic acid was extracted from the 
hydrochloric acid solution with ether. The aqueous ex¬ 
tracts were concentrated to remove the hydrochloric acid 
and the residue was neutralized with 5% sodium carbonate 
solution. This procedure yielded 124 mg. of needles, micro 
m.p. 202-206° (dec.), from 200 mg. of starting material. 
This was separated by hot water into a water-insoluble 
portion (13 mg.), micro m.p. above 300°, and a water-soluble 
portion (85 mg.), micro m.p. 205-206° (dec.), [ajo*' *=» 
+335° (0.21 % in 1 A hydrochloric acid). Two additional 
crops of 11 mg. each, micro m.p. 206-208° (dec.), were 
obtained. This roprosents a yield of 79 % of the theoretical 
amount of the acid-hydrolysis product. 

Conversion of the Acid-Hydrolysis Product of the Thio¬ 
cyanate Derivative to the Alkali-Isomerization Product of 
the Thiocyanate Derivative (Cornell Bioch., 12). A. 
EsTtmiFicATioN. A 28*mg. sample of the acid-hydrolysis 
product of the thiocyanate derivative was dissolved in 1 cc. 
of methanolic hydrogen chloride. After an hour the solution 
was evaporated to dryness and the residue was heated under 
reflux with methanolic hydrogen chloride for 1 hour. The 
excess hydrogen chloride was removed by repeated evapora¬ 
tion with methanol. The gum which was obtained yielded 
a powder on trituration witli ether. After the product had 
been dried in vacuo^ it melted at 154.5-156.5° (micro) and 
weighed 28 mg. 

Calc. C,oHie 04 N 3 S,Cl: S 18.75, Cl 10.37 
Found: S 19.57, Cl 10.91 

B. Phbntlacbttlation. A 28-mg. sample of the above 
ester hydrochloride was dissolved in dry pyridine and 26 mg. 
of phenylacetic anhydride were added. The solution was 
allowed to stand at room temperature for 3 hours and 
was then evaporated to dryness in vacuo. The nisidue was 
partitioned between I cc. of 1 N hydrochloric acid and 3 cc. 
of ethyl acetate. The aqueous-acid layer was extracted 
further with 2 cc. of ethyl acetate. The ethyl acetate 
extracts were combined and washed with water, sodium 
bicarbonate, and then with water, dried over sodium sulfate, 
and evaporated to an oil (28 mg.). This oil was dissolved 
in 0.5 CO. of dioxane and the solution was diluted with water. 
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The tube was scratched to induce crystallization. Large 
prisms (21 mg.) were obtained. The marked birefringence 
of these crystals which was observed under polarized light 
disappeared in the temperature range 82-88when a sample 
was heated very slowly on the micro melting point stage. 
When the crystals were heated at a rate of 2® per minute, 
they melted at 90-92° but powdered material melted at 
82-84°. The optical rotation of this product, taken after 
4 recrystallizations from dioxane-water and 1 recrystalliza¬ 
tion from methanol-water, was [aji>*' 4*228° (6.18% in 

methanol). W'hen the product was crystallizt'd from a 
methanol-water mixture and allow^'d to stand in contact 
with the mother liquors for 10 to 14 hours, the molting point 
of the compound was 155-156° (micro). 

The ultraviolet absorption spectrum of a 0.10 gm./l. solu¬ 
tion of this compound in 95% ethanol exhibited 2 peaks, 
Em =“ 13,200 at 275 ni/x and Km = 0,000 at 238 m/u. 

Acid Hydrolysis of the Alkali-Isomerization I^oduct of 
the Thiocyanate Derivative {f).£S, 11). A 187-mg. sample 
of the alkali-isomerization product (D. 2^) was heated under 
reflux with 12 cc. of concentrated hydrochloric acid for 2 
hours. The cooled solution was extracted with ether to 
remove phen 3 dacetic acid, and w*as then evaporated to dry¬ 
ness in vacuo. Water was added to the residue and the 
evaporation was repeated to r(»move hydrochloric acid. 
The residue was dissolved in 3 c(‘. of w^atc'r and the solution 
was made neutral to Congo U<*d by the addition of sodium 
bicarbonate. Needles separated from the solution; the 
mixture was cooled in an ice bath for an hour and the crystals 
were collected. The dried product, micro m.p. 202-203°, 
weighed 107 mg. An additional crop of 19 mg. of crystalline 
product, micro m.p. 196-198°, w'as obtained from the mother 
liquors. 

The 107-mg. fraction was recrysiallized from hot water. 
The first crop of crystals (77 mg.), micro m.p. 206-207°, 
possessed a rotation of = +344° (0.19 % in 1 A hydro¬ 
chloric acid). The second and third crops of recrystallized 
product (26 mg.) melted at 201-205° (micro). A mixture of 
the first crop with the acid-hydrolysis product of the thio¬ 
cyanate derivative {!), 24 y 12) produced no depression of the 
melting point. 

Calc. C9Hia03N,S2: C 39.26, H 4.76, N'15,26, S 23.29 
Found: C 38.40, H 4.96, N 15.33, S 23.48 

The compound exhibited 2 peaks in the ultraviolet absorp¬ 
tion spectrum, Em * 16,300 at 273 in/x and Km 9,600 at 
238 rn/i (approximately 0.01 gm./l. in 95 % ethanol). 

Treatment of Optically Active l-Phenylacetyl-5-isobutyl- 
2-thioiiydantoin with Concentrated Hydrochloric Acid 
(CJornell Bioch., D,25, 11). A mixture of 60 mg. of optically 
active l-phenylacetyl-5-i8obutyl-2-thiohydantoin, [ajo*® «■ 
+ 136° (1 % in 96% ethanol) and 3 cc. of concentrated hy¬ 
drochloric acid was heated under reflux for 2 hours in an 
oil bath at 156°. The solution was evaporated to dry¬ 
ness, and the residue (47 mg.) was dissolved in 5 cc. of 95 % 
ethanol. The rotation of the solution was [ajo** ** +2.6°. 
The material was crystallized from alcohol by the addition 
of 4 volumes of water, and 15 mg. of crystalline product, 
micro m.p. 100-166°, were obtained. This product, after 
2 recrystallizations from alcohol-water, was optically in¬ 
active (0.2% in 95 per cent ethanol). 

Calc. C^HioONaS: S 20.27 
Found: S 19.12 

After a fourth recrystallization the material melted at 171- 
175° (micro). The melting point reported in the literature 
for 6-i8obutyl-2-thiohydantoin is 170-171°. 

Amino Nitrogen Determination (Cornell Bioch., D.5/, 20). 
Micro Van Slyke amino nitrogen determinations were 
carried out in the Warburg rnanomctric apparatus by the 
method of Warburg, Christian, and Griese (Biochem, Z., 
282f 183 (1935)). Bromine water oxidations were performed 
by adding an excess of a saturated aqueous bromine solution 
to a weighed sample in the side arm of the Warburg vessel, 


and then evaporating the solution to dryness in a vacuum 
desiccator. Ttie following results were oiitained. 


C'ompound 

Per cent amino 
nitrogen 

Calculated 

Found 

DirLeucinc . 

10.7 

8 9 

11.4 

9.9 

7.2 

L-Cysteine HCl. 

Brj-oxidizod ij-cysteine-HCl. 

8.9 

oe-Ethyl D- 7 -benzylpenicilloate. 

0 

4.0 

Br 2 -oxidized penicilloate. 

3.7 

5.0 

9.0,9.1 
5.6 

1 _ 

Acid-hydrolysis product of thiocya- 
nat c derivative. 

5.1 

Brroxidized acid-hydrolysis product 

5.1 


Ninhydrin Color Reactions (/>..*?/, 21). These determi¬ 
nations wen* carried out in pH 6.8 phosphate buffer solution. 
Broinnui-oxidized samples were prepared as described under 
the Van Slyke amino nitrogen determinations. 


Compound Result 

Cysteine-H Cl — 

Bra-oxidized cysteinc-HCl + 

a-Ethyl i>- 7 -benzylponicilloat€‘ — 

Brj-oxidized penicilloate + 

5-Methyl-2-thiohydantoin — 

Acid-hydrolysis product of the thiocy¬ 
anate derivative + 

Brj-oxidized acid-hydrolysis product — 

Uramil + 


Preparation of 6-Phenyl-2-thio-6,6-dihydrouracil (D.3I, 
21). This compound was prepared according to tin* rnothod 
of Posner (Ber,, 3Sy 2324, 2719 (1905)). A mixture of 
3.3 gm. of /3-phcnyl-i3-aininopropionic acid (Johnson and 
Livak, J. Am. Chem. Soc.y 68y 299 (1936)), 8 cc. of water, 

2 cc. of concentrated hydrochloric acid, and 3 gm. of potas¬ 
sium thiocyanate w^as evaporated to dryness in an oil bath 
at 140° and the residue was allowed to remain at 140° for 

3 hours. The residue was cooled and extracted with 50 cc. 
of hot 95% ethanol. 6-Phenyl-2-thio-5,6-dihydrouracil 
crystallized when the alcoholic solution was cooled. Hie 
product weighed ] 70 mg. An additional 350 mg. of product 
was obtained when the residue from the extraction of the 
crude product witli ethanol was distributed between ethyl 
acetate and water and the ethyl acetate solution was evapo¬ 
rated to dryness. 

The product was rccrystallizcd from methanol by the addi¬ 
tion of water. The rocrystallizod material showed a transi¬ 
tion of crystalline form on the micro stage at 236-240° and 
melted at 242-244°. The ultraviolet absorption curve deter¬ 
mined on a 0.01 mg./oc. solution of the compound in 95% 
ethanol possessed a shoulder at 228 m^, Em “ 9,000, a mini¬ 
mum at 248 mp, Em * 2,500, and a maximum at 228 mM. 
Em - 16,500. 

Calc. CioH,oON,S: C 68.23, H 4.89, N 13.68, S 15.54 
Found : C 68.10, H 4.60, N 12.98, S 16.17 

Preparatioxi of 2-Thio*-6,6-dihy(lroisracil (D.3f, 22). A 
mixture of 1.8 gm. of /J-alaninc, 8 cc. of water, 2 cc. of con¬ 
centrated hydrochloric acid, and 3 gm. of potassium thiocy¬ 
anate was evaporated to dryness in an oil bath at 140° and 
the residue was kept at 140° for 4 hours. The residue was 
cooled and distributed between ethyl acetate and water. 
The ethyl acetate layer was washed with 6% sodium bi¬ 
carbonate solution and with water and was dried over 
anhydrous magnesium sulfate. The ethyl acetate was 
removed in vacuo and the crystalline residue, 60 mg., was 
recrystsUised from hot ethyl acetate. The reoxystallised 
material showed a transition at about 200° and a , micro 
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melting point of 232-^234°. Th(> ultraviolet abHorption 
curve, determined on a 0.01 nig./cc. solution of the com¬ 
pound in 96% ethanol, possessed maxima at 225 m/<, 
Em ~ 9,000, and at 275 m/x, Em « 15,000, and a minimum 
at 245 mju, Em “ 2,000. 

(^alc. C4H,0N2S: C 36.91, H 4.65, N 21.53, S 24.63 
Found: C 37.48, H 4.87, N 21.10, S 25.32 

Ultraviolet Absorption of Thiohydrouracils in 0.01 N 
Alkali (I).Slf 22). When 2-thio-5,6-dihydrouracil was dis¬ 
solved in 0.01 N sodium hydroxide a change in the ultraviolet 
absorption spectrum occurred, with the rapid disappearance 
of the peaks at 225 m/x and 275 rri/x, and the development of 
a single peak at 238 m/x which reached a constant value of 
14,500 after 20 minutes. After acidification of the 
solution with 0.01 N hydrochloric acid there was no reversion 
of the absorption spectrum to that of the original 2-thio-5,6- 
dihydrouracil. f)-PhenyI-2-thio-5,6-dihydrouracil showed 
similar behavior with alkali, the rate of change being some¬ 
what slower. After 30 minutes a constant maximum at 240 
m/Li, Em “ 12,500, was obtained. 

The behavior of these two thiohydrouracils in 0.01 N alkali 
is different from that observed for 5-inethyl-2-thiohydantoin 
and for the acid-hydrolysis product of the thiocyanate 
derivative of bcnzylpenicillin methyl ester. The ultraviolet 
absorption curves of th(j latter compounds in alkali show'ed 
retention of the maxima at 280 ni/x with disappearance 
of the maxima at approximately 230 m/ix and replacement by 
minima at approximately the same wave length. Also, 
acidification after as long as 4 hours regenerated the original 
absorption (jurvea. A summary of the ultraviolet absorption 
data in water and in 0.01 N sodium hydroxide solution is 
given in the following table. 


Ultraviolet Absorption in Water and 0.01 N Alkali* 



mg 

Em in 
H 2 O 

Em in 0.01 N 
Na(3H 

5- MethyI-2-thiohy- 

215 

10,000 

6,000 

Acidification 

dantoin. 

225 

11,000 

4,500 

regenerated 


240 

11,000 

7,000 

original 


260 

19,000 

19,000 

absorption 


280 

3,000 

9,000 


Acid-hydrolysis prod- 

220 

5,000 

4,000 

Acidification 

uct of the thiocya- 

235 

10,000 

2,000 

regenerated 

nate derivative of 

250 

6,000 

8,000 

original 

bcnzylpenicillin 

270 

17,000 

22,000 

absorption 

methyl ester. 

290 

3,000 

8,000 


2-Thio-5,6-dihydroura- 

215 

9,400 

9,000 

Acidification 

ciU*. 

220 

9,800 

7,800 

did not re- 


225 

10,300 

8,200 

generate 


238 

6,000 

14,500 

original 


245 

4,000 

10,000 

absorption 


270 

15,000 

600 



290 

3,000 

200 


6-Phenyl-2-thio-5,6- 

220 

10,000 

9,000 

Acidification 

dihydrouracil**. 

225 

8,600 

6,000 

did not re¬ 


230 

8,500 

8,000 

generate 


240 

6,000 

12,500 

original 


250 

4,500 

7,000 

absorption 


275 

15,000 

— 



290 

6,000 

— 



* Tbe ooiioontratiou of all the eolutiaiiH wita 0.01 mg. of tbo compound 
per 00 . of the eolvent apeoifted. 

>* The £m values in alkali are those obtained 80 minutes after dis¬ 
solving the compound. The appearance of the peak at 288-240 mp was 
preeeded by an initial drop of the absorption at 230 mp. followed by 
a rise. 


Formation of /3-Phenyl-/9-thioureidopropionic Acid from 
6-Phenyl-2-thio-5,6-dihydrouracil (D.St, 24). A mixture 
of 50 mg. of 6-phenyl-2-thio-5,6-(lihydroura(‘iI and 5 cc, of 
0.1 AT sodium hydroxide* solution \v*aH allowed to stand at 
room temperature for 2 hours. At the end of that time 
practically all the solid had dissolved and the solution was 
coolcjd overnight. The ultravioh't absorption of the solution 
indicated that thiodihydrouracil absorption had completely 
disappeared. The solution was acidilied with 0.045 cc. of 
concentrated hydro(dilori(! acid and evjiporattui in vacuo to a 
volume of 0.5 cc. The crystals which liad separated were 
collected, washed wuth water and dried (50 mg.). On the 
micro stage th(* crystals melted at 176-170^' and the melt 
resolidified as long n(»odles. These n(‘(‘dles show(‘d a transi¬ 
tion at 235" and a micro melting point of 240-242°, thus 
resembling tlie behavior observed for f)-phenyI-2-thio-5,()- 
dihydrouracil. Apparently, fusion of th(‘ thioureidopro- 
pionic acid resulted in ring closure to the thiodihydrouraciJ. 

'rhe crude /3-phenyl-/?-thioureidopropionic acid wasrocrys- 
tallized from ac(*tone by the adflition of SkelJy.solve ft 
was dried in vacuo at 100" over phosphorie anhydride. This 
material pos8(*ssed a neutral ecjuivahuit of 224. 

Calc. CioHijOaNaS: C 53.54, H 5.40, N 12.49, S 14.29 
Found: C 53.55, TI 5.23, N 12.20, S 14.65 


Preparation of l-Benzyl-2-thio-6,6-dihydrouracil (Squibb, 
S.47,7). 

A. A mixture of 1.0 gm. of ethyl /3-bcnzylaminopropionate 
(Thayer and McElvain, J, A 7n. Chem. iSoc., 40, 2865 (1927)), 
0.78gm. (1.2 moles) of ammonium thiocyanate, 3 ee. of water 
and 1 cc. of cone. IICl was heated in a beaker on the steam 
bath and stirred intermittently until a clear yellow solution 
w’^as obtained (one hour) which was then evaporated to dry¬ 
ness. The residual oil was kept at 136° for 3 hours. On 
addition of water after cooling it turned to a granular brown 
product, which was filtered off and washed with water, and 
rocrystallized from ethanol with charcoal. The resulting 
colorless crystals (172 mg.) melted at 171-172°. (Concentra¬ 
tion of the mother liquor yielded an additional 90 mg. The 
combined crops (18.5% of theoretical amount) were recrys¬ 
tallized twice from aqueous ethanol to a constant molting 
point of 174-175°. 

Calc. CnHiaONjS: C 69.97, H 5.49, N 12.72 
Found: C 59.78, H 5.40, N 12.85 

The ultraviolet absorption spectrum (95 % ethanol) 
showed maxima at 230 mg (Em = 14,400) and 278 mg 
(Em “ 13,800) and a minimum at 252 mg (Em « 3700). 

B. A solution of ethyl /3-benzylaminopropionate (7.0 gin.) 
and ammonium thiocyanate (4 gm.) in acetic acid (16 cc.) 
was boiled under reflux for 3 hours (bath temp. 140°). The 
white solid wliich separated on standing at room temperature 
overnight was collected and washed with acetic acid and 
then with water (2.73 gm., m.p. 173-174°). The melting 
point of a mixture with the specimen obtained by procedure 
A was not depressed, and the absorption curve coincided 
with that of the latter preparation. 

Dilution of the mother liquor with 4 volumes of water 
yielded a yellow crystalline precipitate (0.725 gni.) melting 
at 150-166°. The filtrate was concentrated in vacuo to a 
yellow oil which was then heated at 140° for 4 hours. The 
solid which formed on standing was collected and thoroughly 
washed with water (1.09 gm.). It melted at 167-170°, and 
in mixture with the pure compound at 170-173°, 

C. A mixture of ethyl /3-benzyIaminopropionate (0.5 gm.) 
and thiourea (0.4 gm.) was heated in a paraffin bath. Evolu¬ 
tion of ammonia started at 166", and a clear melt was ob¬ 
tained at 175®. The mixture was kept at 160-170° for one 
hour. The waxy brown mass obtained on cooling was 
decolorized by charcoaling in ethanol and the resulting 
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crystals were recrystallizeci from 95 % ethanol (43 mg., m.p. 
172-’173"). 

Reaction of l-Benzy]-2»thio-6,6-dihydroturacil with Alkali 

9). When the thiohydrouracil was dissolved with 6 
equivalents of cold aqueous sodium hydroxide solution, the 
2 maxima in the sp(»otrum were immediately replaced by a 
single maximum at 247 m/u. In an alcoholic solution of the 
^-thioureido acid recovered by neutralization this maximum 
is displaced to 250 lUfi. Those changes parallel those ob¬ 
served with l-benzyl-5-phenylaeotamido-2-thio-5,6-dihy- 
drouraeil 6). Acidification of the alkaline solution 

reestablished the two maxima of the thiohydrouracil. (The 
maximum observed in ethanolic solution at 278 mg is dis¬ 
placed to 275 nig in aqueous acid.) The speed of the recon¬ 
version is rapid only in the presence of a large excess of 
hydrochloric acid, as shown by the following data: 

The thiohydrouracil (2.0 mg.) was dissolv<*d m 0.06 cc. 

1 N NaOH (6 equivalents) and the solution was immediately 
diluted with water to 10 cc.: 

Em at 247 mg « 15,200 

To 2.5 cc. of the above solution were added 0.5 cc. of cone. 
IICl and the mixture was allow(»d to stand for one hour at 
room temperature: 

Em at 230 mg « 11,200 Em at 275 mg « 12,800 

Aliquots (0.08 cc.) of an alkaline solution of the thiohy¬ 
drouracil (28 mg. in 0.76 cc. 1 N NaOH) were treated as 
follows: 

A. Addition of 0.80 cc. of 0.1 N HCl (neutralization of 
alkali present), and dilution with water to c « 0.001 (for 
thiohydrouracil) after 6 minutes. The spectrum showed 
only a single maximum at 245 mg, with Em 11,200. 

B. Addition of 0.2 cc. cone. HCl (about 2 AT in respect to 
excess HCl), and dilution with water to c « 0.001 after 2 
minutes: single maximum at 245 mg with Em =* 11,700. 

C. Same as B, but diluted after 20 minutes: two maxima at 
230 mg (Em « 9,200) and 275 mg (Em =» 13,200). 

Reaction of a-Phenylacetami(lo-/3-lienzylaminopropionic 
Acid with Ammonium Thiocyanate in Acetic Anhydride 
(Squibb, 8.4^^ 6). To a solution of 1.09 gm. (0.014 mole) 
of ammonium thiocyanate in 12 cc. of acetic anhydride con¬ 
taining 0.9 cc. of acetic acid 1.87 gm. (0.006 mole) of a-phen- 
ylacetamido-/J-benzylaminopropionic acid (Merck, M,S7, 5) 
were added. The mixture was shaken for one hour, during 
which time complete solution occurred. A sample with¬ 
drawn and diluted with other showed Em *• 10,600 at 281 mg 
(based on molecular concentration of starting material). 
After 6 hours^ standing at room temperature this value was 
14,000. Crystallization set in at 7 hours. After 21 hours 
the crystals were collected and washed with ether (702 mg., 
m.p. 174-176®). A portion rccrystallized from acetone- 
water and then from ethyl acetate molted at 176-177® 

(1-phenylacetyl- 5- (N-acety 1) - benzyiaminomethyl-2-thiohy- 
dantoin). 

Calc. CfiH,iOtN,S; C 63.79, H 6.35, N 10.63, S 8.10 
Pound: C 63.48, H 6.53, N 10.35, S 7.82 

The ultraviolet absorption curve (ethanol) showed maxima 
at 282 mg (PJm 17,000) and 235 mg (Em 10,400), and minima 
at 252 mg (Em 6,900) and 227 mg (Em 9,900). It is similar 
to that of the compound m.p. 163® (see below) in respect 
to the height and location of the main band around 280 mg, 
but difiTers from it in that the maximum at 235 mg is well 
defined but lower. 

The filtrate, to which the residue of the ether washings had 
been added, was treated with cold water, and the resulting 
gum was dissolved in warm 95 % ethanol and reprecipitated 
by the addition of water (1.27 gm,, m.p. 70-100®). It was 


taken up again in ethanol (30 cc.), the solution poured into 
6% aqueous sodium bicarbonate solution (200 cc.), and the 
mixture extracted with ether. The latter was washed 
repeatedly with bicarbonate and then with water. The 
dried other solution on concentration deposited a crystalline 
product (303 mg., m.p. 100-162®) which after one recrystal- 
lizatioii from 95% ethanol melted at 162-163®. A mixture 
of the product with the compound m.p. 176-177® melted at 
150® (8.41 7). 

Calc. (JiftHuOzNsS: C 64.58, II 5.50, N 11.00 
Found: C 64.75, II 5.28, N 11.97 

Ultraviolet absorption spectrum (ethanol): maximum at 
280 mg, Em » 15,300 and a plateau at 225-235 mg, Em ■■ 
13,300. 

I'he ethereal mother liquor on evaporation yielded a 
yellow solid (690 mg., m.p. 70-90®) from which 70 mg. of 
material melting at 169-171® were obtained. 

Infra-red absorption studies carried out in the Department 
of Physics, University of Michigan, favored the thiohy¬ 
drouracil structure for the compound m.p. 163®. Compari¬ 
son was made with the compound m.p. 176® which is formed 
in the same reaction, and with l-phenylacotyl-5,5-dimethyl- 
2-thiohydantoin; the spectra of the latter two compounds 
are quite similar to each other, but bear little resemblance 
to that of the compound m.p. 163®, which shows bands in 
the double bond region at 5.79, 5.99, and 6.53 g. The latter 
two bands are best interpreted as being due to the amide 
group in the side chain, while tliat at 5.79 mg is thought to be 
associated with the thiohydrouracil ring. 

Effect of Alkali on l-Benzyl-5-phenylacetamido-2-thio- 
hydrouracil (8.4^, 6). The compound m.p. 163® (38 mg.) 
was dissolved in 0.6() cc. of 1 V NaOH (6 equivalents). The 
absorption curve of an aliquot which was diluted with water 
showed a single maximum at 246 mg with F^m *= 11,800. 
The remainder of the solution was chilled with ice and acidi¬ 
fied with 1JV HCl to complete precipitation. The resulting 
solid was centrifuged and washed with cold water (33 mg., 
m.p. 85-105®). The ultraviolet absorption spectrum (95% 
ethanol) showed a single maximum at 250 mg, Eiom.^’^ =* 360. 

Calc. Ci 9 H 2 iO,N*S: C 61.44, H 5.70 
Found: C 61.33, 114.82 

RecrystalUzation of 172 mg. of similar material, first from 
warm 50% acetic acid and then several times from 95% 
ethanol yielded 55 mg. of crystals melting at 161-162®, which 
did not depress the molting point of the starting material 
and exhibited the same absorption spectrum as the latter. 

The material remaining in the ethanolic mother liquors 
(78 mg., Eiom.^ * “ 200 at 250 mg) was heated under reflux in 
5 cc. ethanol and 1 cc. cone. HCl for 30 minutes. The solu¬ 
tion was taken to dryness, and the residue (m.p. 150-220®, 
maxima at 230 mg, Etom.^ * 320, and at 280 mg, Eiem.^ * "• 

300) was rccrystallized from ethanol, yielding 23 mg. melting 
at 158-160°. Further crystallization did not improve the 
melting point. Trituration with ethyl acetate left an 
insoluble residue which melted at 255-260°. This material 
showed ultraviolet absorption characteristics similar to those 
of the starting material (maxima at 280 mg, Eion,.^ * « 374 
and 230 mg, Eiom.^* *• 362). From the ethyl acetate* 
soluble portion 11 mg. of crystals m.p. 160-161®, which gave 
no depression with the starting material were obtained. 

No changes in the absorption spectrum were observed 
when an ethanolic solution of the amorphous solid obtained 
by alkali treatment of l-benzyl-5-phenylacetamido-2-thio- 
hydrouracil (2.2 mg. in 5 oc.) was allowed to stand overnight 
and then refluxed for 15 minutes. Subsequent addition of 
1 cc.of cone. HCl produced the following changes on standing 
at room temperature (extinctions in Ejom.^ ^). The 20 hour 
values for 235 and 280 mg correspond to 77 % and 70 % re¬ 
conversion to l*b6nsyl*5*phenylaoetamido*2*thiohydrouraci) 
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m/[x 


Hours after adding IICl 


Original 





1.5 

4.5 

20 


230 

140 

2261, . , 
225|(inm.) 

258 

280 (rnin.) 

235 

146 (min.) 

252 

288 (max.) 

247.5 

320 

262 (max.) 

230 

212 

250 

342 (max.) 

260 

220 

178 

255 

310 

234 

200 

158 (min.) 

262 

170 

180 

180 (min.) 

180 

267.5 

90 

160 (min.) 

190 

220 

280 

30 

180 (max.) 

234 (max.) 

300 (max.) 


Reaction of the Thiocyanate Derivative with Mercuric 
Acetate (Squibb, 6). The thiocyanate derivative 

(113 ing.) was dissolved in 1 cc. of acetic acid, and 3.5 cc. of 
a 5 % solution of mercuric acetate in the same solvent (2 
mole equivalents) were added. The inixturt'. was heated 
on the steam bath for 15 minutes. A white crystalline 
precipitate (mercurous acetate?) formed, which soon turned 
black and colloidal. It was coagulated by the addit ion of a 
few drops of water and centrifuged off (97 mg., Hg 2 S?). The 
supernatant liquid was freed from the residual mercury with 
HtS, and the filtered solution concentrated in vacuo to 2 cc. 
Gradual addition of 12 cc. of water caused the deposition of a 
crystalline precipitate (32 mg., in.p. 190-198°). Two 
recrystallizations from metlianol-water gave homogeneous- 
looking rods melting at 204-208° after slight softening at 
180°. +14.5° (0.37% in methanol). The product 

was markedly loss soluble in absolute methanol than the 
thiocyanate derivative. 

Found: N 11.36, S 8.97 

Another similar experiment with 52 mg. of starting ma¬ 
terial yielded 13 mg. melting at 203-207°; ■■ +38.7° 

(0.39 % in methanol). 

Found: S 9.16. 

A solution of 221 mg. of the thiocyanate derivative and 
360 mg. of mercuric acetate (2 moles) in 10 cc. of acetic acid 
was heated on the steam bath for one hour. Without 
removing the precipitate, the solution was treated with HsS, 
filtered after addition of some water and taken to dryness 
in vacuo. The residue was dissolved in 40 cc. of ethyl ace¬ 
tate, and the solution was washed twice with 2 N hydro¬ 
chloric acid, then twice with 3% sodium bicarbonate 
solution, and finally with water. The bicarbonate solution 
was acidified and ro-extracted with ethyl acetate, which on 
evaporation left 43 mg. of a yellow non-crystallizable gum. 
The neutral fraction obtained by evaporation of the original 
extract was dissolved in 2 cc. of methanol and precipitated 
by gradual addition of water until the supernatant liquid 
over the resulting crystalline precipitate became cloudy. 
The crude product (49 mg., m.p. 180-203°) was recrystallized 
from methanol-water and from aqueous acetic acid, and then 
melted at 206-207° after slight softening at 178°« 

Calc. CuHn 04 N,S: 

C 58.21, H 4.61, N 11.32, S 8.63, OCH, 8.36 

Calc. CiiHifOiNiS: 

C 57.89, H 5.13, N 11.26, S 8.59, OCH, 8.31 
Found: C 58.00, H 4.74, N 11.51, S 8.50, OCH, 8.52 

Ultraviolet spectrum (ethanol): maxima at 235 (Em 
20,700) ^d 290 mM (Em 15,000); minima at 220 m/i (Em 
16,200) and 255 (Em 8,500). 


Preparation of the Mercuric Acetate Product of the 
Thiocyanate Derivative (Cornell Bioch., 14). The 

procedure described by the Squibb group 5) was used 
successfully. The filtrate from the hydrogen sulfide-treated 
reaction mixture was concentrattid to dryness and the residue 
was dissolved in hot methanol. Addition of an equal volume 
of water caused a crystalline compound to separate in good 
yield. In one experiment, 452 mg. of the thiocyanate 
derivative yielded 228 mg. (55 % of the theoretical amount) 
of almost colorless needles, micro m.p. 200-203°. Further 
recrystallizations from 50% methanol did not change the 
melting point appreciably. A sample which had been 
rocrystallized four times from 50% methanol-water mix¬ 
tures showed (a]D‘‘*° “ 0° ± 3.3° (1 dcra. tube, 1.80% in 

dioxane), and Ho*® = 0° ± 3.5° (1 dcm. tube, 2.20% in 

acetic acid). This sample, micro rn.p. 200-205°, gave the 
following analyses: 

Calc. CigH 1904^,8: 

C 57.90, H 5.13, N 11.25, S 8.59, OCH, 8.31 
Found: C 58.15, H 5.08, N 11.54, S 8.66, OCH, 8.52 

Found: C 58.05, 11 5.40 

Found: C 58.42, H 5.17 

Calc. CiiHiyOiNgS: 

C 58.21, H 4.62, N 11.31, S 8,63, OCH, 8.36 

A 0.01 mg./cc. solution of the compound in 95% ethanol 
exhibited an ultraviolet absorption spectrum with a shoulder 
of Em *■ 7,500 at 330 niM, and with peaks of Em “* 15,300 at 
290 mu and Em *• 22,200 at 235 m/x- After standing for 4 
hours the solution exhibited absorption peaks of Em *• 
15,000 at 290 m/x and Km “ 26,000 at 238 mu, while the 
shoulder at 330 m/u had completely disappeared (F'm “ 500). 

For the determination of labile hydrogen atoms, 18.71 mg. 
of the compound were dissolved in a mixture of 171.2 mg. of 
DgO (99.9%) and 2,201 mg. of dioxane freshly distilled 
from sodium. The solution was allowed to equilibrate for 
30 minutes. The solvent was tluiii removed in vacuo^ and to 
the residue were added 31.25 mg. of HjO and 121.0 mg. 
of dioxane. The solution was again allo^ved to equilibrate 
for 30 minutes. The solvent was removed in vacuo and 
collected. The mixed solvent was analyzed for its deu¬ 
terium content after combustion. The value obtained, 
0.70 ± 0.02 atom per cent D, iudicate.s the presence of 2.1 
labile hydrogen atoms per molecule. 

In another preparation of the mercuric acetate product, 
the crude reaction mixture was dissolved in acetic acid and 
an equal volume of water was added. The crystalline 
material so obtained was recrystallized three times from 
acetic acid-water mixtures. The final product consisted 
of colorless needles, micro m.p. 197-202°; [alo*® 0° ±2° 
(1 dcm. tube, 3.27% in acetic acid). A mixture of this 
material with that obtained by crystallization from methanol- 
water melted at 197-204° (micro). 

Calc. CiaHigOgNjS: C 57.90, H 5.13, N 11.25 
Found: C 57.80, H 5.06, N 11.49 

The ultraviolet absorption spectrum of a 0.01 mg./cc. 
solution of the compound in 95% ethanol exhibited a 
shoulder of Em “ 5,200 at 330 m/x and peaks of Em =* 
14,000 at 290 and Em 21,000 at 235 mg. After stand¬ 
ing for 4 hours the solution exhibited absorption peaks of 
Em “* 13,600 at 290 ni/tx and Em *“ 23,200 at 238 m/u with 
disappearance of the shoulder at 330 m/x (Em =* 300). 

Desulfurization of l-Acetyl-5-i8obutyl-2-thiohydantoin 
with Mercuric Acetate (Squibb, 84^$ 7). The racemic 
thiohydantoin (200 mg.) was dissolved in 2 cc. of acetic acid, 
and a solution of 595 mg. of mercuric acetate (2 moles) in 
12 cc. of the same solvent was added, which resulted in the 
formation of a copious white precipitate. The mixture was 
warmed on the steam bath for 20 in inutes. The precipitate, 
in which only a few dark particles were discernible, was 
centrifuged off and washed with acetic acid and dried 
(410 mg.). Addition of water to the supernatant liquid 
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precipitated some yellowish material (147 nig.), which was 
dissolved in methanol and treated with HaS. The filtered 
solution on evaporation loft a crystalline residue (66 mg., 
m.p. 84-85'^) wluch after two rocrystallizations from hot 
water molted at 86-88° and w'as iflentified by analysis as 
l-acotyl-5-i8obutylhy dantoin. 

Calc. C.HuObN,: C 54.53, H 7.12, N 14.14 
Found: C 54.51), H 6.83, N 13.72 

The ultraviolet spectrum (ethanol) showed strong end 
absorption below 230 m^ (h^M *= 5000 at 220 m/i). 

In a similar experiment in which the mixture was heated 
for 8.5 hours and w^orki'd up as described for the thiocyanate 
derivative (S.42y 5) th(^ yield w^as considerably improved. 
From 100 mg. of the thiohydantoin 72 rng. of recrystallized 
l-acetyl-5-isobulylhydantoin, rn.p. 86-88°. w(‘ro obtained. 

The compound was further identified by conversion to the 
known 5-i8obiitylhydantoin. The desulfurized product 
(49 mg.) w'as dissolved in methanol (1 cc ) and 1.5 ec. of 
1 N aqueous NaOH. After 30 minutes the solution wa.s 
acidified with 2.0 cc. 1 N HCl, wdiich caused the deposition 
of platelets molting at 208 209° which did not depress the 
melting point of authentic UL-5-isobutylhydantoin (m.p. 
208-210°). i.r5*Isobutylhydantoin was prepared from 
L-leucine and pota.s.sium cyanate in the usual manner and 
recrystallized from water (m.p. 210-212°, [ajo*® —56°, in 
ethanol). 

Calc. Ci7lInOiN2: N 18.06 
Found: N 18.35 

It was racemized by treatment with excess 1 N NaOII and 
then melted at 208-210°. The ultraviolet spectrum 
(ethanol) showed end absorption below 230mM (Em ~ 1250 
at 220 ing). 

Prepaxation of Radioactive Mercuric Acetate Product of 
the Thiocyanate Derivative (Cornell Bioch., 0.31^ 15). 
A, Prkcaration of Uadiosulfur from Uadioa<'tive 
Barium Sulfate. A 23<mg. sample of radioactive barium 
Bulfate (approximately 1.2 X 10~* niillicurie) was mixed 
with 93 mg. of ordinary barium sulfate and the mixture was 
reduced to barium sulfide in a stream of hydrogen at 1000°. 
The barium sulfide was decomposed with 6 M phosphoric 
acid and the liberated hydrogen sulfide was swept with a 
stream of nitrogen into 7 cc, of 0.5 M sodium hydroxide. 
The sodium sulfide solution thus formecl was added to a 
mixture of 15 cc. of 0.1 N potassium tri-iodide and 1 cc. 
of concentrated hydrochloric acid. After 15 minutes, the 
excess iodine was reduced by the addition of a few drops of 
1 M stannous chloride in 5 M hydrochloric acid and the 
mixture was allowed to stand overnight. The precipitated 
sulfur was then removed and washed four times with water. 
The product weighed 16 mg. 

B. Preparation of Radioactive Potassium Thio¬ 
cyanate. To the 16 mg. of radiosulfur, 35 rng. of potassium 
cyanide and 2 cc. of acetone were added by the method of 
Castiglioni {Gazz, chim, italy 63y 171 (1933); C.A., S7 3,700» 
(1933)). The mixture was heated under reflux for 1 hour 
and was then cooled and filtered. The acetone solution was 
evaporated to dryness, the residue was dissolved in 1.5 cc. 
of water and this aqueous solution was filtered to remove a 
few milligrams of sulfur. The aqueous solution was eva|>o- 
rated and left a white crystalline residue which weighed 
40.7 mg,, micro m.p. 172-176°, 

C. Preparation of the Thiocyanate Dbri;vative from 
Radioactive Potassium Thiocyanate. The 40.7 mg. of 
KSCN were mixed with 100 mg. of benzylpenicillin methyl 
ester, and 0.2 cc. of acetic anhydride containing 40 mg, of 
sulfuric acid was added. The mixture was kept at 6° for 
16 hours and then 1 cc. of water was added. After 30 
minutes the insoluble material was extracted with four 1-cc. 
portions of ethyl acetate and the ethyl acetate extract was 
washed four times with 10% potassium carbonate, twice 
with water and once with saturated aqueous sodium chloride. 


After being dried over magnesium sulfate, the ethyl aeetate 
solution was evaporated to a gum which was crystal¬ 
lized from rnethanol-carbon tetrachloride. The product 
(54.4 mg.) was recrystallized twice from methanol-water to 
give 33.8 mg. of material, micro m.p. 153-160°. 

This material was mixed with 67,6 mg. of non-radioactive 
thiocyanate derivative and the mixture was recrystallized 
from methanoWater to give 97 mg. of crystals, micro m.p. 
154-159°. 

D. Treatment of the Radioactive Thiocyanate 
Derivative with Mercuric Acetate. A 57-mg. sample of 
the radioactiv(‘ thiocyanate derivative was treated with 
mercuric acetate by the usual procedure. The gummy 
product was crystallized from methanol-water and this 
material was dissolved in dioxani', filtered and evaporated. 
After two recrystallizations from methanol-water mixtures 
the product weighed 22.7 mg., micro m.p 201-206°. 

E. Comparlson of the Radioactivity of the Thio¬ 
cyanate Derivative and the Mercuric Acetate-treated 
Thiocyanate Derivative. Tlie radioactivity of these 
two compounds was compared roughly by placing a sample of 
the compound in the chamber of an electroscope and observ¬ 
ing the rate of discharge of the instrument. It was found* 
by this method that the mercuri(‘ acetate-treated compound 
possessed approximately 75% of the radioactivity of the 
thiocyanate derivative. 

A more exact determination of th(‘ relative radioactivity 
of the two samples was obtained by oxidizing samples of 
each compound, converting the sulfate to benzidine sulfate 
and observing the effect of this material on the rate of dis¬ 
charge of the electroscope. The results are tabulated 
below^ 



Weight 

mg. 

Rate of 
di8(‘harge 
of elec- 

Relative 

Compound 

troscope, 

radio- 


divi¬ 

sions/ 

activity 




min. 


Thiocyanate derivative . 

4 246 

5 23 

1.00 


(0.0104 

millimole) 



Mercuric acetate-treated 

3.914 

4.89 

0.94 

thiocyanate derivative 

(0.0105 

millimole) 




Determination of Isopropylidene Groups (Cornell Bioch.^ 
D.Siy 18). The determinations were carried out by a pro¬ 
cedure similar to that described by Kuhn and Roth 
65y 1285 (1932)). After ozonization of the compound in 
acetic acid solution for 10 to 15 minutes, alkaline perman¬ 
ganate was added and the solution was heated under reflux 
for 5 to 10 minutes. The mixture was then distilled into 
2,4-dinitrophenylhydrazine reagent (Shriner and Fuson, 
Identification of Organic Compoundsy Jolm Wiley and Sons, 
New York (1935), p. 38). 

When 20 mg. of the mercuric acetate product of the thio¬ 
cyanate derivative were subjected to the above treatment, 
9.2 mg. (73% of the theoretical amount for acetone dini- 
trophenylhyi^azono) of a crystalline dinitrophenylhy- 
drazone were obtained. Recrystallization from 95 % 
ethanol yielded 6.6 mg. of needles which on the micro stage 
showed a transition to plates at 118-120°, and melted at 
123-124°. A sample of the dinitrophenylhydrazone of 
acetone showed the same melting point behavior, and a 
mixture of the two samples showed no depression of the 
melting point. 

Calc. CtHio 04 N 4 : N 23.62 
Found: N 23.49. 
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When 10 mg. of methyl a'acotamido-^,/5-dimpthylacrylate 
were treated with ozone, 11.9 mg. (85% of the theoretical 
amount) of the acetone derivative were obtained. On the 
other hand, 10 mg. of the thiocyanate derivative of benzyl- 
penicillin methyl ester yielded no acetone derivative. 

By the above procedure, a 10-mg. sample of D-penicill- 
amine hydrochloride yielded 14 % of the theoretical amount 
of acetone derivative. The same yield of acetone derivative 
was olitaiiied when the permanganate treatment was 
omitted. No acetone was detected when D-p(micilla- 
mine was heated under reflux for 5 minutes with alkaline 
permanganate. 

From the ozonolysis of 10 mg. of the crystalline mercuric 
acetate product from the alkali-isornerized thiocyanate 
derivative, 1.8 mg. of the dinitrophenylhydrazone of acetone 
were obtained. 

While 20 mg. of benzylpenicillin methyl ester yielded no 
acetone derivative when subjected to tlie ozfinolysis pro¬ 
cedure, 21.5 mg. of a non-crystalline product obtained by 
treatment of benzylpenicillin methyl ester with mercuric 
acetab* yielded 6.9 mg. of the acetone derivative. 

a-Ethyl D- 7 -benzylpenicilloate (10 mg.) and a-ethyl 
N^-benzoyl-D-y-benzylpenicilloate (10 mg.) yielded no 
acetone derivative after ozonolysis. Saniph's (7.7 and 
20 mg., respectively) of tlie products obtained by treatment 
of these latter two compounds with mercuric acetate also 
yielded no acetone. 

Desulfurization of 2-Thio-6,6-dihydroiu-acil with Mer¬ 
curic Acetate (Squibb, 8). 2-Thio-6,G-dihydroiiracil 

(498 mg.) was dissolved witli warming in 15 cc. of acetic 
acid, and a solution of 2.44 gm, of mercuric acetate (2 equiva¬ 
lents) in 25 cc. of acetic acid was added. The mixture was 
warmed on the steam bath for 25 miriutCH. The resulting 
white precipitate was filtered off (1.47 gm.) and the filtrate 
was treated with H 2 S. On concentration m vacuo of the 
demercurized solution to about 4 cc. a crystalline precipitate 
was formed, which was augment(‘d by the addition of water 
(196 mg., m.p. 216-217 ). After recrystallization from 
ethanol the product melted at 270-274®. The qualitative 
sulfur test was negative. 

Calc. Cbll.OaN*: C 42.10, H 5.30, N 24.5 
Found: C 42.05, H 5.23, N 24.5 

'The ultraviolet absorption spectrum (ethanol) sliowed only 
end absorption (Em = 50 at 250 m/u, 860 at 225 mfi). 
This is not in accord with the curve published by Austin 
(,/. Aw. Chem. Soc.^ 56‘, 2141 (1934)), which shows a maxi¬ 
mum at 258 mfi with Km *= 800. In view of the fact 
that hydantoins likewise lack specific absorption, it is 
probable that the preparation used by this author contained 
an impurity. 

Attempted Desulfurization of 6-Phenylacetamido-2-thio- 
uracil with Mercuric Acetate (Squibb, 8). To a 

solution of the thiouracil (140 mg.) in 75 cc. of warm acetic 
acid, 6.85 cc, of a 5 % solution of mercuric acetate in acetic 
acid (2 moles) were added. After heating for 40 minutes on 
the steam bath the white precipitate formed was removed 
by filtration (181 mg.), and the filtrate was demercurized 
and concentrated. Addition of water yielded only an 
insignificant amount of granular material. The mercury- 
containing precipitate was suspended in 5 cc. of pyridine 
and treated with H^S. Addition of water to the mercury- 
free filtrate yielded 77 mg. of plates, which were recrystal¬ 
lized from pyridine-watcr. The product, which moliod 
at 311-318®, contained sulfur and did not depress the molting 
point of 5-phenylacetamido-2-thiouracil, m.p. 319-322®. 
The ultraviolet absorption spectrum was identical with that 
of the starting compound. 

Preparatiofi of 6*Pheiiylacetamido-2->thiottracil (Cornell 
Bioch., D.Sly 25). A 12-gm. quantity of the crude sodium 
enolaie of ethyl benzylponaldate was added to a solution of 
2.7 gm. of thiourea in 25 cc. of water. The mixture was 
swirled until all the solid had dissolved. The resulting 


solution was allowed to stand at rooni temperature for 2 
hours, and then placed in a bath at 70® for 30 minute's. 
During the heating, some crystalline material separated 
The mixture was then cooled to room tenjp(»raturc, aciflified 
with 1.5 ee. of glacial acetic aciel, and allowed to stand for 
1 hour. The solid was roll(‘Cted, washed with glacial acetic 
acid to remove most of t he color, and drie’d. The crystalline 
residue weighed 2.5 grn. It was quite insoluble in hot 
alcohol, or hot w;iter. It was somt'what soluble in hot 
dioxane, and readily soluble in alkali, from which it was 
precipitated by acid as a white powder. It was soluble to 
the extent of aijprbxiinalely 100 mg. in 20 cc. of hot glacial 
acetic acid, and crystallized in rosettes, micro m.p. about 
320° (dec.). The nitrogen analysis was low. 

Calc. CiaHnOaNaR: N 16.10 
Found: N 14.94 

A more satisfactory pr(‘paration was obtained by jihenyl- 
aceivlafion of .5-ammo-2-thiouraciI. 310 mg. of the amino 
compound (J).Sl, 25) wen* dissolved in 4 ce. of N sodium 
hydroxide and treated portioiivvise with 0.4 ce. of phenyl- 
acetyl chloride and S ec. of 2 N sodium hydroxide solution. 
The mixture was shaken vigorously after each addition. A 
small ainouni of guimny material was removed by filtral ion, 
and then the filtrate was acidified with 5 cc. of 4 N' hydro¬ 
chloric acid. The preeipifate was collected dried, and ex¬ 
tracted with three portions of Skellysolvc C. The residue 
(520 mg.) was recrystalhzed from 125 cc. of glacial acetic 
acid to yield 380 mg. of material (micro m.p. about 320" 
(dec.)). 

Calc. Ci*HuOjN,S: N 16.10, S 12.20 
Found: N 15.55, S 12.03 

The ultraviolet absorption spectrum of a 0.01 mg./ec. solu¬ 
tion of the compound in 95% ethanol exhibited two pi'aks, 
Em — 17,000 at 320 m^, ancl Em =* 16,000 at 290 ium, with 
a shoulder Em 13,000 at 225 ni/x. There were minima, 
Em ** 15,000 at 300 nig, and *=* 4,000 at 250 nig. 

Reaction of l-Benzyl-6-phenylacetamido-2-thiohydroura- 
cil with Mercuric Acetate; l-Benzyl-5-phenylacetamido-6,6- 
dihydrouracil and l-Benzyl-5-phenylacetamido-2-thiouracil 
(Squibb, 8,40% 9). (a) A solution of 141 mg. of l-benzyl- 

^phcnylacetainido-2-thiohydrouracil (0.4 millimole) in 
7.68 ce. of 5% mercuric acetate in acetic acid (1.2 milli¬ 
moles) was heated at 100® for 1.75 hours. A white precipi¬ 
tate began to form in less than a minute, which at the end 
of the reaction period was collected and washed with acetic 
acid. The demercurized supernatant liquid was taken to 
dryness in vacuo, leaving 67 mg. of a white crystalline residue, 
m.p. 170-195®. Uepeated reorystallization from 95% 
ethanol yielded long fine needles (14 mg.) melting at 214- 
215°. The absorption curve (95% ethanol) showed a 
single p(»ak at 290 mg “= 385) with indications of a 

shoulder at 330 mg, and a minimum at 261 mg (Eiom * 
157). 

Calc. (’iJIigOaN*: C 67.64, H 5.68, S 0.00 
Found: C 66.93, H 5.24, S 2.37 

It is clear from the analytical and absorption data that this 
product was a mixture of the tw'^o compounds described 
below^ 

(h) The starting material (265 mg.) was treated as under 
(a) except that only 2 molar equivalents of mercuric acetate 
were used, and that the heating period was only 20 minutes. 
The voluminous, greyish-wliite, crystalline precipitate 
(hair-like needles) was filtered off ami washed with acetic 
acid. The demercurized fill rate w^as taken to dryness, leav¬ 
ing 76 mg. of crystalline material m.p. about 170°. The 
absorption curve showed the maximum at 290 mg, but with 
only 90. The product was subjected to extensive 
fractional crystallization from 95% ethanol or pyridine- 
water, and all fractions were assayed spectrographically. 
The compound devoid of the specific absorption at 290 mg 
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generally remained in the more soluble fractions. Several 
such fractions with low at 290 in^ were combined 

and recrystallized twice from pyridine-water. The final 
product melted at 188-189®, and the absorption spectrum 
showed only a slight bulge at 285 in/u, Eiom.^* ~ 15, fol¬ 
lowed by end absorption (Eiom.^ ^ =“ 120 at 230 m;i). 

Calc. CisHi,0,N,! C 07.64, H 5.68 
Found: C 67.80, H 5.60 

Ihe crystalline inercury-containmg precipitate was heated 
again at 100® with 2 molar cquivahmts of mercuric acetate in 
acetic acid (9.6 cc.) for 20 minutes, wht'reliy it shrank in 
volume and turned pure white. On dcmercurization with 
H*S it was observed that the black mercuric sulfide precipi¬ 
tate was permeated with fine long necdU*s. It was there¬ 
fore r<>peatedly extracted with hot acetic acid, and the 
combined filtrate and extracts were taken to dryness in 
vacuo. The residue (155 mg., m.p. about 235®) after 3 
recrystallizations from pyridine-wat(T melted at 238-239®, 

Calc. CiJInOjNiS: C 64.96, 11 4.88, 8 9.11 
Found: C 64.96, II 4.88, S 9.29 

The ultraviolet absorption curve (95 % ethanol) showed 
the maxima at 225 m/A (Em « 19,000), 290 m/u (Em 16 , 200 ) 
and 320 m/* (Em ** 14,800); minima at 255 m/x (Em 4,400) 
and 306 mg (Em ■■ 13,600). These characteristics are very 
similar to those of 6-phenylacetamido-2-thiouracil, except 
that with the latter the relative height of the two long ivave 
length peaks is reversed, and the maximum at 225 mg in the 
curve of the above compound is evident only as a shoulder. 

5-Phenylacetamidouracil by Desulfurization of 6-Phenyl- 
acetamido-2-tliiouracil with Hydrogen Peroxide (Squibb, 
<8.-^7, 5). A. The thoiuracil (55 rng.) was dissolved in 2.0 cc. 
of water and 0.42 cc. 1 N NaOII (2 equivalents). On 
addition of 1.5 cc. of a 3% solution of hydrogen peroxide 
(6 moles) a crystalline precipitate formed within a few min¬ 
utes. It was collected after standing overnight and washed 
with water (32 mg., m.p. 305-307® (capillary, block)). 
Acidification of the mother liquor with acetic acid gave an 
additional amount. It was recrystallizcd by dissolving it in 
warm acetic acid and adding an equal volume of water, and 
then melted at 305-312®. The meltinjf point of a mixture 
with the starting product (m.p. 319-324®) was depressed 
to 292-306®, The qualitative test for sulfur was negative. 

Calc. CiaHiiOiN,: C 58.75, H 4.52, N 17.15 
Found: C 58.61, H 4,70, N 17.70 

The ultraviolet absorption curve (ethanol) showed 
maxima at 235 mg (Em - 12,500) and 286 mg (Em “ 
8300), and minima at 222 mg (Em 10,400) and 262 mg 
(Em - 4600). 

B. The thiouracil (50 mg.) was dissolved in 1.0 cc. of 
pyridine. Upon addition of 0.66 cc. of 6 % aqueous hydro¬ 
gen peroxide (6 moles) a precipitate appeared immediately 
i which redissolved by addition of 1 cc. of pyridine and slight 
warming. After 40 minutes a 0.1 cc. aliquot was withdrawn, 
acidified with HCl and centrifuged. The supernatant 
liquid gave a strongly positive test for sulfate. After stand¬ 
ing overnight the solution was concentrated to 1.5 cc. in a 
COrCurrent at room temperature, A precipitate formed, 
which was augmented by the addition of water (22 mg., 
m.p. 303-306®). After recrystaliization from acetic acid- 
water the product melted at 306-310® and gave no melting 
point depression with the preparation obtained by proce¬ 
dure A. The ultraviolet absorption characteristics wore 
those given above. 

Reaction of the Mercuric Acetate Product from Thio¬ 
cyanate Derivative A with Alkaline Hydrogen Peroxide 

(Squibb, 8.4^, 7). To a solution of the mercuric acetate 
product (499 mg., 1.34 miUimole) in 2.68 cc. of 1JV NaOH (2 
equivalents) and 7 cc. of water, 2.73 cc, of 10% hydrogen 
peroxide (6 equivalents) were added. The clear solution 
soon turned into a milky suspension. After 16 hours at room 


temperature a precipitate consisting of fine prismatic crystals 
was removed by centrifuging (fraction A, 229 mg., m.p. 
121-140®). Careful acidification of the supernatant liquid 
with dilute hydrochloric acid (Congo) produced another 
precipitate (fraction B, 117 rng., m.p. 147-177®). After 
standing overnight another small fraction (C, 14.3 mg., dec. 
> 240®) was removed. 

The final supernatant liquid was precipitated with excess 
2,4-dirutrophenylhydrazine reagent and yielded 43 mg. of 
yellow rods which after recrystaliization from methanol 
melted at 123-124® (32 ing.) and did not depress the melting 
point (124-125®) of acetone 2 , 4 -dinitrophenylhydra 2 one. 

Calc. C»I 1 io 04 N 4 : N 23.53 
Found: N 23.2 

Fractions A, B, and C were each extracted with 2 to 4 cc. 
of methanol (short boiling), and after a few hours standing 
the methanol-insoluble fractions were collected and washed 
witli methanol, then combined and extracted once with cold 
water. The dried residue (32.4 mg.) melted at 290-306® 
(dec.). It was recrystallized twice from acetic acid-water, 
from which it formed small square platelets (22 mg.) melting 
with decomposition at 308-310® (block, inserted at 280®). 
The melting point of a mixture with a synthetic specimen of 
6-phenylacetamidouracil (m.p. 306-310®, S.47, 6) was not 
depressed. The ultraviolet absorption spectrum (ethanol) 
was identical with that of the synthetic preparation (maxima 
at 235 m;u, Em - 12,400 and at 286 m/u, Em =* 8,500). The 
analytical sample was dried at 100®/2 mm. for 3 hours. 

Calc. OijUiiOjNa: C 58.77, H 4.52, N 17.14 
Found: C 58.00, 1! 4.33, N 17.18 

The preparation was recry stall ized once more from pyri¬ 
dine-water, but the deficit in carbon persisted (drying as 
above). 

Found: C 57.64, II 4.97 

The mcthanolic solution resulting from the extraction of 
fraction A on concentration deposited large, shiny crystals 
(173 mg.) which sintered from 110® and molted with gas 
evolution but without pigment formation at about 120®. 
Recrystallized twice from methanol (137 mg.), the product 
was obtained as well-developed, sharp-edged prisms, but the 
melting point was not improved (dec. with gas evolution 
106-123®). The product was soluble in warm acetone, but 
insoluble in ether and ethyl acetate. It dissolved in 2 JNT 
NaOH, but not in sodium carbonate solution and 2 N HCl. 
The qualitative test for sulfur was negative. 

Found: C 68.38, H 6.60, N 12.25 

The ultraviolet absorption spectrum (ethanol) showed a 
maximum at 290 m^ (Eiem.^^ 144), a minimum at 
262 m^i (Eiem.^^ » 80) and end absorption with a shoulder 
around 235 m^ - 216). 

Further recrystaliization from a larger volume of methanol 
yielded crystals (38 mg.) of the same appearance, but molting 
at 119-131® (gas evol.). The extinction coefficients at 290 
and 235 mg had risen to 276 and 426, respectively. 

The methanol extracts of fractions B and C wore combined 
and on evaporation yielded a colorless gum (111 mg.) which 
readily rodissolved in methanol, except for a small amount of 
amorphous material which was removed. The solution was 
evaporated again, and the dry fluffy residue was suspended 
in boiling ethyl acetate. On addition of a few drops of 
methanol it turned into a microcrystalline mass, which was 
collected and washed with ethyl acetate (69 mg., m.p. 211*- 
216®). It was reorystallised three times from ethyl acetate- 
methanol from which it formed small rods melting with 
decomposition at 227-228.5*" (immersion temperature 216^; 
the decomposition point varies considerably with the rate 
and length of heating.) The qualitative test for sulfur was 
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negative. The analytical sample, after drying for 2 hours at 
110'’/2 mm., melted at 233-234° (dec.). 

Found: C 54.37, H 4.92, N 11.84 

The ultraviolet absorption spectrum (ethanol) showed 
maxima at 237 in/i (EiomJ* ** 650) and 290 in/* (Fhom.** 
370) and a minimum at 257 m/* (10 185). 

iSreatment of the Alkali-Isomerization Product with Mer¬ 
curic Acetate (Squibb, S.47f 6). A solution of the alkali- 
isomerization product (354 mg., 0.87 millimole) in 15 cc. of 
acetic acid containing 556 mg. of mercuric acetate (2 equiv.) 
was heated on the steam bath for 15 minutes. Without 
removing the black precipitate formed the mixture was 
treated with H*S and the dernercurized filtrate was taken 
almost to dryness in vacuo. The residue was dissolved in 
methanol (1 cc.) and water added to turbidity. Tlie partly 
crystalline, gummy precipitate (24() mg.) was treated with 
hot absolute methanol, from which deposited on cooling 
28 mg. of clear-cut rods melting at 27^^-282° (dec.). For 
recrystallization it was necessary to use 8 (*(* of hot methanol 
and to concentrate the solution (17 mg., m.p. 286-287°, dec., 
blackening from 270° on). The product was free of sulfur. 
A preparation from anotlier run melted at 288-290" (see 
below). 

Calc. CioHnOaNa*. C 54,28, II 5.01, N 19.01, OC:il, 14.02 
Found: C 53.42, H 5.06, N 19.3 , OCHa 13.08 

(A later, unreported analysis gave C 53.93, H 5.01.) 

The ultraviolet absorption curve (methanol) showed a 
single high maximum at 255 m/t (Em « 1280) and a low 
plateau at 290-310 in/* (Em ”= 100). The combined mctha- 
nolic mother liquor on addition of water yielded 52 mg. 
of a yellow crystalline material which after r eery stallizat ion 
from 50 per cent methanol (charcoaling) melted at 217-222°. 
This fraction, which is probably identical with the product 
m.p. 220-224° obtained with 4 moles of mercuric acetate 
{S.44i 4) was not further investigated. 

The material remaining in the original mother liquor was 
dissolved in ethyl acetate and separated into neutral and 
acid fractions. The acid fraction (103 mg.) was dissolved 
in ethyl acetate and precipitated with hexane. The super¬ 
natant hexane yielded 20 mg. of semicrystalline material 
which after re-crystallization from hexane and then from 
water melted at 70-74° and had the distinctive odor of 
phenylacetic acid. No further amounts could be obtained 
by extraction of the oily precipitate with boiling hexane. 
The neutral fraction was treated with various solvents, 
including carbon tetracliloride, but failed to crystallize. 

Uepotition of the experiment on 450 mg. of allqali-isomcri- 
zation product yielded 39 mg. of crude product m.p. 280- 
284° (crystallization of the acetic acid residue directly from 
absolute methanol); twice recrystallized, m.p. 288-290° 
(dec,, blackening from 280° on). 

Preparation of Radioactive Alkali-Isomerization Product 
(Cornell Bioch., D.Si4t 8), 170 mg. of the radioactive 

thiocyanate derivative, prepared by the procedure described 
previously {0,51, 16), were dissolved in 1.5 cc. of methanol, 
and 4.16 cc. of 0.1 N sodium hydroxide were added. After 1 
hour a slight excess of 0.1 N hydrochloric acid was added 
and the mixture was placed in an ice bath for 30 minutes. 
The crystalline product was collected by filtration and re- 
crystaliized from mcthanol-water. The yield of product 
was 141,6 mg., micro m.p. 157-160°. 

Treatment of the Radioactive Alkali-Isomerization Prod¬ 
uct with Mercuric Acetate {D,54, 8). 116 mg. of radioactive 
alkali-isomerization product were treated with mercuric 
acetate in glacial acetic acid by the usual procedure. The 
filtrate from the hydrogen sulfide treatment was evaporated 
to a semicrystalline residue which was recrystallized from 
methanol-water. The yellow, crystalline product (32.2 mg.) 
after three reorystallizations from methanol-water melted at 
SR23**227'’ (micro). The mother liquor from the first crystal¬ 


lization yielded 74.7 mg. of a gum which possessed a sulfur 
content of 4.17%. 

Comparison of Radioactivities {0,54, 9). Radioactivity 
determinations were carried out i.i an electroscope. Sam¬ 
ples were prepared by oxidation and isolation of the sulfur as 
benzidine sulfate. 


f'om pound 

\M. of 
sam¬ 
ple 
oxi¬ 
dized, 
mg. 

Wt, of 
sulfur 
in 

siim- 

ple, 

nig. 

Hai(' 
of dis¬ 
charge 
of 

elec¬ 

tro¬ 

scope, 

divi¬ 

sions/ 

Hate 
of dis¬ 
charge 
per 

mg of 
sulfur, 
divi¬ 
sions/ 
min. 

Rela¬ 
tive 
radio- 
aetiv- 
it V per 
! mg. 
sulfur 




min. 


Radioactivt' alkali-iso¬ 






merization product. 
Crystalline fraction 

4.048 

0.037 

4 05 

6.35 

0 50 

from mercuric acet¬ 
ate treatment. 

4.130 

j 

0.267 

0 23 

0.86 

0 07 

Amorplioiis fraction 

from mercuric acet¬ 
ate treatment. 

7.892 

0.328 

3.08 

9.40 

0.74 


Conversion of the High-melting Acid-Hydrolysis Product 
to the Low-melting Acid-Hydrolysis Product by Treatment 
with Acetic Anhydride (Cornell Bioch., D.Sj, 12). 101 mg. 

of tlic synthetic high-melting a<*id-hydroly8is product {0.34, 
10) were heated with 3 ce. of acetic acid and 0.5 cc. of acetic 
anhydride at 70° for 1.5 hours. All of the solid dissolved 
within 30 minutes. 4'he resulting solution was evaporated 
to dryness, and the residue was heated under reflux in 5 cc. 
of 4 A hydrochloric acid for 2 hours. The hydrolysate was 
evaporated to dryness in vacuo, and the residue w^ts treated 
with a few cc. of water. A crystalline residue (35 mg.) was 
collected, which was presumably starting material. The 
filtrate was neutralized with dilute ammonia and cooled. A 
second crystalline product was obtained which w^eighed 
30 mg. This product was rccrystallized from 2 cc. of hot 
water to yield 21 mg. of long needles, micro m.p. 210-212°. 
The capillary mc'ltiiig point of the material wus 199° (dec.) 
and admixture with the low-melting acid-hydrolysis product 
of the thiocyanate derivative c.aused no depression of the 
melting point (capillary). 

Calc. CpHijOjNjSa: S 23.29 
Found: S 23.20 

Mercuric Acetate Treatment of the Methyl Ester of the 
Low-melting Acid-Hydrolysis Product {D.S4, 12). 122 mg. 

of the acid-hydrolysis product, micro m.p. 206-207°, w^ere 
treated wdth metbanolic hydrogen chloride by the method 
described previously {0,35, 12). The product (121 mg.), 
micro m.p. 150-160°, was suspended in 3 cc. of 1.7 AT phos¬ 
phate buffer (pH 6.8) and the mixture was extracted four 
times with ethyl acetate. The ethyl acetate extract was 
dried over magnesium sulfate and the solvent was evaporated 
to a residue weighing 111 mg. 

The 111 mg, of ester were dissolved in 2 cc. of glacial 
acetic acid and treated with 4 cc. of a 5 % solution of mercuric 
acetate in glacial acetic acid by the usual procedure. The 
filtrate from the hydrogen sulfide treatment yielded 74.7 mg. 
of gummy residue, which on trituration with ether gave 
47.3 mg. of yellow powder. This material was recrystallized 
from hot methanol three times to give 24.9 mg. of white^ 
crystalline, sulfur-free material, micro m.p. 304-307°, 
0° (0.25% in pyridine). 

Calc. CioHiiOiNi: C 64.29, H 5.01, N 19.00, OCH, 14.02 
Found: C 63.93, H 5.39, N 18.91, OCH, 14.24 
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lOJ-inR. sample of this material was treated with ozone 
by the method described previously (D.Sl, 18), 9.1 mg. of 
aeetom* dinitrophenylhydrazone were obtained. This rep¬ 
resented 83.0 % of the theoretical yield. 

The ultraviolet absorption apeetrum of a 0.0028 mg./cc. 
solution in methanol showed a maximum at 255 m/w, Km *= 
26,000. 

Mercuric Acetate Treatment of the Methyl Ester of the 
High-melting Acid-Hydrolysis Product (DM4t ^3). 70 mg. 

of the high-melting acid-hydrolysis product, prepared from 
£»-ethyl n- 7 -benzylpenicilloate, was converted to the methyl 
ester l\v the pro(‘edure used on the low-melting acid-hydroly¬ 
sis product. The product (73.2 mg.) was dissolved in 1 cc. 
of glacial acedie acid and treated wit h mercuric acetate by the 
usual procedure. Kvaporation of the filtrate from the 
hydrogen sulfide treatment left a semicrystalline gum. This 
material was triturated with ether and the ether-in.soluble 
powder (30.4 mg.) was n‘(‘rystalliz(*d twice from methanol. 
A mixture of this product, capillary m.p. 2<S4'' (dec.), with 
the mercuric acetate product of the low-melting acid- 
hydrolysis product, capillary m.p. 286° (dec.), show’cd no 
deprcvssion of the melting point (capillary). The ultra¬ 
violet absorption spectrum of a solution of the product in 
methanol (0.003 mg./cc.) showed a maximum at 255 m/x, 
Km “ 23,200. 

A labile hydrogen determination by the deuterium 
technique (1) 11) ^^as carried out. In this case deuterio- 
acetu* acid, prepared from 99.5 per cent deut<‘rium oxide and 
an excess of boron triacetate, was used as solvent. The 
compound was dis.solvod first in dcuterioaeetic acid and then 
in ordinary acetic acid. Analysis of this second solvent for 
deuterium indicated the presence of one labile hydrogen 
atom in the molecule. 

Desulfurization of the Alkali-Isomerization Product by 
Methyl Iodide {D.26y 17). A solution of 3 drops of methyl 
iodide in 0,5 cc. of ethanol was added to a solution of 77 mg. 
of tlie alkali-isonu'rization product in 0.48 ee. of 0.395 N 
ethaiiolic potassium hydroxide. The mixture was heated 
at 75° for 1.5 hours and then evaporated almost to dryness. 
The addition of 3 cc. of carbon tetrachloride resulted in the 
precipitation of a mass of white solids, chiefly potassium 
iodide, which was separated by centrifugation and washed 
with 2 cc. of carbon tetrachloride and then with 2 ce. of 
hexane. 

The solution and washings wore evaporated to a volume of 
3 cc., and 4 cc. of hexane were added. The precipitate 
which formed was separated after eentrifugation. It melted 
chiefly at 120° and weighed 70 mg. Reprecipitation from 
carbon tetrachloride-hexane mixtures failed to effect satis¬ 
factory purification. The recrystallization of 00 mg. of this 
material from a few drops of methanol by the addition of 
water yielded 40 mg. of a product which 8oftene,d at 120° 
and melted at 130-135°. 

Calc, C,>H« 04 N,Sa: (OCH,)^ 14.7 
Found: (OCH*) 2 12.2 

Kecrystallizaiion from hot methanol-water solutions resulted 
in some decomposition with the evolution of methyl mercap¬ 
tan and the appearance of a high-melting substance. The 
presence of a trace of acid accelerated this decomposition. 

Without further purification, 24 mg. of the methylated 
product were heated for 2 hours in 2 cc. of 50 % methanol 
with 1 drop 2 N hydrochloric acid. After the solution had 
stood overnight, 9 mg. of needles were obtained. After 
recrystallization from a methanol-water mixture, the frac¬ 
tion possessed a micro melting point of 215-220°. 

Calc. C,8 Hj, 0»N,S: S 8.20, OCH, 7.93 
Foimd: S 8.61, OCH. 8.44 . 

A 0.121 mg./cc. solution of this compound in 95% ethanol 
exhibited an ultraviolet absorption spectrum with end 
absorption below 235 m/u and maxima at 259,266, and 268m/i 
of Eusm,** 880, 930, and 925, respectively. 


Treatment of “Methyl Iodide Desulfurization Product” 
with Mercuric Acetate (Squibb, 5)* The compound 
m.p. 215 221° obtained by partial (lesulfurization of the 
alkali-isoinerizatioii product with methyl iodide (37 mg.) 
was heated with 90 mg. (3 moles) of mercuric acetate in 4 cc. 
of acetic ncid at 100°. A crystalline white precipitate 
formed slowly. 1'he reaction was terminated after one 
hour, when no further preeipitation Heemed to occur, ri'lie 
material was removed by centrifuging (17 rng.), and the 
supernatant liquid after demercurizing was taken almost to 
dryness. Dropwisi* addition of water yielded a crystalline 
product (10.8 mg.) which after recry stall izat ion from metha¬ 
nol rnelt<‘d at 212-220°, and gave no melting point depression 
with the starting product. The ultraviolet absorption 
curve (ethanol) showed end absorption (Km ** 1,400 at 
235 rii/u), and indications of phenyl bands (small maximum 
at 258 niiu, Km =® 275, and a shoulder at 265 m/x, Km “ 156). 

C^alc. C’igH2i06N8S: S 8.19 
Found: S 8.09 

The material remaining in the original aqueous mother 
liquor (15 mg.) could nht bo crystallized. 

Treatment of a-Ethyl n-Y-Benzylpenicilloate with Am¬ 
monium Thiocyanate and Acetic Anhydride (Cornell iUoch., 
10). 1.2 gm. of «-ethyl i)- 7 -benzylpenicilloate, 

1.1 gm. of ammonium thiocyanate and 0.5 cc. of acetic 
acid were added to 10 ce. of acetic anhydride. The mixture 
was heated in an oil bath at 105°, stirring being eontinued 
until all of the solids had dissolved. After 10 minutes the 
solution was removed from the l)ath, eooled and stirred 
with 50 ce. of water for .several minutes. The suspended oil 
was extracted with ethyl aeetate, and the ethyl acetate 
solution was washed with an exeess of sodium bii'arbonate 
solution and then with water. Kemovnl of t he tdhyl acc'tate 
left an oil. A small aliquot of this oil was treated with 
several solvents and finally crystallized from xylene. The 
resulting crystalline product was recrystallized several 
times from aqueous ethanol. U’he recrystallized product did 
not have a sharp melting point (micro m.p. about 140-1*50°) 
and analyses indicated that it was a slightly impure thio¬ 
cyanate derivative. 

Calc. Ci 9 H 2 s 04 N,S 2 : S 15.19, OC 2 H 6 , 10.68 
Found: S 14.27, OCjH,, 9.97 

The material had a rotation of Wd*® ~ -1-127° (0.73 % in 
95 % ethanol), while the ultraviolet absorption spectrum of a 
0.01 mg./cc. solution in 95% ethanol showed maxima at 
275 m/u, d 0.412, and 235 m/x, d » 0.227, with some 
absorption above 300 ni/x, the latter indicating the presence of 
a small amount of impurity. 

The condensation product was not further purified. The 
remainder of the crude oily product was heated under reflux 
with 25 cc. of concentrated hydrochloric acid for 3 hours. 
The hydrolysate was evaporated to dryness and the residue 
was stirred with about 20 cc. of water. A crystalline product 
(0.38 gm.) was collected. Approximately 200 mg. of this 
product were recrystallized from 100 oc. of boiling water. 
100 mg. of recrystallized material, micro m.p. 250-265° 
(when placed on the micro stage at 240°), were obtained. 
The total yield was 28% of the theoretical amount. The 
absorption spectrum of the material was essentially identical 
with that of the high-melting acid-hydrolysis product 
derived from the thiocyanate derivative of benzylpenicillin 
methyl ester {DM^ 7). The solubility and crystalline form 
were also similar. 

To establish further the identity of the synthetic material 
with the degradation product from benzylpenicillin, both 
compounds were osterified with methanol and phenylacetyl- 
ated by procedures similar to those described on page 291 
12). From 96 mg. of the synthetic material were 
obtained 75 mg. of derivative, micro m.p. 186-191°. After 
recrystallization from 50 % aqueous methanol, the material 
melted at 190-192° (micro). 
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Calc. C,iH*, 04 N,S 2 : N 10.31, OCliz 7.62 
Found: N 10.13, OCH* 7.68 

The hiRh-melting acid-hydrolysis product of the thio¬ 
cyanate derivative, by the same treatment, yielded a 
crystalline product, micro m.p. 189-191®, “ +256® 

( 0.21 % in methanol). 

A mixture of the two derivatives showed no depression of 
the melting point and the ultraviolet absorption spectra 
were essentially identical (maxima at 274 m/*, Lm ** 19,400, 
and 235 m^i, Km * 11,900, with minima at 250 m^, Km — 
7,800, and 225 him, Em - 10,900). 

Isolation of the Alkali-Isomerization Product of the 
Thiocyanate Derivative from the Reaction of a-Methyl 
D-a-Benzylpenicilloate with Thiocyanate (Cornell Bioch., 
D.SSf 7 ). 110 mg. of the benzylamine salt of a-methyl 

i>-a-benzylpenicilloate (Abbott, A.S, 3) were shaken with 
3 cc. of O.l A hydrochloric acid and 10 cc. of ether until all of 
the solid had dissolved. 'Hie ether layer was washed with 
water, dried over sodium sulfate, and evaporated to a gum 
(76 mg.). This residue was mixed with 39 mg. of potassium 
thiocyanate; the mixture was cooled in an ice bath and to it 
was added 0,5 cc. of acetic anhydride containing 19 mg, of 
sulfuric acid. The mixture was stirred until all of the solids 
had dissolved, and was allowed to stand at 5 ° for 12 hours. 
It was then pour(*d into 5 cc. of water and the mixture was 
stirred for several minutes and extracted with ethyl acetate. 
The etliyl acetate solution was washed with an c*xce.ss of 
sodium bicarbonate solution, then with water, and dried over 
sodium sulfate. Removal of the solvent l<‘ft 42 mg. of a 
gum. This residue was dissolved in a small amount of 
methanol and the solution was diluted with water and cooled 
for several days. Only amorphous material separated. 
(Consequently, sufficient methanol was added to redissolve 
this material and the solution was diluted with water until 
it was turbid, and seeded with the alkali-isomerization prod¬ 
uct. On standing at room temperature, this solution 
deposit(»d crystals. The material (16 mg.) was recrystal- 
lized from methanol by the addition of water. The yield 
of twice-recrystalliz<»d matiTial was 10 mg,, micro m.p. 155- 
159®. The capillary melting ])oint was 154-157®, and a 
mixture with authentic alkali-isomerization product, capil- 
lar}' m.p. 157-159®, rneltc'd at 157-159®. The rotation of 
the synthetic material was +244® (0.3% in metha¬ 

nol), and the absorption spectrum was essentially identical 
with that of an authentic sample of the alkali-isomerization 
product. The sulfur analysis was also satisfactory. 

Calc. CiiH 2 i 04 N 3 S,: S 15.73 
Found: S 15.67 

Treatment of 13-Methyl D- 7 -Benzylpenicilloate with Acetic 
Anhydride and Ammonium Thiocyanate Followed by Mer¬ 
curic Acetate (D,34f 13). 150 mg. of the benzylamine salt 

of / 3 -methyl D- 7 -benzylpenicilloate (D.SiSy 7) were shaken 
with 3.2 cc. of 0.1 A' hydrochloric acid and 10 cc. of ether 
until all of the solid had dissolved. The ether layer was 
separated and washed once with water and then evaporated 
to dryness at room temperature. To the residual gum were 
added 60 mg. of dry potassium thiocyanate and 30 mg. of 
sulfuric acid in 0.5 cc. of acetic anhydride, while the tube 
was cooled in an ice bath. The mixture was stirred until 
the solids had dissolved and then was allowed to remain in 
the ice bath for 1 hour, and at room temperature for 3 hours. 
It was then poured into 5 cc. of water, stirred well, and 
allowed to stand overnight. The supernatant liquid was 
decanted from the semisolid residue which was dissolved in 
ethyl acetate. The ethyl acetate solution was washed with 
sodium bicarbonate solution and with water, and was then 
evaporated to a syrupy product (60 mg.). 50 mg. of this 
product were dissolved in 0«5 cc. of acetic acid and to this 
sdution were added 2 cc. of a 5% solution of mercuric 
acetate in acetic acid. The resulting solution was heated 
in a boiling water bath for 20 minutes, during which time a 
cream«colored precipitate separated. The supernatant 


liquid was tr(‘at(*d with hydrogen sulfide, filtered and evapo¬ 
rated to a syrup. This niatiTial was dissolved in 2 cc. of hot 
methanol and diluted with 2 cc. of water. When the solu¬ 
tion was cooled and seeded with the mercuric acetate product 
of the thiocyanate derivative, crystallization ensued. After 

2 hours, the crystals were collected and recrystallized from 

3 cc. of 50 % aqueous methanol. The recrystallized product 
weighed 10 mg., capillary m.p. 201 * 202 ®. 

Calc. C 11 .H 19 O 4 N 3 S: S 8.59 
Found: 8 8.36 

A mixture of the synthetic material with the material ob¬ 
tained from the degradation of the thiocyanate derivative 
showed no depression of tlie melting point (capillary) and 
the ultraviolet absorption spectra of the two comiiounds 
appeared to he identical. 

Reaction of Ethyl a-Phenylacetamido-/3-benzylamino- 
propionate with Ammonium Thiocyanate in Acetic Acid 

(Squibb, S.47y 10). A solution of 1 .5 gm. of the ester hydro¬ 
chloride (4 millimoles) and 6.08 gin. of ammonium thio¬ 
cyanate (8 millimoles) in 12 cc. of acetic acid was boiled 
under reflux for 3 hours. Most of the solvent was removed 
m vacuOy and water was added. The resulting brown gurn 
was washed with water and recrystallized from 95 % ethanol, 
yielding 255 mg. of crystals melting at 159 161® (18% of 
theory). After recrystallization the product melted at 
161-163®. It gave no di*pr(‘ssi()n with l-benzyl-5-phenyl- 
acetamido-2-thio-5,6-(lihydrouracil prepared as previously 
desenb(*d 7: ^5, 6 ). 

Prolongation of the reaction period to 16 hours did not 
increase the yield of crude product and the latter was more 
dillicult to purify. 

Reaction of a-£thyl /3-Methyl n-y-Benzylpenicilloate with 
Ammonium Thiocyanate in Acetic Acid; Thiocyanate De¬ 
rivative B 9). A solution of 2.96 gm. (7.5 millimoles) 
of the di-ester and 1.14 gm. (15 millimoles) f>f ammonium 
thiocyanate in 21 cc. of acetic acid was refluxed for 2 hours, 
cooled and poured into ic(' \vat(T. A yidlowish solid 
(2.34 gm., m.p. 05 85“) was obtained. On standing the 
.supernatant liquid deposited 65 mg. of a white powder, 
m.p. 210-214®, [aW^ « -3‘)® (methanol). 

The mam product was roorystallized from methanol and 
yielded 570 mg. of crystals melting at 195® aft(‘r softening at 
170®. The mother liquor was taken to dryn(*ss and llie oily 
residue was treated again with ammonium thiocyanate and 
acetic acid. This resulted in an incr(‘ase of Em at 277 m/u 
from 8,100 to 11,400 (based on MW 407 of final product), 
and the recovery of an additional 301 mg. of crystalline 
material, m.p. 195-205®. After reerystallization from 
methanol the substance melted at 210-215® (soft. 195®), 
[«)p24 « —48® (0.96% in methanol). The final product, 
after 3 more recrystallizations, melted at 214-216® after 
slight softening at 210®, » —43® (0.74 % in methanol). 

The crystal form (rosettes of needles) was quite different 
from that of thiocyanate derivative A recrystallized from the 
same solvent (prisms). 

Talc. Ci,ri 2 i 04 N 382 : 53.05, H 5.20, N 10.31 

Found : C 53.06, H 5.10, N 10.38 

A less pure specimen (m.p. 210-215®) from a preliminary 
experiment analyzed as follows: 

Calc. (biIl 2 i 04 N 3 S 2 : 

C 53.05, H 5.20. N 10.31, S 15.73, OCIU 7.62 
Found: C 52.66, H 5.27, N 9.92, S 15.30, OCH* 7.18 

The ultraviolet absorption curve (95% ethanol) showed 
maxima at 234 rn/n (Em 9,570) and at 277 (Em * 
14,900) and minima at 223 ium (Em » 8 , 000 ) and 252 mpi 
(Em « 6,370). 

Treatment of Thiocyanate Derivative B with Mercuric 
Acetate (S.48y 10). The thiocyanate derivative B (153 mg.) 
was dissolved in 4.8 cc. of a hot solution of 5% mercuric acetate 
in acetic acid. After 15 minutes heating on the steam bath the 



302 


THIOCYANATE DERIVATIVE OF METHYL BENZYLPENKTLLINATE 


KH'yish precipitate which had formed was <*entrifuged off and 
washed with acetic acid, Thv combined supernatant liquid 
and washings were demercurized with II 2 S, and after filtra¬ 
tion taken to dryness in vacuo. The residue crystallized on 
addition of a few drops of methanol (150 mg., m.p. 110-180®). 
Two recrystallizations from the same solvent yielded rhom- 
bohedral plates (43 mg.) melting at 205-210®. The melting 
point of a mixture with the mercuric acetate derivative of 
thiocyanate derivative A (m.p. 199-208®) was not depressed. 

was zero (in methanol). The ultraviolet absorption 
spectrum of a freshly prepared mcthanoli(‘ solution showed 
the following characteristics: shoulder at 225 n\fx (Em *= 
20 , 000 ), minimum at 252 niM (Em ** 8,500), maximum at 
290 m/u (Em 15,800) and a broad shoulder around 320mM 
(Em 14,000). On standing for 2 hours the cliangc's char¬ 
acteristic of the mercuric acetate product wen* ob.served: 
maximum at 235 mu (Km ~ 25,000), minimum at 257 ni/u 
(Em = 7,000), maximum at 290 m/x (Em = 15,000); the 
shoulder at 320 iom had disappeared completely. 

Calc. C, 8 H,. 04 N 3 S: N 11.26, S 8.59 
Found: N 11.26, S 8.43 

Thiohydantoin from Methyl 2 -Isopropyl- 4 -thia 2 olidine- 
carboxylate (Squibb, S,4Sj 11). A suspension of 350 mg. of 
2-isopropyl-4-thiazolidinecarboxylio acid in ether was treated 
W'ith slightly more than one equivalent of ethen‘al diazo- 
methane. After removal of a small amount of undissolved 
material the solution was taken to dryness at atmosjiheric 
pressure. The solution of the oily residue (380 mg.) in 5 ee. 
of acetic acid eontaining 304 mg. of ammonium thiocyanate 
was refluxed for 2 hour.s. The ultraviolet sp(‘ctrum of an 
aliquot diluted with 95 per cent ethanol showed maxima at 
235 niM (Em ** 9,000) and 277 m/i (Km = 12,500). On care¬ 
ful dilution with water rectangular plates separated which 
wore collected and washed with 50% acetic acid (174 mg., 
m.p. 115-117®). After several reerystallizations from 50% 
ethanol the compound melted at 118-119°. -fl5.6® 

(0.99 % in 95 % ethanol, 2 dm.). The ultraviolet absorption 
spectrum (95 % ethanol) showed maxima at 237 m/i (Em »= 
10,300) and 275 uin (Em = 16,300) and a minimum at 250 m^ 
(Km « 5,800). 

Calc. CallijONiS^: C 44.43, II 5.59 
Found: C 44.32, H 5.47 

Thiohydantoin from Methyl 2-l8opropyl-6,6-dimethyl*4- 
thiazolidinecarboxylate (S.48f 12 ). I'hc methyl ester pre¬ 
pared from 212 mg. of 2-isopropyl-5,5-<limethyl-4-thiazoli- 
dinecarboxylic acid (from nL-peuicillamiiie) was treated 
with ammonium thiocyanate in acetic acid as described in 
the foregoing example. A sample diluted with 95 % ethanol 
showed an Em ** of 11 ,800 at 275 ni/x. The gummy precipi¬ 
tate obtained on dilution with winter became brittle on stand¬ 
ing in the icebox (118 mg.). After three reerystallizations 
from aqueous ethanol it melted at 104-105®. The ultra¬ 
violet absorption curve (95% ethanol) showed maxima at 
237 m/u (Km ** 10,100) and 274 m/x (Em ** 16,900) and a 
minimum at 250 m/x (Em * 5,700). 

Calc. CioHiiONjSa: C 49.17, II 0.60 
Found; C 49.53, H 6.57 

Thiocyanate Derivative B from Benzylpeniciilin Methyl 
Eater (Squibb, S48, 9). A solution of 348 mg. (1 millimole) 
of benzylpeniciilin methyl ester and 152 mg. of ammonium 
thiocyanate (2 iriiDimoJes) in 3 cc. of acetic acid was refluxed 
for 30 minutes. A sample withdrawn and diluted with 96 % 
ethanol showed in its spectrum a maximum at 275 m/u, 
Em ** 10,600, and a minimum at 262 m/u, Em ■* 6,600. 
After boiling for an additional 15 minutes the deep amber- 
colored solution was poured into ice water. The resulting 
light yellow solid was colle.cted, washed and dried (116 mg., 
m.p. 80-120®, clearing 186®). The product was rccrystsd- 
Uzed from ethanol-water and then twice from methanol. 


yielding 27 mg. of needles melting at 214-217® The melt¬ 
ing point of a mixture with the compound from a-ethyl 
/3-methyl n- 7 -bcnzylpenicilloate wras not depressed. la*|i>*^ 
» —49® (0.48% in methanol, 2 dm.). The absorption 
spcictrum (95 % ethanol) was practically identical with that 
of the synthetic preparation (maxima at 234 m^x, Em " 
10,500, and 277 m/u, Km « 16,000). 

Calc. CiglLiOxNiSx: C 53.05, H 5.20 
Found: C 62.96, 11 5.17 

Treatment of N-Benzoyl-L-leucine Methyl Ester with 
Ammonium Thiocyanate in Acetic Acid (S.48f 12). A solu¬ 
tion of 249 mg. of the ester and 152 mg. of ammonium 
thiocyanate in 3 cc. of acetic acid wa.s refluxed for 3 hours. 
The ultraviolet spectrum of an aliquot diluted with 95% 
ethanol showed only the absorption characteristic of the 
starting material (plateau at 220-225 m/u, Em « 13,700). 
The solution was diluted with whaler and yielded 204 mg. of 
crystalline material m.p. 102-104® which did not depress 
the melting point of the starting material (10.3-104®). 

Treatment of N-Benzoyl-L-leucine Methyl Ester with 
Ammonium Thiocyanate in Acetic Anhydride (S.48y 13). A 
mixture of 249 ing. of the ester, 92 mg. of ainmonium thio¬ 
cyanate, 0.9 ce. of acetic anhydride and 0.1 ec. of acetic acid 
w^as warmed on the steam bath. The spectrum of an aliquot 
withdrawn after 20 minutes showed maxima at 225 m/u 
(Em 12,600) and 265 m/u (Fm « 6000). After 4 hours of 
further heating the peak at 265 m/u had b(*en replaced by a 
broad maximum around 280 m^ with Em “ 3,800. On 
cooling and standing at 4® the solution deposited an orange- 
colored solid (23 mg.) which was not further examined. The 
supernatant liquid on dilution with w^ater yielded 201 mg. of 
crystalline material wducli melted at 100 103® and diil not 
depress the melting point of the starting material. 

Treatment of N-Phenylacetyl-L-leucine Methyl Ester 
with Ammonium Thiocyanate in Acetic A 6 id {S.4Sy 13). 
The experiment w^as carried out in the same manner as 
described above for N-benzoyl-L-leucine methyl ester. The 
product obtained melted at 80-82® and did not depress the 
melting point of the starting material. The recovery was 
71%. 

Isolation of the Thiocyanate Derivative of Benzylpeniciilin 
Methyl Ester from the Reaction of /3-Methyl n-a-Benzyl- 
penicilloate with Thiocyanate (Cornell Bloch., D.Sdj 6 ). 
95 mg. of the perchlorate of dimethyl D-«-benzy]penicilloate 
(Merck, M.44) 10) w^ere dissolved in a few cc. of methanol 
and one equivalent of 0.1 A sodium hydroxide was added. A 
second equivalent of alkali was then added over the course of 
2 hours. The solution was allowed to stand for 3 hours at 
room temperature, and was then extracted with ethyl acetate. 
The aqueous layer was acidified with one equivalent of 0.1 A 
hydrochloric acid and again extracted with ethyl acetate. 
The solution was dried over sodium sulfate and the solvent 
was removed in vacuo at room temperature, leaving 60 mg, of 
a gum. To this residue were added 30 mg. of potassium 
thiocyanate and 0.5 cc. of acetic anhydride containing 
16 mg, of sulfuric acid. The material was cooled in an ice 
bath before addition of the acetic anhydride and the solution 
was allowed to remain at 6 ° overnight. The reaction mix¬ 
ture was then stirred for 15 minutes with 6 cc. of water and 
was extracted with ethyl acetate. The ethyl acetate solu¬ 
tion was extracted with an excess of sodium bicarbonate 
solution and with water, and was then concentrated to a gum 
in vacuo. The residue, 24 mg., was dissolved in a few drops 
of methanol and 2~3 cc. of carbon tetrachloride were added 
to the solution, which was then seeded with the carbon 
tetrachloride addition product of the thiocyanate derivative 
(D.IBOf 4). After the mixture had stood overnight, 7 mg. 
of crystalline material were collected. This material waa 
dissolved in 2 drops of methanol and the solution was diluted 
with 2 cc. of carbon tetrachloride and cooled. The yield 
was 6.0 mg. of needles, micro m.p. about 160-170® with 
softening from 100 ®, (eijow m -13.6® (0,67% in methanol; 
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calculated on the basis of the content of thiocyanate deriva¬ 
tive in the carbon tetrachloride addition product^ assuming 
0.5 mole of carbon tetrachloride). The absorpt ion spectrum 
of a 0.018 ing./cc. solution of the compound in glacial acetic 
acid was essentially identical with that of an authentic sam¬ 
ple of the carbon tetrachloride addition product of the thio¬ 
cyanate derivative in the same solvent, with a maxi mum at 
278 m/i, Em * 15,300, and a minimum at 252 mg, Km 
6,600. 

A portion of the product waa further cliaracterized ]>y con¬ 
version to the alkah-isomerization product of the thiocyanate 
derivative of benzylpenicillin methyl ester. 3,9 mg. of the 
synthetic carbon tetrachloride addition product wi're dis¬ 
solved in 1 cc. of methanol and to this solution was added 
0.82 cc. of 0.01 N sodium hydroxide. The solution was al¬ 
lowed to stand for 1 hour at room ternpcTature and for 12 
hours at 5'". It was then concentrated to aiiproximately 
one-half volume, acidified with 0.1 cc. of 0.1 N hydrochloric 
acid, and seeded with the alkali-isomerization product. 
After the solution was cooled for 2 hours, 1.3 iiig of crystal¬ 
line material, micro m.p. 158-100^, were collected. The 
rotation of this product was « 4-236'* (0.18% m 

methanol) and the absorption speetruni showed maxima at 
275 mg, Em *= 18,200 and 235 rng, P.m = 10,900 and minima 
at 250 mg, Em *= 5,400 and 225 irig, Em “ 8,900 A mix¬ 
ture of this material with an authentic sample of the alkali- 
isornerization product showed no depression ol the melting 
point (eapillaiy). 

Reaction of Dimethyl n-a-Benzylpenicilloate with Am- 
monitun Thiocyanate in Acetic Acid (Squibb, 6 ). A 
preliminary experiment showi'd that of the maxniium at 
277 mg inereascd from 5,500 to 8,200 between the first 
and second hour of boiling. Tii tlie preparative run (386 mg. 
of ory-stalliiie di-ester, 158 mg of nnimoiiium thiocyanate, 
8 cc. of acetic acid) the boiling p(*nod was therefore extended 
to 3.5 hours. (Iradual dilution of the chilled mixture with 
ice water precipitated an oil, wdiu h was extracted wuth ethyl 
acetate. The residue of the dried extract could xiot be 
crystallized and was therefore taken up in a few drops of 
methanol and t reated with carbon tetrachloride. On stand¬ 
ing for several days at 4® the solution deposited compact 
rosetles, (juite unlike the filanientous needles ol the thio¬ 
cyanate derivative A-CCb complex. The filtered and 
washed product (125 mg., m.p. 193-201 ®) w^as free of halogen. 
It was recry stall] zed several times from methanol and llien 
melted at 212-216® (soft. 201®). It did not depress the 
melt ing point of thiocyanate derivative B. [crjD^® — —36.6® 
(0.557% in methanol). The analytical sample waa dried 
in vacuo at 110® and then molted at 216-218® (soft. 209®). 

Calc. C,iH»i 04 NaSa: C 53.05, II 5 20 
Found: C 53.24, H 4.80 

Acid Hydrol]r 8 i 8 of Thiocyanate Derivative B (Squibb, 
S,S3f 4). A suspension of thiocyanate derivative B 
(300 mg.) in 20 cc. of cone. HCl was boiled under reflux for 
5 hours. It required 3.5 hours of heating to effect solution. 
After cooling and exhaustive extraction with ether the solu¬ 
tion was taken to dryness in vacuo. The crystalline residue 
was dissolved in 5% sodium carbonate solution. After 
removal of a small amount of insoluble matter, the solution 
was acidified to pH 6 with acetic acid. The resulting precipi¬ 
tate of tiny needles (53 mg.) melted at 250-252® and had an 
ta]D*^ of +70® (0.39 % in 1 AT HCl, 2 dm.). The ultraviolet 
absorption curve (95 % ethanol) showed a rather broad band 
at 267-275 mg (max. at 272 mg, - 495) and a well- 

defined maximum at 236 mg (Ei«m.^^ 300). Hccrystai- 

liaation from hot water followed by reprecipitation from 
sodium carbonate solution with acetic acid did not change 
the melting point, but decreased to +33® (0.18% in 
1 N HCl, 2 dm.)* The ultraviolet spectrum (95% ethanol) 
showed two well-^defined peaks at 236 mg (Em 10,300) and 
272 mp (Em 14f300), and a minimum at 250 mg (£m 
7,150). 


Calc. CsHuOaNaSj: C 39.26, 11 4.76 
Found: C 38.71, H 5.17 

The mother liquor from the c^’ude crystalline product 
yielded an additional 30 mg. of crystalline material (m.p. 
230 260®) having an [alo of —34® in 1 N H(>1. It w^as ro- 
cryslallized thrice from sodium carbonatc-acetic acid, 
thoroughly washed with water and dried tn vacuo at 100 ® for 
one hour. It then melted at 248-250® with darkening and 
gas evolution, and did not depress the melting point of the 
(1 extrorotatory product, « - 12® (0.48% in 1 N 

HCl, 2 dm.), ultraviolet absorption spectrum: maxima at 
236 mg (Em — 9,200) ami 272 mg (P".m = 13,200), minimum 
at 249 mg (Km - 5,900). 

(^alc. (\H,aO*Ns 82 : C ?9 26, H 4 76 
Found: i' 38.90, H 4.82 

Preparation of the Alkali-Isomerization Product of the 
Thiocyanate Derivative in the Presence of Deuteriomethanol 

(Cornell Bioch., D SB. 7) 50 mg of the thiocyanate 

derivative were dissolved in 2 cc of (M)^C )0 containing 
90.6 ± 0.6 atom per cent stable deuterium in the methyl 
group. One equivalent (1.23 cc.) of aqueous 0.100 N NaOH 
was added, and the solution was allowed to stand at room 
temporal lire for 3 hours. The solution was then made acid 
to ('oiigo Red with dilute hydrochloric acid, and water was 
adde<l dropwise until the solution became turbid. On 
standing tlie mixture deposited a crystalline white precipi¬ 
tate. Addition of water was continued dropwise until the 
total volume was 9 cc. The mixture was cooled at 6 ® for 
14 hours, and the crystals wTre separated and w’ashed with 
W’ater. The product, 47.5 nig., was recrystaUized from 
aqueous methanol to yield 41.0 nig. of micro rods, micro 
m.p. 165-158®. 

A dmitiTiiiin analysis on this compound showed the pres¬ 
ence of 13.2 ±0.1 atom per cent deuterium. Biiiee the 
alkali-isonienzation product contains 21 hydrogen atoms, the 
calculated deuterium content of the methyl ester group is 
(13.2 ±0.1) X 7, or 92.4 ± 0.7 atom per cent. 

Alkali Isomerization of Uie Thiocyanate Derivative in the 
Presence of Ethanol {I).S4. 15). 25 mg. of the thiocyanate 
derivative were dissolved in 1 vc. of ethanol and 0.613 cc. 
(one equivalent) of 0.100 N sodium hydroxide was added. 
The solution was allowed to stand at room temperature for 3 
hours and then was acidified with dilute hj^drochloric acid. 
On the addition of 2-3 cc. of w^atcr, crystalline material 
separated and was rccrystallizi'd from aqueous ethanol to 
yield 13.2 mg. of colorless needles, micro m.p. 169-170®. 

Calc. C,»II« 04 N,S 2 : C 54.14, H 5.02 
Found: C 64.44, H 6.53 

C 61.24, H 5,71 
Calc. Ch 8 lI»i 04 N»S,: C 63.05, H 5.20 

A sample of the alkali-isomerization product prepared in 
aqueous methanol was recrystaUized from aqueous ethanol. 
This material possessed a micro melting point of 167-158®. 
A mixture with a sample of the compound prepared in 
ethanol, micro m.p. 169-170®, showed no appreciable depres¬ 
sion of the melting point. The two compounds appeared to 
bo isomorphous. 

Treatment of Thiocyanate Derivative B with Alkali in 
Aqueous Methanol (Squibb, S.4*^y 3). The thiocyanate de¬ 
rivative (198 mg., m.p. 213-216®, [a]D®^ — —43®) was dis¬ 
solved in 15 cc. of methanol with slight wanning, and after 
cooling to room temperature 4,8.5 cc. of 0.1 AT NaOH (ono 
equivalent) and 2.7 ce. of water wore added, [aju** after 
3 minutes was +85°, and became constant at +171® after 

l. 25 hours. After neutralization wdth an equivalent amount 
of HCl, the solution was concentrated at room temperature 
to about 10 cc. and the resulting precipitate was collected 
(fraction A, 127 mg., m.p. 173-180°). Further concentra¬ 
tion tn vacuo yielded additional material (Fraction B, 51 mg., 

m. p. 148-166°). 
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Fraction A was recrystallizcd twice from methanol-water 
and yielded 98 mg. of rods melting at 185-187°, 4-213° 

(in methanol). That this material was inhomogeneous 
became apparent in the following n'orystallization from 1 cc. 
of absolute methanol. On standing at room temperature, 
rosettes of very small filamentous needles separated ( 6.2 mg., 
m.p. 220-227°, 4-63.5°), which after recrystallization 

from the same solvent imdted at 226-229°. The absorption 
curve ( 95 % ethanol) showed maxima at 236 uiyu (Km ~ 
9 , 200 ) and 274 m/u (Km « 16,000), and minima at 225 m^ 
(Eia « 8,000) and 250 ra^ (Em »= 5,700). 

The absolute-mcthanolic mother liquor of the high-melting 
crystals on concentration and chilling yielded a mixture of 
heavy prismatic rods and fine ros(*t<es of needles which was 
separated by aspirating the latter together with the super¬ 
natant liquid. The prisms (36 mg., m.p. 185-187°, [a]i> 
—263° in methanol) were combined with apparently identi¬ 
cal material (30 mg., m.p. 187-188.5°, soft. 182°) obtained 
by concentrating and chilling the supernatant liquid, and 
recrystallized from methanol. The resulting prismatic rods 
(33 mg.) melted at 185 487° and had an (ali> of 4-262° 
(0.40% ill methanol). 

Calc. (^aH 2 i 04 NA: C 53.05, II 5 20, OCTI., 7.62 
Found: C 53.19, II 5.12, OCTl^ 7.38 

The ultraviolet absorption curve (05% ethanol) coincided 
exactly with that of the high-ineltmg isomiT. 

Fraction B seemi^d to contain little, if any, of the high- 
melting product. On repeated recrystallization from meth¬ 
anol-water, it yielded prismatic rods (19 mg., m.p, 185-187°) 
which gave no depn‘H.sion with the preparation of the .same 
melting point for fraction A. == *4255° (0.364 % in 

methanol). 

Treatment of Thiocyanate Derivatives A and B with 
Benzylamine (S.SS^ 5). Thiocyanate derivative A (75 mg.) 
was dissolved iii 5.0 ee. of pure dioxane containing 0.5 cc. 
of hcnzvlaminc. [oli)*’ was -f-196° after 5 minutes, -f-222° 
after 1 hour, and -f233° after 2 hours. The solution was 
diluted with 50 ec. of ether, and the latter washed with two 
15 cc. portions of 1 HCl and then twice with water. The 
crystalline residue of the dried ether plia.se (95 mg ) was 
recrystallized from ethanol-hexane 1:2, yielding 57 mg. of 
crystals melting at 119-123°. Further recrystallization did 
not change the melting point, but the analytical sample after 
drying at 100 ° melted at 124-127°. [ajo” 4179° (1.10% in 
methanol). 

Calc. C 26 H 3 o 04 N,S,: C 58.34, H 5.88, N 10,89 
Found: C 68.09, II 6.76, N 11.05 

The ultraviolet absorption curve (ethanol) showed maxima 
at 235 rn/A (Em *» 11 , 100 ) and 275 m/* (Em “ 16,300) and 
minima at 227 m/i (Km * 9700) and 250 m/A (Em «■ 6200). 

Thiocyanate derivative B (76 mg.) was treated with 
benzylamine in the same manner as the A isomer. [cr]D*’ 
was 4-11.3° after 6 minutes and became constant at -1-49.6° 
after 2.5 hours. The solution was worked up as described 
above. The oily ether residue on treatment with ethanol- 
hexane yielded a very small amoimt of rod-shaped crystals 
embedded in a gum. The supernatant liquid on prolonged 
standing deposited blunt rods as well as rosettes of silky 
needles, which could not be effectively separated. It is 
possible that 1 he reaction, as in the case of the rearrangement 
with alkali, leads to two stereoisomers. 

Reaction of a-£thyl D- 7 -Benzylpenicilloate with Am* 
monium Thiocyanate in Acetic Acid (Squibb, 84^, 4). A 
solution of 1.90 gm. of the ester and 760 mg. of ammonium 
thiocyanate in 14 cc. of acetic acid was refluxed for 2 hours. 
The absorption spectrum of an aliquot diluted with ethanol 
showed a maximum at 278 m/A (Km ** 10,700) and a shoulder 
around 235 m/A (Em *» 11,300). Refluxing was continued 
for 1.5 hours, which produced no significant change in the 
spectrum. The slightly yellow solution was poured into ice 
water, and the resulting white precipitate was collected 


and dried (0.77 mg., m.p. 100-130°, Hd ** —48° in metha¬ 
nol). The product was dissolved in a small volume of ethyl 
acetate. The solution on standing deposited 38 mg, of a 
crystalline product melting at 184-189°. Recrystallization 
from the same solvent afforded 28 mg. of clear-cut elongated 
plates melting at 190-192°. =« *44.0° (0.70% in 

methanol). 1'he ultraviolet absorption curve (95 % ethanol) 
showed maxima at 236 tiim (Em =* 9,200) and 274 m/x (Km *• 
15,800) and minima at 225 m/A (F^m “= 8,200) and 250 m/i 
(Km » 5,800). 

Calc. (S»H 2 , 04 NaSa: C 54,16, II 5.50, N 9,98, OC^TIs 10.70 
Found: C 53.94, II 5.72, N 10.08, OC 2 H 6 10.41 

The original aqueous mother liquor was thoroughly ex¬ 
tracted with ether. The combined, dried ether extracts 
on evaporation yielded 1.18 gm, of a white solid melting at 
90 100°, [or]i> « —42° ill metliaiiol. The absorption spec¬ 
trum of this product was qualitatively similar to that of 
thiocyanate derivative B in that it displayed the main 
band at 277 m/A (Km “ 233). It was dissolved in ethyl 
acetate, from which it deposited 312 mg. of crystalline 
material melting at 93 -95°. Throe recrystallizations from 
the same solvent yielded 84 mg. of feathery rosettes nu'lting 
at 155-165° after softening at 145° (sample dried in vacuo at 
110°, since the de.siccator-dry product tenaciously retained 
ethyl acetate). The material was soluble in one equivalent 
of .sodium bicarbonate solution. The ultraviolet absorption 
spectrum (95% ethanol) showed maxima at 234 in/i (Em 
10,000) and 278 m/t (Km “ 15,000), and minima at 225 m/t 
(Em “ 9,000) and 252 m/i (Km - 6,000). 

C3alc. (h 7 H,» 04 NaS 2 : C 61.90, H 4.87, Neut. Equiv. 393 
Found: C 51.46, 11 4.82, Neut. F^quiv. 402 

Reaction of a-Methyl n-a-Benzylpenicilloate with Am¬ 
monium Thiocyanate in Acetic Acid (N.50, 5). FYom a 
boiling solution of crystalline a-methyl D-a-benzylpenicill- 
oate (28.6 mg., prepared according to 8.Sf>y 25) and am¬ 
monium thiocyanate (12.1 mg., 2 moles) in 1.0 cc. of acetic 
acid, 0.1 cc. aliquots were withdrawn (after brief cooling to 
room temperature) at 0.5, I and 3 hour intervals. Em for 
the maximum at 277 m/t was 5,700, 8,300 and 10,300, respec¬ 
tively, for these periods. 

In the preparative experiment 936 mg. of the ester were 
heated with 392 mg. of ammonium thiocyanate in 7 cc. of 
acetic acid for 3 hours. Addition of ice water to the chilled 
solution precipitated an oil, which was extracted from the 
mixture with ethyl acetate. Th(i extract was washed with 
several portions of half-saturated sodium bicarbonate solu¬ 
tion (total 75 cc.), then with water, and dried. Removal of 
the solvent gave 191 mg. of residue which partially crystal¬ 
lized on treatment with methanol-water (28 rag., m.p. 198- 
218°). Two recrystallizations from the same solvent yielded 
rods melting at 226-230° (soft. 212°). A mixture with the 
higher-melting (220-227°) of the two methanol-alka)i 
isomerization products from thiocyanate derivative B 
(849, 4) melted at 221-229°. [ajo - -1.8° (0.446% in 
methanol). 

Calc. C,.H« 04 N,S,: C 63.06, H 5.20 
Found: C 53.01, H 5.10 

The ultraviolet absorption spectrum in 95 per cent ethanol 
showed maxima at 237 m/A (£m 9,200) and 275 m/A (FIm 

16,800). 

The bicarbonate solution was acidified to pH 2.5 and 
extracted with ethyl acetate. The dried extract after 
evaporation in vacuo yielded 666 mg. of an oil which crystal¬ 
lized on seeding with the corresponding acidic product 
obtained from a-ethyl D-y-benzylpenicilloate (^.4*9, 4). 
The crystalline portion (229 mg., m.p. 92-106°) was reorys- 
tallized three times from ethyl acetate and then melted at 
139-162° (soft. 132°). Mo** - -96.2° (0.670% in metha¬ 
nol). The product, which was markedly hygroscopic, was 
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dried in vacuo at 110“ for the analysis and determination of 
the physical constants. 

Calc. (3,7T1 i 904N,S2: C 61.90, H 4,87 
Found: C 60.90, H 4.99 

The ultraviolet absorption spectrum showed maxima at 
277 rxifi (Km ** 14,500) and at 230 ni/u (Em — 9,300), the 
latter with a shoulder around 234 m/n (Km = 8,900). 

Alkali Isomerization of the Thiohydirouracil-Thiazolidine 
Carboxylic Acid from a-£thyl D-7-Benzylpenicilloate 
(Squibb, S.dOj 7; 55, 7). A .solution of the crystalline 
acidic product (*S.45, 4) (157 inp., 0.40 millimole) in ethanol 
(6 ec.) wa.s alkalinized witli 0.80 ee. of 1 N NaOII (2 equiva¬ 
lents) and the volume made up with water to 10.0 ec. The 
following rotation changes were observed: 

Time (hours) : 0.08 0.10 0.5 I 2.25 3 18 

Miy: -122“ -38“ 4-24“ 4-45“ +04“ 407“ 470“ 

The bulk of the solution (9 ee.) was neutralized with 1 N 
IICl after 3 hours and coueeiitrated to about 2 ee. The 
resulting gummy precipitate was collected by centrifuging, 
washed with ice water and dried. It formed a white powder 
which could not be crystallized (95 mg., m.p. 130-145“). 

— 431“ in methanol. The ultraviolet spectrum 
showed maxima at 235 m^ (I 'Ocin.^ ^ — 213) and 270 him 
(K iom.*'*^ = 310). It was separated into neutral and acidic 
fractions (ether—0% sodium bicarbonate). The acidic 
fraction (00 mg.) on titration showed a runitralizat ion equiva¬ 
lent of 356 (end point not sharp; Calc : 393). The ultra¬ 
violet specitrum showed maxima at 234 m/x (Kicm^* — 217) 
and at 277 rn/x (Kicm.^* 350). 

Calc. r,7ni904N3S2: OC,lh 10,70 
Found: OC2U, 3.87 

Reaction of Ethyl D-4-Carboxy-5,6-dimethyl-2-thiazol- 
idineacetate Hydrochloride with Ammonium Thiocyanate 
in Acetic Acid (Squibb, 5; 60j 9). The starting ma¬ 
terial was pn’pared by the Upjohn modification 5) of 

the Merck procedure (A/.6*5, 10). The yield was 51 % of the 
theoretical amount. After recrystallization from pure ethyl 
acetate, the compound melted at 159-161“ {MMS gives 
128-138“; 134-139“) and had a specific rotation 

[a]D*^ 473“ (0.82% in methanol). 

A solution of 1.14 gni. of the ester hydrochloride and 
608 mg. of ammonium thiocyanate in 11 cc. of acetic acid 
was refluxeil for 2 hours and, after cooling, freed by filtration 
from a precipitate which w as identified as ammonium chlor¬ 
ide. The filtrate was carefully diluted with water until the 
precipitation of the resulting crystalline product was 
complete (520 mg., m.p. 105-145“, [ajo** —143“ (in metha¬ 
nol)). The absorption spectrum (96% ethanol) showed 
maxima at 235 m/u (Em « 9500) and 273 mg (Km 16,400). 
Three recrystallizations from methanol containing a little 
water yielded 130 mg. of rods melting at 151-152“, [aln*^ 
422“ (0.83% in methanol). The ultraviolet absorption 
characteristics of this product w^ere practically identical 
with those of the crude product (maxima at 235 niM, Em ■■ 
10,400, and 273 mg, Em * 17,000). 

Calc. C,iHi«0,N,Sf: C 45.83, H 5.60, 15.63 

Found: C 45.93, H 5.81, OCaU* 15.19 

The combined methanolic mother liquors on evaporation 
yielded 339 mg. of crystalline material, [ajo** —211“ in 
methanol, which on rocrystallizatiou from methanol yielded 
174 mg. of material melting unsharply at 106“ and having an 
JoiJd of —176®. The mother liquor from this product on 
careful dilution with water deposited 76 mg. of poorly 
formed crystals (m.p. 100-105“, Mo -266“) w^hich were 
recrystallized twice from dilute methanol. The final 
product (39 mg. of long rods) melted at 106-107® and had an 

—270® (0.61 % in methanol). The ultraviolet absorp¬ 


tion speetruni (95% ethanol) w’a.s (*ssentially identical with 
that of the higher-melting, dextrorotatory isomer. 

Cale. CnlluOsNaSa: C 45.83, H 5.60 
Found: C 45.71, H 5.46 

The original aqueous filtrate was repeatedly extracted 
w'ith ether. The residue of the ether extract (0.6 gm.) was 
triturated with 6 % sodium bicarbonate solution. Acidifica¬ 
tion and extraction of the latter with ether yielded 0.29 gm. 
of a partly crystalline residue, wdiicli was triturated wdth 
ether. The ether-insoluble port ion {25 mg,) melt ed at about 
260“ and had an —13“ (0.26 % m methanol). Hecrys- 

tallization from aqueous methanol afforded 17 mg. of 
hexagonal plates, m.p. 250-260“. The ultraviolet absorp¬ 
tion spectrum (05% ethanol) showed maxima at 277 mg 
(Em — 13,200) and 233 mg (Km = 9100). The product was 
dried for analysis in vacuo at 100“. The analytical and 
ultraviolet absorption data are in agreement with its 
formulation as the thiohydrouracil XIV (page 284). 

C’alc. C^IIiaOaNaSj: C 41.54, H 4.65 
Found: 41.29, H 4.78 

In another experiment {S.60^ 9) the reaction was carried 
out with 2.83 gm. of starting material as described above, 
except that the boiling period w^as sliortened to 1 hour, and 
the total crude reaction product w'as (extracted with ether 
and separated into acidic and neutral fractions by back- 
w’^ashmg with 6% sodium bicarbonate solution. The acidic 
fraction yielded 39 mg. of the acid, m.p. 260-260“ {S.49, 5). 
From the neutral fraction 0.40 gm. of the pure dextro¬ 
rotatory isomer of thiohydantoin XIII (page 284), m.p. 151- 
153“, lalo** 412“ (0 70% in methanol), and 0.37 grn. of tlie 
levorotatory stereoisomer of m.p. 100-105“ were isolated. 
On reerystallization of the latter product the melting point 
rose sharply to 120-122“ instead of to 105-106“, which is the 
previously reported, value. That the di.screpancy is due to 
the existence of tw’o polymorphic forms was showui by 
recrystallization of the lower melting specimen from metha¬ 
nol and seeding with the crystals, m.p. 120-122“. The 
recrystallized product melted at 120-122“, with softening at 
105“; in methanol of the preparation from the new run 
w'as —272°, in good agreement w ith the previously reported 
value of —270“. 

Reaction of Ethyl D-4-Carbomethoxy-5,6-dimethyl-2> 
thiazolidineacetate Hydrochloride with Ammonium Thio¬ 
cyanate in Acetic Acid (^.50^ 9). A solution of 446 mg. of 
the diester hydrochloride and 456 mg. of ammonium thio¬ 
cyanate in 5 cc. of acetic acid was refluxed for 1 hour (a 
preliminary experiment had showui that Km at 273-277 mg 
was 13,000 after that time and did not increase significantly 
on further boiling). The solution was poured into 60 cc. of 
water and the resulting gummy precipitate taken up in ether 
(3 extractions). The residue of the dried ether solution was 
freed from acetic acid still present by drying over KOII in 
vacuo and taken up in a small amount of methanol. Seeding 
with the dextrorotatory thiohydantoin XIII (page 284) m.p. 
160-152“, described in S.40, 5, induced crystallization, and 
40 mg. of rods of the same melting point, [alo** 410° (0.99 % 
in methanol), were isolated, which gave no melting point 
depression with the reference preparation. No more erys- 
tallinc material could be obtained from the mother liquor. 
The residue of the latter (370 mg.) was levorotatory ([ajD 
—41“ in methanol) and exhibited in its spectrum maxima 
at 233 nig (Kiom.*’^ » 283) and 275 mg (Kiom.^’^ «■ 402). 
The material (342 mg.) was dissolv<‘d in 5 cc. of 50 % aqueous 
ethanol containing 1.5 millinioles of sodium hydroxide, 
lalD*^ after 5 minutes was —180“ and then fell within an 
hour to —147“, where it remained constant. After 2 hours, 
the solution was neutralized with 1 iV HCl, freed from most 
of the ethanol and diluted with water till precipitation was 
complete. The resulting precipitate (154 mg., (^Id —83“) 
yielded on reerystallization from methanol 58 mg. of slightly 
impure dextrorotatory isomer (m.p. 145“, [ajo** 416®). On 
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furtlKT recrystallization the meltinja; point rose to 150-152® 
while [a]i> remained unchnnged. 

Reaction of D*4~Carbomethoxy-5,6->dimethyl-2>thiazol- 
idineacetic Acid Hydrochloride with Ammonium Thio¬ 
cyanate and Acetic Anhydride (SJSy 6). To a solution of 
653 lUR. (2.5 millimoles) of ethyl D-4-earbomethoxy-5,5- 
dimethyl-2-thiazolidincacetatc (Merck, MJS, 1; 8) in 

13 cc, of inclhanol and 2 cc. of water, 0.1 N NaOH (25 cc.) 
was added dropwise over a period of 1.25 hours. After 
standing overnight the solution, which then was nearly 
neutral, was extracted 3 times with ethyl acetate. The 
aqueous phase was dulled in ice, acidified with 25 cc. of 
0.1 A IICI and exhaustively extracted with ethyl acetate. 
Evaporation of the washed and dried solution yielded an 
amorphous residue, which after thorough dr>dng weighed 
350 ing. It W&8 treated with 250 mg. of ammonium tliio- 
cyanate and 2 cc. of acetic anhydride at 100® for 10 minutes. 
The mixture was w orked iij) in the usual manner. I'he residue 
of the ethyl acetate extract (270 mg.) crystallized in part on 
addition of a few drops of 95% ethanol. The crystalline 
product (96 mg., m.p. 150-152®, [nrjD*® « —38®) w^as recrys¬ 
tallized from the same solvent and then melted at 153-154® 
and had an of —48® in methanol. Since the analysis 
was unsatisfactory (C 1.1% too high, indicative of the 
presence of some tluohydantoin which would arise from the 
/5-monoethyl ester if some of the latter should have been 
formed also in the hydroly.sis of the starting product), the 
remainder of the product was dissolved in a small amount 
of acetone and distributed between saturated sodium bicarb¬ 
onate solution and ether. The ether phase was washed with 
four 1-ce. portions of the bicarbonate solution and with 
water; dried and evaporated. (Previous experience had 
shown that thiohydantoins, being stronger acids than thio- 
hydrouracils, can be separated from the latter in this man¬ 
ner.) The residue (50 mg.) after recrystallization from 95 % 
ethanol molted at 155-156®. [ali)«* -40® (0.80% in meth¬ 

anol). The ultraviolet absorption eivve (95% ethanol) 
showed maxima at 233 m/u (Em = 12,200) and 276 m/x 
(Em =“ 15,500) and a minimum at 250 m^i (Em — 5400). 

Calc. CioHuOaNsSj: C 43.79, H 5.15, OCH, 11.32 
Found: C’ 43.11, II 6.09, OClh 11.82 

Alkali-Isomerization of the Thiohydrouracil XV (page 281) 
(Squibb, 7). A solution of 13.3 mg. of the above 

product in J .5 cc. of ethanol was treated with 0.049 cc. (one 
equivalent) of 1 A NaOlI and the volume made up with 
ethanol to 2.0 cc. [aln** was —165® after 5 minutes and 
became nearly constant at - 119® after 2 hours. The ultra¬ 
violet absorption of an aliquot removed at that time and 
diluted with ethanol showed maxima at 236 m^i (Em ““ 354) 
and 273 rn/* (Em ** 646). After neutralization with an 
equivalent amount of HCl the solution was evaporated to 
drjmess. The residue was extracted twice with water and 
dried (11.6 mg., m.p. 140-148®, [ajo « —72® in methanol). 
On recrystallization from methanol-water 4.7 mg. of shiny 
rods melting at 149-150® were obtained. They were re- 
crystallized together with 2.4 mg. of similar material (m.p. 
150-151 ®) recovered from the mother liquor. The resulting 
product (3.6 mg.) melted at 150-162® and had an [ajo** of 
4*16° (0.34% in methanol). The melting point of a mix¬ 
ture with the dextrorotatory thiohydantoin m.p. 151-162®, 
[ajo 4-22°, obtained from ethyl D-4-carboxy-5,6-dimethyl-2- 
thiazolidineacetatc hydrochloride (S.49f 4), was not de¬ 
pressed. Ultraviolet absorption spectrum (96% ethanol); 
maxima at 235 (Em 10,090) and 272 m/t (Em ** 
15,500); minimum at 250 m/x (Em ■» 6,600). 

The mother liquor yielded 2 mg. of crystals melting at 
100-105®, [a]D** - ~214® (0.14 % in methanol). The ultra¬ 
violet absorption spec^trum of this fraction showed maxima at 
235 ra/x (Em *• 16,000) and 272 mg (Em ** 9,000). 

Reaction of l-Benzyl-2-thiohydrouracil with Alkali In 
Aqueous Ethanol {SJO, 10). To a solution of the thiof* 
hydrouracil (143 mg.) in ethanol (20 oc.) 0.1 iV NaOH 


(6.54 cc.) and water (5 cc.) were added. Aliquots were 
withdrawn at intervals and diluted with ethanol for spectro- 
graphic measurements. The spectrum of the 15-minute 
sample showed a maximum at 248 mg (Eio„,.** « 550), a 
shoulder at 27S mg (Kicm.^’^ 150) and a minimum at 

230 mg (Eiom*’‘ “ 355). After 30 minutes the shoulder 
had disappeared, the maximum had shifted to 250 mg and 
had increased in intensity (Eiom.^ ^ 642), and the minimum 

at 230 mg was lower (Eicm.^ * » 290). Samples taken at 
later intervals showed the same characteristics. These 
changes are consistent with the conversion of the cyclized 
to the open thioureido (S.47y 7, 9). 

The remainder of the solution was concentrated in 
vacuo and after the addition of water extracted with ethyl 
acetate. The material in the extract was separated into 
neutral and acidic fractions by back-extraction with half- 
saturated sodium bicarbonate solution. The neutral frac¬ 
tion yielded 3.6 mg. of unhydroJyzed starting material. 
The acidic fraction (123 mg.) was an oil which crystallized 
on addition of a little ethanol and 8(‘eding with /8-N-benzyl- 
N“thiocarbamyl propionic acid. The melting point of the 
product was 117-120® and could not be raised by further 
recrystallization. The melting point of a mixture with the 
thioureido acid (m.p. 121-123°) vras 119-123®. 

Thiocyanate DerivativeB from Methyl Benzylpenicillenate 
(Squibb, 4). The starting material was prepared 

according to Merck (Af,76\ 1) and had Km — 20,800 at 
317 mg (in ethanol). A mixture of the I'ster (348 mg.) am¬ 
monium thiocyanate (152 mg.) and acetic anhydride (2 cc.) 
was heated on the steam bath for 15 minutes. A crystalline 
high-melting product known to be formed under tliese con¬ 
ditions from the reagents alone separated on cooling and was 
removed hy filtration. The gum resulting from the decom¬ 
position of the acetic anhydride with ice water was dis¬ 
solved in ethyl acetate, and the latter was washed with 
sodium bicarbonate solution and water, and dri(*d. The 
gummy residue of the extract was triturated with pentane 
and then remained as a yellow powder (265 mg.), the ultra¬ 
violet spectrum of which showed bands at 330 mg (Kiom.^ 

157) and 270 mg (Eum.^’^ 270) and a shoulder at 225- 

235 mg (EicJ’^ « 215). 

This material was combined with the corresponding frac¬ 
tion from a run twice as large, and treated with methanol- 
water. The resulting crystalline product (45 mg.) on 
recrystallization yielded needles (16 mg.) which melted 
at 210-215° and did not depress the melting point of a 
specimen of thiocyanate derivative B melting in the same 
range. (cr]D*® —47® (0.3% in methanol). The ultraviolet 
absorption showed maxima at 235 mg (Em » 12,800) and 
277 mg (Em « 16,800). 

From the original mother liquor an additional 40 mg. of 
thiocyanate derivative B melting at 213-216® were obtained. 
The remainder of the product was a yellow, amorphous 
powder. The ultraviolet absorption characteristics indi¬ 
cated that it consisted for the most part of thiocyanate 
derivative B or an isomer (maxima at 233 mg, Em 9,400, 
and at 277 mg, Em * 11,900). 

Reaction of the j9-Lactam of a-Cyclohexylacetamido-zS-^ 
cyclohexylaminopropionic Acid with Ammonium Thio¬ 
cyanate (Merck, MMSy 9). A mixture of 50 mg. of the 
jS-lactam of a-cyclohexylacetamido-/3-cyclohexylaminopro- 
pionic acid (Af.6'6, 8), 0.26 cc. of acetic anhydride, 0.05 cc. 
of acetic acid, and 20 mg. of ammonium thiocyanate was 
warmed for thirty minutes on the steam bath. The solu¬ 
tion was then cooled and 2 cc. of water were added. An 
oily solid separated which could be crystallized from 0.5 cc. 
of ethyl alcohol; m.p. 213-214®. It showed ultraviolet 
absorption bands of Em 14,700 at 280 mg and Em 11,200 at 
235 mg in ethyl alcohol. When the solution was diluted 
with 0.01 N sodium hydroxide a single non-reversible band 
appeared with Em 14,400 at 245 mg. 

Calc. Ci.H„OjN& C 61.60, H 8.32 
Found: C 61.23, H 8.09 
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Action of Thiocyanic Acid on a-Cyclohexylacetamido-/3- 
cyclohexylaminopropionic Acid Hydrochloride {MM, 6). 
A mixture of 200 mg. of tt-cyclohexylacetamido-/3-cyclo- 
hexylaminopropionic acid hydrochloride, 70 mg. of am¬ 
monium thiocyanate, 3 cc. of acetic anhydride and O.l cc. 
of glacial acetic acid was warmed on the steam bath for 
thirteen minutes. It was then cooled to room temperature 
and 5 cc. of water was added slowly to d('compose the acetic 
anhydride. A gummy solid separated which could be 
crystallized from ethyl alcohol, in.p. 210-212®. The melt¬ 
ing point of a mixture of this compound and the one obtained 
by the action of thiocyanic acid on the /3-lactam of a-cyclo- 
hexylacetamido-/3-cyclohexylaminopropionic acid {M.63, 9) 
showed no depression. 

Reaction of a-Cyclohexylacetamido-j8-(N-acetylcycIo- 
hexylamino) -propionic Acid with Thiocyanate {MM, 3). To 
50 mg. of a-cycl()hcxylacctamido-^-(N-acetylcyclohexyl- 
amino)-propionic acid were added 20 mg. of ammonium 
thiocyanate, 0.75 cc. of acetic anhydride and 2 drops of 
acetic acid. The mixture was warmed on the steam bath 
for fifteen minutes; then it was cooled to room temperature 
and the acetic anhydride was decomposed with water. The 
yellow solid which separated was crystallized twice from 
ethyl alcohol; m.p. 215®. 

Calc. CjoHuO|N,S: C 61.04, II 7.94, N 10.68 
Found: O 61.16, H 7.70, N 10.58 


NHCOCHsCeHs 

I 

(^o-c=cii cccn,), 

I I I! 

NH—CS- N-c;—COOCHj 

This structure for the mercuric acetate product of 
the thiocyanate derivative was placed on a firm 
basis when by treatmimt with alkaline peroxide it 
was degraded to 5-phenylacctamidouracil. 

NUCOCII.Cells 

CO--CH 

I i 

NH-CO NH 

The characterization of the mercuric acetate 
product lent stronji; support to the belief that the 
thiocyanate derivative possessed a thiohydrouracil 
structure. Final confirmation of this structure was 
achieved by the direct synthesis of the thiocyanate 
derivative from /S-methyl D-a-benzylpenicilloate. 

CeH.riLCONH—CH—CH—S—C(CH3)2 


Reaction of a-Cyclohexylacetamido-^-cyclohexylamino- 
propionic Acid with Thiocyanate {M.60, 4). To 100 mg. 
of a-cy(*lohexylacetamido-/3-(*yclohexylaminopropionic acid 
were added 35 mg. of ammonium thiocj^anato, 1 5 cc of 
acetic auhydruh* and 0.15 cc. of acetic acid. The mixture 
was heatcii on the steam bath for fifteen minutes and then 
it was treated as in the preceding experiment to yield the 
aame compound; m.p. 215®. The molting point of a mix¬ 
ture of these tw'o compounds showed no depression. How¬ 
ever, the melting point of a mixture of thi.s compound and 
the one obtained from the /3-lactam {M.63, 9) or from 
tt-cyclohexylacctamido-^-cyclohcxylaminopropionic acid hy¬ 
drochloride {MM, 6) was depressed. 

SUMMARY 

Benzylpenicillin methyl ester reacts with thio¬ 
cyanic acid, under conditions suitable for the forma¬ 
tion of thiohydantoins from oxazolones, to yield a 
crystalline product. The structure of this “thio¬ 
cyanate derivative was determined by degradation 
and synthesis, which demonstrated it to be a thio¬ 
hydrouracil derivative of the following structure: 

NHCOCHjCeHe 
CO—CH—CH—S—C(CH8), 


NH—CS—N-CH-COOCH, 


The principal evidence for this structure from 
degradation experiments was obtained from a study 
of the product obtained by treatment of the thio¬ 
cyanate derivative with mercuric acetate. In this 
reaction the elements of hydrogen sulfide were 
removed from the molecule. By studies with radio- 
sulfur it was established that of the two sulfur 
atoms present, the sulfur atom lost was that 
originally present in benzylpenicillin. From this 
and other data it was concluded that the mercuric 
acetate product possessed a thiouracil structure: 


HOOC Nil-CII—COOCHa 


HSCN 

AcjO 


NHCOCHjCellfc 
CO—ill—CH—S—C(CH3 )s 

in—CS —N-ill—co( x ’ii. 


When a-cthyl /8-methyl n-y-benzylpcnicilloate 
was treated with ammonium thiocyanate in acetic 
acid, a stereoisomeric form of the thiocyanate 
derivative was produced; application of the same 
conditions to benzylpenicillin methyl ester like¬ 
wise yielded the stereoisomeric form of the thio¬ 
cyanate derivative. This epirner of the thiocyanate 
derivative underwent alkali isomerization and acid 
hydrolysis to yield compounds stereoisomeric with 
the corresponding products from the thiocyanate 
derivative. On the other hand, both the thio¬ 
cyanate derivative and its stereoisomer yielded 
the same mercuric acetate product, since this latter 
compound contains no centers of asymmetry. 

An interesting type of structural rearrangement 
was encountered during the investigations of the 
structure of the thiocyanate derivative. In aqueous 
methanol, in the presence of one equivalent of dilute 
alkali, the thiocyanate derivative was converted 
rapidly and in excellent yield to a structurally 
isomeric substance, the “alkali-isornerization prod¬ 
uct.” Hydiolysis of either the alkali-isomerization 
product or the thiocyanate derivative with con¬ 
centrated hydrochloric acid yielded a common 
acid-hydrolysis product, in two stereoisomeric 
modifications. The formation of the same acid- 
hydrolysis product from both compounds was due 
to a rearrangement, during the acid hydrolysis of 
the thiocyanate derivative, similar to that occurring 
in the alkali-isomerization of the thiocyanate 
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derivative. The acid-hydrolysis product, which 
differed empirically from the parent compounds by 
the absence of a phenylacetyl radical and the 
methoxy radical of the ester group, appeared to be 
an a-amino acid derivative possessing a fused 
thiazolidine-thiohydantoin ring system: 

NH 2 —CII—CIl—S -- C(CH3)2 

J I I 

HOOC N -C’H 

1 I 

CS—Nil—(’() 

By phenylacetylation and esterification procedures 
it was possible to convert the acid-hydrolysis prod¬ 
uct into the alkali-isomerization product of the 
thiocyanate derivative. This fact indicated that 
the alkali-isomerization product and th(‘ acid- 
hydrolysis product were closely related in their 
general struct>ural features, and suggested the 
same fused thiazolidine-thiohydantoin ring system 
for the alkali-isomerization product: 

C6HbCH2C()NH—CII—CII —S 

CH,Ooi N--{^I 

I I 

CS—NH—CO 

Proof of this structure was afforded hy the 
synthesis of the alkali-isomorization product from 
a-methyl D-«-benzylpenicilloate: 

c«i I oCHtCONH—CH—CH—a—c(rn ,)2 

i I I 

CHjOOC Nil-CH—COOH 


C,H»t::HjCONH—CII—CII - S—CfCHj). 
— — ^ CHaGOf^” N— - CIl 

AcsO I I 

CS—NII~(M) 

On the basis of the demonstrated structures for 
the thiocyanate derivative and its alkali-isomeriza¬ 
tion product, the rearrangement of the thiocyanate 
derivative in the presence of alkali involved a 
thiohydrouracil-to-thiohydantoin conversion. Con¬ 
firmatory evidence for this conversion was acquired 
by the demonstration, with the aid of deuterio- 
methanol, that the apparent trans-esterification 
reaction which occurred during the rearrangement 
was an intermolecular phenomenon involving the 
solvent alcohol: 


NllCA)ClhC,lh 
I 

CO—(^n—CH—s— c:!(ch,) 2 
llll—CS—N- 


NaOH 

EOH^ 


in—COOCII5 

c.iisCiioC^ONii—cm—CII—s—c(cii3)2 


ROOC 


N- 


-CII 


CS—Nil—CO 


It was established that this typo of rearrange¬ 
ment was effec'ted in non-aciueous solution by such 
reagents as mercuric chloride, sdver nitrate and 
benzylamine; in the last instance the benzylamide 
of the rearranged product was formed. The re¬ 
arrangement occurred, although more slowly, with 
the free-acid form of the thiocyanate derivative, 
and also in the absence of the phenylacetamido 
side chain. 

In considering the significance of the thiohydro- 
uracil structure of the thiocyanate derivative to the 
structure of penicillin, it appeared reasonable to 
suppose that should penicillin possess an oxazolone- 
thiazolidiric type of structure, a thiohydantoin 
would be formed in the reaction of benzyl penicillin 
methyl ester with thiocyanate, since under these 
conditions model 5(l:)-o\azol()ncs readily yield 
2-thiohydantoins: 

R'-(^ X-(1I-R hS(’N 

I I —' 

(*)-CO 

R'CO—N-CH—R 

I I 

(’S—Nil—C'O 

On the other hand, it was established that model 
/3-lactams treated with thiocyanate can give rise 
to thiohydroiiracils. The nature of the thiocyanate 
(jferivative, as revealed in these studies, was thus 
not readily explicable on the basis of the oxazolone- 
thiazolidine structure for penicillin, but was 
readily understandable if penicillin possessed the 
/3-lactain structure. 

A flow-sheet of some of the degradativc and 
synthetic nxictions carried out during the structural 
studies on the thiocyanate derivative is shown 
on page 308. 
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INTRODUCTION 

The X-ray crystallographic investigation of the 
structure of penicillin began at the earliest possible 
moment in the chemical examination of penicillin, 
at the time of the isolation of the first crystalline 
degradation product, penicillamine hydrochloride, 
in the late summer of 1942. It has led, in the 
course of the last four years, to the determination in 
detail of the structure of the molecule as it exists in 
crystals of sodium, potassium, and rubidium benzyl¬ 
penicillin. The development of the X-ray crys¬ 
tallographic researcli, which has made this result 
possible, has been interesting quite apart from the 
interest of its final conclusions. In the first place, 
crystallographic measurements have been far more 
closely associated than is usual with the whole of the 
chemical investigation of the structure. X-ray 
data have been employed in the solution of a 
variety of problems that arose during the experi¬ 
ments on the chemical degradation and synthesis 
of penicillin; and, at the same time, the course taken 
in the X-ray analysis has depended on tlie close 
collaboration of workers in other fields and has been 
influenced by the conclusions that they have reached 
at different times. In the second place, a large 
variety of techniques in X-ray crystallography, 
several of them only recently introduced, have been 
applied during the examination of the different 
penicillin products. The final solution of the crystal 
structure of the penicillin salts has accordingly 
provided a quite unexpected demonstration of the 
strength of present X-ray analytical methods. 

The use of X-ray diffraction data in problems of 
structural chemistry is based upon the fact that the 
intensities of the X-ray reflections from a crystal are 
related to the positions in space of the atoms within 
the crystal. The solution of any particular crystal 
structure depends therefore upon finding a set of 
atomic positions which will, according to calcula¬ 
tion, give intensities of X-ray reflections similar to 
those observed. It is common in crystal structure 
analyses of organic compounds to think in this 
connection of two variables, the arrangement of 
the atoms within the molecule and the relative 
arrangement of the molecules within the crystal; 
but where the molecular structure is itself largely 
unknown, the distinction ceases to be of value. By 
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finding the general atomic arrangement in the 
crystal the problem of molecular structure also is 
solved since interatomic distances are much smaller 
between bonded than between non-bonded atoms. 

Except in the very simplest cases, there is, how¬ 
ever, no single established route to be followed in the 
X-ray analysis of a crystal structure. There are 
certain necessaiy steps on the way, of which use 
may very easily be made for chemical purposes, 
particularly in the identification of different chemi¬ 
cal individuals and the determination of their 
molecular weights. But the achievement of the 
complete X-ray analysis of a crystal structure, on 
which the complete determination of the chemical 
stnicture depends, is, in general, a long and diffi¬ 
cult process owing to the very sensitive character 
of the relation between atomic positions and X-ray 
intensities. For this reason it has been common in 
recent years to approach the structure analysis 
of complex organic compounds, not through the 
older trial and error methods, but by the direct 
calculation of Fourier series to show the electron 
density in the crystal structures. These direct 
calculations can be applied where the compound 
concerned can be obtained in the form, either of a 
heavy atom derivative or as a series of isomorphous 
derivatives differing in the weight of one atom 
present; here the conditions permit at least a 
partial deduction from the X-ray data of the phase 
angles as well as the structure factors or amplitudes 
necessary for the calculations (Robertson and 
Woodward, J, Chem. Soc., 219, (1937); 36, (1940); 
Cox and Jeffrey, Nature, 894, (1939)). But the 
direct electron density maps so obtained may be 
incomplete and are necessarily so if the molecular 
structure is itself asymmetric (Carlisle and Crow¬ 
foot, Prec. Hoy, Soc., 64 (1945)); they may 

then prove difficult to interpret. And in the mean¬ 
time trial and error methods have been greatly 
improved by the introduction of such technical aids 
as structure factor graphs (Bragg and Lipson, Z. 
KrisLy 95y 323 (1936)), and the optical diffraction 
method (Bragg, Naiurcy IdJ^y 69 (1944)), so that 
they too can now be effectively used in analyses of 
complex structures. 

These points are probably better illustrated by 
the investigation of penicillin than by any other 
crystallographic study so far carried out. At first 
no crystalline derivative of penicillin itself was 
available and work therefore began on the various 
crystalline degradation products as each in turn 
was prepared. Four main groups were studied, 
centering round the structures of penicillamine, the 
penilloaldehydes, penillamines and penillic acids. 
In each case, X-ray photographs were taken to 
characterise the different chemical individuals and 
to distinguish the products belonging to different 
penicillin scries. Molecular weight measurements 
were generally made on a few crystal structures only 
in each group. Suitable derivatives and particu¬ 


larly heavy atom derivatives were then sought for 
on which to carry out detailed X-ray analyses with 
the hope of determining in each case the basic 
chemical structures pr(\sent. But in each case the 
examination of the chemical structures by the 
usual techniques of organic chemistry rapidly out¬ 
stripped the investigation by X-ray analysis. The 
chemical structures concerned proved to be com¬ 
paratively simple and they were discovered and 
established by synthesis long b(‘fore even the meas¬ 
urements of the X-ray intensities were at all (*om- 
plete. And in the meantime, in the summer of 
1943, the salts of the different penicillins were 
themselves obtained crystalline. 

With the X-ray analysis of the structure of peni¬ 
cillin itself the situation developed differently, 
largely owing to the peculiar character of this 
structure and the difficulty involved in its synthesis. 
It proved impossible to obtain a penicillin deriva¬ 
tive having a ver}'^ heavy atom but the two 
isomorphous potassium and rubidium salts of benzyl- 
penicillin were found suitable for X-ray examination 
and were studied in detail. From the relation 
between them a number of phase angles could be 
determined, and direct but incomplete electron den¬ 
sity projections derived. At the same time X-ray 
measurements had been made on the corresponding 
sodium salt which had a different but related crystal 
structure. Here, in spite of the complexity of the 
problem, trial and error methods were successfully 
applied. This was a direct result of the introduc¬ 
tion and development during the course* of the 
research of the optical diffraction method which was 
applied to the rapid testing of trial structures. 
The correlation of the preliminary results e)n the 
three salts played a considerable part in the solu¬ 
tion of the eliffcrent eTystal structures, though each 
pmvides, in turn, an independent determination of 
the structure of penicillin. I'he positions of all the 
atoms in the crystal structures eff sodium anel potas¬ 
sium bcnzylpenicillin were found with sufficient 
accuracy to determine the essential chemical struc¬ 
ture of the molecule by the early summer 1945, and 
three-dimensional Fourier syntheses had been cal¬ 
culated for each salt before the end of that year. 
The conclusions reached are, in their final form, 
largely independent of any other evidence on the 
details of the molecular structure present in the 
crystals. 

These X-ray crystallographic researches began in 
Oxford where they were carried out principally by 
D. Crowfoot and B. W. Uogers-Low, in close col¬ 
laboration with the chemical investigation, of E. P. 
Abraham, E. Chain, W. Baker, and R. Robinson. 
The work in Oxford covered both the early exami¬ 
nation of the degradation products, the X-ray 
photography of sodium, ])otassium and rubidium 
benzylpenicillin and the detailed analysis of potas¬ 
sium and rubidium benzylpenicillin. The detailed 
analysis of sodium benzylpenicillin, involving par- 
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ticularly the use of the optical diffraction technique, 
was carried out at North wich by C. W. Bunn and A. 
Tumer-Jones in the research laboratory of I.C.I. 
Ltd*, (Alkali Division). In the meantime the use¬ 
fulness of X-ray crystallographic measurements in 
the examination of penicillin products had become 
clear, and other groups took up X-ray work on 
penicillin derivatives, notably, W, T. Astbury 
(Leeds), G. L. Clark and his collaborators (Illinois), 
and N. L. Schieltz and E. II. Melvin (NllRL). 

In the course of the entire investigation work has 
begun along many lines of crystallographic interest 
and has not been completed. This is true of a 
large part of the early research on the degradation 
products and particularly on the use of X-ray meth¬ 
ods in the identification of the different penicillin 
compounds. Certain aspects of this work, which 
were taken up later by G. L. Clark and others, will 
be reported on separately. The present report wll 
be concentrated on the X-ray crystallographic 
researches that led to the determination of the 
molecular structure of penicillin. The report 
divides naturally into two sections, The Crystallo¬ 
graphic Examination of the Degradation Products 
of Penicillini and The X-Ray Analysis of Sodium, 
Potassium and Rubidium Benzylpenicillin. These 
two sections are each complete in themselves and 
may be studied independently. 

THE CRYSTALLOGRAPHIC EXAMINATION 
OF CERTAIN DEGRADATION PRODUCTS 
OF PENICILLIN 

The way in which X-ray methods were used in 
this section of the research was determined by the 
nature of the material at our disposal and the limited 
amount of information, bearing directly on chemical 
structure, that could be extracted from it rapidly. 
The compounds were at first isolated in very small 
quantities and in far from pure condition; less than 
1 mg. might be available for crystallographic study. . 
But in so far as they were crystalline at all, crystal¬ 
lographic methods could be used for their char¬ 
acterization and to obtain some idea, at least, of the 
size of the molecules present. 

Crystallographic data as a means for identifica¬ 
tion were found most useful and reliable in dealing 
with products of low molecular weight such as 
penicillamine. They were employed here to fol¬ 
low the course of chemical experiments that could be 
carried out only on a small scale, by checking the 
identity or otherwise of products obtained by dif¬ 
ferent hydrolytic processes, for example, while these 
products were yet unpurified. They were also used 
in distinguishing compounds belonging to the dif¬ 
ferent penicillin series. The chief difficulties that 
arise are due to the fact that these data identify 
a crystalline phase, not a chemical individual. 
They are affected, therefore, by polymorphism and 
solvent complexes, which are most common among 
the higher molecular weight compounds; here, in 


addition a particular crystalline phase may be 
somewhat modified by the existence of impurities 
within the lattice and even by speed of crystal¬ 
lization. Difficulties due to these causes did not 
however greatly affect the early work on the deg¬ 
radation products. They became more serious 
with the extensive examination of the different 
penicillins and will be more fully discussed else¬ 
where (Chapter XII). 

For identification work only, powder photographs 
are often sufficient, and may be taken of micro¬ 
crystalline material in a quite impure state. But 
for the determination of molecular weights, the 
preparations should be obtainable in the form of 
crystals large enougli for single crystal measure¬ 
ments and sufficiently separated from impurities 
for these not to interfere either with the measure¬ 
ment of crystal density or the accurate chemical 
analysis, particularly of solvent of crystallization 
if present. In the early stages of the examination 
of the degradation products, these conditions were 
far from being fulfilled; here the crystallographic 
data could give no more than a rough idea of the 
molecular size. 

From the preliminaiy X-ray data obtained a 
number of suggestions as to the size and shape of the 
chemical molecules in the different crystals ex¬ 
amined were put forward. It cannot be claimed 
that these suggestions played any great part in 
determining the details of the (ffiemical structures. 
In no case was a full X-ray analysis of one of the 
degradation products carried out, and the con¬ 
clusions that can be reached without such an analy¬ 
sis are necessarily tentative in character. There is, 
however, a certain interest in reviewing the sug¬ 
gestions made early in the investigation in relation 
to the structures later established, since their 
reliability or otherwise can now be estimated. 

The relation of the compounds studied to each 
other and to the central problem of the structure of 
penicillin is shown in the flow sheet on p. 313. 

Penicillamine Group, The first member of this 
group, penicillamine hydrochloride, was much the 
most difficult compound to handle encountered in 
the whole penicillin investigation. Its examination 
illustrates many of the problems of this part of the 
X-ray research and will be described in some detail. 

When first isolated, penicillamine hydrochloride 
consisted of 1 or 2 mg, very fine, fragile, lath shaped 
crystals immersed in viscous mother liquor on a 
watch glass. It was the difficulty of separating 
these crystals individually for single crystal 
photography that led to their characterization for 
routine purposes by powder photographs. These 
photographs were easily obtained from a semi-solid 
drop, about the size of a pin^s head, removed from 
the preparation onto a glass fibre, and they were 
used to establish the identity of penicillamine hydro¬ 
chloride preparations obtained in different ways 
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Flow sheet. The chemical relations between the first series of degradation pn>diicts of penicillin studied 
or 3 rBtaUographically. 


while these preparations were quite impure. 
(Crowfoot and Low, Pen., 85; Catch, Cook, and 
Heilbron, Pen., 99). 

X-ray photography of a single crystal of penicill¬ 
amine hydrochloride was achieved by drawing a 
small portion of crjrstals and gum into a fine Linde- 
mann glass capillary and dispersing the fluid a little 


with a glass fibre to scatter the crystals on the siuv 
face of the tube. The tube was then sealed and 
X-ray photographs taken of a crystal which hap¬ 
pened to be sufficiently isolated from its neighbours, 
the axis of rotation being the crystallographic b 
axis. The density determination presented an 
even greater problem. An attempt was made to 
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estimate this by flotation in drops of liquid of 
known density prepared by mixing benzene and 
a-bromonapthaleiie, movement of the crystals 
in the liquid being observed under the microscope 
(Chalmers and Crowfoot, Biochem. J., 55, 1270 
(1941)), but it was obvious at the time that the 
measurement could not be at all exact. Actually, 
later comparison with data obtained on a pure 
synthetic sample of penicillamine hydrochloride 
showed that the unit cell dimensions measured 
were not far from the truth, but the density meas¬ 
urement was much too high, rather than too low as 
suggested at the time {Pcn.^ 85), probably owing 
to the crystals sti(‘king to the slide more than was 
allowed for. Accordingly the molecular weight 
estimated from the early figure, 225 ±12 was also 
too high for the correct chemical formula, (\llnO 2 
NS HCMiaO. In Table I the corrected tigures are 
recorded. 

The first attempt at a molecular weight deter¬ 
mination on penicillamine hydrochloride, though 
made at a far too early stage for any accurate result 
to be achieved, had at the time some value in 
indicating that penicillamine constituted a rela¬ 
tively small fragment of the penicillin molecule. 
Its order of magnitude was, from the crystallographic 
side, more closely established by measurements on 
penicillaminic acid and its copper salt and on the 
isopropylidene derivative obtained from it by the 
action of acetone. Crystals of these derivatives 
were all much more easily obtained pure and of 
reasonable size; and further the crystallographic 
molecular weight measurements could be correlated 
with good analytical data, including direct estimates 
of solvent of ciystallisation (Table I). As a 
result, the basic formula, C 6 H 11 O 2 N 8 for penicill¬ 
amine was established. 

One interesting case occurred in the course of 
experiments on the preparation of derivatives more 
suitable than the hydrochloride for the estimation 
of the size of penicillamine. An attempt was made 
to prepare an acetyl derivative by the action of 
ketene on penicillamine and a very small quantity of 
nicely crystalline material was obtained (Abraham, 
Baker, Chain, and Robinson, Pen,, 79), The X-ray 
molecular weight measurement {Pen,, 86) showed 
however that some breakdown of the molecule 
must have occurred and the product was later found 
to be a-acetamido-/3,/il-dimethyI-acrylic acid (Bent¬ 
ley, Catch, Cook, Elvidge, Hall, and ileilbron. 
Pen,, 114)y (molecular weight, calculated 157: 
measured, 165± about 8 ). 

Some limitation on the size and shape of the 
different molecules present in the crystals is imposed 
by the data re(*orded in Table I. The indications 
were clearest in the case of penicillaminic acid. 
Here correlation of the unit cell dimensions with the 
crystal optics showed that the molecule must be 
relatively short, probably of the order of 8 A long 
(Pen,, 85), This indication alone rendered im¬ 


probable all ten of the formulae listed by Abraham, 
Baker, (liain, and Robinson {Pen,, 91), but proves 
to agree well with the structure established by 
synthesis for this acid. The calculated length of 
the molecule, 

(CH 3 ) 2 r —cu coon 

I I 

SO 3 H NII 2 

is of the order of 8.7 A. 

For detailed X-ray analysis, the copper salt of 
penicillaminic acid tetrahydrat(* was chosen. A 
large number of the intensities of X-ray reflections 
were measured and Patterson projections calculated. 
But it is clear now that the X-ray analysis of this 
salt would be difficult, ev(m witli a knowledge of its 
chemical structure, and since its stru(*ture was 
established by synthesis (Abraham, Baker, Chain, 
Robinson, Cornforth, and Cornforth, Pen,, 100), 
this analysis was discontinued. 

In the comparison of the natural and synthetic 
deri\atives of penicillamine necessary to establish 
their identity, X-ray photographs were again used, 
and are illustrated hi Plate I. In all caries the 
DL synthetic products were examiiUHl prior to 
resolution in case any rniglit prove to be dl mix¬ 
tures which could b(‘ diit'ctly identified crystallo- 
graphically with the natural n components. In 
fact they all were ra(‘emat('s, differing often widely 
from the optically active compounds with which 
they could not be directly identified ((Towfoot and 
Low, Pen,, 101), 

In this series, relatively little difficulty was ex- 
I)erienced with crystallographic identification either 
from solvent coniplexe»s or polymorphism. Minor 
complications were caused by the fact that the 
copper salt of D-penicillaminic acid crystallizes 
as a deep blue dihydrate from hot water and a pale 
blue tetrahydrate at lower temperatures, and also 
by a certain slowness in the decomposition of iso¬ 
propylidene penicillamine to penicillamine which 
was first detected from the X-ray data. An inter¬ 
esting commentary on the advantages and limita¬ 
tions of X-ray data is indeed provided by an earlier 
experience with this reaction. One early sample of 
reputed penicillamine hydrochloride gave X-ray 
powder lines which could not at the time be identified. 
It was not until months later that it was realized 
that this sample had been crystallized in the 
presence of acetone and that the lines were those 
of the subsequently prepared isopropylidene peni¬ 
cillamine hydrochloride. 

Penilloaldehyde Group. In the penilloaldehyde 
group the structural problem divides into two parts, 
the character of the basic skeleton as a substituted 
aminoacetaldehyde and the nature of the different 
side chains. The X-ray work concentrated first 
on derivatives of 2 -pentenylpenilloaldehyde but 
was later found very useful in distinguishing mem¬ 
bers of the different penicillin series. Particularly 
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the 2,4-dinitrophenylhydrazones of the different 
aldehydes are easy to distinguish crystallography 
cally as Table II and Plate II illustrate (Crowfoot 
and Low, Pm., 112\ cf. Chapter XII). 

The molecular weight of 2-pontenylpcnilloalde- 
hyde was first estimated from measurements on four 
derivatives, the 2,4-dinitrophcnylhydrazone, the 
dimedone compound and the acid derived by oxida¬ 
tion, N-3-hexenoylglycine and its barium salt. 
Measurements were least accurate on the plicnyl- 
hydrazone, since the first crystals obtained were 
small and gave photographs with relatively few 
reflections. But as Table II shows, the X-ray data, 
taken together, provided strong support for the 
formula C%Hi802N for the parent aldehyde (Abra¬ 
ham, Baker, Chain and Robinson, Pm., 97; 
Crowfoot and Low, Pm., 98; 10^). 

The further degradation products of the penil- 
loaldehydes were identified by crystallographic 
means. These included particularly glycine, identi¬ 
fied as glycine hydrochloride and the p-bromophen- 
acyl ester of normal caproic acid (Crowfoot and 
Low, Pm., 112), The synthesis of the correct 
n-caproyl and A^-n-hexenoyl-aminoacetaldehydes 
were checked by powder photographs of the 2,4-di- 
nit rophenylhydrazones and also of the correspond¬ 
ing penilloic acids and their barium salts. Here a 
first example was encountered of a difficulty that 
recurs. The barium salts are so similar, since they 
are isomorphous, that they can hardly be used for 
distinguishing the saturated from the unsaturated 
series. In the phenylhydrazones of the two 
series, crystallographic changes occur between the 
saturated and unsaturatod compounds, and the 
differences, even in powder photographs, are conse¬ 
quently well marked. 

From the crystallographic side, on the other hand, 
the 2,4-dinitrophcnylhydrazone and dimedone de¬ 
rivatives were far too complex a type of derivative 
to give any indication as to the possible structure 
of the aldehyde; the evidence is much clearer from 
the N-acylglycines and their barium salts. Both 
types of crystal structures contained glide planes 
of symmetry, which indicated directly that no 
asymmetric centre was present. Both had char¬ 
acteristics suggesting the presence of chain mole¬ 
cules, and these indications were particularly clear 
in the case of the barium salt, which had been pre¬ 
pared with a view to detailed X-ray analysis. The 
crystals are plates, with the greatest refractive 
index ( 7 ) normal to the plane of the plate, parallel 
to the long c axis, 48.4 A. From these data and 
the symmetry conditions the unit cell length must 
be divided between four of the units Baj^ C 8 H 12 O 8 N 
and this division gives as lengths of the unit, 
12-14 A, allowing for possible chain slanting across 
the diagonal of the unit cell (Fig. 1). Here a 
misinterpretation of the evidence occurred, which 
is given in Pm., I04* Based on the idea that the 
barium ion and carboxyl group would be placed 


end to end in the crystal structure, the suggestion 
was made that it was unlikely that the chain in the 
acylglyeine was quite straight. This conclusion 
was checked and corrected very rapidly by jnaking 
use of the presence of the heavy barium ion in the 
crystal, the position of which could be found directly 
from the X-ray intensities. A first approximate 
electron density projection on (100) was formed 


chain niolcfules with 
differjiig X parainOcn 

* O •*>*>*• V'Hh diHrring 

X paraiucicrs 

Figun' 1. Unit cell of ban\im 3-hexenoylglycine. Dia¬ 
gram of possible method of packing chain molecules. 

using signs based on the barium ion positions alone 
(Fig. 2). This, though very crude, does appear 
to show the general lie of the chains in the unit 
cell. It also proves, that the barium ions are placed, 
as ought indeed to have been anticipated, between 
the carboxyl groups of two neighbouring carbon 
chains in the direction of their thickness. The 
hydrocarbon part of the chain is, in fact, unbranched. 

This electron density projection is much too 
rough to be considered as substantial evidence for 
the structure of 2-pentenylpenilloaldehyde. But 
the X-ray data do bear on one minor detail, the 
stereochemical configuration at the double bond. 
From the general form of the pattern it seems cer¬ 
tain that this is trans, a conclusion which is in 
agreement with the very close similarity, mentioned 
above, that exists between 3-hexenoylglycine and 
n-eaproylglycine and also between their two barium 
salts. 

Penillamines. The first penillamine preparation 
examined was very similar to penicillamine hydro¬ 
chloride in general characteristics. It was crystal- 
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lized from water and consisted of fragile, lath 
shaped crystals, principally of 2-pentcnylpenill- 
amine hydrochloride, immersed in viscous mother 
liquor Powder photographs rvere easily taken and 
were rtsed, both to drstrnguish the material rapidly 
from penicillamine and to pro\e the identity of the 
comp(runds isolated trom penillic acid and from 
penicrilm. Hut stngle crjstal photographs could 



• atoms at jc 


O Atoms at \ 1^ 

Figure 2 Barium 3-hexenoyIglyoino Very approximate 
projection of electron density on the a plane One method 
of placing the atoms of the hexenoylglycine chain is shown 
sketched over the electron density contours 

only be taken of a crystal which accidentally pro¬ 
jected from a lump of material and only a very 
approximate value for the density could at first 
be recorded (Crowfoot and Low, Pen., 85). The 
molecular weight derived from the early measure¬ 
ments was of interest only as showing that penill- 
amine included a much larger fragment of the 
penicillin molecule than penicillamine (cf. Chapter 
II). 

Later examination of purified material estab¬ 
lished the fact that 2-pentenylpenillamine crystal¬ 
lizes in two forms: A, probably hydrated, from water 
and B, anhydrous, from acetone (Crowfoot, Low 
and Schmidt, Pen., 117, 2). The two forms are 
easily distinguished by optical and morphological 
measurements under the microscope. The second 
modification is very similar indeed to the cor¬ 
responding crystals of n-amylpenillamine hydro¬ 


chloride and benzylpenillamine hydrochloride, 
which arc all nearly isomorphous; powder photo¬ 
graphs of the 2-pentenyl and n-amyl compounds are 
almost indistinguishable. It secerns likely that all 
three compounds form mixed crystals; it is notice¬ 
able that the eell dimensions of the 2-pentenyl 
compound, form A, recorded in Table III differ 
somewhat from those first given (Crowfoot and 
Low, Pen., 05), and this may be due to the presence 
of some benzylpenillamine in the early sample. 

No significant information on the penillamine 
structure could be extracted from the early X-ray 
measurements, but during the final comparison of 
natural and synthetic preparations, one observa¬ 
tion of some crystallographic interest was made 
(Crowfoot, Low, and Schmidt, CPS, 53) As in the 
case of penicillamine, the natural pcmllammes are 
optically active, and both dl and d synthetic 
compounds were examined. Here the dl prepara¬ 
tions are again racemic compounds but in crystal 
striK^ture they are very closely related to the 
optically active forms The crystal unit cell of 
the racemic compound consists essentially of the 
unit cell of a d crystal and of an l crystal placed edge 
to edge and related to one another by a glide or 
pseudo glide plane of symmetry (Fig. 3). As a 
result both the cell dimensions and the intensities 
of certain typos of X-ray reflections, (hOl), of the d 
and DL crystals arc closely similar, as shown in 
Table III and Plate III. It w^as possible, therefore, 
to conclude that essentially the correct penillamine 
structure had been crystallized before the synthetic 
compound was lesolved and truly identical com¬ 
pounds secured. 

Penillic Acids. All the penillic acids so far 
examined arc ciystallographically very similar, so 
much so that certain features in the X-ray patterns 
might be taken as diagnostic for the presence of a 
penillic acid. But t he data now recorded arc not in 
an altogether satisfactory state for distinguishing 
different penillic acids. This is a consequence of the 
impure condition of many of the preparations 
examined, combined with the varieties of crystal¬ 
lographic behaviour possible among penillic acids. 
Confusion arises from the appearance of series of 
hydrates, of mixed crystal formation and crystal 
complexes, the stability of which may be affected 
by the purity of the preparation. More observa¬ 
tions on preparations of high analytical purity are 
needed to clarify many of the recorded observations 
on different penillic acid samples, and these should 
be easily obtained now that benzylpenillic acid hafi 
been synthesized (Merck, M.50, 1). 

Table IV shows the single crystal data that have 
been collected on penillic acids. The analytical 
status of the different preparations listed, however, 
varies considerably. 

2-PENTENyLPKNiLLic AciD was first examined 
in Oxford (Crowfoot and Low, Pen., 86) as a crystaL 
line hydrate prepared by Duffin and Smith (Pen., 
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81). There is every indication that this prepara^ which preparations reputed to be mainly 2-pen- 
tion was of high analytical purity and that the X-ray tenylpenillic acid have been observed to crystallize, 
data obtained from it may be taken as diagnostic The second variety was called at first ‘‘penicil- 
for the presence of 2-pentenylpcnillic acid. The linic’^ acid and will be named, for reference, 
crystals were relatively large (up to 1 mm. across), /3-penillic acid. It consists of well formed triclinic 
were quite clear, and gave beautiful X-ray photo- crystals, also hydrated, which lose solvent rather 



(^) (b) 




—-.— ■■■ M i molecules at about y (above) or z (below) 

moleculcs at aboiit v + H (above) 

Figure 3, The relation between racemic and optically active penillamines. Unit cells of (a) D-n-amylpcnillainine and 
(b) DL-?i-ainylpenillamine. 


graphs, one of which is shown in Plate IV. The 
density could be accurately measured by flotation 
and the solvent content of the crystals (1)^^ H 2 O) 
was checked both by direct estimation of solvent 
loss on drying and by chemical analysis of the 
hydrated crystals. The clear evidence that the 
molecular formula of this penillic acid contained 
14 carbon atoms assisted in distinguishing the two 
main penicillin series. But at the same time a 
second penillic acid preparation was obtained at 
Oxford which was crystallographically distinct from 
the first, and there are in addition, other forms in 


easily. No interchange between this and the first 
form, 2-pentenylpenillic acid 1 H 2 O, was observed 
on seeding solutions of one with the other, and they 
appear not to be strictly polymorphic. The tri¬ 
clinic variety was however obtained when some of 
the original 2-pentenylpeniUic acid H 2 O was 
recrystallized in the presence of benzylpenillic 
acid and it has also been observed in preparations of 
2-pentenylpcnillic acid which have been at. least 
partly separated from benzylpenillic acid (Astbury, 
private communication). It seems likely that it 
does contain some benzylpenillic acid as well as 
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2-pcntenylpcniJlic acid, but probably not in equi- 
molecular proportions. The molecular weight esti¬ 
mation, which gives a figure rather high for pure 
2-pentenylpenillic acid, supports this view. 

In adflition Astbiiry has observ^ed the powder pat¬ 
tern of an anhydrous form and also of a second, 
probably hydrated, variety, both of which change on 
recrystallization of the specimen from water into the 
pattern of 2-pentenylpenillic acid, 132 H 2 O. Schielt z 
and Melvin (private communication) record diffi¬ 
culty in distinguishing benzyl and 2-pentenylpcnillic 
acids. This suggests that 2-pentenylpeniIIic acid 
may also crystallize in a form similar to that of 
benzylpenillic acid under certain conditions, and 
a crystal having this character was recorded in an 
early impure preparation of 2-pentenylpenillic acid 
at ()xford (“Penillic X Acid,’^ Crowfoot and Low, 
Pen., 85; Crowfoot, Low, and Schmidt, Pen., 117), 
The hydrate is easily distinguished from the 


usual variety of benzylpenillic acid. 

n-AMYLPENiLLic AciD lias been recorded only in 
an anhydrous form. This was first observed in a 
preparation isolated from aspergillus giganteus by 
Mrs. F. J. Philpot, ‘^gigantic acid^^ {Nature^ 152, 
725 (1943)), and its identity later established by the 
examination of dihydropentenylpenillic acid from 
hydrogenated penicillin (Catch, Cook, Elvidge, 
Hall, and Heilbron, Pen,, 99). The crystals exam¬ 
ined were very small and the recorded data are 
probably not very accurate. 

Benzyx.penilljc Acid, in all the samples exam¬ 
ined, crystallized in an orthorhombic anhydrous 
form. So far all samples of p-hydroxybenzylpen- 
ILUC ACID investigated (Crowfoot, Low, and Schmidt, 
CPS, 53; Schieltz, NRRL, private communication) 
have been practically indistinguishable from benzyl¬ 
penillic acid. DilTerenc(‘s in the intensities of a 
few X-ray reflections Avere observed in single 


Figure 4a. 



Crystals, as seen in the microscope, of 2-pentenylponillic acid, 



fCD'”’ 

/3-penillic acid and a /5-penillic acid twin. 




Figure 4b. Diagram to show related ways of packing molecules in the crystal unit cells of 2-pentenylpenillic acid, 1 HjO, 
/9-penillic acid and a /9Upenillic acid twin (reproduced from Pm. 86), 
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crystal photographs of benzylpenillic acid (Merck 
and LC.1.) and p-hydroxybenzylpenillic acid (Ileil- 
bron and Cook) but these were too small to be used 
for diagnostic purposes without further work. 

Gigantic II Acid. The only evidence for the 
existence of this acid is X-ray evidence. In addi¬ 
tion to the lines of n-amylpenillic acid, which is the 
major component, X-ray ‘^singlecrystal photo¬ 
graphs of the penillic-like acids isolated from asper- 
gillus giganteus show lines suggesting the presence 
of a higher molecular weight acid, which forms layer 
.growths on the crystals of the main component. 
A rough calculation suggests that the molecular 
weight of this acid is about 3(50. 

Iso-2-pbntenylpenillic Acid is very similar 
crystallographically to 2-pentenylpenilIic acid, al¬ 
though the thiazolidine ring here is opened. 
(Abraham, Baker, Chain, and Robinson, 11; 

C>owfoot and Low, CPS, 5S), This n'lation is 
probably to be associated with the ver}^ similar 
relative positions of the carboxyl groups in the two 
molecules, which almost certainly determine the 
packing of the molecules in the crystals. 


From the first X-ray measurements on 2-pen1 enyl- 
penillic acid, an attempt was made to assign molec¬ 
ular dimensions to the molecules present, w''hich 
prove<l substantially correct. The crystal struc¬ 
ture of 2-pentenylpemllic acid II 2 O is closely 
related to that of the triclinic complex, ^S-penillic 
acid. It was suggested (Crowfoot and Low', Pm., 
85) that this relation could be easily accounted for if 
the moh'cule occupied a space in the cry.stals 
roughly 5.9 X 7.7 X 9.3 A (Fig. ‘1). Shortly after- 
wwds, when the present accepted structure for 
penillic acid w'as put torwwd, it was possible to see 
that this structure agreed w^ell with the indica¬ 
tions from the X-ray data. But it was clear that 
the detailed X-ray analysis of penillic acid would 
bo difficult and the structure was left aside to be 
established by synthesis. 

In the meantime penicillin itself was obtained 
crystalline, first in the form of sodium benzyl- 
penicillin. Before the structures of the different 
degradation products w'^ere completely established 
therefore, crystallographic interest shifted to the 
X-ray analysis of the penicillin salts. 


TABLE I 


Ponicillamine groups 

a 

b 

c 


p 

Space* group 

-] 

n 

Optl(*8 

Morphology 

D-Penicillaminic acid 

6 22 

8 09 

' 

8 00 

92 

1 59 * 

P2, 

2 

y 11 

a nearly || c 

Plates |001 ( or 
11011, elongated 
along 1010] 

Copper D-penicillaminate 4HsO 

6 61 

9 78 

9 65 

95*^ 

1 786 

P2, 

2 


Pale blue platea 
{0011 tending to 
be elongated 
along [010] 

Copper D-penicillaminate 2 H 2 O 

11 35 

9 37 

9 95 



P2,2,2, 

4 


Blue needles 1101) 
elongated along 
[010] 

Copper DL-penicillaminate. 

i 

9.721 

11 19 

12 12 

90** 


A a 

4 

« II ^ II b, 
T II a 

Blue needles or 
plates, 1 011 1, 
elongated along 
[100] 

D-Penicillamine HCl H 2 O. 

6 85 

6 08i 

12 20 

103 6' 

1 360 

P2i 

2 

— 

Laths (001) elon¬ 
gated along [010] 

DL-Penicillamine HCl HsO. 

7.56 

11 20 

12 43 

94° 

1 278 

P2,/a 

4 

3 II h; 7 II a| 
“ II 

4»l|b 

Thick plates |0011 

iBOpropylidene-D-penicillamine HCl.. 

9.06 

9.15 

14.30 

— 

1 327 

P2i2,2, 

4 

Prisms jlOll and 
small 10011, elon¬ 
gated along [010] 

Isopropylidene-DL-penicillamine H Cl 

10 82 

10 28 

24 0 

98° 

1 


12 /a 

8 

^l|b 

a 6° from a 

Plates 1001}, 
bounded by 11111 
elongated along 
[100] 

«-Acetamido-/3,jl5-dimethylacrylic acid 

8.40 

6.05 

16 5 

104° 

1 35 

P2i/a 

4 

P lib 

7 ±(001) 

Plates t 001], 
bounded by 

lion, mil 


^ MoUeitlaT weight e«t%mat%ona. 

D-Penioillsminio acid. M found 10410; calculated for CftHiiSOtN, 107. 

Copper D'penioillamlnate 4HtO. M found 335 ± 7; calculated for C*H«0iSN0u‘4H«0. 331. 

D-Penicillamino HCl. The first calculated molecular weight, 225 ± 12, {Pen., 86) was much too high since it was based on the erroneous density. 
1,46, measured on the original impure sample. From the above figures M found «*> 202; calculated for CiIliiOsNSUICl ILO, 203.5. 

Isopropylidene o-ponioillamine HCl. M found 238 ±S; calculated for CaHiiOsSN*HCl*HsO, 243. 
ct-Acetamido>^.^-dimethylaoryUc acid. M found 165±8; calculated for CtHhOiN, 157. 

The molecular weight, M, recorded from the X-ray data is here that of the crystallographic asymmetric unit which, in all these cases, corre- 
•pondt to the ehemical unit. 

8oUre$a c/mofsnalt. All the specimens examined, both synthetic and from natural sources were those prepared by Abraham et al. (Chapter 11). 
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TABLE II 


Penilloaldehyde group* 

a 

b 

c 

/3 

p 

Space 

group 

n 

Optics 

Morphology 

1 . 2-Pcntcnylpcnilloaldchydc dimcdone com¬ 
pound. 

9.48 

18.20 


93° 

1.171 

P2,/a 

4 

a 11 b and 
approx. 

II a, -y II 0 


2. 2 -Pentenylpenilloaldehyde 2,4-dinitro- 
plicnylhydrazone. 


4.83 

19.50 



C2 

8 

Yellow laths, 
jOOl 1 , elongated 
along [ 010 ] 

3. n-Amylpenilloaldehyde 2,4-dinitrophenyI- 
bydrazone. 

17.60 

4.87 

19.71 

94.6° 


Pa or 
P2i/a 

4 

/»l|b 

Y 11 0 w laths, 
{001 1 , elongated 
along [0101 

4. 3-Hoxenoylglycine. 

14.02 

11.62 


■ 

1.186 

l^i/a 


<»l|b 

y nearly || a 


6 . Barium 3-hexenoylglycinc. 

9.23 

8.9 

48.4 

— 

1.636 

Pbca 


a lib 

(9 II a. 7 II c 


6, Barium n-caproylglycine. 

9.10 

8.93 

50.3 



Pbca 

8 

«llb 
/3 11 a 

7 lie 



i Molecular weight eetimationa. 

2- PeutonylpeniUoaldohyde diraedono compound. M found 423 i tt; calculated for CitllsiOi’CsHtaNO. 417. 

2>Pontenylponilloaldehydo 2.4-dinit-rophenylhydra*one. The original measuremeiitB were very approximate and gave a figure of the order 
of 345, OMuming 2 moleculea in the OByrnmctric unit; compart) 335, calculated for CaOtNilit CsHuNO. 

3- Hexenoylg]ycine. Aaeuming 2 molecules in the asymmetric unit, M found >-* 17G ± about lU. compare 171 for CtlliiOaN. (The presence 
of 2 molecules in the asymmetric unit would ho expected hero, due to association through hydrogen bonds between the carboxyl groups.) 

Barium 3-hcxenoylglycine. M found 490 i about 15; calculated for BaCCsHisOtN)!, 477 or for Ba(CBHitOsN)aUtO, 495. 

Source* of specimen*. Both natural and synthetic specimens of 2, 3, 4, 5, and 6, prepared by Abraham et al.. were examined, and in addition, 
natural and synthetic samples of 3, prepared by iloilbron, Cook et al. (Pen., /OP, liO), The only specimen of 1 investigated was prepared from 
the aldehyde from natural sources by Abraham et al. (Pen., 07). 


TABLE III 


PenLllamine groups* 

a 

■ 

fl 

8 

P 

Space 

group 

n 

Optics 

Morphology 

1. D-2-Pcntenylpcnillaniine H 3 O, IICl, A. 

15.25 

11.05 

11.08 

115° 

1.250 

I’ 2 , 

2 

X2 

7l|b 

a nearly X 
( 100 ) 

Needles |00l), |100|, 

11011, eIonKute<i along 
10101 

2. D-2-Pentenylpenillamine IlCl, B. 

8.76 

9.90 

10.47 

113.5° 

1.240 

K, 

2 

«l|b 

7 nearly ± 
( 001 ) 

Laths 1001), elongated 
along [ 010 ] 

3. D-n-Amylpenillamine HCl. 

8,65 

10.00 

10.64 

114.5° 

1.245 

P2, 

2 

^l|b 

Thick needles, [ 100), 
1001 ), 1101 ), elon¬ 
gated along [ 010 ] 

4. DL-n-Amylpcnillaminc IlCl. 

17.18 

10.10 

10.70 

118° 

1.240 

r 2 ,/a 

4 

/S||b 

Plates, tending to don- 
gate along [ 010 ] 

6 . D-Benzylpcnillamino IlCl. 

8.55 

10.27 

10.50 

116° 

1.240 

P 2 . 

2 

«l|b 

7 nearly X 
( 001 ) 

Laths 1001 1 , elongated 
along [ 010 ] 

6 . DL-Benzylpcnillamine H(>1. 

17.10 

10.27 

10.75 

118° 


P2. 

paeudo 

1 ’ 2 ,/a 

4 




^Molecular weight estimation*. 

2*Pontenylpenillamine. The early molecular weight estimation based on 2>pentonylponillanune HC1‘H»0*A. was very approximate, though 
the figure given, 318 (assuming 2 moleculoe in the asymmetric unit) agrees well with the later value, 321 ±9 and with the value 822.5 calculated 
for CiaHasOjNiS'HCMltO. For 2-pontenylpenillamino hydrochloride B, M found is 312 ± 10, calculated for CuHt«0«Nt8*HCl, 804.5. 
n-Amylpenillamine hydrochloride. M found, 315 ± 10; oaloulated for CuHsiOaNjS'HCl, 306.5. 

Soares* of preparations. 

1. Firet sample prepared by Abranam et al. (P«n., 7P), later sample by reorystallisation of (2) from water. 

2. Sample prepared by Duffin and Smith (Pir„ 86), reorystalUsed from acetone and ether. 

3. 4, 5 and 6. These were prepared by Heil^ .ron. Cook et al. iCP8, 30; S18). Both natural and synthetic samplee of (3) were examined. 
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TABLE IV 


Peuillic acids* 

a 

b 

c 

5 

P 

Space 

grouf) 

n 

Optics 

Morphology 

1 . n-Amylpenillic acid 

13 78 

5 98 

18 50 

_ 

1 31 

P2|2,2, 

4 

OL l| 1) 

Plates (0011 elongated 








7 t a 

along |010| 









a i|c 


2 2-Pentenylpenillic acid l^IhO 

15 45 

5 88 

18 70 

— 

1 295 

P2,22, 

4 

a 1 b 

i Platts lOOlj bounded 









7 II a 

by 1111}, 11011 ,1 Ion- 









8 i' c 

gated along |0101 

3. Benzylpenilhc acid 

15 91 

5 81 

16 97 

— 

1 43 

P2i2i2, 

4 

a 1 1) 

Plates either 1001 j or 








7 a 

1 lOOj eIongat(*d along 









5 il c 

lOlOl 

4 /3-Penillic acid (benzyl and 

15 1)6 

5 97 

11 51 


1 31 

P 1 

2 

a ni'arly | b 

Laths or needles | 0011 

2 -pcntenylpcnillic acids) 



(do(i 

18124° 





oi |100), elongated 




9 37) 

791 ° 





along 10101 

6 . p-IIydroxybenzylpenilhc acid 

15 76 

5 80 

16 98 

— 

1 495 

P2i2,2i 

4 

a II b 

Laths, elongated along 









a 

1010 ) 









7 i' C- 


6 Iso-2-pentenylppnillic acid 

14 33 

6 49 

17 20 

— 

1 321 

P2i2,2, 

1 

« 1 (• 

8 i\ Bided plates {001 |, 









dll b 

bounded by 11111, 









7 *1 a 

1101 }, tending to 
elongate along [010| 

7 “Gigantic-II” acid 

14 4 J 

5 98 

21 4 

- 



- 

- 

Lavtr growth on 





1 





n-aniylpenillic and 

8 2-Pcntenv Ipcnillic acid ^ 

15 4 : 

5 9 

15 9 


- 

— 

— 


Layer growth on 










2 -pen tenylpenillic 
acid 

9 Ben75 Ipcnillic and ? 

15 4 ( 

:> 42 

17 5 

— 


1 

- 

- 

Plates (0011 

(K< inble Bishop) 








1 



* Molecular U(\uht f ^ttmaftonn 

n AmylpemllK bokI M found 301 approx , calculated foi CuHjjOjNiS, 314 

2 P(*nt«n\lpeiullu acid, M found 334±7, calculated for CmHmOiNjS 339 AnaUlical data (.Duflin and Hnuth, Pen SI) 

on Bpedrnen a), 1 Diud in nir C 49 2 , 49 4, li 6 85, 6 84, HaO 8.0%, cakulatod fur C 14 II 20 O 4 N 3 S C 49 5 II 6 8 , lIjO 8 0% 2 Dried w 

•ocuo at lOi)^* C 31 8 53 9, 11 0 7 0 7 calculated for CuHaoOiNaS, C 53 8, H (> 45% 

Bcn/vlpenillu acid M found 339 apptox , calculated for Ci«Hii04N2S 334 

fl Penillu icid M found 3)3 + 12, ooiripure the valuea 330 calculated for CuIIaoOiN S H 2 O and 352 calculated for CitHnOiNjS H»0 

lNO-2-peritenvIpcnillic acid M found 318 ±7, compare M calculated for C ullsoOiNjh, 312 

Sourere of preparattone 

1 Two samples a) piepared Mrs F J Pliilpot from aspergilliin giganteus b) prepared from hvdroRen%ited 2-pentonvlperiKillin by Catch 
Ot al (Pen 00) 

2 Mum sample prepared b^ Dufhn and Smith (sec abovi) later also bv Abraham et al 

3 Mum Naniple prepared b\ M< tt k and sent to Dr W 1 Astburv, later compared with samples from I C I Ltd ( *Y” 1249) and Kemble 
Bishop (MjM 4 ) (.Pen ,117, CPS,n$) 

4 hirst prepared b\ Abrahim «t al (/Vn 79 b>7) Later found by Astbiiry and by Crowfoot and Low m prejlaration from IC I strain 
1249 X 

.5 * Ponillic-III acitl” prepan d b> Catch C<Jok liulbron (CPS,B$) 

6 Samples prepared by Abrahiim it al (CPS 11) 

7 Observed in sample of pi mlln a< ids ftom aspcrgillus giganteus prepared by Mrs. F. J. Philpot 

8 Larly preparation of 2>pHnten\Ipenilhi and b\ Abraham ct al (Pen ,85), 

9 Single crystals in penilln a< id proparc'd by Kemble Bishop (1943) 


THE X-RAY ANALYSIS OF THE STRUCTURES OF 
SODIUM, POTASSIUM AND RUBIDIUM BENZYLPENICILLIN 


The Crystallization of the Salts of Penicillin. 

The first preparp^tions of penicillin to be examined 
by X-ray methods in 1942 were neither er 5 ^stallinc 
nor pure (Crowfoot and Low, Pen., 85), They con¬ 
sisted of thin yellow flakes of the barium salt, prob¬ 
ably of 2-pentenylpenicillin, of activity varying 
between 600 and 1,000 units per mg., and the 
fact that this salt was both stable and contained a 
heavy metal made it appear, at first sight, an at¬ 
tractive subject for X-ray investigation. IIowever, 
all attempts to obtain the barium salt in a crystal¬ 
line form proved unsuccessful, and it was not until 
the sodium salt of benzylpenicillin was crystallized 
in the Squibb Institute in July 1943 that serious 


X-ray analytical work on the molecular structure 
of penicillin became possible. 

News in Oxford of this crystallisation was fol¬ 
lowed immediately by attempts to prepare crystals 
of a variety of penicillin salts and particularly of a 
series of alkali metal salts which it was hoped might 
prove crystallographically isomorphous (Abraham, 
Baker, Chain and Robinson, Pm., 94), The 
first crystals observed were obtained very easily by 
exposing a dried sample of the sodium salt prepared 
by Abraham and Chain on a microscope slide 
(Crowfoot and Low, Pm., 96), The preparation 
rapidly took up moisture, forming small drops which 
crystallized in solid masses in the course of the day. 
A single crystal was immediately removed from the 
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preparation, X-ray photographed and the unit cell 
dimensions determined. The results of these 
early experiments were, however, disappointing. 
The crystals of the sodium salt were small and frag¬ 
ile and very ditficult to handle and the crystals 
of the other salts examined, rubidium and caesium, 
were even worse. The caesium salt preparation, 
indeed, was liquid crystalline rather than crystalline. 
It was also clear that the crystal stnicture of the 
sodium salt was of a complex type which it would 
prove extremely difficult to interpret in detail. 

Some two months lat('r a preparation of the 
crystalline material from the Squibb laboratories, 
brought over by Sir Kobert Robinson, was exam¬ 
ined in Oxford and proved distinct from the Oxford 
specimens. Analytical and X-ray data confirmed 
that the American preparation was sodium benzyl- 
penicillin C\ 6 Hi 704 N 2 S-Na and the British sample 
essenl ially sodium 2 -penteny Ipenicillin Cull 19 
04 N 2 S*Na. Further the crystal unit cell found 
for sodium benzylpenicillin was of a comparatively 
simple type and it seemed clear that the most 
hopeful approach to the detailed X-ray analysis 
of penicillin lay in the further study of this salt, 
combined if possible with the study of other alkali 
metal salts of benzylpenicillin.® 

In the next few months the chief difficulty was the 
acquisition of sufficient material for crystallo¬ 
graphic analysis. At first, pure specimens of 
benzylpenicillin were only obtainable from America, 
and in February 1944 10 mg. of sodium benzyl¬ 
penicillin prepared in the Merck laboratories was 
sent to Oxford at the request of Sir Henry Dale. 
This was followed in April by similar quantities of 
rubidium benzylpenicillin from I.C.I. Ltd. (Dye¬ 
stuffs Division), and of potassium benzylpenicillin 
from the Squibb Institute for Medical Research. 
Attempts to obtain the caesium salt as sufficiently 
stable crystals for X-ray analysis, at Blackley, 
NRRL, and Oxford, all proved fruitless. The 
preparations too easily liquefied under ordinary 
laboratory conditions. 

The detailed solution of the molecular structure 
of penicillin depended on the investigation, there¬ 
fore, of the three salts, sodium, potassium, and 
rubidium benzylpenicillin. The course taken to¬ 
wards this solution was affected both by the crystal¬ 
lographic character of the three salts and by the 
nature of the chemical evidence on the structure of 
penicillin available at the time. These aspects of 
the investigation will be discussed in the next 
section. 


Chemical Theories of the Structure of Penicillin 
and the Course of the Crystallographic Investiga* 
tion. Shortly after the sodium salts of the peni¬ 
cillins were first crystallized, the structures of the 
principal degradation products were established. 
They may be shortly summarized as penicillamine 


(CU,)2C -(TbC^OOll RCWHCTUTIO 


sn Nii> 

I 


(X)on 

II 


HC^OXn(Tl2(^IT() + CH)2 

III 


(I; and penaldic acid (II), the latter decomposing 
readily to penilloaldchyde (III) and carbon dioxide. 
By the time therefore, that X-ray work could begin 
on the penicillin salts, it was already possible to 
formulate likely structures for the penicillin mole¬ 
cule, and in October 1948 there were put forward 
all three of the chemical formulae for penicillin 
that have dominated th(* discussion of penicillin 
chemistry ever since. The first two of these were 

IV, the ^Hhiazolidine oxazolone’^ structure and 

V, the '^thiazolidinciC^-lactam^’ structure (Abraham, 
Baker, Chain and Robinson, Pen., 103). A third, 
tricyclic structure was suggested in the form Via 
(Bentley, Catch, Cook, Elvidge, Hall, and Ileil- 


N S 

^ \ / \ 

R(’ CH—CTI C{CU,)2 


()— -CO NH- 

IV 


-CnCTlOH 


s 

RC^ONH'CH—(^H \:(CHs)2 


CO—N- 

V 


-CHCOOH 


coon 


CIl s 

/ \ / \ 

NH CH C(CH,)2 


RC- 

I 

o- 


-N- 


-CH 


-CO 


via 


* It seems likely now that work on the salts of 2>pentenylpeiiicillin 
was given up too easily at this point. Studies oarri^ out much later 
by Melvm and Sohielts at NRRL (C.15; 16) showed that the sodium 
salt first examined, which proved to be a trihydrate, was only one of a 
series of crystalline modifications, of which the anhydrous forms may 
easily from theii powder photographs liave a simpler type of crystal 
structure. Certainly, a later preparation of the rubidium salt of 
2-penteoylpenicillin proved practically indistinguishable orystallo- 
graphically from rubidium bensylpenioillin. But in this early period 
supphes of penicillin were so small that there was no opportunity lor a 
more detailed examination of ^he possibilities. 


s 

CO-CII—CH ^C(CH,), 

/ 


HN 


6 


\ 


-CR—N-CHCOOH 

VIb 
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bron, Pen., 106) but it was pointed out that form 
VIb equally accorded with the experimental data, 
and evidence obtained shortly afterwards (Merck, 
M.l; 2) excluded Via. 

These formulae were not the only varieties con¬ 
sidered during the chemical and crystallographic 
investigation of penicillin. But they are tl)e for¬ 
mulae which have received most scuious considera¬ 
tion and which have played most part in the actual 
interpretation of the X-ray crystallographic data. 

At the time that these formulae were first put 
forward, preliminary X-ray measurements, includ¬ 
ing unit cell dimensions, space groups, and some 
evidence on crystal optics, had been obtained for 
both sodium 2-pentcnylpenicillin and sodium 
benzylpenicillin. It was natural that attempts 
should be made immediately to fit the different 
molecular structures proposed to the X-ray data. 
But it was clear from the outset that any conclu¬ 
sions drawn from crystallographic data before the 
final stage of exact X-ray analysis must be regarded 
as very tentative, and the course of the invevstiga- 
tion in the following two years has*amply illustrated 
this point. At the beginning it was felt that com¬ 
pact structures, such as th(‘ tricyclic structun', had 
certain advantages for the interpretation ot the 
X-ray data. At a later stage, when the oxazolone 
structure seemed chemically most ijrobable, a large 
body of work was conc(;iitrated on the interpreta¬ 
tion of the X-ray data in the light of this formula. 
But in the final event it proved both possible and 
nccc‘ssary to avoid all the assumptions as to the 
detailed structure of penicillin which arc represented 
by any of the chemical formulae proposed. Only a 
knowledge of the basic structure of the degradation 
products, particularly penicillamine and the pen- 
aldic acids, proved desirable for the correct solution 
of the crystal structures (examined. The way in 
which this came about depended upon the char¬ 
acteristic crystallography of the three salts, sodium, 
potassium, and rubidium benzylpenicillin. 

Potassium and rubidium benzylpenicillin had 
been chosen for investigation in the hope that their 
crystal structures might prove susceptible to direct 
Fourier analysis. Theoretically in this case it 
might have been possible to determine the struc¬ 
ture of the molecule without using any detailed 
chemical evidence. But in practice the process of 
direct analysis could be carried out in only a very 
partial way owing t(^ the actual relation between 
the potassium and rubidium salts. The two salts 
were, as hoped, isomorphous, but the potassium 
and rubidium ions proved to be in such positions in 
the crystal structures that they affected the intensi¬ 
ties of a proportion only of the X-ray reflections. 
The first direct electron density projections ac¬ 
cordingly gave only an imperfect impression of the 
electron density within the crystal structure. 
From this, it proved very difficult to perceive even 
the shape of the molecule, and certainly impossible 


directly to distinguish between different chemical 
formulae. 

The examination of the structure of sodium benz¬ 
ylpenicillin had to be carried out by (juitc different 
X-raj^ analytical methods. The crystal structure 
is not isomorphous with that of the potassium and 
rubidium salts; it is monoclinic, with two molecules 
only in the unit cell, and is closely related to the 


TABLE V 

Unit C/ell Dimensions of the Salts of Penicillin 


Sodium 2-pcntenyI- 

a 

1 

1 

b 

( 

1 

1 


Spar<» 

Ciroup 

n 

p(*nicillin . 

Sodium benzylpi'ni- j 

37 

08 

0 0 

IS 4 i 

1 

100° 

V.2 

8 

cillin 

Potassium bonzyl- 

8 

48 

6 33 

15 03 

04 2" 

I’2, 

2 

penioillin 

Uuhidnim bonzyl- 

0 

30 

0 37 

30 35 

— 

P2.2,2, 

4 

pciunllm 

1) 

to 

0 44 

30 2 

1 

P2i2,2, 

4 


orthorhombic KtrinTurcs of the other two salts, 
^vith four molecules in the unit cell (Table V). It 
was impossible to apply here the direct approach to 
structure determination, but a number of circum¬ 
stances combined to favour the attempt to solve 
the structure by trial and error methods. The 
most important of these was the introduction by 
Bragg of the optical diffraction technique for test¬ 
ing trial structures and its development by (\ W. 
Bunn into a practicable method for X-ray analysis. 
After certain preliminary trials the body of X-ray 
data collected at Oxford on sodium benzylpenicillin 
was passed on to Bunn for examination by this 
method. The further investigation, carried out by 
Bunn and Turner-Jones, was based necessarily on 
certain chemical assumptions. It led to the deduc¬ 
tion for sodium benzylpenicillin of a rough projection 
of scattering matter comparable in detail with those 
obtained on the potassium and rubidium salts. 
This projection was equally difficult to interpret 
alone in terms even of the atomic distribution which 
had been Tised in its deduction. 

The difficulty experienced at tliis point in proceed¬ 
ing fui’thcr with the analysis was a product of the 
imperfect nature of the electron density projections 
so far derived and the incomplete chemical knowl¬ 
edge then available on the molecular striuMure of 
penicillin. The different chemical formulae pro¬ 
posed agree in the presence in the molecule of cer¬ 
tain definite groupings of atoms, such as the benzyl 
group, but they differ widely in the actual distribu¬ 
tion in space of the atoms pi esent. In addition, any 
one particular formula does not represent a single 
rigid molecular structure to be fitted into the crystal 
but a variable number of atomic arrangements 
consistent with the bonding system of the formula. 
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The variations are due, first, to the alternative 
stereochemical forms permissible for each formula, 
and, second, to the possible rotation of groups of 
atoms, such as benzene rings, about single bonds. 
The melal ions, further, cannot be considered as 
attached in the same rigid way as other atoms in the 
structure. Their arrangement in the crystal is 
subject to different rules whicli miglit at first sight 
appear to place fewer restrictions on their positions. 

Tilie existence of all these possible variations was 
in itself enough to confuse the issue and to make it 
difficult to ])erceive the actual atomic distribution 
in the rough outliiH^s of the first electron density 
patterns. But we had also to contend witli certain 
natural preconceptions we held on the stereo¬ 
chemical forms in which the different proposed 
chemical structures would most probably occur. 
Thus the main part of the trial and error analysis 
of sodium benzylpenicillin was based on the view 
that the oxazolone structure was present in the 
crystal as an essentially long molecule, extended 
in shape owing to the trans arrangement, considered 
stereochemically most likely, of the thiazolidine 
and oxazolone rings. Similarly it was thought that 
the atoms in the /S-lactam structure, if present, 
would be most likely to have an extended con¬ 
figuration, which would allow the least possible 
steric hindrance between non-bonded atoms. Other 
configurations were investigated (cf. Illinois, Cl4)y 
but by far the most concentrated efforts were 
made, in the early stages, to fit these trans extended 
structures into the crystal patterns. 

From the beginning of the crystal analysis there 
had been persistent indications contradicting these 
views of the molecular structure. But the first 
conclusive proof that the shape of the molecule 
was compact and not extended in the crystal came 
from the correlation of two of the approximate 
electron density projections calculated for rubidium 
and sodium benzylpenicillin. Once the form and 
method of packing of the molecules in the crystal 
became clear, it became relatively easy to place the 
known chemical atoms over the electron density 
contours. From this point the correct selection of 
the atomic positions in all three structures was a 
question merely of the expenditure of time and effort 
following the usual route of successive approxima¬ 
tions through structure factor calculations and 
Fourier syntheses. This refining process carried 
the atoms of the penicillin molecule, unambiguously 
and unexpectedly, into positions which could only 
correspond with one stereochemical form of the 
/3-lactam structure. 

In detail, certain modifications and innovations 
have been introduced into crystallographic practice 
in the course of the two investigations, chiefly on 
account of the very much greater complexity of the 
problems handled than those encountered in most 
crystal structure determinations. These begin 
with the measurement of the intensities of the X-ray 


reflections, and continue throughout the course of 
the analyses, the testing of possible types of atomic 
distribution, the calculation, at different degrees 
of accuracy, of structure factors and Fourier series, 
and finally the evaluation of the electron density 
in three dimensions in sodium and potassium benzyl¬ 
penicillin. These problems will be dealt with, 
stage by stage, ns they occur, in the following pages, 
beginning with the preliminary X-ray data on the 
difffU’ent penicillin preparations examined at the 
outset of the inv(‘stigation. 

Crystallographic Data on the Penicillin Salts. 
The unit cell dimensions measured on sodium 2-pen- 
tenylpenicillin trihydrate «nd on sodium, potassium 
and rubidium benzylpenitnllin are recorded inTable 
\. The remainder of the preliminary crystallo¬ 
graphic observations on these salts, including 
optica] and mori)hologi(*al data may be summarized 
as follows. 

Sodium 2-Pentenylpenicii.ij\. Evidence has 
been obtained, princij)ally by E. H. Melvin and 
N. V. Schieltz j^NRHL, CAS; 15) that sodium 
2-pentenylpenicillin crystallizes in four different 
modifications, (1) a trihydrate, (2) a monohydrate, 
(3) a low temperature anhydrous form, and (4) a 
high temperature anhydrous form (Chapter XII). 
Single crystal data have been obtained only for the 
trihydrate, and this alone will be described here. 

Sodium 2-Pentenylpenicillin TninyDHATE. 
The lyophilised amorphous sodium salt takes up 
water on exposure to the laboratory atmosphere 
(recorded at NRRL as, temperature 24-27® and 
relative humidity 45-60%) and changes to a crystal¬ 
line material which gives a very characteristic 
powder photograph. These small crystals are 
long, soft, monoclinic laths, elongated along h and 
generally showing {001) dominating. The plane of 
the optic axes is (010), and a, the least refractive 
index, is inclined at a small angle to the normal to 
(001) (Crowfoot and Low, Pen., 96; CPS, 58), The 
density determined by flotation is 1.315 ± .006. 

As the unit cell dimensions recorded in Table V 
show, this crystal structure is of a complex type, 
with eight molecules in the unit cell, two in the 
asymmetric unit. The calculated molecular weight 
from the unit cell dimensions and density is 392, 
which agrees well with the value 388 calculated for 
the formula Ci 4 Hi 904 N 2 S*Na* 3 Il 20 . This formula 
is confirmed by analysis of the air dried crystals, 
found C 43.4, H 6.75; Ci 4 Hi 904 N 2 S Na-3H20 re¬ 
quires C 43.3, H 6,46 (Calam, Freeman, Carrington 
and Sexton, CPS, 227), and also by the measured 
gain in weight, 16.75%, compared with the cal¬ 
culated value for a trihydrate, 16.14%, observed 
during the preparation of crystalline salt from 
lyophilised material at NRRL. Measurements of 
loss of weight on drying give a lower percentage, 
11.05% {Pm., 96) and 10.6% {CPS, 227) probably 
owing to formation of the monohydrate (cdculated 
loss 9.8%). 
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Sodium Benzylpenicillin. Only one crystalline 
modification of sodium benzylpenicillin has been 
observed, though the crystals of this form show 
considerable variation in habit. Most commonly 
they arc laths, markedly elongated along h and 
showing {001} dominating, but sometimes much 
more platelike forms have been observed (Keenan 
and Eisenberg (FDA, FJ), The ciystal symmetry 
is monoclinic, but the crystals usually show rather 
little apparent birefringence since one optic axis is 
normal to the plane of the plate. The birefringence 
is negative, the optic axial angle large. The 
refractive indices have been measured both by the 
Food and Drug group (FJ; 3) and by Bunn and 
Turner-Jones, using the immersion method; a ~ 
1.550, = 1.609, 7 = 1.620, all ± .002. p is 

parallel to h: y lies at an angle of approximately 
45** to c in the acute angl(». The crystal density 
was measured in Oxford by flotation in bromo- 
benzene and dioxane (Crowfoot and Low, Pen,, 
104 ) a small quantity of the first preparation sent 
by the Squibb Institute, and later by G. L. Clark 
and W. Kaye (Cl.lB) by flotation in mixtures 
of dichlorobenzene and bromobenzene under 
the microscope. The measurements recorded, 
1.38 ± .02 and 1.41 ± .05 respectively, are in reason¬ 
able agreement (considering the small amount of 
material available) with the value 1.40 calculated 
for two molecules of the formula Ci 6 Hi 704 N 2 S-Na 
in the unit cell of the dimensions recorded in Table V. 

The crystals used for the detailed X-ray analyti¬ 
cal investigation were prepared, as follows, from 
the sample of 10 mg. of pure sodium salt sent to 
Oxford at the beginning of February 1944 from the 
Merck Laboratories. 

3.0 mg. of sodium benzylpenicillin were accurately 
weighed out into a small test tube approx. 2 cm. long and 
cm. in diameter. These were dissolved in 2 drops 
absolute methyl alcohol, and 10 drops of ethyl acetate, 
(approx. 0.1 cc.) were then added. No precipitation oc¬ 
curred, and after a few minutes, 0.15 cc. more ethyl acetate 
was added, the solution still remaining clear. In the course 
of an hour crystals began to grow very beautifully in the 
body of the solution and after a few hours crystallization 
appeared complete. The mother liquor was then drawn 
off with a fine capillary tube, the crystals air dried in situ, 
and kept securely corked in the tube in which they were 
made. They were removed individually with a fine needle 
for X-ray examination. Many of them were beautifully 
formed laths, as much as 1 mm. long and about 0.1 mm. 
across. 

An attempt was made to recrystallizc the re¬ 
mainder of the original 10 mg. sample much more 
slowly, over several days, in the hopes of obtaining 
larger crystals. But this proved a great mistake; 
the preparation deteriorated in solution and no 
crystals were obtained. The whole of the struc¬ 
ture determination of the sodium salt had therefore 
to be carried out on the original 3 mg. 

Potassium Benzylpenicillin. The sample of 
potassium benzylpenicillin used for the main part 
of the X-ray analysis was prepared for this purpose 


by the Squibb Institute for Medical Research 
(SJ8) at the request of the Medical Research 
Council C'ommittee for Penicillin Synthesis. It 
was received in Oxford at the end of April 1944. 
The crystals, which had originally been prepared 
from butyl alcohol and water inixtun's, were rather 
small for X-ray work. Several samples of 3 dO mg. 
were therefore reciystallized from water-butyl 
alcohol mixtures and also from methyl alcohol-ethyl 
acetate as described for sodium benzylpenicillin. 
In these experiments the best crystals happened to 
grow from the latter mixture and were thase most 
used. A much later preparation from I.C.l. Ltd. 
(DycstiilTs division), which was also employed in 
recording some X-ray reflections, gave excellent 
crystals from the water-butyl alcohol mixtures and 
there is no crystallographic difference between 
products reerj^st alii zed by these alt('rnative meth¬ 
ods. The crystals as grown for X-ray analysis are 
orthorhombic needles or laths, about 1 mm. long, 
and 0.1 rniu. across, elongated along 5, and showing 
the forms, {001 ], {101 j; occasionally thicker crys¬ 
tals, more tabular in habit can be obtained. The 
birefringence was negative, with y parallel to fc, 
parallel to c, a parallel to a. The crystal density, 
measured by flotation in bromobenzene and o-di- 
chlorobenzcne, was I. 4 O 7 , compared with the value 
1.37b, calculated for 4 molecules in the unit cell. 

Rubidium Benzylpenicillin. The sample of 
rubidium benzylpenicillin used was prepared for 
crystallographic investigation by I.C.l. Ltd, (Dye¬ 
stuffs division). It consisted of nicely formed 
needles, up to 1 mm. long, and was not recrystal¬ 
lized. It was noticeable, however, that these 
crystals were rather less stable than those of the 
corresponding potassium and sodium salts and 
tended more easily to licpiefy slowly on exposure to 
adverse atmospheric conditions. The crystals were 
similar to those of the potassium salt, ortho- 
hombic needles or laths, elongated along 6 . The 
birefringence was again negative, 7 parallel to 5, 
to c and a to a. The crystal density, measured by 
flotation in ethylene dibromide and bromobenzene, 
was 1.52, compared with the calculated value 1.50 
for 4 molecules in the unit cell. 

It is perhaps interesting to record at this point, 
that while the first deductions from these prelimi¬ 
nary X-ray data of the probable form of the mole¬ 
cules in the crystals were (surprisingly) quite correct, 
their interpretation in terms of probable chemical 
formula was just the reverse. The unit cell di¬ 
mensions alone permitted the molecules to have a 
length of as much as 15-16 A combined with a thick¬ 
ness as small as 4 A. But if molecules of this 
kind had been present the crystals would have been 
expected to show positive birefringence, correspond¬ 
ing to the positive optical character of the long 
molecules (cf. barium 2 -pentenylpenilloate). The 
fact, therefore, that the birefringence of sodium 
benzylpenicillin was negative, combined with the 
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non-appearance, on preliminary inspection, of any 
outstandingly strong X-ray reflections, suggested 
that the penicillin molecule was not long but 
probably of somewhat compact form and might 
very roughly be assigned the alternative dimensions 
in the crystal of X X 7)^ A. It was 
realized that both the oxazolone and /3-lactam struc¬ 
tures could fit this conception, but only if the mole¬ 
cules were folded or bent in a way that seemed a 
priori unlikely if they had the most probable 
trans type of stcreocliemical configuration. The 
tricyclic formula, which represented a more compact 
structure, seemed therefore at first siglit the most 
likely of the three, particularly since the suggested 
molecular dimensions were very like those deduced 
earlier for pcnillic acid (cf. p. 321). This view of 
the structure of penicillin was only put forward in a 
very tentative way (it did not even get as far as 
Pen. reports), and it was modified rapidly as the 
intensities of the X-ray reflections were examined 
in detail. 

Tables XVIII, XIX, and XX give the record of 
the structure factors, F{hkl), which were ilerived from 
the intensities, measured in Oxford, of the observed 
X-ray reflections for sodium, potassium and rubid¬ 
ium benzylpenicillin. On these figures the detailed 
analysis of the three structures is based. The 
structure factors for the potassium and rubidium 
salts were placed experimentally onto a roughly 
absolute scale at the beginning of the investigation, 
those for sodium benzylpenicillin were brought onto 
the same scale after the structure was solved. 
Individually, they do not claim to high accuracy. 
The number of measurements and calculations 
required to record hkl reflection^ for all three 
salts were very great, and since the problem investi¬ 
gated appeared of some urgency, rapid approxima¬ 
tion methods were used as far as possible in deriving 
the structure factors. Full details of these arc 
given in the experimental section of this report. 

In each of the three crystal structures examined 
the crystal asymmetric unit corresponds with the 
benzylpenicillin unit, Ci6Hi704N2S-M, where M is 
Na, K or Rb. To a first approximation the posi¬ 
tions of the hydrogen atoms can be disregarded. 
The solution of the major problem of the chemical 
structure requires the placing, therefore, of 24 
atoms in each crystal structure, 16 C, 4 O, 2 N, S 
and M, in accordance with the symmetry restric¬ 
tions of the space groups P2i (sodium salt) and 
P2i2i2i (potassium and rubidium salts). The two 
different types of crystal structure appeared from 
the Ix'ginning to be closely related. The cell 
dimension h is roughly the same throughout, while c 
in the potassium and rubidium salts is approxi¬ 
mately twice c for the sodium salt. It seemed 
likely therefore that the molecule had a somewhat 
similar orientation to the crystal axes in the mono¬ 
clinic and orthorhombic structures. 

The Position of the Heavy Atoms; the Calcula¬ 


tion of Patterson Series. The first step in the 
examination of all three structures was the calcula¬ 
tion of Patterson Fourier series from the observed 
F^ values to indicate the distribution of prominent 
interatomic vectors in the crystals, (Patterson, Z, 
Krist.j 90f 517 (1935); ilarker, J. Chem. Phys., 4f 
381 (1936)). Those series included projections on 
the main crystallographic planes and in certain 
cases, sections also. Since in the space groups P2i 
and P2i2i2i sections calculated at the levels i/ = 3^ 
and (it X = }%y — respectively, should 

contain all the vectors between atoms related by 
the screw axes, it was hoped that these particular 
series would indicate the positions, at least of the 
heavy atoms, in the structure. 

In the case of the sodium salt there were, as 
Figure 5 shows, no obviously outstanding peaks, 
either uj the projection or in the section, which 




Figure 5. Sodium benzylpenicillin: (a) Patterson Fourier 
series, Pxz, showing vector distribution projected on the h 
plane; (b) Patterson Fourier scries, (In these and 

in most of the following figures the contours are at arbitrary 
levels and the lower contours are dotted to show contrast.) 

could immediately be used to place the heavier 
atoms, sulphur or sodium, in the structure. The 
same is true of the projections of the potassium 
salt and even from the b plane projection of the 
rubidium salt, taken alone, all the peaks due to the 
rubidium-rubidium vectors could not be identified 
unambiguously. 

The distribution of the rubidium-rubidium vec¬ 
tors in the projections was first clearly recognized 
by comparing these with the corresponding potas¬ 
sium salt projections (Fig. 6). Here peaks due to 
the potassium-potassium vectors are relatively 
considerably lower in height while the remaining 
vector distribution is much the same in the two 
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(b) (c) 

Plate V. VVeissenberg photographs of (a) sodium, (b) x>otassium, and (c) rubidium bonzylpenicillin, showing {hJfH) roflections. 
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Platt* VI. The “fly's eye" inothod apiflird to tb<* structure analysis of hodiuin bcnzylrM'nicillin. (a) “ Kly’s eye*' patti'rii 
representing structure (b nrojeetion) arrived at y>y trial, (b) Diffraction pattern ol (a). Numbers ^ive the structure 
amplitudes of the tibserved X-ray reflections, (c) “Fly’s eye’' pattern representing structure* (/> projection) after ndine- 
ment. (d) Diffraction pattern of (c). (e) A small part of (c) enlarged, with kej^ showing atomic centers linked to bring 

out molecular structure. 
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Plate VTl Photograph of a model sho^^mg the electron density calculated ovd the thiazolidine and /3-lactam rings in 
potassium la n/ylpcmK ilhn The model is constructed from sheets of perspex On each sheet contours are drawn along 
lines of (‘qual eki tron density to record the electron density calculated at a single level in the crystal structure, parallel to 
the cr\stallogruphu h plane The sheets arc then stacked together at the conec t intervals apart Combined, they build 
up a representation of the elc»etron density distribution within the unit c ell The model illustrated covers a portion only of a 
single molecular unit and omits most of the carboxyl group and the amide oxygen and carbon atoms of penicillin, and also 
a half of the benzene ring Thc‘se atoms he outside the volume range of the model, thus the single t losed contour marks the 
upper fringe of the amide oxygen The key assists in the identification of the atoms Closed circlcjs indicate atoms within 
the limits of the model. 
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salts. The rubidium vector peaks also show up 
plainly by their greater height in the three sections 
calculated at j — 2/ = M ^ ~ 

partial Patterson projections calculated using reflec¬ 
tions of high order only (Fig 7} From the evi¬ 
dence of the Patterson series taken together, the 
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Figure 6 PotnHsmra and rubidium henzylpemcillin: Pat¬ 
terson Fourier senes, Pxz for (a) rubidium (b) potassium 
benzylpemcillin. Note the changes in the intensities of the 
peaks M, M' in the two projections which show that these 
peaks correspond with the vectors Rb — Rb and K — K 


parameters of the rubidium and potassium ions 
were given as approximately: 


X == 0.365; y == 0.55; 2 = 0. 

It was at this point that the structure analysis of 
the three salts divided into two parts. Since the 
direct evidence on the heavy atom positions in the 
sodium salt was not clear, trial and error methods 
had to be applied for the further elucidation of its 
structure. The data on this salt were therefore 
passed on to Bunn and Turner-Joncs. The rela¬ 
tion between the rubidium and potassium salts 
could, on the other hand, be used to fix the signs 
of certain reflections and permitted the direct cal¬ 
culation of trial Fourier series to show the electron 
density in the crystals. 

Approximate Electron Density Projections and 
Trial and Error Analysis for Rubidium and Potas¬ 
sium Benzylpenicillin. In the space group P2i2]2i 
in which rubidium and potassium bcnzylpenicillin 
crystallize, the projections on the three main planes 
are all effectively centrosymmetrical at the point of 


* Thei« fteotiona wore oaloulated subeequently to the main structure 
determination by Dr C. Store to illuotrate thie point. 


intersection ol the senwv axes Tlu^ phase angles 
for the pnsm face refleetions aeeoidingly reduce to 
0 ® and J8()° and, corr(*>pondingly, signs only have to 
be found loi the strii(*tUTe factors in order to calcu¬ 
late election density piojcctions In area the three 
projections aie ^ i*ry dilTerent, 1 lom their dimensions 



it seemed probable that the b plane projection would 
show the most open view of the molecule and be 
most informative, wdiile the c plane projection 
would be least useful. Work concentrated there¬ 
fore on the refinement of the b plane projection, 
followed by that on the a plane. 

Following the Patterson analysis it was plain that 
it would not be possible to determine directly the 
signs of all the reflections required for these pro¬ 
jections from the relation between the intensities 
of corresponding reflections in the two crystals, ow¬ 
ing to the actual positions of the ions in the struc¬ 
tures. Since 2 = 0 for potassium and rubidium, 
the structure factors for the ions ieduce to zero for 
reflections of the type (AO/) w^hen A + / is odd and 
for reflections of the type (OA^Z) w^hero k is odd. And 
since r = .365 (i.e. nearly 375) the structure factors 
for planes of the type 20/ are also very small The 
intensities of these reflections, therefore, change 
very little, if at all, on passing from the rubidium 
to the potassium salt as Plate V and Table VI illus¬ 
trate. This effect w^as indeed observed when first 
the X-ray photographs were taken and was used in 
bringing the structure factors for the two salts on to 
the same absolute scale (see exi>erimcntal section). 
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But as a result, only a limited number of reflections, 
those which change in intensity, could be given 
signs unambiguously, and the first electron density 
projections calculated (Fig. 8) are necessarily im¬ 
perfect and have too high a symmetry 

TABLE VI 

Extract from Structure Factor Tables Illustrating the 
Determination of Signs for the hOl Reflections from 
Potassium and Rubidium Benzyl penicillin 
^Rb, Fk are the observed structure factors for the mbidium 
and potassium salts The signs inserted are based on the 
relation between these two figures and the diffeience to be 
expected from the knoi^n ionic positions 


Indices 

FRb 

Fk 

Fub — Fk 

Calculated 

difference 

002 

(30) 

(40) 

_ 

+ 18 

004 

+7 

-5 

+ 12 

+17 

006 

4-9 

-6 

+ 15 

+ 16 

008 

-hll 

-2 

+ 13 

+ 15 

0010 

-11 

-27 

+ lb 

+ 14 

0012 

+17 

— 

+17- 

+ 13 

0014 

4-29 

+ 18 

+ 11 

4 12 

100 

_ 

__ 

_ 

_ 

101 

+7 

-3 

+10 

+ 13 

102 

6 

7 

1 

— 

103 

+21 

+12 

+9 

+ 13 

104 

14 

15 

1 

— 

105 

f34 

+26 

+8 

+12 

106 

17 

18 

1 

— 

200 

9 

11 

2 

2 

201 

29 

27 

2 

— 

202 

i 23 

21 

2 

-2 

203 

— 

— 

— 

— 

204 

— 

4 

4- 

-2 

205 

25 

28 

, 3 

— 

206 

15 

14 

1 

-2 

300 

_ 


_ 

_ 

301 

4-21 

+ 13 

+8 

+8 

302 

8 

7 

1 

— 

303 

4-16 

+7 

+9 

+8 

304 

11 

12 

1 

— 

305 

i 4-23 

+ 19 

+4 1 

+8 

306 

1 


1 ^ 

— 


These two hrst projections on the b and a planes, 
however, both indi(»ated the position of a second 
heavy scattering confer, in the structuie in 
addition to the metallic ions. The derived param¬ 
eters veic X = .625, y = 375, z = 135, Struc¬ 
ture factors tor an atom at this position were next 
calculated for the missing reflections and, wherever 
these were considerable, signs were assigned on the 
basis of the calculated contribution. All three 
projections on 5, a, and c planes were derived using 
the signs known at this stage. Unfortunately again 
the X parameter of this new scattering center ap¬ 
proximated to .625 and a number of important 
terms still could not be included.® 

»The electron density projectione on (100) and (001) reproduced in 
CPS, S7P oonUm an error due to wrong relation of the heavy atoms to 
the setew axes in P2i2t2i. This error was corrected shortly after the 
report was sent in 


This second series of projections which is shown 
in Figure 9, represented all that could be calculated, 
through direct sign deduction, of the electron den¬ 
sity in the penicillin molecule. In these projec¬ 
tions it seemed reasonable to associate the position 
of the sulphur atom in penicillin with the position of 


• 15 O C/Z 



Figure 8 Rubidium beiizylpemcillin Approximate elec¬ 
tron density projections 1, fiased on signs deiivod from the 
contributions of the rubidium ions at x *= 0 365, y » 0 55, 
z » 0, (a) on the 6 plane (b) on the a plane 

the scattering center S But no other details of 
the electron density pattern were clear enough for 
them to be related with certainty to known details 
of the molecular structure of penicillin, far less could 
they be used directly to discover chemically un- 
knoAvn configurations. Some attempt was made 
to introduce the missing reflections with alternative 
signs in the Fourier series, but no significant clear¬ 
ing up of the projection resulted. It seemed how¬ 
ever, that these electron density patterns, combined 
with the various chemical formulae suggested, 
provided sufficient basis for trial and error analysis 
to be attempted. 

In this trial and error analysis the following gen¬ 
eral techniques were gradually developed. Scale 
models in thick wire of the different proposed chem¬ 
ical structuies in a variety of plausible configura¬ 
tions were first constructed. Shadows of these 
were then thrown by means of mutually perpendicu¬ 
lar, parallel beams of light onto the calculated elec¬ 
tron density patterns wliich were set up perpendicu¬ 
lar to each other.® Generally only two beams of 
light wTre used to correlate the models with the 
projections on the a and b planes. Occasionally 
a third beam projecting onto the c plane was 
employed as well. The models were turned about, 
rings rotated about bonds and so on, to obtain the 

* A somewhat similar method of light projection was also used by 
Q. L. Clark (CZ.4) when etudying sodium bcnt^lpenioiUin. 
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best possible fit of the projected atoms over the 
electron density patterns. When a suggestive fit 
was obtained, the atomic coordinates were recorded 
and structure factor calculations were carried out 
for a range of reflections, which included many of 
those used in the electron density calculations and 
some additional reflections. 


VIIL These therefore were largely dropped from 
consideration (Crowfoot and Rogers, CPS, S59) 
The tw^o chemical structures most investigated 
were the i^?-lactam and oxazolone structures and 
particularly the latter. Taking these structures, 
the most obvious way to secure a strong (400) 
reflection seemed to be to extend the molecule 



Figure* 9 lUibidiuin bonzylpomcillni • ApproMinato olectron dcnsitv projections 2, based on signs derived from the contribu¬ 
tion of rubidium ions at x « 0 305, y = 0 55, 2 « 0, and at x ~ 0 625, y = 0.375, 2 »« 0 135. (a) on the 6 plane (b) on the 
a plane fc) on the c plane Ointour levels in Figures 9 and 14 at approximately 2 electrons per A-* starting at the 1 elec¬ 
tron contour, which is dott(*d Contours at arbitrary levels over the rubidium ion. 


In testing out different chemical structures, the 
sulphur atom was always placed so that it projected 
at the maximum S, and tlie carboxyl group near 
a metal ion. These featuies of the chemical struc¬ 
ture of penicillin were the only ones that were 
given at all a constant relation to the electron den¬ 
sity patterns. Apart from them a wide variety of 
chemical structures of different configurations and 
orientations to the electron density patterns and 
crystal axes were tested out. But the agreement 
obtained between calculated and observed struc¬ 
ture factors wras always very limited. Good agree¬ 
ment, even in absolute magnitude, might be found 
for individual structure factors but never, in these 
attempts, for the whole range even of low order 
reflections. 

It did seem possible to draw certain conclusions 
from these experiments and calculations. The 
evidence indicated considerable concentration of 
the atoms in the structure along the lines x = 

This is illustrated by the Patterson diagrams 
and trial electron density projections and accurately 
measured by the absolute intensity of (400). 11 

seemed impossible to secure this concentration 
with structures such as the tricyclic structure or 
Other much condensed structures such as VII and 


parallel to r. With the oxazolone structure, the 
extension would follow^ naturally from the trans 
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chemical configuration illustrated in Figure 10 
But no significant overall agreement could be 
obtained between calculated and observed inten- 
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sitics with this configuration. And such a config¬ 
uration also contradicted the earlier views of the 
structure of penicillin. 

In those trials, a number of attempts were made 
using a more curled up configuration of the 
oxazolone molecule in agreement with the earlier 



Figure 10. (a), (b). Cis and trans configurations of five- 

membered rings, (c), (d). Two views of the thiazoiidine- 
oxazolone model, proposed for sodium bcnzylptmicillin. 

suggestions, but usually with the thiazolidine ring 
parallel to (010) (cf. Fig, 13). WTiethcr the correct 
orientation of this ring might eventually have been 
found by trial, it is impossible to say. In fact the 
solution was reached in a different way altogether, 
through the direct correlation of projection 2 with a 
similar projection of the sodium salt. 

Trial and Error Analysis—the Use of the Optical 
Diffraction Method in the Investigation of Sodium 
Benzylpenicillin. The course followed in the de¬ 
tailed X-ray analysis of sodium benzylpenicillin 
was very different from that taken with the other 
two salts since it had to depend almost entirely on 
trial and error methods, Tlie crystal structure 
is far more complex than any other structure previ¬ 
ously solved by trial and the experimental difficul¬ 
ties were naturally increased enormously by the 
uncertainty of the chemical structure. The analy¬ 
sis could hardly have been carried out successfully 
without the use of the optical diffraction method of 
testing trial structures. 

In this method the structure is examined one 
projection at a time. A plot is made on square 
coordinates of the suggested atomic positions and 
an image of this plot containing many repetitions 
of the unit is made photographically on a very small 


scale; this image is known as the fly's eye" 
photograph. A point source of monochromatic 
light is then observed through the pattern and a 
diffraction pattern consisting of many images of the 
source is S(ien. The relative intensities of these 
images correspond with the relative intensities of 
the X-ray reflections that would bo given by a crys¬ 
tal having the postulated structure and may be 
compared directly with the observed intensities 
of reflections from the crystal examined. This 
method (Iocs not remove the uncertainty and diffi¬ 
culty of the indirect method of trial, but it does 
lighten the burden of calculation—to test a postu¬ 
lated striKJture of the complexity of sodium 
bonzylponicillin by calculation takes days, but by 
the optical method about an hour. 

In order to apply the optical diffraction method 
at all in the present problem it was necessary to 
accept provisionally some one chemical formula for 
penicillin as a basis for building trial structures. 
At this time the oxazolone formula was most strongly 
favoured by many cht^mists, and this therefore was 
first tried out. The earliest test was actually 
made in ApriJ 1944, jointl 3 ^ by Bunn and Crowfoot, 
before the potassium and rubidium salts had even 
been photographed. This trial was based on a bent 
configuration of the molecule which corresponded 
with the views first formed on the penicillin 
structure. Ihit, as the character of the oxazolone 
molecule was examined more closedy, this configura¬ 
tion seemed very unlikely and was abandoned. 

For the intensive examination of sodium benzyl¬ 
penicillin, which began in August 19^14, the following 
detailed assumptions were made as to the probable 
stereochemical configuration of the oxazolone mole¬ 
cule and its orientation to the crystal axes. 

The thiazolidine and oxazolone rings, both of 
which would be expected to be planar or nearly so, 
might assume various mutual orientations by rota¬ 
tion round the connecting bond; the least stable 
configuration would be expected to be the cis (Fig, 
10a), in which the non-bonded atoms 1 and 3 (also 
2 and 4) are too close, and the most stable con¬ 
figuration (giving the greatest clearance between 
non-bonded atoms) would bo expected to be the 
trans (Fig. 10b), in which the planes of the two rings 
are parallel. The trans configuration was there¬ 
fore chosen as the basis for trial. The benzene 
ring could assume a range of positions by rotation 
round the bond joining the oxazolone ring to the 
CII 2 group; but if it is placed so as to carry on the 
general line of the other two rings, we get an ex¬ 
tended molecule whose length is such as to fit nicely 
along the c axis of the cell, the clearance between 
neighbouring molecules along this direction being 
satisfactory. 

The orientations of the planes of the three rings 
were considered next. It was noted that the length 
of the b axis (6.33 A) was about equal to the diam¬ 
eter of a benzene ring; and further, when the 
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packing of the two molecules in the unit cell ac¬ 
cording to the space group P2i was considered, it 
seemed that the benzene rings of neighbouring 
molecules would fit in better if they were parallel to 
the b axis than if they wert‘ perpendicular to it. 
If the general line of the long molecule is parallel 
to the c axis the benzcme ring, seen edgewise in the 
b projection, would be in the a(*ute angle at an angle 
of about 45° to the c axis (Fig. 11); thus the plane of 
the benzene ring, according 1 o these' considerations, 
is parallel to b and at an angle of about 45° to c, 
and the planes of the benzene rings of both molecules 
in the cell are nearly ])arallel t o (nich other. The 
optical properties of the crystal appeared to support 
this conclusion. The strong negat ive birefringence 
of the benzene ring (high refractive' indices for light 
vibrating m the plane of the ring and a low one lor 
light vibrating normal to tlie ring) would probsbly 
be the dominant featui*e det(‘rinining the refrac¬ 
tive indices of the crystal; and it is notable that th(' 
crystal has negative birefringenc(*, with liigli re¬ 
fractive indices for light vibrating along b and also 
for light vibrating in the acute angle* between a and 
c and at 45° to the c axis 

The oxazolone ring was (‘xpected to be roughly 
perpendicular to the })enzenc ring, because this 
configuration would give* the greatest clearances 
between non-bonded atoms of these two rings. The 
thiazolidine ring was, as already said, expected to l)e 
parallel to the oxazoloiic' ring, so that the con¬ 
figuration of the compIet(' molecule would be as 
shown in Figures 10c and lOd. Since the benzene 
ring had been placed roughly parallel to the h axis, 
the planes of the other two rings were roughly 
perpendicular to the b axis. 

The first trial of this structure was made in 
relation to the b plane projection which, in this 
crystal structure, is the only centro-symmetrical 
projection. The atomic coordinates of the molecule 
in the orientation proposed were found, using an 
accurate scale model; and a preliminary considera¬ 
tion of the intensities of the outstandingly strong 
X-ray reflections was done by using the Bragg and 
Lipson charts {Z, Krisl.^ .95, 323 (11)30)). It was 
encouraging to find that the outstanding strength of 
001, 103, 105, and 100 could be accounted for by one 
particular position of the molecule in relation to the 
screw axis. Detailed tests were then made by the 
** fly's eye method. The general procedure was to 
make a fly's eye" pattern and to examine its 
optical diffraction pattern. The principal dis¬ 
crepancies between the relative intensities of the 
optical diffraction spots and those of the X-ray 
reflections were noted, and the Bragg and Lipson 
charts were used to judge in a qualitative way what 
changes of atomic coordinates were necessary to 
remedy the discrepancies. In the trials, small shifts 
of the whole molecule, partial rotations of the three 
rings (either separately or together), distortions of 
the thiazolidine and oxazolone rings, shifts of the 


carboxyl group from one side of the thiazolodiiK* 
ring to the other, and various i)ositioiis of the 
sodium ion, were tried. After about twenty trials 
of this sort, a set of atomic coordinates was ob¬ 
tained which gave roughly correct intensities for 
most of the diffracted beams ot low order (indices h 
up to 3, I up to 6); for the higher orders, agree¬ 
ment was not so good, the discrepancies increasing 
with the order of diffraction. This suggested that 
the main concentrations of scattering matter in this 
projection—that is. the hefiviest atoms and the 
main groups of lighten atoms—were approximately 
correctly placed but that movements of individual 
atoms were necessary. Numerous modifications 
which were tried faih'd to effect any real improve¬ 
ment; thus it seemed difficult to i)rogress beyond 
this point by the trial method alone. 



Nw 


Figure IJ Sodium henz.N Iperncillin First anproximate 
electron den.sit> projection on the h plane. The atomic 
eoordinates shown are those used in the “Hy's cye'^ tnal.H 
when the projection was lirst derived 

The ‘Tly’s eye” method is illustrated in Plate VI, 
which shows two "fly’s eye” patterns (one for the 
present stage and one for a later stage of approxima¬ 
tion) and the diffraction patterns given by them. 

At this stage it was thought that the structure 
arrived at by the "fly's eye" method might be 
sufficiently near the truth to permit the effective 
use of the Fourier method of refinement. Ac¬ 
cordingly, a synthesis was carried out, using experi¬ 
mental values of the structure amplitudes (F) 
together with the calculated phase anghjs for the 
strong reflections within the range of orders already 
mentioned {h up to 3, J, up to 6), together with a few 
more outstanding reflections of higher order (such 
as 402 and 109) whose phase angles might also be 
expected to be correct. This synthesis gave the 
electron density distribution shown in ligure 11. 
It should be noted that since most of the reflections 
used were of low order, the map could only be 
exi>ected to show the broad outline of the structure; 
and that on account of the limited number of 
reflections used, there was bound to be false detail 
in some places. The map suggested slightly differ¬ 
ent coordinates from tlu^se adopted in the trial 
structure; and these ncAv eoordinates (marked in 
Fig. 11) were used in the new "fly's eye" trials 
and in new calculations of phase angles extended to 
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further reflections (Bunn and Turner-Jones, CPSj 
362). 

By successive alternative stages of Fourier 
syntliesis and testing of the resulting modified 
atomic coordinates, it was hoped to approach a 
detailed solution by successive approximations; but 
after several stages, it appeared that no appreciable 
further improvement was being cffe(*ted, and the 
degree of agreement between observed and (‘alcu- 
lated intensities w^as still far short of that neces¬ 
sary to establish the structure as correct. It was 
evident that the degree of approximation arrived at 
by trial at this point w'^as not such as to make the 
Fourier method of refinement effective. It was 
therefore decided to re-examine the basis of the 
trial structure (the acceptance of the oxazolonc 
formula in an extended configuration) and to look 
for other mothofls which might bridge the gap 
between the crude trial structure and the direct 
Fourier method of refinement. 

The Integration of the Investigation on Sodium 
and Rubidium Penicillin; the Curlbd Configuration 
of the Molecule. At this point the crude trial 
structure of sodium benzylpenicillin was still be¬ 
lieved to be roughly correct, firstly on the basis of 
the degree of agreement between calculated and 
observed intensities which seemed too good to be 
quite fortuitious, ami secondly becaus(‘ the atomic 
coordinates used for the molecule resembled some 
which fitted approximately with the rough b plane 
electron density projection of the rubidium salt 
which had been obtained at Oxford. But when 
the two trial projections were directly compared, 
the supposed basis of agreement disappeared. The 
patterns of peaks in the two structures which had 
been thought to repn^sent the same view of the 
molecule, were seen to be, in fact, entirely dis¬ 
similar, and in particular the proposed relative 
arrangements of the carboxyl groups to the metal 
ions were so different as to make it positive that 
something was wrong with the atomic arrangements 
suggested. 

At this time the cliemical evidence was in a par¬ 
ticularly conflicting condition; strong arguments 
were quoted against both the /S-lactam and oxazol¬ 
onc formulae, and the tricyclic structure had for 
some time seemed very unlikely on crystallographic 
grounds. The search for the shape of the molecule 
in a chemically completely unbiassed way, from 
the X-ray data alone, was accordingly to some 
extent forced upon us. This search was carried 
out through the direct comparison of the trial 
Fourier projections of sodium and rubidium benzyl- 
penicillin drawn to the same scale (Crowfoot and 
Rogers, CPS, 379). 

The facts about the crystal structures of the two 
salts which made the comparison useful—and 
which at the time of trial could be considered as 
no more than very strong probabilities—are as 
follows: L The two projections considered are 


both roughly correct pictures of the electron 
density, although determined in such very different 
ways. 2. Th(‘y show very nearly the same view of 
the individual molecules. 3. But owing to the dif¬ 
ferent crystal symmetries, the relative arrangement 
of these molecules changes in projection. 4. The 
principal change in arrangement occurs at the 
un-ionized end of the molecule—the relative molec¬ 
ular arrangement around the metal ions is markedly 
similar in the two structures. (This last point is 
not strictly necessary to the solution, but it was, in 
fact, used as a guide in seeking the solution.) As a 
consequence, there is a group of electron density 
peaks in the two projections which have the same 
mutual orientation, while the orientation of these 
groups of peaks to one anotluT changes on passing 
from one projection to another. The group of 
peaks which hold together in projection must consti¬ 
tute the molecule. This group of peaks is marked 
in Figure 12, which shows the correlation of the two 
projc'ctions. 

The form of the molecule, demonstrated in this 
way, as seen projected on the b x^lane, is roughly 
semi-circular, compact or, as we came to call it, 
‘‘curled up’^ in the crystal structure. When this 
form had been established in the actual projec¬ 
tions, the relation of the el(‘ctron density peaks to a 
number of the atoms known by cliemical methods 
to be present became ob\ious and, in turn, the 
relation of these atoms to the crystal structure as a 
whole became clear and very beautifully convincing. 
Thus, at one end of the semicircular system, the 
position of ti number of the atoms belonging to 
the penicillamine skeleton could be recognized. 
The peak iS in rubidium benzylpenicillin could be as¬ 
signed with certainty, instead of only probably, to 
the sulphur atom, and this was coiTelated, as would 
be expected, with the heaviest peak in sodium 
benzylpenicillin which had originally, in the “fly^s 
eyc^^ trials, been thought to be due to the carboxyl 
group and sodium ion combined. The relative 
packing of the sulphur atoms, once accepted, was 
seen to be markedly similar in the two crystal 
structures. This is true almost regardless of the 
position of the other atoms in the molecules, 
though the similarity is naturally closest in relation 
to the metal ions. 

The atoms known by chemical methods to be 
attached to sulphur could next be placed with 
considerable certainty. The two small peaks on 
either side of the sulphur atom in the projections 
corresponded with the two methyl groups of peni¬ 
cillamine, the attached carbon atom of which was 
evnicntly projecting over the sulphur atom. These 
in turn, determined the positions of the CH group at 
B and the carboxyl group at A, A. Again a 
radical change was required in the case of the 
sodium salt; the peak A had originally been derived 
as the sulphur atom and was now seen as the sodium 
ion with the carboxyl group viewed '‘edge on." 
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Figure 12. Rubidium benzylponicillm and sodium benzylpenicillm. (a) and (b) Correiation of the trial b plane electron 
density projections of the two salts shown in Figures 9 and 11. Th(* correlation shows that the peak system iS, A, B, C, D 
must constitute the molecule, (c) Possible ways of fitting the groups of atoms known to be present in the penicillin molecule 
over the electron density peak systems St By C, D. To correlate Figures 12a and 12b place b over a and align along the 
arrows. 



334 


X-RAY INVESTIGATION OF THE STRUCTURE OF PENICILLIN 


The orientation fixed for the (Jarboxyl group fitted in 
excellently with the trial a-plane electron density 
projection for the rubidium salt. The way in 
which the carboxyl groui)s of the molecules in 
tlie neighbourhood of the ciystallographic screw 
axes impinge upon t)i(» metal ions and bind them 
together in the crystal structures of both salts 
(Fig. 30, p. 354) also became evident. 

Lastly, at the other end of the molecule, the posi¬ 
tion of the benzene ring for the first time became 
known in the rubidium salt, while surprisingly 
enough, it u as found to be unchanged at the original 
trial position assigned to it in the sodium salt. 

Additional Evidence Supporting the Curled Con¬ 
figuration. In adtlition to the direct evidence pro¬ 
vided by the correlation of tlie two h plane electron 
density projections, there were certain other argu¬ 
ments in favour of a curled or compact configuration 
for the penicillin molecule uhich were almost simul¬ 
taneously brought forward. Tliese concerned par¬ 
ticularly the following ])ieces of evidence which 
supjiorted th(* change over of the siilpliur atom and 
carboxyl group sodium ion positions in sodium 
benzylpeniciJlin, as described in the previous sec¬ 
tion. They were based, in the first instance, on a 
bent form of the molecule w'hich had, as in the earlier 
trials, the thiazolidine ring placed jiarallel to the h 
plane (Fig. 13b) and which w'as fitted roughly over 
the outlines of the electron density projection of 
Figure 11 (Bunn and Turncr-Jones, CPS^ Ifif)), 

A. First, the Patterson-Fouricr series calculated 

for sodium bcnzylpenicillin (p. 326), w^as 

reconsidered in relation to the proposed atomic 
arrangements and particularly those of Figures 13a 
and 13b. Tlic extended molecular configuration 
accounted well for three of the four principal peaks, 
as well as for some other features, but it was diffi¬ 
cult to sec how to account for the other principal 
peak (P, in Fig. 5) which is quite near a screw axis. 
The curled configuration, on the other hand, could 
account readily for this peak; either the sodium 
ion, or one or two of the atoms of the carboxyl 
group would be quite near the screw axis S of Figure 
13. A general fit between a curled thiazolidine 
oxazolone structure and rough Patterson projec¬ 
tions for sodium benzylpenicillin was also noticed by 
G. L. Clark (CZ.4). 

B. A new method of approach which may be 
called the "'error synthesis'' method was developed 
and tried out in the analysis of sodium benzylpeni¬ 
cillin. 

In any series of structure factor calculations, 
based on a particular set of atomic coordinates, the 
discrepancies between calculated and observed 
intensities provide an indication of errors in the 
assignment of the atomic coordinates. Theoreti¬ 
cally a Fourier synthesis of all the discrepancies, 
positive and negative, should indicate the posi¬ 
tions to which atoms ought to be moved in the 
structure or from which they ought to be taken away 


in order to reduce the discrepancies. In practice, 
such an error synthesis can only safely be based on 
certain types of discrepancy for which the signs 
needed can be established. If the observed reflec¬ 
tion is strong but its calculated structure amplitude 
is small, it will not be certain wdiether the dis- 



Figure 13. Sodium benzylpenicillin: (a). Approximate 
electron density projection (Figure 11) with the original 
atomic coordinates, appropriate to an extended configura¬ 
tion of the oxazolone molecule, (b). The same projection 
with atomic coordinates appropriate to a curled configura¬ 
tion of the same molecule, (c). Error syntlicsis map. 

crepancy is actually in a positive or negative sense,, 
since changes in sign can easily occur. But if a 
reflection is, in fact, absent or very weak, and the 
calculated structure amplitude is strong, the sign 
of the discrepancy will be clear. The error syn¬ 
thesis therefore tends to make most use of the in¬ 
formation that certain reflections are weak or 
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absent, in contrast to the normal FourifT synthesis 
which emphasizes the contribution of the stronger 
reflections. 

An error synthesis was carried out for sodium 
benzylpenicillin, using the set of calculat'd intensi¬ 
ties which had been given by the atomic positions in 
Figure 13a. The resulting map is shown in Figure 
13c; continuous lines represent positive contours, 
dotted lines negative contours, and a hrok('n line the 
zero contour. In considering the interpretation of 
this map, it is necessary to realize' tliJit the ('rror 
synthesis tends to give a slightly negative' region 
round each atom; it is only the strongly positive 
or negative regions Avhich can be n'gardi'd as signifi¬ 
cant indications of necessary changes of atomic 
coordinates In the* light of tliis generalization, the 
disposition of the contours round the atoms of 
the benzc'iic ring were not n'garded as significant 
The outstanding feature was the strongly negative 
region at the place where the sulphur atom had 
been placed and the appearance* of very strong posi¬ 
tive' peaks on e'ither side of it, indicating that inst(‘ad 
of a single scatte'ring center, two scattering cemters, 
one nearer and one farther from scrc'w a\is /S, 
were required. This suggestion was accefiU'd the 
more readily because it conformed with that given 
by the vector map at // — } o and, as aln'ady 
stated, implies the curb'd configuration, which 
permits the composite peak near this scrc'w axis to 
be due to th(' sodium ion and the carboxyl group 
The contours round tlie piosition where th(' sodium 
ion and carboxyl group had beem placed, though 
suggestive of the possible necessity of a change, 
could not be regarded with the same confidence 
because the magnitudes involved w'cre smaller; 
but subsequent progress shoAved that these indica¬ 
tions were in fact significant In addition, the 
positive region at though not strong, was 
broad enough to suggest th(* necessity of a greater 
concentration of atoms in this region; although the 
magnitude was not great enough in itself to be 
acc('pted as a genuine indication, the fact that it was 
in agreement with the indication of the electron 
density map (Fig. 13a) (an indication which was 
persistent in all attempts to refine this map) seemed 
to increase its significance. 

The Refinement of the h Plane Projection for 
the Three Penicillin Salts; the First Definite Evi¬ 
dence from X-ray Analysis on the Molecular 
Structure of Penicillin. From the point at which 
the curled arrangement of the penicillin molecules 
in the crystal was finally recognized, the refinement 
of the crystal structure proceeded with relatively 
enormous rapidity. In both the separate investiga¬ 
tions in Oxford and Northwdeh work concentrated 
first on the b plane projections of the different salts 
and proceeded partly by trial, partly by structure 
factor calculations followed by successive approxi¬ 
mate Fourier syntheses. The actual steps involved 
were necessarily rather different in the two cases. 


Hero WT will take the investigation of rubidium 
penicillin firbt. 

The assignment of known atoms to definite 
regions in the approximate electron densitj'' projc'c- 
tion 2 for rubidium penicillin and jiarticularly the 
local ion of the lien zone ring, made it possible to 




Figure 14 Ruhidnim benz\lpenicilhn: J'urtber stages in 
the refinement of the calculation of the b plane electron 
density projection, (a). Stage 3 Fourier series as in 
Figure 9 with the addition of the terms 104, 106, 202, 206, 
308 (110 terms in all), (h) Stage 4 Fourier sench 3 
with the addition of the terms 10,10, 10,12, 10,14, 10,16, 
(114 terras in all), (c). The positions of the atoms used in 
the structure factor calculations of Table VI I These are 
sketched in on projections 3 and 4 Dotted lines sliow the 
movement ol atoms necessary to change the stiiieturc to the 
^-lactam type, ef. arrows on projection 4. 

allot higns with certainty to a number of the terms 
which had had to be omitted previously. Since 
these included several important reflections the 
introduction of even five additional terms produced 
a dramatic improvement in the eh'ctron density 
projection. The very first of the new series of 
projections, No. 3 in Figure 14, sliowcd the expected 
appearance of the benzene ring turned on edge. 




336 


X-RAY INVESTIGATION OF THE STRUC^TURE OF PENICILLIN 


It also showed improvement in the detail required 
from the structure of the penicillamine skeleton 
surrounding the sulphur atom, particularly in the 
resolution of the methyl groups. It was entirely 
consistent with the combination of the atoms 
concerned in a thiazolidine ring, this ring being seen, 
like the benzene ring, edge on in projection. At 
this stage, one could not have said for certain that a 


TABLE VII 

Structure Factors Calculated for Bubidium Benzvlpenicillin, 
Febniarv 1, 1945. (hOl) Beflections* 



‘ Column a in tac-li t as( ri v e« the obser v< d estimated absolute / \ aluf«, 
column 6 , tlio calculated F \ttluc.K for the atomic poHitions drawn in 
Figure 14b. The absolute magnitudes of the ((}(M)F values (particiiKrh 
( 002 )) are subject to nioic experimental otior than are those derived 
for the other reflections The signs given for the observed intensities 
are those assigned on the basis of the difTerenees in the F values obsei ved 
for the corresponding putassiiim salt (CFS i69) and heie were based on 
an origin at x •" •'4 (Table VI) The calculated F(hlU) values show 
complete agreement in sign and also strikingly good numeneal agreenieut 
over the whole range with the observed F values 

thiazolidine ring was present, though its probability, 
from all points of view, was high, and its existence 
was generally assumed in setting up trial structures. 
The arrangement of the atoms between the two 
more or less established structures, the benzene 
and thiazolidine rings, however, was still uncertain. 
An oxazolonc ring placed in the interval fitted 
exactly into the space required and reasonably well 
over the electron density contours in the projection. 
In this fitting, moreover, use was also made of the 
evidence given by the a plane projection, described 
in the next section, of the relative positions of the 
two rings in three dimensions. 

Following this correlation, and on the basis of the 
suggested oxazolone arrangement, which is shown 
in Figure 14a, signs could immediately be allotted 
to a further four terms, and a second projection 
derived. But already, in this projection, it was 
noticeable that the continuing improvement in the 
definition of the electron density contours was 
correlated with a movement of these away from 
one of the areas in the projection expected from 


an oxazolone ring structure. The movement in¬ 
volved a shift of atomic centers towards the 
thiazolidine ring system, consistent with the /9-lac¬ 
tam structure (Figs. 14a and b). 

At the same time a group of 33 structure factors 
for (AO/) reflections, also based on the atomic param¬ 
eters of Figure I4a, had been calculated. These 
are recorded in Table VII. The agreement in 
absolute magnitude between these and the observed 
F values, compared with anything we had seen so 
far, was striking. It left no doubt that the general 
arrangement of the atoms adopted was correct, 
although, in particular details, individual atoms 
might have to be moved, as indeed proved to be the 
ease, sufficiently far to change one chemical struc- 
tuio into another. 

The progress achieved in the X-ray analysis up to 
this point made it possible to be sure of certain 
features of the structure of the penicillin molecule. 
These were reported in two brief accounts by Crow¬ 
foot and Rogers-Low (CPS, S79; 890). First, the 
relative positions in space of the benzene and thi- 
azohdine rings were such as to exclude the tricyclic 
structure, the gap between the rings being too 
great to be bridged by two carbon atoms, as re¬ 
quired ill this formula Secondly, the relative 
positions of these rings required that, if present 
the oxazolone ring would be in a da position with 
respect to the thiazolidine ring (Fig. 10). But the 
movement of atoms, both as seen in the projection 
and in space, which was required to change the 
chemical structure of the molecule from the oxaz¬ 
olone to the /9-lactam structure was small; and 
already there were indications favouring the /9-lae- 
tam formula 

If the report (CPSy 800) by Crowfoot and Rogers- 
Low, given to a meeting in London, February 1, 
1945, had been written even a week later, it is prob¬ 
able that it would have been written in terms much 
more strongly favouring the /9-lactam formula For 
in the meantime, a letter (Bunn, Feb. 2, 1945) had 
been received reporting the progress achieved in the 
parallel investigation of sodium benzylpenicillin. 
The letter described the derivation of a set of 
atomic coordinates which corresponded more closely 
with a molecule of the /9-lactam structure. As in 
the case of the study of the rubidium salt, the change 
in outlook had been very rapid. The two reports 
(CPSy 359y Crowfoot and Rogers-Low; and CPSy^ 
862y Bunn and Tumer-Jones) in which the first 
stages of structure analysis and deadlock were 
reported, were sent to London in tKe first week in 
January 1945. By the first week in February the 
problem was well on the way to final solution. 

The new set of coordinates for sodium benzyl- 
penicillin, which marked this critical step forward, 
was derived by a combination of the different 
lines of evidence already discussed, by a certain 
amount of bold guessing and by a consideration par¬ 
ticularly of the intensities of high order reflections. 
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Some of these (such as 700, 605, 606, 4011 and 606) 
are so strong that it was certain that to account for 
them the X-rays scattered by most of the atoms 
must cooperate. Their signs could therefore be as¬ 
signed as those given by the main p("aks in ihv trial 
structure. As a result the new coordinates could be 
derived very largely without prejudice on th(' ques¬ 
tion of the chemical structure*. Th(\v proved im¬ 
mediately much more promising than anything 
tri(*d previously and the* good agnH‘ment reached 
between observed and calculated structure factors 
was confirmed by “fly^s eye^’ patt(*rns followed by 
precise calculations. At this point no doubt was 
left that essentially the* correct atomic arrangemt'nt 
had been found, and this arrangem(*nt was very 
closely similar to flint independently derived for 
the ruliidium salt The thiazolidinc ring and 
b(*nzene ring were both pla(‘ed roughly parallel to 
the b axis and the atoms betwe(‘n them were found 
at iiositions which looked far more like a /J-lae'tam 
ring structure than any other. The evidence* was 
strengthened rapidly by fhe elerivation of new 
electron density projections. That in Figure 15a, 
the el(*venth in the series, was reproduced by Bunn 
and Turner-Jones (CPS, 

The* furthe'r refinement of (Ik* b plane* proje*ctions 
of seidium and rubidium benzylpe'nicillin up to 
the final stage pre'sented iiei particular difficulty. 
Paralle*! with the work on the latter, the intensity 
data on the potassium salt we*re taken up and 
interpr(*ted. The final b jilane projections for the 
potassium and sejdium salts only are shown in Figure 
16. The late'st stage reached in the refinement of 
the rubidium salt projection is technically not so 
good and compares best w ith t he sodium salt projec¬ 
tion in Figure 15a. 

These electron density projections are all very 
similar and all agree in the main features of the 
penicillin skeleton revealed. Wliih* th(* same gen¬ 
eral view of the molecule appears throughout there 
is a slight change in the molecular orientation to the 
b plane passing from the orthorhombic to monoclinic 
salts. The configuration found for the molecule is 
itself some evidence in favour of the /3-lactam struc¬ 
ture ; four and five membered rings necessarily lie at 
an angle of about 100° to one another and so might 
encourage the adoption of the curled configuration. 
But the strongest evidence from these projections 
on the detailed chemical structure of penicillin 
appears when we examine the actual positions of the 
atoms that they define. Betw(3on the peak systems 
at the two ends of the molecule which indicate the 
presence of the benzene and thiazolidine ring sys¬ 
tems, the atoms are spread out and several are 
individually resolved. It is clear, from their 
mutual n'lations, that atom 17 must be the oxygen 
atom of the phenylacetyl system, C 6 H 6 -CH 2 - 
CO—. Yet only one atom, the carbon atom of 
this system, is near enough, even in projection, to 
be bonded to it. The atom 13, in particular, 


which would have to be linked to it in an oxazolone 
structure, is 1.8 A away in projection in the sodium 
salt, 2.1 A in the potassium salt (Bunn and Turner- 
Jones, CPS, 46o). The positions of these particular 
atoms, 13 and 17 together with 12 and 14, are par¬ 
ticularly critical for the formula determination. 



c/4 



Figure 15. (a). Sodium benzylpenicillin: Electron density 

S rejected on the b plane, Fourier synthesis No. 11. (b). 

Lubidiuni benzylpenicillin: Electron density proj(*cted on the 
b plane, Fourier synthesis at stage 6. 


since the chemical structure as a whole can be 
transformed from jS-lactam to oxazolone by chang¬ 
ing their positions in space almost without reference 
to the wWeabouts of the remaining atoms in the 
molecule (Fig. 17). 

From the projections alone, at the time they were 
first produced, it was possible to argue that a very 
distorted oxazolone structure might be present, 
involving quite abnormal bonds (CPS, 1^0, 
Richards and Thompson). It was also conceivable 
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that a five membered might bo formod insload 
of the /3-lartam ring {CPS, 4.63) adjacent to the 
thiazoliduie ring For tlie complete solution of the 
problem, it was then^fote necessary to locate the 
atoms accurately in three' dimensions in the differ¬ 
ent crystal structures Through the three dimen- 




( 1 >) 

Figure 16 Electron density projected on the b plane ac¬ 
cording to the most recent Fourier syntheses calculated for 
(a) sodium and (h) potassium benzylpenicillin. Contours 
at intervals of 1 electron per A* except over the potassium 
ions, where the intervals are arbitrary The 1 and 2 electron 
contours are dotted 

sional analysis naturally, not only the presence or 
absence of an oxazolone ring could be shown, but 
also the existence of the five memberod thiazolidine 
and four membered /3-lactara rings could be estab¬ 
lished for certainty in the regions where, from 
groups of unresolved atoms in the projection, their 
presence had been inferred. The next step in the 


throe dimensional analysis was the refinement of 
the remaining projections 
The Study of Projections Perpendicular to the 
6 Axis. PoiAssiuM AND Ruhtdium Benzylpeni¬ 
cillin The process of refinement of the two re¬ 
maining projections for potassium and rubidium 



Figure 17 Diagram to illustrate the movement of atomic 
positions necessarv to change a /3-lactam to an oxa/olone 
structure • positions chosen for the atoms from Figure 
16(b), shown projected on the b plane O positions for atoms 
of an oxa/olone ring system formed by moving atoms 12, 13, 
14, and 17 onlv {Note In the early stages of the refine¬ 
ment neither tlie exact position nor kind of atom is known 
in relation to the peaks in the electron density projection. 
Atom 13, for example, might have been either the oxygen 
atom of the /3-lactam ring or one carbon atom of the oxazol¬ 
one ring 

benzylpenicillin was largely carried out parallel 
with the refinement of the h plane projection. 
These two projections, on the a and c planes 
respectively, can both be treated as centro-syra- 
metrical if the origin, for calculation purposes, is 
shifted in each case to the point of intersection of the 
screw axes The phase angles for the structure 
factors which have to be determined, again re¬ 
duce to 0 and ir, introducing + and — signs 
respectively. The projections obtained for the two 
salts prove very similar but those for the rubidium 
salt show rather more diffraction effects due to the 
presence of the heavier ions The refinement 
process was therefore not carried so far for rubidium 
as for potassium benzylpenicillin. 

The c plane projection in both salts is of little 
value in structure determination. Hero the four 
molecules overlap in projection and all the peaks 
in the electron density map are composite. Var¬ 
ious stages in the refinement of the Fourier series 
were calculated which differ little from one another. 
Figure 9(c) illustrates the early rubidium salt pro¬ 
jection, based on signs due to the metal and sulphulf 
atoms only; Figure 18 shows the latest projection 
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calculated for the potassium salt (Crowfoot and ring is individually resolved, though their y param- 
Rogers-Low, CPS, 608)» et<‘rs can be inferred with fair certainty to a first 

The refinement of the a plane projections was approximation from the peak pattern In particu- 
more useful and also less straightforward, since lar the oxygen atom (atom 13 in the projection) 



Figure 18. Potassium benzylpeiiicillin: Klertron denwt v projected on the r plane Contour levels at 2 electrons per A* with 
the lowest electron level dotted. The positions of the atoms in only one molecule out of the four ^ Inch project on this plane 
are shown. 


here again the special parameters found for the 
metal ions and sulphur atoms limited direct sign 
determination The sequence of projections is 
shown in llgures 8(b), 9(b), 19 and 20. In Figure 
8 (b) the signs are based on metal ion contributions 
alone, in Figure 9(b) on metal ion and sulphur atom 
contributions (stage 2) After the determination 
of the curled configuration of the molecule it was 
possible immediately to recognize, in th(‘ electron 
density contours of projection 2 (Fig. 9(b)), the 
approximate positions of a number of atoms, 
particularly all the atoms of the thiazolidine ring 
and of the carboxyl group. The approximate 
height m the projection of the benzene ring was also 
clear, though individual carbon atoms were not 
resolved In the intervening space the atoms were 
obviously crowded together m projection and then* 
were at first sight no features that favoun^d the 
/8-lactam rather than the oxazolone arrangement. 
As Figure 19(a) shows, an oxazolone ring falls 
reasonably well over the contours of projection 2, 
and for the structure factor calculations this modifi¬ 
cation was first employed. The refinement of this 
projection followed much the same process as for the 
6 plane projection, signs being determined as far as 
possible by structure factor graphs and based in the 
first instance on the atomic positions which were 
reasonably certain. For weak reflections structure 
factor calculations had to be carried out, and here 
the effect of alternative i8-lactam and oxazolone 
arrangements were usually investigated. These 
proved to have very little effect on the signs of most 
of the reflections and the refinement was made 
largely independent of this part of the structure. 

But the a plane projection in its final form is much 
less^^useful in providing evidence on the conflicting 
points in the penicillin skeleton than the h plane 
projection. None of the atoms of the /3-lactam 


must lie, from its z parameter, within the area 
of the electron density contours of the metal ion. 



(b) 


Figure 19 Elcetron density projections on the a piano: 
(a). Rubidium benzylpeniciltin at stage 2 with atomic posi¬ 
tions appropriate to an oxazolone structuro drawn over the 
electron density contours, (b). Rubidium beuzylpenicillin 
at stage 3 showing movement of the electron density con¬ 
tours into positions required by the ^-lactam structure. 

The oxygen atom (17) of the phenylaeetyl side 
chain is, on the other hand, clearly resolved in the 
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latest projection, Figure 20, and its y parameter can 
be determined reasonably accurately. 

Sodium Benzylpenicili.in The study of pro¬ 
jections normal to the b axis was not begun for 
sodium benzylpenicillin until the refinement of the h 
plane projection was almost complete Some of the 



atomic coordinates along the h axis could be inferred 
fairly accurately from the knowledge already gained. 
Taking the sulphur atom as the reference point 
(y — 0)f and accepting the normal interatomic 
distances and bond angles, the whole of the 
thiazolidine ring, with its attached methyl groups 
and carboxyl group, was fixed, llie position of the 
sodium ion was not (piite so well defined, but could 
be inferred approximately by packing considera¬ 
tions—it would be expected to be equidistant from 
the carboxyl groups of molecules above and below 
it The chain of atoms joining the thiazolidine 
ring to the benzene ring could lie moved up and 
down through a range of y coordinates, the range 
becoming greater with the distance from the thiaz¬ 
olidine ring. The benzene ring itself could occupy 
a wide range of positions; moreover, the atomic 
coordinates in the b projections were equally con¬ 
sistent with two different orientations of the ring 
(compare positions 2 and 3 in Fig. 21). 

These problems had to be solved by trial and, as 
before, “fly^s eye^^ patterns were used, together 
with Bragg and Lipson charts. All projections 
perpendicular to b lack a center of symmetry; since 
calculations of structure amplitudes are even more 
lengthy in absemee of symmetry than they are for a 
centrosymmetrical projection, the ‘‘fly’s eye” 
method is even more valuable for noii-centrosym- 
mctrical than for centrosymmetrical projections. 

Trials for the a and c projections showed that 
owing to the dimensions of the benzene ring in 
relation to the length of the b axis, three positions of 


the ring (shown m Fig 21) were almost equally 
satisfactory in accounting for the low order reflec¬ 
tions. The best position was chosen, and attention 
was then concentrated on the c projection, which it 
was hoped to refine by Fourier synthesis This 
projection was chosen because it promised to show a 



Figure 21. Sodium bcnzylpenjcillin: (a) Three possible 
positions (1, 2, 3) of the benzene ring as they would be seen 
in the a projection (b). Aspect of the benzene ring^fixed 
from the b projection. 

comparatively uninterrupted view of the part of the 
molocul(‘ whose' constitution was in question. The 
/8-lactam formula was provisionally accepted as 
the starting point, and attempts at refinement by 
Fourier synthesis were made But these attempts 
were not successful, and this was taken to mean 
either that the position of the benzene ring was 
wrong, or else the constitution of the central part of 
the molecule was wrong. The question of the posi¬ 
tion of the benzene ring was reconsidered ; and since 
it seemed difficult to come to a clear decision on the 
basis of either the c or the a projection, or both to¬ 
gether, other projections were then taken into ac¬ 
count. Eventually three further projections— 
those along the zone axes, [101], [101], and [201]— 
were brought into consideration, and detailed cal¬ 
culations of the intensities of certain reflections 
were made in order to have numerical comparisons 
of reflections in different zones. The intensities of 
a few other reflections not in any of these zones were 
also calculated. The intensities of certain of these 
reflections could only be accounted for by one posi¬ 
tion of the benzene ring, which was not the position 
chosen for the above-mentioned attempts at refine- 
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merit of the c projection; the magnitudes involved 
were large, and it did not seem as if any changes in 
the constitution of the central part of the molecule 
could affect the situation sufficiently—only a move¬ 
ment of the whole benzene ring was enough. 


the same molecule, and in the n'gions where two or 
more atoms overlap there is little scope for refine¬ 
ment of coordinates; but in each projection one or 
two atoms were fairly clear, and different atoms 
were clear in different projections, so that altogether 






Figure 22. Sodium bcnzylpcnicillin: (a). Electron denwty projected on the c plane (b). Electron density projected on the 
a plane. 


Using the new position of the benzene ring, de¬ 
tailed calculations of the intensities of most of the 
reflections in all these projections were done. 
These showed, on the whole, fairly good agreement 
with the experimental intensities, and therefore 
attempts at refinement by Fourier synthesis were 
made. The phase angles which necessarily appear 
in the above calculations of intensities wore used, 
together with experimental intensities, to give the 
electron density distribution in each projection. 

In all these projections there is much overlapping, 
either of different molecules or of different parts of 


it was possible to adjust the y coordinates of most 
of the atoms whose positions were initially most in 
doubt. 

As examples of the results of these refinements by 
Fourier synthesis a map of the electron density 
distribution in the c projection is shown in Figure 
22(a) and the map for the a projection in Figure 22(b). 
The benzene ring in the a projection is still rather 
vague, but otherwise the contours fit the expected 
configuration of the molecule quite well. 

On the leading question of the chemical formula, 
the results up to this point did not suggest that it 
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was necessary to depart from the /5-lactam formula. 
The degree of agreement between calculated and 
observed intensities was good and there were no 
indications of anything wrong with the positions of 
atoms 12, 13, 14 and 17—the ones which would be 
involved in any change of chemical formula. In the 
c projection, for instance (Fig. 22(a)) the electron 
densities at atoms 12 and 13 (the CO group of the 
jS-lactam ring) were approximately correct in rela¬ 
tion to other electron densities in the map, and tluTC 
were certainly no ^‘ghosts” in positions which might 
be appropriate to the oxazolone formula As for 
atom 17, although in both c and a projections it is 
overlapped by otlier atoms so that the level of 
electron density there is less informative, there was 
no sign of a ghost” in region S which it would be 
expected to occupy if the oxazolone formula were 
correct. 

At tliis point it seemed that little further progress 
could be expected from the study of projections 
either of the sodium or potassium and rubidium 
salts, and so, for further confirmation of the formula 
and further refinement of the atomic coordinates, 
three-dimensional w^ork was undertaken. 

Calculations Involving the Atomic Coordinates in 
Three Dimensions. The refinement of tlie crystal 
structure in three dimensions followed much the 
same scheme as in two dimensions; the calculation 
of structure factors for the general rcflc'ctions, 
F(hkl)y permitted the evaluation of the three dimen¬ 
sional Fourier series for the electron density at 
points using the observed F values and the 
knowledge of phase angles gained in the structure 
factor calculations; the process w^as then repeated 
with coordinates derived from tjie first three-di¬ 
mensional Fourier syntheses. As tlie F values for 
most of the terms involved liad not yet been em¬ 
ployed in the structure determination, their ex¬ 
amination at tliis point provided a new means of 
checking the correctness of the analysis. The 
refining process itself provided one test, and in 
addition, the specific effect of changing individual 
atomic coordinates, and particularly the coordinates 
of the atoms 12,13,14, and 17, could be investigated. 

There is no theoretical problem involved in these 
calculations; they require the straightforw^ard 
application of the formulae on p. 357. But there is 
considerable practical difficulty owing to the 
cumbrous character of these formulae and the 
weight of computation necessary, which in turn are 
a consequence of the asymmetry and complexity 
of the structure. For this reason the professional 
computing assistance of Dr. L. J. Comric and Mr. 
G. B. Iley of the Scientific Computing Service Ltd. 
was called in, and they devised practical methods 
and, wdth the assistance of Miss E. Gittus, carried 
out the bulk of computations required. The 
most important of these methods was that using 
Hollerith punched card equipment which was 
developed for the electron density calculations 


and later applied also to structure factor calcula¬ 
tions. The method will be described in full else¬ 
where; it is similar in principle but different in detail 
from that developed in Professor Pauling^s labora¬ 
tory. In the present investigation its use was 
made possible by the loan from H.M. Stationery 
Office of a Pierce Alpha calculating machine. 

The use of large scale computing methods made 
it both possible and reasonable to carry the calcula¬ 
tions on the structure of penicillin much further 
than is usual in structure analysis In particular 
the Hollerith method of calculating lourier series 
is not w^cll designed for the calculation of individual 
lines or sections in the structure as is common in 
three dimensional Fourier synthesis. Once the 
first stages of the calculations are complete, it is 
relatively little extra trouble to run off on the 
machine a whole series of sections instead of a single 
one i e. to sum the electron density at agreed 
intervals throughout the whole crystal structure. 
This therefore we decid(‘d to do. 

Stuuctuue Facjtor Calculations. Structure 
factors for (likl) reflections were calculated for all 
three penicillin salts. 

The series on rubidium benzylpenicillin was very 
limited and covered only 72 planes It was devised 
as soon as the atomic coordinates of th(' thiazolidine 
ring and benzyl groups were reasonably certain 
from the projections. It had two objects first to 
check in thn^e dimensions the general correctness 
of the atomic coordinates found, and second to find 
out which of three varying arrangements of the 
central atoms of the molecule was the most proba¬ 
ble. With the positions of the benzyl groups and 
thiazolidine ring kept steady, three arrangements of 
the atoms, with coordinates as lisU'd in Table XVI, 
were tried out. They correspond, in chemical 
terms to I, II (i^-lactam), and III (oxazolone) atomic 
arrangements. Of these three, structure factors 
calculated for the i3-lactam structure II agreed the 
best with the observed structure factors (Table 
XIX). But the coordinates used in these calcula¬ 
tions were the first selected for three-dimensional 
trial and have never been further refined (Tables 
XVI and XX). 

The main structure factor calculations were 
carried out on sodium and potassium bcnzylpenicil- 
lin and two approximations for each structure were 
investigated. For the first run on each structure, a 
limited scries of reflections was taken. For the 
potassium salt, the limit was approximately at 2 
sin 0 = 1.0; for the sodium salt, somewhat higher. In 
both cases all structure factors within the limit were 
calculated, the number being considerably greater 
than the observed reflections. For the second 
approximation, in each case, all the structure factors 
out to the limit of the observed reflections were 
calculated. The values obtained in the second 
series of calculations and the coordinates on which 
they were based are listed in Tables XIV-XX. 
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In two of these series, the second for sodium benz- 
ylpenicillin and the first for potassium benzyl- 
penicillin, the effect of moving three atoms, 12, 13 
and 17 in one case and 12, 13 and 14 in the other, 
to alternative positions was investigated. In both 
these calculations, only the y parameters of the 






Figure 23. (a). Cl)ange from ^-lactam to distorted oxazol- 

one structure tiy movements of atoms along the h axis in 
sodium benzylpeiiicillin. (1>). Ohange from ft-lactam to 
intermediate structure by movements of atoms in potassium 
benzylpenicillin. In (a) the atomic positions are shown 
projected on the c plane; in (b) on the a plane. 

atoms were much varied (Table VIII) since such 
clear evidence of the best x,z coordinates for each 
atom had already been obtained. The deviating 
structures must therefore be considered as in¬ 
termediate or at best very distorted oxazolone 
structures (Fig. 23). The introduction of an undis¬ 
torted oxazolone ring has an even more adverse 
effect on the agreement between calculated and 
observed intensities. As an example of these 
calculations, the extract taken (Crowfoot and 
Rogers, CPS, 608) from the potassium salt series is 
recorded in Table VIII. Although the large ma¬ 
jority of structure factors in this table are little 
affected by the movement of three atoms alone, 
there are a small number of reflections which are 
considerably altered. The changes here are much 
greater than the experimental error, and are all for 
the worse. They show both that the structure 
factors are sensitive to the movement of small num¬ 
bers of atoms in the complex structure investigated 
and that these particular changes in atomic position 
can be excluded. 

Thrbb-dimbnsional Foxtbixr Stnthbses. Five 
three-dimensional Fourier series were calculated 
covering the two main approximations for the 
sodium and potassium salts. The intervals at 
which the dectron density was evaluated were for 


TABLE Vlll 
Potassium Bunzvipenicilliii 

Extract from Structure Factor Calculations, May 1945' 


Indices 

Fob* 

Fa 

Fn 

Indices 

obe 

Fa 

Fb 

Oil 

19 

20 

22 

210 

15 

14 

7 

012 

19 

20 

19 

1 211 

6 

9 

9 

013 

2 

2 

3 

212 

12 

11 

17 

014 

10 

S ' 

5 

213 

14 

14 

16 

015 

3 

3 

9 

214 

18 

17 

21 

016 

5 1 

0 

3 

215 

5 

4 

1 

017 

17 

14 

8 

216 

13 

9 

9 

018 

10 

7 

5 

217 

12 

9 

9 

019 

7 

7 

2 

218 

15 

11 

12 

01, 10 

6 

3 

3 

219 

6 

7 

5 





21, 10 

21 

20 

21 

110 

16 

17 

17 

310 

6 

1 

0 

111 

18 

17 

22 

311 

17 

16 

11 

112 

4 

3 

3 

312 

8 

3 

3 

113 

24 

25 

20 

313 

15 

11 

11 

114 

20 

20 

23 

314 

13 

12 

11 

115 

15 

14 

11 

315 

13 

14 

J1 

116 

9 

6 

11 

316 

13 

11 

11 

117 

25 

25 

23 

317 

16 

It 

13 

118 

7 

6 

5 

318 

— 

5 

4 

119 

I 21 

20 

19 

319 

16 

12 

12 

11, 10 

9 

li 

i 

9 

31, 10 

1 

9 

8 

10 


* In this table, the ahHoltiio values of the structuie fuel or s, observed 
und Otflculated, have been flivided by 4 so that they rofei to one potassium 
penicillin unit Their absolute magnitude is small uiul the effect of 
changing the parameters even of thiee atoms shows uf) the more effec- 
tiv’clv, cf. Fa and Fb Planes that we regard as signiticunt for the 
structuie deterininatu>n are, for example, 014, Olf) and 210, 211 and 212. 

The parameters of the atoms used in this soiies of structure factor 
cedculations are not greatly diffoient fiom those recordtd in Table XV. 
The parameters of the three atoms, C 12, O 13 and CH 14, which have 
been changed in structure B fioiu the prefened positions of structure A, 
are as follows: 



A 

B 

X 

V 

z 

X 

V 

i 

C 12. 

.802 

.234 

.040 

.802 

.526 

.040 

0 13. 

.868 

.090 

.020 

864 

.300 

.023 

CH 14. 

.822 

.440 

.060 

822 

.450 

.076 


the sodium salt, and for the potas¬ 
sium salt, Hob and Hzoc- 

The first series for sodium benzylpenicillin, based 
on 324 measured structure amplitudes and the 
phase angles of set I of the structure factor cal¬ 
culations, proved already a very good approxima¬ 
tion. The positions of most of the atoms appeared 
as well defined maxima of electron density and the 
interatomic distances were close to the accepted 
values. The atomic positions in the fl-lactam 
ring, in particular, were quite clear (Fig. 24). The 
least satisfactory part of the molecule was the 
benzene ring where some of the atoms were imre- 
Bolved and the ring appeared distorted. The rela¬ 
tive electron densities for the lighter atoms came 
out on the whole much as expected, with a maximum 
error of about ±IH electrons; and in the back¬ 
ground, where the electron density should be near 
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zero, tlicrc was also a maximum error of ±1}^^ 
electrons. 

The first series calculated for potassium benzyl- 
penicillin reflections, was very similar, but rather 
less good. It appears that the limiting of the reflec¬ 
tions used in this series at 2 sin ^ — 1.0 was a 



0 aCoift 

amldt 
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Figure 24. FM<*ctroii chuisity in the region of the /3-lactam 
ring derived from the iirst three-dimensional Fourier series 
calculated for sodium benzyl penicillin. The electron 
density, summed in a section lietween ^aoc and is 

projected onto the r plane. Contours are at intervals of 
1 electron per A* with the 1 electron contour dotted. 


strategic error—a larger proportion of the atomic 
maxima were individually not resolved than in the 
case of the sodium salt. The benzene ring again 
was the least well defined part of the molecule. It is 
an interesting point that the extent of the poor 
resolution in this series would not have been realized 
if the usual procedure of only summing lines or 
sections passing through reputed atomic positions 
had been followed. 

In conjunction with this series, a series which may 
be called potassium benzylpenicillin 16, was cal¬ 
culated, based on phase angles derived from a modi¬ 
fied set of atomic coordinates involving again 
the movement of atoms 12, 13 and 14 (Table VIII 
and p. 338). In two dimensions the introduction 
of alternative atomic coordinates for two or three* 
of the atoms in a set of structure factor calculations 
for potassium benzylpenicillin has little effect on 
the derived electron density projections; since 
these are centro-symmetrical, very few reflections 
actually change sign and these are weak reflections 
which .cannot greatly affect the positions of the 
main electron density maxima. But in three 
dimensions a change in the coordinates of the atoms 
produced changes in the phase angles calculated; 


these, combined with the observed F values, intro¬ 
duce A and B terms of different absolute magnitude 
throughout the series. It seemed of interest to 
investigate how far these changed phase angles 
could affect the atomic positions observed in the 
derived electron density distribution. In actual 
fact the changes found were relatively small. 
Particularly over the disputed region the maxima 
were more drawn out in series 16, towards the posi¬ 
tions to which the atoms had been moved, but 
nothing approaching new maxima were introduced; 
the absolute heights of the maxima also were lower. 
The positions of other atoms in the structure were 
little affected, though their peak heights also 
tended to be lower. There was no doubt that, from 
internal evidence alone, series 16 was a less good 
approximation than series 1. 

The first electron density series calculated for the 
two salts were next used to improve the coordinates 
of the atoms with a view to the next series of struc¬ 
ture factor calculations, pliase angle determination 
and Fourier synthesis. In choosing new atomic 
coordinates, “resolution^’ of neighbouring atoms 
was necessary, just as in finding the positions of the 
maxima of partly-overlapping peaks on a curve. 
The electron density along a line joining the atomic 
centers was plotted, and the peaks were resolved 
graphically. The atomic coordinates thus obtained 
were accepted, except where they implied inter¬ 
atomic distances differing significantly from the 
normal values. For instance, one of the methyl 
groups in sodium benzylpenicillin appeared to be 
too near the carbon atom to wliich it was attached, 
1.3 A as opposed to the normal 1.5 A; the positions 
of the carbon atom centers were adjusted to fit the 
normal distance of 1.6 A. Also, an undistorted 
benzene ring was assumed in each structure and 
placed in a compromise position giving Ihe best 
general fit with the electron density maxima shown 
by the two-dimensional as well as the three-dimen¬ 
sional series. This course was believed to be justi¬ 
fied because there was no reason to expect any 
abnormal interatomic distances for these groups. 
On the other hand, for the /S-lactam ring and the 
attached chain — NH-CO-CH 2 —, the atomic co¬ 
ordinates were accepted without modification, 
since abnormalities might be encountered here. 
(There was, however, no temptation to modify co¬ 
ordinates in this part of the molecule, since inter¬ 
atomic distances and bond angles were all within the 
range of possible values.) 

In the second three-dimensional series calculated 
for both structures all the atoms are individually 
resolved; the maxima are also considerably sharper 
than in the first two limited series (Figs. 26 and 
27-29). The atomic positions may therefore be 
derived directly from the peak positions and they 
leave no doubt that the penicillin molecule in the 
crystal has the< thiazolidine jS-lactam structure. 
The atomic coordinates found are listed in Tables 
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(b) 

Wm..™ V, ThP Htomic Dositions derived from the second three-dimensional Fourier senes shown projected on the h plane 
£? (1) ^chum beSeSnnd (b) ^ benzylpen.ciUin The contours drawn arc those winch show Uie^’- 

culaWd ^^tawn dcnZtv at levels above the piano 1 / - 0 passing tJirough or near the actual atomic positions The contours 
are drawn at intervals of 1 electron per A', the 1 electron contour being dotted m the case of the sodium salt only 


XIV aud XV and the interatomic distances and 
bond angles that result in Tables IX, X, and XL 
But the series still show certain imperfections. 
The atomic maxima are in general rather low, as 
shown by the peak heights listed in Table XII, 
and they are also still somewhat variable (e.g. for 
the carbon atoms of the benzene ring the peak 
heights vary by nearly I electron per A®), and there 
are even greater differences between these and other 
carbon atoms. There are also still marked fluctua¬ 


tions in the background electron density. Most 
of these are not greater than 1electrons j^r A®, 
positive or negative, but there is one region in the 
neighbourhood of the potassium ion, in potassmm 
bcnzylpenicillin, where both maxima and minima 
are of the order of 2}4 electrons per A*. These 
particularly high fluctuations are clearly due to 
diffraction effects surrounding the heavy potassium 
ion. The remaining maxima are none of them large 
enough to constitute more than about 0 of * oar- 
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TABLE IX 

Bond Lengths* found m Sodium and Potassium 
Beuzjlpcnioillin* 



Na Halt 

K salt 

2-4 (^arb(jx> 1 0—C 

1 28 A 

1 21 A 

3-4 (’'irbowl 0— 

1 29 

1 21 

4-5 Caibowl C- ('’Jl 

1 59 

1 50 

5-b (li—CofC(C}\o 

1 59 

1 67 

f)-7 r~cih 

1 42 

1 47 

b-8 (—(Tl. 

1 39 

1 48 

6-9 

2 06 

1 78 

9-10 S—( IT 

1 81 

1 81 

10-11 CIl—\ 

1 3S 

1 51 

11-5 N—(11 

1 41 

1 48 

11-12 N— C of /3- lactam (H) 

1 39 

1 34 

12-13 0 of t*)in 

1 29 

1 18 

12-14 Cof (M>—CIl 

1 49 

1 47 

14-10 ClI—(11 

1 51 1 

1 49 

14-15 cii--Nn 

1 51 

1 47 

15-16 Nil- C of CO of ainidf 

1 41 

1 39 

16-17 V —0 of amide 

1 20 

1 23 

16-18 ('oi (^O—(Ifa 

1 51 

1 55 

18-19 (Hi to beo/i ne ( 

1 11 

1 50 

19-20 benzene (^—(11 

1 59 

1 44 

20-21 htnzine (11-( 11 

1 19 

1 47 

21-22 benzeni (11 (11 

1 23 

1 39 

22-23 benzene (11—Cll 

1 42 

1 32 

23-24 beu/en(' Cll Cll 

1 47 

1 42 

24-19 benzene (’—Cll 

1 31 

1 47 


^ ]t shutiKi be f TnfihoBiBed that these bond longtiis and bond anglrs are 
those found in the latest calculated electron density atnes not neces- 
flanly those that the authors consider most probably present in tlie c rystal 
strut tures 

* These figures may be compared with the following generally accepted 


values for bond lengths 



C—C (diamond) 

1 

54 A 

C—C (benzene) 

1 

39 

C—S (sum of radii) 

1 

81 

C—N (methylamine) ' 

1 

48 

to which may be added 



Carboxyl C—0 (oxalic acid dihydrate) 

1 

25 

Amide C=0 Ucetamide) 

1 

28 

Amide C—N (aoetaraide; 

. 1 

38 


bon atom; most of them are obviously spurious and 
due to defects in the series since they occur at 
positions where no atoms can exist. Unfortunately 
they indicate that the series are not sufficiently exact 
to place the hydrogen atoms, since these should have 
electron densities of the same order of magnitude 
as that of the spurious maxima. 

In addition there are certain atoms in both series 
at positions which involve abnormal bond lengths 
where no abnormalities are to be expected. Neither 
of the benzene rings yet appears as a regular hexa¬ 
gon, though the distortions are not as bad as in the 
first two series. Individual bond lengths differ 
by as much as 0.2 A in the sodium salt and 0.08 A in 
the potassium salt from the generally accepted value 
1.39 A. In the thiazolidine ring also the bond 
lengths C6—S in the sodium salt and C6—C6 in the 
potassium salt differ by 0.25 A and 0.13 A respec¬ 
tively from the expected values. These are the 
greatest deviatione observed. 

Apart from experimental errors, there are two 
reasons for these various imperfections in the second 


TABLE X 

Bond Angles* Found in Bodmin and Potassium 
Benzylpemcillin 



Na salt 

K salt 

2-4-3 0—C—0 in carboxyl group 

129“ 

116° 

2-4-5 O—(^—Cll carbo\>l group 

116'=^ 

123° 

3-1-5 0—C -(^H carboxyl group 

115° 

121° 

4-5-11 C-Cil—N 

110° 

110° 

4-5-6 c-cn—(^ 

105° 

113° 

11-5-0 N—(H C 

115° 

114° 

5-6-9 ('ll—C- B 

95° 

107° 

7-6-8 ( H,- C—( Ih 

126° 

113° 

5-f>-7Cll—(> CH, 

119° 

112° 

5 6-8 ('ll-(W IC 

113° 

103° 

7-6-9 (’II. C-S 

99*^° 

105° 

8-6-9 CH (^—S 

95° 

116° 

6-9-10 ( —K—CH 

94° 

94° 

9-10-11 8—cn--N 

109° 

107° 

10-11-5 CH N-cn 

118° 

117° 

0-10-11 S —CH ( H at ring junction 

120° 

120° 

5-11-12 ( 11 N —C at ring jurn lion 

120° 

123° 

10-11-12 CJI—N—( in /1-1'Ut mi ring 

95° 

94° 

11-12-14 N—C'—CH in /3~la(taiii ring 

92° 

91° 

12-14-10 C—CH“- ( H in /3-lactam iing 

86° 

90° 

14-10-11 ClI—CH—N in /3-lactam ring 

87° 

! 84° 

11-12-13 N-—C^O 

134° 

131° 

13-12-14 0=^C—CH .. 

136° 

138° 

10-14-15 CH—CH—N 

110° 

115° 

12-14-15 C—CH—NH 

112° 

122° 

14-15-16 CH—NH— 

118° 

122° 

15-16-17 NH-C^O 

121° 

120° 

17-16-18 0=0—CHj 

124° 

126° 

15-16-18 NH—G—CHs 

115° 

115° 

16-18-19 C—CHj—C 

117° 

120° 

18-19-20 CHa—C—CH 

119° 

120° 

18-19-24 CH,—0—CH 

123° 

116° 

20-19-24 CH—C—CH in benzene ring 

118° 

122° 

19-20-21 C —CH—CH m benzene nng 

129° 

116° 

20-21-22 CH—CH—CH 

111° 

120° 

21-22-23 CH—CH—CH 

130° 

119° 

22-23-24 CH—CH—CH .. 

121° 

127° 

23-24-19 CH—CH—C 

110° 

118° 


three-dimensional series. First, the series are not 
complete. A number of the weaker reflections did 
not appear on the original photographs and have 
been omitted; many of these it might be possible 
now to record and insert. Secondly the refinement 
of the series has not been carried far enough. The 
electron density calculated in the three-dimensional 
series depends on the phase angles inserted; those 
used for the present approximation are xiaturally 
ones derived from the coordinates of the preceding 
still less perfect series. 

In this connection it is interesting that the second 
potassium salt series, judged by the magnitudes of 
the discrepancies listed, appears a rather better 
approximation than the second sodium salt series. 
It is very reasonable that this should be so. The 
contribution of the heavier potassium ion has al¬ 
ready carried a larger number of reflections into 
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TABLE XI 

Distances^ Found Within the Ionic Co-ordination Spheres in 
Sodium and Potassium Benzylpenicillin’ 


Na 1 - 0 2 of carboxyl group at a;, 1 -f y, z. 2.26 A 

Na I - 0 3 of carboxyl group at a;, j/, s. 2.21 

Na 1 - 0 2 of carboxyl group at ^. 2.56 

Na 1 - 0 3 of carboxyl group at y -f 1. 2.61 

Na 1 - 0 13 of /3-lactarn group at 1 x, y 4- 3^, 5.. 2.56 

Na 1 - 0 17 of amide chain at 1 — a;, y + g. 2.35 

Average.. 2.42 

K 1 - 0 2 of carboxyl group at a;, 1 4 y, z. 2.83 

K 1 - 0 3 of carboxyl group at a;, ?/, z,. 2.75 

K 1 - 0 2 of carboxyl group at 3^ — a;, 4 y ,5... 2.89 

K 1 - 0 3 of carboxyl group at — a:, }2 4 y, 2.. . 2.82 

K 1 - 0 13 of /3-lactam group at 1— ic, j/ 4 2. 2.75 

K 1 - 0 17 of amide chain at 13>^ — a;, y — 1.... 2.98 

K 1 - 0 17 at amide chain at a; — 1, y, z . 2.89 

Average. 2.84 


• These distances may be compared with the values calculated from 
the sum of the interioniu radii. Na-O 2.44, K>0 2.85: (Zaohariasen. 
Z. iiTrtsf., 80, 137 (1031)) or with distances determined experimentally, 
for example in Rochelle salt, Na-0 2.29-2.52, K-0 2.75-3.07 (Beevers 
and Hughes, Froc. Roy. Soc., A 777, 251 (1941)). 

TABLE XII 

Heights of Maxima of Electron Density in Electrons per A> 
in Three-dimensional Fourier Scries for Sodium and 
Potassium Bcnzjdpcnicillin^ 



Na salt 

Ksalt 

1. Na/K. 

12.0 

24.0 

2. 0. 

6.9 

8.1 

3. 0. 

7.4 

8.2 

4. C. 

5.3 

5.1 

6. CH. 

5.6 

6.1 

6. C. 

3.8 

5.5 

7. CH,. 

5.1 

5,1 

8. CH,. 

4.2 

5 6 

‘9. S. 

15.1 

19.4 

10. CH. 

4.5 

5.6 

11. N. 

5.7 

6.6 

12, C. 

4.6 

5.0 

13. O. 

6.0 

6.5 

14. CH. 

4.8 

5.0 

16. NH. i 

5.9 

6.9- 

16. C. 

4.6 

6.0 

17. 0. 

5.9 

6.6 

18. CH,. 

4.3 

6.6 

19. C. 

4.4 

6.0 

20. CH. 

3.9 

4.4 

21. CH. 

3.1 

4.1 

22. CH. 

3.7 

3.6 

23. CH. 

3.7 

4.1 

24. CH. 

3.9 

4.3 

1 




^Theso heights represent the highest recorded electron density in 
the actual three-dimensional oaioulations which may bo a little less 
than the height at the peak maximum. 


visibility. Also the symmetry of the crystal per¬ 
mitted easier refinement, particularly of the a plane 
projection, independently of the general phase 
angle problem before the calculation of the three- 
dimensional series began. Some improvement 
might therefore be expected by repeating the refine¬ 
ment of both series again, udng more terms. 
Between the last two calculations atoms moved 
as much as 0.25 A in space in the sodium salt, and 


TABI.E XIII 

Summary of Data Used in Three-dimensional Calculations 



i 

No. 
of F^b 
oalc. 

No. 

of 

calc. 
Fa 
ob- , 
served 

No. 
of F's 
used 
iii 

Four¬ 

ier 

series 

A 

Sodium benzylpenicilliii 

1.‘. 

504 

392 

324 


2. 

748 

444 

434 

22.0 

Potassium benzylpeni- 
cilliii 1. 

660 

481 

366 

(21,3) ‘ 
(26.2) 

19.4 (18.3) 

lb. 

660 

[ 481 

360 

2. 

941 

650 

648 



^ 'Die tigures in brackutB are based on F values calculated for reflections 
with 2 sin 0 < l.O, excluding hOl roflections. 


0.15 A in the potassium salt. Further changes in 
the coordinates of particular atoms, of the same 
order of magnitude, are required to regularize the 
structure. Hut for the present this further refine¬ 
ment has had to be deferred. 

In the final series of atomic coordinates listed in 
Tables XIV and XV, allowance has been made as 
far as possible for obvious inaccuracies in the three- 
dimensional series. In the case of a few atoms one 
or other of the projections provides better evidence 
on the coordinates and suggests minor modifications. 
These have been inserted. In addition, regular 
benzene rings have been placed in both structures. 

The Accuracy of the Structure Determination. 
The precision required in X-ray analysis to deter¬ 
mine the essential chemical formula of a compound 
is not necessarily very high. It is known that 
atoms bonded together in an organic molecule have 
their centers at distances of the order of 1.5 A apart 
in space, whereas if there is no primary valency 
bond between them, the distances are of the order 
of 2.5 A or more. An accuracy of ±0.5 A in 
fixing an atomic position should therefore be sufii- 
cient to determine a chemical structure in the sense 
usually employed in organic chemistry. All the 
evidence indicates that the accuracy achieved in the 
present analysis is very much better than this. 
But it also indicates that it is not as good as in 
many analyses of simpler organic compounds where 
interatomic distances may be fixed to within 
4.02 A. 

The accuracy of any structure determination 
depends necessarily on the precision with which the 
structure factors have been found experimentally, 
and this is certainly not very high in the present 
analysis. The intensities were all measured by eye 
estimation and certain correction factors, notably 
for absorption and extinction, have not been ap¬ 
plied. But these imperfections can have relatively 
small effect on the absolute values of the structure 
factors; they may introduce errors of perhaps up to 
30% in unfavourable cases. This in turn has little 
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effect on the general atomic arrangement. Changes 
in the atomic coordinates sufficient to change the 
chemical structure introduce far greater variations 
as the structure factor calculations illustrate. 

There are, in general, two ways in which the pre¬ 
cision of a crystal structure analysis is commonly 
estimated; first, through the agreement reached 
between calculated and observed structure factors, 
and secondly, from the general (diaracteristics of the 
derived electrem density distribution. The amount 
of agreement between calculated and observed 
structure factors is usually measured by the ratio 
A = w|Foui.| — |Fo.io |/S|Fob,.|. In recent structure 
analyses, involving the use of estimated intensi¬ 
ties, varying values of this ratio have been 
reached, e.g. in geranylamine hydrocliloride, 17.8 to, 
(Jeffrey, Proc. Roy, hoc., A18S, 388 (1915)), acety¬ 
lene dicarboxylic acid dihydrate, 17.5 V? (14.9% fnr 
the Mil reflections and 25.4% for Ml) reflections) 
(Dunitz and Robertson J, Cherri. Soc., 148 (1947)). 
With these figures the values of 22.0 V?, and 19.4^’^ 
obtained for sodium and potassium benzylpenicillin 
resj)ectively compare reasonably well, and provide 
strong confirmation of the view that essentially the 
correct arrangement of the atoms in these crystals 
has been found. But though this ratio is useful in 
following the process of structure refinement, it 
is certainly not a satisfactory measure of the abso¬ 
lute accuracy of a structure determination. On 
the one hand, it varies in an arbitrary way with the 
absolute magnitude of Fob... The values of A 
for the rubidium salt, for example, in the prelimi¬ 
nary stages of refinement, were all better than those 
for the potassium salt, not because the structure 
had been more accurately solved, hut because fRh 
increases Fob#, in the calculated value of A. Simi¬ 
larly, because the chemical structure is of a com¬ 
plex kind, the absolute value of Foi». tends to 
be small and differences between F<»i«. and Fob., 
which represent very small actual displacements of 
atoms appear relatively large in the ratio. On the 
other hand, a quite large displacement of atoms, as 
in the change involved in passing from the atomic 
coordinates of structure A to B in Table VIII, may 
produce only a small change in A (from 21.3% to 
26.2% in the actual calculation). This is because 
even quite large changes in the coordinates of a 
single atom can greatly affect the intensities of 
relatively few reflections—^those to which the atomic 
contribution is a maximum—a structure of this 
order of complexity. For these reasons, the actual 
numerical deviation between calculated and ob¬ 
served intensities is probably a better measure than 
A of the agreement reached. Checked in this way, 
the agreement recorded in the structure factor 
Tables XVIII and XIX is good and compares very 
favourably with that found in similar structure 
analyses, e.g, those mentioned above or with that of 
alanine (Levy and Corey, /. Am. Ckem. Soc., 6S, 
2095 (1941); cf. CPS, 608). And the deviations are 


certainly considerably greater in magnitude when 
the atoms are moved to the alternative positions of 
structure B. 

It is the method of refinement of the atomic 
positions througli Fourier syntheses that guards 
against the possibility of very considerably mis¬ 
placing one or more atoms in the course of a struc¬ 
ture analysis of this complexity. This has been 
amply illustrated in the course of the investigation. 
If one or two atoms are placed at totally wrong sites 
compared with the remaining twenty odd correctly 
arranged, the calculated electron densities may 
be expected to be too small at these sites, while 
increased electron densities appear at the correct 
positions. This happened in the refinement of the 
b plane projections, both for potassium, rubidium, 
and sodium benzylpenicillin. For the sodium salt, 
for example, one atom (O 13) which was at first 
considerably misplaced, moved to its correct posi¬ 
tion in successive stages of refinement. 

The characteristics of the final electron density 
distribution an^ probably also the best index of the 
accuracy of the whole structure determination. 
In the present analysis both projections and the 
full three-dimensional Fourier series have been 
calculated. The projections, particularly the h 
plane projections, compare reasonably well with 
those published for many simpler structures. The 
intensity meawsurements on which they are based 
are the most reliable of those used in the structure 
determinations. The refinement also is nearly 
complete; the phase angles reduce to signs and it is 
unlikely that more than a few of these have been 
inserted wrongl 3 ^ There still are irregularities in 
the electron density distribution at low levels which, 
are obviously spurious; such irregularities always 
occur and here they are of much the same order of 
magnitude as in J. M. Robertson^s analysis of 
platinum phthalocyanine, rather greater than in 
tfie projection of phthalocyanine itself. To some 
extent they are due to the fact that reflections just 
below the range of visibility failed to be recorded 
and the series is in this sense arbitrarily cut short. 
This was shown to be the case of the sodium salt 
projection by the introduction of an artificial tem¬ 
perature factor. A repetition of the Fourier syn¬ 
thesis, using the modified structure amplitudes, 
gave a map in which much of the spurious detail 
had entirely disappeared and the rest was much 
reduced. The resolution of the other atoms is how¬ 
ever necessarily also impaired so that this projec¬ 
tion is of less use than the unmodified one for struc¬ 
ture determination. 

In the h plane projections only five, or possibly 
six, atoms happen to be individu^y resolved owing 
to the arrangement of the molecules relative to the 
projection. It is a fortunate chance that three of 
these atoms belong to the amide side chain so that 
the coordinates of these atoms are known with 
greater certainty than any others. The complete 
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determination of the remaining atomic coordinates 
has to depend on the three-dimensional Fourier 
series. 

The different three-dimensional series calculated 
were designed to show how far the atomic positions 
were established unambiguously. The experience 
gained in calculating two approximations and par¬ 
ticularly the series potassium benzylpenicillin 16, 
with falsified atomic coordinates, showed that errors 
tend to blur the electron density pattern and not to 
introduce new sharp maxima. The fact that all the 
atomic positions are individually resolved in both 
the final series is therefore one of the strongest 
pieces of evidence that the structure has been cor¬ 
rectly solved. But in th(* three-dimensional series 
all the imperfections of the analysis also appear, 
both from errors in intensity estimation and in¬ 
complete refinement of the series, and these limit 
the accuracy of the atomic coordinates derived. 

In the present three-dimensional series we can 
estimate the precision reached in the determina¬ 
tion of bond lengths in a quite direct, if empirical 
way, first, from the bond lengths found for parts of 
the molecule of known structure such as the benzene 
ring, and secondly from the relation between the 
two crystal structures. From these it is clear that 
inaccuracies of the order of 0.25 A and 0.15 A exist 
in individual bond lengths determined for the so¬ 
dium and potassium salts respectively, although the 
majority arc within 0.08 A of the usually accepted 
values (Tables IX and XI). These inaccuracies 
are not surprising in view of the character of the 
experimental data and the complexity of the struc¬ 
ture determination, and they may be reduced in 
further refinements of the structure. 

Probably the most convincing evidence of the 
reliability of the structure determination as a whole 
is the very close similarity, even in details of inter¬ 
atomic distances, of the atomic arrangements 
found witliin the penicillin molecules in the two 
different types of crystal structure. This is the 
more remarkable in that all the intensities of the 
reflections used necessarily differ widely in the two 
cases both in their absolute magnitude and also in 
their sensitivity to the different possible inaccuracies 
of measurement. And although in the final resort 
these intensities have been passed through the same 
machine of structure factor calculation and electron 
density synthesis, the ways in which they have been 
handled before this could occur have been very 
different. In detail, as the preceding pages illus¬ 
trate, it would be difficult to find two X-ray analyses 
differing more widely in the means used to approach 
the desired end. The conclusions that both reach 
are all the more convincing. 

The Details of the Molecular Structure and 
Crystal Structure of Sodium, Potassium, and 
Rubidium Benzylpenicillin. The atomic arrange¬ 
ment shown in the latest three-dimensional elec- 
tr<m density distributions calculated for sodium 


and potassium benzylpenicillin fully establishes Ihe 
essential structure of penicillin. 

As required by the /^-lactam formula: 

a4) / 

R.(^().NH.(^H-~-CIT 

1 ' 

(^()__X--(Mb(H)()II 

( 5 ^ 

the molecule includes a five membered f hiazolidine 
ring fixed to a four meinlicred ring, which 

in turn is attached to the nitrogen atom of a ph(*nyl- 
acotamidc group. The stereochemical configura¬ 
tion found for the molecule in ihe X-ray analysis is 
illustrated in Figure 26. Natural penicillin may 
have either this configuration or its mirror image, 
since X-ray evidence is unable to distinguish be¬ 
tween two enantiomorphs. The configuration may 
be specified as follows: in penicillin the carboxyl 
groups and the j^i-lactam ring lie on opposite sides 
of the thiazolidine ring; the amide chain and the 
tliiazolidine ring lie on the same side of the /^l-lactam 
ring. 




Figure 26. Diagram to show the arrangement of the atoms 
in the benzylpenicillin ion. The two views shown are 
derived from wie atomic coordinates found in the sodium 
salt. 
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Certain features of this configuration, particularly 
the relation between the asymmetric centers at C5 
and C14, have received chemical confirmation. 
These two centers can be considered as the a-carbon 
atoms of two amino acids, i>enicillamine and the 
acid CHO CII(Nll 2 ) CO()H, which are united by 
an amide link in penicillin. Their configuration 
is opposite as seen in the crystal structure, and is 
established by degradation experiments as n and l 
respectively (Abraham, Baker, Chain, Cornforth, 
and Robinson, Pen,, 100; C'ornell Bioch., D,14; 
Merck, M,0^; Crowfoot and Rogers, CPS, d08), 

Be 5 ^ond the amide nitrogen atom the rest of the 
molecule might (and in solution, probably does) 
take up a variety of positions in space by rotation 
about single bonds; the configuration taken up in the 
crystal is probably determined by packing con¬ 
siderations and will be discussed later. 

The details of the bond lengths and valency angles 
found in sodium and potassium benzylpenicillin 
are recorded in Tables IX and X. Their preci¬ 
sion is not high enough to warrant quite definite 
pronouncements on the character of particular 
individual bonds. The change from a double bond 
to a single bond, for example, involves a change in 
interatomic distances of about 0.2 A, which is of the 
same order of magnitude as the apparent experi¬ 
mental error. But the accuracy of the structure 


determination is sufficient to establish certain 
details in the atomic arrangement which are worth 
discussion. 

The thiazolidine ring, as revealed in the three- 
dimensional electron density series, is shown in Fig¬ 
ures 27(d) and 28(d). The most interesting feature 
here is the stereochemical character of the ring. 
In both crystal structures it is not planar; the CH 
group attached to the carboxyl group lies out of the 
plane of the other atoms. Similar distortions are 
found in other recently investigated fivc-membered 
rings in cholesteryl iodide (Carlisle and Crowfoot, 
Proc, Roy, Soc., A 184, fi4 (1946)) and sucrose 
(Beevers and Cochrane, Nature, 157, 872 (1946)). 
It seems likely that the nonplanar character of all 
these rings is due to repulsion between non-bonded 
atoms which favors the staggered configuration 
most stable in cyclohexane (cf. C. W. Bunn, Proc, 
Roy, Hoc,, A 180, 67 (1942)). Apart from this, 
the relation between the ring and its attached groups 
appears normal. The carboxyl groups arc sym¬ 
metrical and planar within the limits of experi¬ 
mental accuracy. 

In both crystal structures the jS-lactam ring sys¬ 
tem (Figs. 27 and 28), like the thiazolidine ring, is 
also not quite planar; the attached oxygen atom is 
bent a little out of the plane of the ring system 
towards the thiazolidine ring. This distortion, if 





(c) carbon dimethyl group 


/\ 



(d) thiazolidine ring. 



(c) sodium ions 
and carboxyl group 


Fipirc 27. Different parts of the benzylpenicillin molecule seen from the second three-dimensional electron density series cal¬ 
culated for sodium benzylpenicillin: (a) jS-lactam ring, (b) benzene ring, (c) carbon dimethyl group, (d) thiazolidine*ring, 
(e) sodium ions and carboxyl group. Here and in Figure 28 the electron denmty contours are drawn at intervals of 1 electron 
per A» at sections in the series passing at or near the atomic positions, the 1 electron contour being dotted in the case of the 
sodium salt only. The atomic positions are shown projects on the c plane in (a), (o) and (e) and on the a plane in (b) 
and (d). 
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real, may be forced on the jS-Iactam system by the 
necessities of packing the molecules in the crystal. 
The distance between the oxygen atom and the 
potassium ion, as at present recorded, is at the 
lower limit of the sum of interionic radii. The 
undistorted position would require even closer 
contact. 

The agreement ])etween the bond lengths recorded 
in the ^-lactam system in the two crystal structures 
is not good enough to encourage any chemical 
comment; in the amide side chain, on the other 
hand, it is excellent, much closer than the observed 
experimental errors in other parts of the molecule 
would lead one to expect. The atomic positions 
here are also particularly well defined, which sug¬ 
gests that they have in fact been accurately found. 
As they stand, both the interatomic distances and 
valency angles are very much as one would expect 
for a normal amide, constituted by the two forms, 
IX and X, in resonance. They comi)are quite well 
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N 1 I 2 

/ 
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with the bond lengths recorded for acetamide XI, 
(Senti and Ilarker, J. Am. Chem. Soc., 62, 2008 
(1940)). They do not suggest any high proportion 
of single bond character in the C=0 link or double 
bond character in the C—N link, both of which 
would be expected if marked cnolisation had 
occurred, XII, or if penicillin had the dipolar 
formula, XIII (Robinson, CPS, 509). In addition, 
the two oxygen atoms, 0 18 and O 17, are 3.6A 
ajjart, a distance which shows there is no hydrogen 
bond between them. Both of the formulae, XII and 
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-(ni-COOlI 
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Xni, also involve the transfer of a hydrogen atom 
from N 15. Unfortunately, the X-ray analytical 
data is not yet good enough to provide definite 




(b) benzene ring 



(c) caibon diimih)! gioup 



(cl) ihia/olidinc ring 




(c) i>oia%siutn ions 
and c.ubo\)l gioup 


Figure 28. Dififereftt parts of the bcnzylpenicillin molecule seen from the second three-dim(‘nsional electron density series 
ealoulated for potassium bensylpenicillm: (a) |3-lactam rin^ (b) benzene ring, (c) carbon dimethyl group, (d) thiazolidine 
ring, (e) potassium ions and carboxyl group. + position ^aliy selected for the atoms. 
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Figure 29(a). The arrangement of the molecules in the crystal structure of sodium benzylpenicillin. Above, projection on 
the b plane. Below, projection on the a plane. 


evidence on the hydrogen atom positions; but again 
there is nothing in the data that favours this 
transfer.^ 

In any of the types of carbon-oxygen links dis¬ 
cussed, the oxygen atoms would be expected to have 
a proportion of negative charge. In agreement 

^ There is in fact, a suggestive wing to N 15 in the potassium salt b 
piano electron density projection which might well bo due to a hydrogen 
atom. 


with this, both the amide and d-lactam oxygen 
atoms are found within the coordination sphere 
of the metal ion. 

The way in which the molecules are arranged in 
the crystals is indeed largely determined by their 
ionic character. It is illustrated in Figure 29. 
The configuration taken up by the amide chain and 
benzene ring with respect to the rest of the molecule, 
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which gives the molecule its semicircular form, 
enables the hydrocarbon parts (the methyl groups 
and the benzene ring) to be grouped at one side of 
the molecule while the oxyg(m aloms are all at the 
other. The oxygen atoms can then be arranged 
surrounding the metal ions wliile the hydrocarbon 
groups pack with the (‘orrf‘sponding nonpolar groups 
of neighbouring molecules. The crystal structures 
that result are, in fact, of the ^^layer type'' which 
occurs in the salts of fattj^ acids and in crystals 
of many other substances. Within the ionic layer 
the arrangement of the atoms is very similar in both 
salts; the two crystal structures vary in the packing 
of the hydrocarbon groups where the interniolecular 
forces are less specific and different types of arrange¬ 
ment may have nearly the same stability.® 

In detail the way in which the oxygen atoms are 
grouped round the metal ions is interesting. The 
first condition to be satisfied is that the metal ions 
should be surrounded by as many as possible of the 
oxygen atoms of the carboxyl ions. This is very 
beautifully achieved by the arrangement of these 
groups in 1 lie neighbourhood of a crystallographic 
screw axis illustrated in Figure 30. Each metal ion 
receives contacts from four oxygen atoms, two from 
a single carboxyl group belonging to a molecule at 
approximately its own level parallel to the screw 
axis, and one each from carboxyl groups in mole¬ 
cules above and below it. Each oxygen atom in a 
carboxyl group correspondingly makes close con¬ 
tacts with two metal ions. The ion coordination 
sphere is then completed by contacts from the 
remaining oxygen atoms in the molecule, belonging 
to the jS-lactam ring and amide side chain. Here 
there is a difference in the arrangement found in the 
two crystal structures. In the sodium salt each 
of these oxygen atoms contacts a single sodium ion. 
As a result each sodium ion has six oxygen atoms 
surrounding it. The arrangement is necessarily not 
octahedral; four of the oxygen atoms lie in a plane 
to one side of the sodium ion. In the rubidium and 
potassium salts, a change in the molecular orienta¬ 
tion to the ions makes it possible for the oxygen 
atom of the amide chain to make relatively close 
contacts with two metal ions, one at a rather greater 
distance than the other; their positions are indeed 
very like those of the oxygen atoms of the carboxyl 
groups. There are therefore seven oxygen atoms 
that may be considered to belong to each metal ion 
co-ordination sphere in these crystal structures. 
The principles detennining the structure of each 
coordination sphere sound simple. But as a result 
of the complex geometry of the penicillin ions each 
metal ion in sodium benzylpenicillin makes contact 
with the oxygen atoms of five different penicillin 
ions, while the oxygen atoms of any one penicillin 
ion make contact with five different metal ions. 

I The relation between the two structure types, orthorhombic and 
monorlinic, which im found here is probably common among layer 
structures in general although it has not yet been worked out fully 
elsewhere. 





Figure 30. Diagram to j Hast rate tho arrangement of the 
carboxyl groups and metnl ions in tlie crystal structures of 
sodium and potassium benzyl pern cillin. 

Similarly in potassium and rubidium bcnzylpeni- 
cillin the oxygon atoms of six different penicillin 
ions make contact with each metal ion. The 
metal-oxygen distances found in the sodium and 
potassium salts arc listed in Table XI. 

In the neighbourhood of the metal ions the atomic 
positions as shown by the electron density con¬ 
tours are sharp and clearly defined. But away from 
these ionic centers, and particularly over the atoms of 
the benzene ring (Figures 27(b) and 28(b)), there is a 
marked spread in electron density and the maximum 
for each atom becomes relatively lower. This effect 
is the same as that observed by Jeffrey in the crystal 
structure of geranylamine hydrochloride. Where 
the forces between the atoms are strong and ionic in 
character the atoms concerned are held in relatively 
fixed positions in the crystal. Away from the ionic 
centers, where the forces are of weaker van der 
Waal’s type, there is greater freedom of movement 
possible and the electron density maxima accord¬ 
ingly spread at ordinary temperatures. The exist¬ 
ence of the different stable arrangements of the 
benzyl groups indicated by the existence of the two 
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structure types may be considered as part of the 
same general phenomenon ((‘f. cholesteryl iodide.) 

We should like in concluding tliis section to add 
one note of a rather different kind. The stereo¬ 
chemical configuration found for penicillin is of 
particular interest from the point of view of methods 
L)r its synthesis. In the formula V there are four 
asymmetric centers but the number of isomers 
actually possible may be taken as restricted to 
those in which the j3-lactam and thiazolidine rings 
ai*o cis to one another. Even with this restriction 
tlicre are eight possible isomers (four pairs of 
enantiomorphs) that might be obtained by syn¬ 
thesis, and on general grounds iienicillin does not 
appear the most likely of these to be formed. The 
position of the nitrogen atom N 15, in relation to the 
thiazolidine ring {cis to sulphur) is one that involves 
more crowding of the atoms, sfiorter distances be¬ 
tween non-bonded atoms and consequently greater 
steric hindrance than the allernative position (N 15 
trans to aS). From t Ik* point of vi(‘\v of the synthesis 
of the correct form it is ch'arly an advantage' to 
obtain reactants in which both the asymmetric 
centers C 5 and C 11 hav<' the correct configuration. 
There are tlien only tW(A alt('rnative configurations 
of tile molecuh' likely to be formed, natural penicil¬ 
lin and one other which nn olves the fusion of the ^- 
lactarn ring on the oppoMte side of the thiazolidine 
ring. These configurations might (*ompete fairly 
equally since the alternative to penicillin also 
involves steric hindrance —C 12 cis to C 4. 

CONCLUSION 

Throughout the whole of the X-ray crystallo¬ 
graphic investigation of piuiicillin we have been 
working in a state of much greater ignorance 
of the chemical nature of the compounds we have 
had to study than is common in X-ray analysis. 
We have, at all stages of our examination, tried 
to make any deduction we could of chemical inter¬ 
est, and we have seen some of these confirmed and 
others not. For the future application of X-ray 
measurements in this type of problem our errors 
as well as our successes have some importance. In 
the early stages of analysis, during the examination 
of trial structures and approximate electron density 
maps, it is comparatively easy to be misled by an 
apparent fit of some proposed molecular structure 
with the data at hand. But once the correct 
solution of the crystal structure as a whole has been 
found the situation is radically altered. The 


mechanism of X-ray analysis is such that the X-ray 
data themselves control the later stages of structure 
refinement. There then appears to be no longer 
any possibility of making a serious error in the 
deduction of a chemic'al formula. Provided the 
atomic positions appc*ar as fully resolved maxima 
in the final electron density sei'ies, the essential 
chemical bonding system present can be fixed with 
certainty. This is the situation we have observed 
during the analysis of the salts of benzylpcuiicillin. 

In the final determination of the atomic positions 
in a structure of the complexity of ])enzylpenicillin 
it would be unreasonable to expect th(' same ac¬ 
curacy as in the standard X-i*ay analyses of simpler 
organic compounds. The accuracy achieved in the 
present analyses is, in fact, much Ixdter than could 
have been anticipated at the beginning of the in¬ 
vestigation; and it s('ems ciuite likely that in the 
future, under improved experimental conditions, a 
higher degree of precision might be reached. 
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EXPERIMENTAL 

The Estimation of the Intensities of the X-ray Reflections. 

The main record of the intensities for all three salts was a 
series of Weissenberp; photographs, taken on a Buerger 
Weissenberg X-ray goniometer, the equi-inclination tech¬ 
nique being employed for layer line photography. The 
films were inserted into the camera in triplicate throughout, 
in order to scale down the intensities of strong reflections to 
measureable proportions. For the sodium salt, which was 
investigated first, a good series of Weissenberg photographs 
was secured both with rotation axis 6, (zero, Ist, 2nd, 3rd, 
and 4th layer lines) and with rotation axis a (zero, 1st, 
and 2nd layer lines). For the potassium and rubidium salts 
in both cases the main series was that with rotation axis 6, 
(zero, 1st, 2nd, 3rd, and 4th layers) with only the zero 
layer line photograph and rotation axis o. Here the 
intensities obtained from the Weissenberg photographs were 
supplemented wuth data from oscillation photographs, taken 
with the c axis as rotation axis. 

All the intensities of the X-ray reflections were estimated 
visually at Oxford by comparison with a standard series of 
spots of varying exposure. The standard scries used were 
made by taking X-ray reflections off a crystal of pc»nta- 
erythritol so arranged that the standard spot should be 
similar in form to the reflections to be estimated. The 
estimations of the intensities of all the sodium salt reflections 
and most of the rubidium salt reflections were carried out 
independently by 1"). Crowfoot and B. Rogers, with quite 
good agreement. For the potassium salt the main record 
was made by D. Crowfoot and largely cross-checked by 
B. Rogers. For the majority of the X-ray reflections, the 
final values are derived therefore from records on at least tw'o 
different films each measured by two different investigators. 

To these estimated intensities corrections for the Lorentz 
and polarization factors were applied according to the 
approximation method of Warren and Fankuchen {Rev. Sd. 
Instrum.f 12^ 90 (1941)). No correction was attempted 
either for absorption or extinction, it was realized that 
the most serious cause for inaccuracy in the intensity esti¬ 
mation was probably the shape of the crystals, particularly 
where the axis of rotation was the a axis. Attempts were 
made to cut down crystals to more equal proportions, but 
these were not very successful owing to the small size of 
the crystals and lack of cleavage parallel to (010). The 
cut down crystals were always somewhat damaged and gave 
poorer records than those left untouched. By correlation 
of photographs taken with other rotation axes and use of 
different standard series of spots, it proved possible to 
allow, if in a somewhat ad hoc manner, for differences in 
spot shape. It is in any case important that this particular 
difl&culty operates least for the main series of photographs 
used throughout, where the rotation axis, the h axis for 
each crystal, is the needle axis. 

Application of the correction factors to the series of 
observed intensities gave figures proportional to the relative 
structure factors, F values, for the reflecting planes con¬ 
cerned. In order to compare directly the data on the two 
isomorphous potassium and rubidium salts, it was desirable 
to bring the relative F values, for these two salts at least, 
approximately onto an absolute scale. This was carried 
out for the potassium salt by direct comparison with reflec¬ 
tions from an anthracene crystal in a way suggested by 
Professor J. M. Robertson. Experiments were first carried 
out on growing anthracene crystals which should be as 
similar as possible in shape and size to potassium benzyl- 
penicillin crystals. The specially purified anthracene used 
was given by Dr. E. J. Bowen, and a small good needle 
shaped crystal of anthracene was finally obtained by slow 
cooling from alcohol. This crystal was elongated along 
the b axis and measured under a travelling microscope, 
0.30 X 0.08 X 0.06 mm. It was directly compared with a 
potassium benzylpenicillin crystal, measuring 1.01 X 0.10 X 
0.04 mm., in the following way. 


A section of the {hOl) reflections from the anthracene 
crystal was first recorded on one half of a Weissenberg film; 
the crystal was then removed, the ready mounted potassium 
benzylpenicillin ciy^stal substituted, and a section of the 
(hOf) reflections from the latter was recorded on the second 
half of the film. The exposure times were, for the anthra¬ 
cene crystal, 4.1 hours, for the potassium benzylpenicillin 
crystal, 2.65 hours; the tube current was maintained at the 
same reading throughout the experiment. The film was 
then developed, the intensities estimated and corrected to 
give relative F values in the same way as in the case of 
the main series of reflections. In this way a scries of 
values proportional to F were recorded for a number 
of reflections of anthracene® which proved to agree very 
well in relative magnitude with those given by Robertson 
{Proc. Roy. Soc.y A 140^ 79 (1933); B. W. Robinson, 
tbid.^ A 142j 432). A factor could easily be derived to 
transform these values onto an absolute scale. Greater 
uncertainty was, however, clearly involved where the 
potassium penicillin reflections were concerned, owing 
to the difference in size of the two crystals and the con¬ 
siderable inaccuracies involved in the measurement of 
crystal size. Estimates for the conversion factor to be 
applied to the main series of X-ray reflections were made 
which varied from 20-25.2, with a mean value of 22.6. For 
convenience these factors wen* us(*d divided by 4, which 
records the structun* factcus in terms of th(* contribution 
of a single molecule, i.e. the limits used were 5-6.3, mean 
5.65. 

In the meantime observations had been made on the 
relation betvreen the intensities of the X-ray reflections for 
rubidium and potassium benzylpenicillin which indicated 
that it would not be necessary to carry out a separate direct 
experiment to assign roughly absolute values to the struc¬ 
ture factors for the nibidium salt. Wien the intensities 
of the (^0/) reflections for the rubidium and potassium salts 
were compared, it was observed that, while th<*re wore 
marked changes in intensities for reflections where h H- lis 
even, the relative intensities are practically unchanged 
wherever A -f / is odd.’® It was clear that the rubidium 
and potassium ions could bo contributing very little, if 
anything, to the intensity of the latter type of reflection and 
that therefore thr* F values for these reflections might be 
assigned approximately the same absolute magnitude in the 
two structures. I^ater calculations on the magnitude of the 
contributions of the potassium and rubidium ions to the first 
type of reflection provided a second method of determining 
the absolute scale. The fac.tor first deduced, about 5.9 
for the potassium salt, compared well with the mean direct 
estimate above, and the figure 5.7 was used throughout the 
greater part of the subsequent investigation. 

No attempt was made at Oxford to set the F values derived 
for sodium benzylpenicillin onto an absolute scale by direct 
experiment, and a later trial by Buim and Turner-Jones by 
powder photography of the sodium salt and anthracene 
gave results insufficiently accurate to be useful. The ob¬ 
served structure factors were therefore set onto an approxi¬ 
mately absolute scale after the structure had in essentials 
been solved by Bunn and Turner-Jones, by comparison with 
the calculated structure factors. 

Space Group Data. The analysis in detail of the crystal 
structures of sodium, potassium, and rubidium benzylpeni¬ 
cillin is based on the space group data given in the 
International Tables and Structure Factor Tables by K. 
Lonsdale. “ 

For convenience this is summarized on the next page. 

• Including (001), (002), (003), (004), (006), (20T), (200), (204), (406), 
(60T6). 

This relation was tested in detail by taking the ratio for each pair of 
reflections of index (hOI). The ratios of the first F values (which are 
6n an arbitary scale) vary widely where A 4- I is even, but approximate 
to a single mean where A -f I is odd. 

" The orientation of the screw axes to the atomic co-ordinates used in 
this analysis is different from that recorded by Iionsdale. 
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Sodium benzylpenicillin, CinHnO^NaS-Na. 

Space group P2i; No. of molecules, 2. 

Co-ordinates of atoms in general positions ^2 + 


2n 


A; « 2n + 1 


k^2n 


A « 2 cos 2n{hx -f Iz) cos 2Trky 
2 cos 2tcQix 4- Iz) sin 2Trky 

A « —2 sin 2Tr{hx 4- Iz) sin 2wky\ 
B « 2 sin 2v{]ix 4- Iz) cos 2wky 
A « B « 0 if /i 


laQtkl) — ~-a{ftJcT) ==* '-’a{hkl)\ 
\a(hkl) = a(hkJ) 9 ^ a(hkl) 

locihkl) — —o((filcT) =*= TT — a(hkl) 
\a{fikl) ~ TT 4* cf{hkl) 9 ^ a{hkl) 

I = 0 


pxyz « cos 2Tr{hx 4- Iz) cos ^vky — a{hkl)] 4- \t'0iH)\ cos 2ir(—/ix 4 h) cos \2Trky - otihki)] j 


A;-«2n4 1 


sin 2ir{hx 4‘ Iz) sin [2Trky — a(hkl)] 4- |y''(/iA/)| sin 2 rr{ —hx + h) sin [27r/c7/ - a{hkl)] ) | 

Potassium and Rubidium benzylpenicillin. CiwHnOiNjS.K or Rb. 

Space group P2i2i2i; No. of molecules, 4. 

Co-ordinates of atoms in general jiositions x, 2/, z; — it, 4- 2 /, 5, ^2 4^,^, ^ > — z, f, ^2 ~ ?/, H 4* z. 


h I 
k 4 -1 

h I 
k 4 -1 


2n 

2n 

2n 

2n f 1 


ptyz 


8^ 

Vc 


h I ^ 2n 4~ i 

k I ^ 2n 

h -j- I ^ 2u 4" 1 
k^l ^2a 4-1 

/**f i■• 2 n, 2 n 


A ~ 4 cos 2rrhx ci)s 2irky cos 2trlz 

B ^ —4t sin 2Trhx sin 2irky sm 2Trlz 

4 = — 4 cos 2Trhx sin 2Trky sin 2Trlz 
B = 4 sin 2irhx cos 2Tcky cos 2Tth 

I ; 

\A a= —4 Sin 2‘trhx sin 2vky cos 2Tih I 
[B ~ 4 cos 2ir/ij: cos 2Trky sm 2-nlz 

.4 = -*4 sin 2Trhx cos 2Trky sin 2irlz 
B = 4 cos 2ir/tx sin 27r/c// cos 2-kIz 


\n{hkl) - cdiHl) = -«(to) 

■ -cQtkl) - -a{hkl) 

W{hkl) = -aiW) = -ciKkl) 

"= X — a{hkl) — X — a(hkt) 

(x(hkl) s= —oL^hkl) =** TT — a(hhl) 

=» —a{hkj) *= TT — a(hkl) 
fyc{hkl) = — cx^hkl) =* IT — a(hkt) 

= IT “ a{hkJ) = —otGikl) 


{ ^0 ^0 ^0 2 Trhx COR 2 wky cos 2 wlz cos a{hkl) — sin 2 Tthx sin 2 Trky sin 2 rrh sin a{hkl)\ 


A 4 Z- 2 n, A! 4 i“ 2«4 1 


^ 00 ^ 00 ^ * 

Z/0 Zto Lo 

k-\ i- 

y * V V ~ 

Z/O Z^o L(0 
Z-2n41,*‘ 

1:1: 


lF(/i/c/)|[cos 2irhx sin 2Tky sin 2irlz cos a{hkl) — sin 2ir/ix cos 2Trky cos 2Trlz sm a{hkl)] — 


|B(/i/:/)|lsin 2whx sin 2irky cos 27r?2 cos a(hkl) — cos 2jrhx cos 2rrky sin 2vlz sm a(hkl)\ — 

-OH 2Trhx sin 2Trky cos 2Trlz sin o(/iA:0l| 


A4Z-^n41, *4f“2n41 

^ |B(^fr^)l[8in 27rhx cos 2 vky sin 2 wlz cos a{hkl) 

^0 


Structure Factor Calculations. The struct urt> factors re¬ 
quired by the above formulae were evaluated in different 
\^ays at different stages of the structure determination. 

In the early trial stages of the structure analysis of 
sodium beiizylponicillin Bragg and Lipson charts were used 
first to consider the atomic* co-ordinates in a qualitative 
way in relation to the intensities, and each structure was 
then tested in detail by the “ ily^s eye ” method. In order to 
reach the stage at which the refinement of th(» h plane pro¬ 
jection by Fourier methods alone became possible, 45 ‘‘fly's 
eye" trials were done, each preceded by anxious considera¬ 
tion of the intensities by the charts. For the solution of the 
structure as a whole over 60 “fly’s eye" trials were carried 
out. These tests were followed by a considerable amount of 
calculation of structure factors, fibrst of all by the charts and 
afterwards more precisely by P^vans and Peiser’s machine 
(Proc, Phys, Boc., 467 (1942)). P'ourier syntheses were 
calculated between batches of these calculations. 

Structure factor charts were also used in the trial stages 
of the analysis of rubidium and potassium benzylpenicillin. 
The standard set of orthorhombic charts (kindly lent by C. 
W. Bunn) are based on square coordinates which involve 
considerable distortion of the unit cells in these two salts. 
Charts drawn on tracing paper to scale were therefore 
employed during most of the analysis and on these only the 
nodal lines were marked. They wore used both to determine 
the signs rapidly for particular reflections and also to indicate 
the directions in which atoms should be moved to improve 
the agreement with the observed intensities. Possible 
movements were restricted in many cases by the knowledge 
gained of the signs of the reflections from the heavy atom 


positions. They were also controlled by the uho of the scale 
models projected by light onto th(' Rtructure factor graphs. 

Quantitative calculations \\(‘rc carnc'd out first on the 
standard square coordinate charts These were followed 
by calculations based on tables of the functions cos 2Trnx 
and sin 27mx which had been evaluated by (^omne and Hey 
at intervals in x of .001 and values of n from 0 to 40. 

The final structure factor calculations for all hkl reflectioius 
for both structures were carried out by the Scientific Com¬ 
puting Service, at first by methods involving sine and cosine 
tables as above, later by the Hollerith method. In all these 
structure factor calculations only the co-ordinates of the 
metal, sulphur, carbon, nitrogen, and oxygen atoms of the 
molecule were considered. The empirical diffracting power 
of carbon given by Robertson (Proc. Roy. Soc.y A ISO, 106 
(1935)) was taken as basis, and for the groups C, Oil, CH 2 , 
CHa, N and NH the diffracting power was assumed propor¬ 
tional to the atomic number. For oxygen, the diffracting 
power was taken to be that for carbon; the d(*cline of 
diffracting power with sin 0 is not the same for oxygen as it is 
for carbon, but the ratio is approximately correct over 
the range covered by the reflections, if we accept the figures 
for the diffracting power of oxygen given by liar tree 
(Internationale Tabellen zur Bestimmung von Kristall- 
strukturen). For sodium, potassium, rubidium, and sulphur 
the values given by Hanree were reduced by a temperature 
factor with B — 3.6; this seemed about correct to matcli 
Robertson’s empirical diffracting power for carbon. 

This process of structure factor calculations appears to be 
a good approximation, suitable to use for comparison with 
observed F values of the order of accuracy measured in the 
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present invostiffation. Other methods, particularly the uae 
of individual Hartree curves for the atoms present, modified 
by temperature factors with B varymg from 2.6 to 4.0, were 
tested out for set 2 of the atomic co-ordinates of potassium 
benzylpenicillin and the structure factors of some twenty 
reflections before the final set of structure factors was cal¬ 
culated. The differences between the best of these and 
those recorded in set 2 were of the order of 0.5 and not signifi¬ 
cant. Probably a rather more serious defect in the approxi¬ 
mate method lies in the failure to insert individual hydrogen 
atom contributions—cf. the experience of Le\"y and Corey 
in the X-ray analysis of alanine (./. ^4rw. Chem. Soc.^ 63^ 
2096 (1941)). But the small amount of improvement that 
could be expected from this insertion was felt to be hardly 
worth the effort of placing seventeen extra atoms in three 
dimensions. 

The late.st senes of structure factors calculated for the 
sodium and potassium salts are listed in Tables XVHI and 
XIX. These tables do not give the appropriate phase 
constants nor the equivalent calculated A and B parts of the 
structure ainjilitudes. This o!ais.sjoii is largely made for 
reasons of spac(‘. But it should be realized that the present 
recorded structure factors are not baaed on the final selected 
atomic positions, and n*calculatinn of the structure factors in 
full would therefore be desirable before any rejictition of the 
calculations of three-dimensional Fourier senes. 

The Calculation of Fourier Series. The calculation 
of all the early Fourier projections was carrH‘d out by the 
mc'thod of Beevefs and Lipson. The original strips are 
arranged for the subdivision of the cell edge ]»y 00. Since 
the c dimension for potassium and rubidium benzylpenicillin 
is c. 30 A, this would only permit tlic evaluation of the 
electron density at intervals of 0.5 A. Additional st rips were 


thiTefore made to permit the calculation at intervals of 
M 2 0 , in the deduction of a and b projections for 

these two salts. 

"Hie three-dimensional series and the final a and b projec¬ 
tions for potassium benzylpenicillin were evaluated by the 
Hollerith method. The number of reflections used in each 
of the three-dimensional series is shown in Table XIII. 
Even in the second series not quite all the observed reflec¬ 
tions were used; in the few eases where agreement between 
calculated and observed values for F was vei*y poor, the 
terms were omitted. The phase angles used for the calcula¬ 
tion of the series potassium benzylpenicillin 16 were those of 
structun‘ B, Table VIII, with the exception that the x 
parameter of (' 12 was further changed to .876. 

The last column in Tabic XIII gives the calculated value 
for A, 2|Fob« I — |Fo*io l/s|FobB.|, reached in the different series 
of structure factor calculations. In lhi*se series there were a 
few caB(‘K in whiidi calculated F values higher than the visible 
limit were found for non-f>bs(Tved reflections. Allowance for 
th(*s(‘ discrepancies was made by adding the difference bo- 
tM(‘<*n the calculated F value and the estimated visibility 
limit to the sum of tlic remaining diserepaneies. 

Biological Activity. A nuiiilH'r of experiments were car¬ 
ried out to test whether either exposure to X-rays or the 
reerystallization methods used could inactivate the different 
crystalline salts analysed. In the final tests single crystals 
of potassium and rubidium benzylpimicdllin from the reerys- 
talhsed specimens were exposed for six days to the main 
X-ray beam and found to be of unimpaired activity. The 
same was true of a jiowdered specimen of sodium benzyl- 
penicillin which had been X-ray photognii)lK‘d. The tests 
for biological activity were carried out by Dr. N. G. Heatley. 

Tables XIV to XX are given on the following pages. 
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TABLE XIV 

Sodium Benzylpenicillin. Co-ordinates of Atoms in the 
Unit in Fractions of the Oil Edge 


(a) 

Used in final structure 
factor calculations 

(bj Derived from 
3-dimensional 
Fourier synthesis 

(c> Final 
co-ordinates 



X 

V 

2 

X 

</ 

X 

X 

V 

X 

1 

Na 

.064 


.838 

.028 

.060 

.834 

.028 

.060 


.834 

.028 

2 

0 

.182 


.159 

.044 

.177 

.156 

.047 

.177 


mm, 

.047 

3 

O 

.173 


.514 

.061 

.174 

.521 

.064 

.174 



.054 

4 

c 

.229 


.333 

.074 

.229 

. 336 

.074 

.229 


.336 

.074 

5 

CH 

.393 


.340 

.122 

.401 

.336 

.121 

.397 


.336 

.120 

6 

C 

.378 


.287 

215 

.373 

.325 

.220 

.373 


.284 

.212 

7 

CIU 

EE 


.345 

.243 

.217 

.355 

.246 

.217 


.3,56 

.246 

8 

CHi 

.614 


.345 

271 

.510 

.358 

.272 

.610 


.358 

.272 

0 

s 

.383 


. 000 

.228 

.384 

.000 

.228 

.384 


.000 

.228 

10 

CH 

.472 


.027 

.122 

.472 

- .030 

.127 

.472 

— 

.030 

.127 

n 

N 

.487 


.177 

.091 

.489 

.167 

.090 

.489 


,167 

.090 

12 

C 

.658 


187 

100 

.653 

.167 

.102 

.0.53 


mm 

.102 

13 

0 

.769 


.310 

. 100 

. 757 

.314 

.099 

.757 


.314 

.099 

14 

CH 

.663 

■— 

.053 

. 124 

.648 

- .062 

.123 

.648 

— 

.fMi2 

.127 

16 

NH 

.725 

— 

107 

.211 

.723 

- .107 

.214 

.723 

— 

.107 

.214 

16 

C 

.884 

— 

.163 

.223 

.883 

- .166 

. 22.3 

.883 

— 

. 106 

.223 

17 

O 

.956 

— 

.177 

. 159 

.958 

- .189 

.162 

1 .958 

— 

. 189 

.162 

18 

CHi 

.954 

— 

. 179 

.313 

.952 

-.183 

.316 

.9,52 

_ 

.183 

.315 

19 

C 

.864 

— 

111 

.382 

.868 

- .084 

.381 

.864 


.107 

.382 

20 

rri 

.753 

— 

239 

.421 

.745 

- .223 

429 

.752 

— 

. 2,34 

.424 

21 

CH 

.604 

— 

.201 

.480 

.673 

-.178 

.489 

.666 

— 

.161 

.491 

22 

CH 

.090 


.017 

.511 

.694 

.006 

.610 

.693 


039 

.615 

23 

CH 

.797 


.166 

.474 

.798 

.160 

.479 

.803 


.164 

.474 

24 

CH 

.888 


.107 

.408 

.891 

.112 

.406 

.890 


.093 

.407 


TABLE XV 

Potassium Benzylpcnicillin. Co-ordinates of Atoms in the 
Unit Cell, in Fractions of the Cell Edge 




(a) Used in final 
struettire factor 
calculations 

(b) Derived from 
three-dimensional 
Fourier syntljeHis 

(c) Final 
co-ordinates 



X 

V 

z 

X 

V 

z 

X 

y 

X 

1 

K 

.3.52 

.530 

-.001 


,530 

-.002 

352 

.5.30 

-.002 

2 

O 

.380 

-.130 

.056 

.379 

-.123 

.0.56 

.379 

-.123 

.056 

3 

O 

.360 

.200 

.058 

.359 

.202 

.058 

359 

.202 

.058 

4 

C 

.445 

.040 

.003 

.436 

.046 

.061 

.430 

.046 

.061 

6 

CH 

.600 


.076 

.691 

.057 

.07,3 

.591 

.057 

.073 

6 

C 

.618 

.106 

.125 

.618 

.097 

.127 

.618 

.097 

.124 

7 

CHi 

.494 

.042 

.151 

.497 

.027 

.1.54 

.497 

.027 

.154 

8 

cn» 

.7.52 

-.014 

.136 

.752 

-.019 

.1,30 

.7.52 

-.019 

.136 

9 

s 

.625 

.376 

.136 

.624 

..374 

.13,5 

.624 

.374 

.135 

10 

CH 

.670 

.444 

.078 

.601 

.441 

.079 

.661 

.441 

.079 

11 

N 

.660 

.246 

.052 

.658 

.240 

.052 

.6.58 

.240 

052 

12 

c 

.802 

.260 

.040 

.797 

.247 

.042 

.797 

.247 

.042 

13 

O 

.868 

.102 

.024 

.870 

.123 

.02.5 

870 

.118 

.025 

14 

CH 

.820 

.458 

.060 

.810 

.458 

.061 

.810 

.464 

1 .061 

15 

NH 

.922 

.614 

.090 

.921 

.514 

.09.3 

921 

514 


16 

c 

1.057 

.666 

.082 

1.057 

.583 

.081 

1.0.57 

..58.3 

.081 

17 


1.080 

.020 

.044 

1.083 

.013 

.042 

1.083 

61.3 

.042 

18 

ClI* 

1.167 

.666 

.118 

1.170 

.560 

.118 

1.167 

. 560 

.118 

19 

C 

1.112 

.618 

.165 

1.126 

.522 

.165 

1 112 

.518 

.165 

20 

CH 

1.049 

.678 

.190 

1.060 

.683 

.189 

1.049 

.678 

.190 

21 

Cll 

|1.001 

.035 

.233 

.989 

.617 

.232 

l.OOl 

.6.35 

.233 

22 

CH 

1.010 

.432 

.249 

1.029 

.425 

.250 

1.016 

.4.32 

,249 

23 

CH 

1.079 

.272 

.224 

1.074 

.276 

.223 

1.079 

.272 

.224 

24 

CH 

1.127 

.315 

.181 

1.125 

.300 

.179 

1.127 

.315 

.181 


TABLE XVI 

Rubidium Benzylpenicillin. Coordinates of the Atoms in 
the Unit Cell, Including Tliree Alternative Arrangements 



0 Lactam I 

0 Lactam 11 

Oxazolone III 


X 

y 

z 

X 

y 

- 

X 

y 

2 

1 

Rb 

.358 

.55 

0 







2 

0 

.38 

-.125 

.058 







3 

0 

.375 

.21 

.062 







4 

C 

.450 

.05 

.069 







5 

cu 

.60 

.077 

.087 







6 

c 

.615 

.135 

.133 







7 

CH, 

.48 

.06 

.153 







8 

CH, 

.745 

.02 

.144 







9 

s 

.635 

.417 

.138 







10 

CH 

.67 

.46 

.08 







11 

N 

.65 

.25 

.056 







12 

C 

.78 

.25 

.04 




.875 

.326 

.038 

13 

O 

.845 

,136 

.021 




.82 

.16 

.025 

14 

CH 

.81 

.46 

.064 




.815 

.625 

.060 

15 

NH 

.91 

.525 

.098 




.90 

,64 

.092 

16 

C 

1.056 

.44 

.084 

1.060 

.65 

.088 

1.050 

.475 

.082 

17 

0 

1.075 

.32 

.053 

1.076 

.675 

,048 

1.030 

.32 

.050 

18 

CH, 

1.165 

.54 

.12 







19 

C 

1.12 

.50 

.162 







20 

CH 

1.06 

.66 

189 







21 

CH 

1.016 

.624 

.231 







22 

CH 

1.025 

.426 

.248 







23 

CH 

1.078 

.275 

.222 







24 

CH 

1.130 

.310 

.181 








TABLE XVII 

Extract from Structure Factors ('alculatcd for the 3 Sets of 
Atomic Coordinates of Table XVI 


Indices 


r. 

Fb 

F, 

110 

15 

1 

8 

1 

210 

— 

4 

5 

0 

310 

— 

1 

2 

2 

410 

12 

9 

11 

9 

510 

— 

0 

2 

1 

120 

18 

14 

18 

14 

220 

— 

4 

1 

6 

320 

9 

1 

8 

6 

420 

12 

11 

12 

10 

520 

10 

14 

10 

15 

111 

11 

6 

8 

5 

112 

— 

i 8 

2 

9 

113 

27 

31 

31 

31 

114 

25 

24 

23 

25 

115 

20 

24 

24 

25 

221 

6 

2 

.5 

3 

222 

— 

7 

2 

7 

223 

6 

11 

12 

14 

224 

10 

2 

7 

4 

225 

5 

7 

5 

6 


Fh—S tructure Factora for P Laotarn I 
Fh —Structure Factors for 0 Imotniu II 
F<r—Structure Factors for Oxasolono III 









































































TABLE XVIII 

Sodium Benzylpenicillm Comparison of Observed and Calculated Structure Amplitudes For Each Reflection, the Observed Structure Amplitude Is Given 4bove 

and the Calculated Value Below * 
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Though the ultimate goal of all the X-ray dif¬ 
fraction studies of penicillin has been the determina¬ 
tion of the molecular stnicture, it was hnind in the 
early stages of investigation that diffraction studies 
were i)roving valuable as an analytical tool. It is 
the purpose to summarize in this cliapler the results 
obtained in the identification and differentation of 
various penicillins and related compounds. The 
samples have been supplied through the kind co¬ 
operation of the various other research groups in 
the program. Each of the samples has been ex¬ 
amined by powder diffraction methods and wher¬ 
ever the sample was in the form of single crystals 
of suitable size oscillation, rotation, and Weis- 
senberg techniques were applied to determine the 
unit cell and the space group. 

Since the beginning of the penicillin research 

> Department of Chemistry, University of Illinois. 

•Under Contract OEMcmr-439 the apecial research aasistantahip at 
the University of Illinois was hold by W. I. Kaye (present address, 
Tennessee Eastman Corporation, Kingsport, Tenn.) from June 1, 1944, 
through February 28, 1945, and by K. J. Pipenberg (present address, 
Dept, of Biology, Mass. Inst. Teohnology) from March 1,1945, through 
December 81, 1945. 

• Northern Regional EesoarchXaboratory, Peoria, 111. Cpresent address. 
Bureau of Keclamation, U. S. Dept, of Interior, Denver. Colo.). 


program at the Norlliern Kegioiial Keseiirch 
liaboratory of the U. S. Department of Agriculture, 
about 450 powder diffraction patterns have been 
made, largely by Dr. N. C. Schieltz, in connection 
with a research contract and as a service for the 
penicillin group at the Laboratory. The results 
of this work which have been formally presented 
in progress reports are indicated under approjiriate 
topics in Section I of i his chapter. 

I. IDENTIFICATION AND DIFFERENTIATION 
FROM POWDER DIFFRACTION PATTERNS 

The powder diffraction equipment used at the 
University of Illinois consisted of a standard Hayes 
X-ray diffraction unit equipped with a Machlctt 
copper target diffraction tube, which was operated 
at 40 k.v. and 15 ma. The cylindrical cameras were 
of special design having a diameter of 14.00 cm. 
They were constructed with highest precision and 
were suspended through conical fittings directly 
from the X-ray tube. The samples were mounted 
in cellulose acetate capillary tubes which were 
rotated or oscillated during the exposure. The 
X-ray beam was filtered with nickel foil. The 
front and back pinholes w^ere usually 0.010 and 
0.025 in. in diameter respectively. The exposure 
time was kept constant with frequent checks of 
beam intensity with the Victoreen r-meter. East¬ 
man “no-screenX-ray film was used. The films 
were processed according to data supplied by the 
manufacturer for that type of film. 

The limits of accuracy in determining the inter- 
planar spacings (d-values) for the work carried out 
in this laboratory were determined. It was found 
that in the region from 1,00 to 10.0 A, the error is 
within ±0.02 A; from 10.0 to 15.0 A, within 
±0.2 A; and from 15.0 to 25.0 A, within ±0.5 A. 

Except in a few cases where visual estimation was 
required, the intensities of the lines were obtained 
with a Leeds and Northrup recording microphotom¬ 
eter. The intensities tabulated in this report are 
relative intensities with the most intense line given 
a relative intensity of 1.00. 

At the NRRL Laboratory a great many of the 
exposures were made on flat films at a distance of 
6 cm. from specimen to plate, thus producing pat¬ 
terns of complete rings. By means of a sector 
screen, two or more quadrant patterns could be 
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made on the same film and identity or non-identity 
of materials being compared easily established by 
visual observation. 

TABLE I 

Sodium Benzylpenicilliuate 


d-VaUie 

Relative 

Intensity^ 

15. 

1.00 

5.87 

0.27 

5.32 

0.08 

5 15 

0.30 

4,1)3 

0.25 

4 30 

0.12 

4.18 

0.23 

4 06 

0.08 

3.70 

0.07 

3.46 

0.06 

3.35 

0.06 

3.17 

0.14 

3.03 

0,08 

2.93 

0.07 

2.82 

0.06 

2.72 

0.04 

2.62 

0.06 

2.56 

0.05 

2.12 

0.05 

2.02 

0.05 

1.96 

0.04 

1.86 

0.04 


> Variable frortj one pattern to another. 

In this summary some corrections and additions 
to data in the original progress reports have been 
made which are the result of more recent investiga¬ 
tions. The d-values given in this chapter are 
considered to be typical, although they are known to 
vary for materials of this nature. The samples are 
described in an appendix to this chapter. Typical 
powder patterns for six important types of com¬ 
pounds are reproduced in Plate I.' 


Sodium Benzylpenicillinate. Four samples (Ap¬ 
pendix, 1“4) of sodium benzylpenicillinate were 
examined at the University of Illinois. Each sam¬ 
ple gave a diffraction pattern very nearly identical 
with the others. There is no evidence to date to 
show the existence of various polymorphic forms. 
The optical-crystallographic data of Keenan and 
Eisenberg (FDA, Fyl) are in agreement with these 
findings. Likewise, there is no evidence for the 
existence of hydrates, even in many controlled 
humidity studies (NRRL, C.I4), though it seems 
very reasonable that either polymorphic or hydrate 
forms or both might exist. The d-values and their 
corresponding intensities arc listed in Table I. It 
should be understood, at once, that for this com¬ 
pound as well as all others examined in this and 
other laboratories there have been observed 
quantitative differences and variations in d-values 
and intensities, even for highly purified specimens 
from different sources. But these minor discrepan¬ 
cies arising from variations in molecular packing in 
complex organic crystals, rather than from erratic 
experimentation, by no means vitiate the qualita¬ 
tive unique characterization and identification of 
each crystalline material. Patterns distorted by 
broadening, shifting, appearance or disappearance 
of lines often are the result of wide ranges of solid 
solubility; for example, as much as 40% of sodium 
2-pentenylpeni(‘illinate has been found to crystal¬ 
lize with the benzylpenicillinate, and only the dis¬ 
torted pattern of the latter appears. 

Sodium 2-Pentenylpenicillinate. Five samples 
of sodium 2-pentenylpenicillinate (Appendix, 5-9) 
have been examined in this laboratory. The 
d-values and intensities are listed in Table II. 


TABLE II 

Sodium 2-Penteuylpenicillin ate 


5 

6 

7 

8 

9 

d-Value 

Rel. int. 

d-Value 

Rel. int. 

d-Value 

Rel. int. 


DB|| 

d-Value 

Rel. int. 

16.1 

1.00 

18.5 

0.34 

15.8 

1.00 

19.9 

0.06 

19^ 

1.00 

9.93 

0.04 

16.1 

1.00 

8,05 

0.11 

14.7 

1.00 



8.31 

0.04 

13.6 

0,22 

7.82 

0.05 

11.3 

0.08 



6.65 

0.09 

11.2 

0.03 

6.61 

0.07 

9.80 

0.08 



5.78 

0.10 

8.88 

0.06 

5.18 

0.18 

7.69 

0.03 



5.48 

0.07 

7.90 

0.04 

4.98 

0.15 

6.92 

0.07 



6.36 

0.09 

7.30 

0.03 

4.55 

0.09 

6.06 

0.05 



6.20 

0.10 

5.80 

0.06 

4.25 

0.04 

5.57 

0.03 



6.00 

0.23 

5.40 

0.20 

3,99 

0.07 

5.13 

0.16 



4.61 

1 0.21 

6.12 

0.20 

3.84 

0.05 

4.62 

0.12 



4.26 

0.05 

4.51 

0.20 

3.66 

0.07 

4.20 

0.08 



4.16 

0.06 

4.25 

0.19 

3.11 

0.04 

3.79 

0.05 



4.02 

0.07 

3.94 

0.06 

2.99 

0.03 

3.53 

0.05 



3.78 

0.04 

3.66 

0.06 

2.88 

0.03 

3.46 

0.04 



3.36 

0.07 

3.50 

1 0.07 

2.59 

1 0.03 

3.34 

0.03 



3.30 

0.08 

3.33 

0.06 



3.10 

0.04 



3.10 

0.06 





2.96 

0.04 



3.03 

0.06 









2.91 

0.05 










t Approximate value. 
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It should be noted that the sodium 2-pentenyl- 
penicillinate designated as sample 9 is not in the 
same form as received. The sample was very 
hygroscopic when received and became ‘Hacky^' 
before the sample could be analyzed. The sample 
was stored in a desiccator over magnesium per¬ 
chlorate. After several months the sample was 
found to have become a yellow glassy substance, 
no longer hygroscopic, whereas originally it was a 
white crystalline material. This i-ransforined ma¬ 
terial gave an ^^amorphous” pattern with one halo, 
which corresponded to a spacing of approximately 
19 A. 

Each of the samples gave a different pattern as 
will be noted from the rf-values given. There are 
two possible explanations of these results. One is 
that there are several polymorphic forms of sodium 
2-pcntenyli)enicillinate, thus the different powder 
diffraction patterns which have been obtained. 
The other explanation would be the existence of 
various solvate (hydrates, alcoholates, (‘tc.) forms. 

The diffraction patterns of sami)les 6 and 8 show 
indications of possible im])urities. The impurities 
present could not be identified, but it is doubtful 
if the impurity is the same in each case, unless it 
exists in tw^o or more crystalline modifications either 
due to solvation or polymorphism. The presence 
of an impurity may indicate that the twm types of 
sodium 2-pcn1enylpenicillinate represented here are 
due to polymorphism rather than solvation, since 
small amounts of impurities are knowm to be a cause 
of polymorphism. 

Sample 9, wliich gave the amorphous pattern, 
resembled clinical sodium penicillin in color and 
texture. The diffraction patterns are almost 
identical; the haloes occurred in each case at ap¬ 
proximately 19 A. Recent microscope studies 
of this sample by Dr. P^isenberg of the Federal Food 
and Drug Administration indicated a contamina¬ 
tion of a small amount (possibly 5%) of sodium 
n-heptylpenicillinate (G. ¥, Cartland, private 
communication). This is but one of numerous 
cases wherein mixtures differ widely from single 
components. 

Melvin and Schieltz (C.IS; 14) reported five differ¬ 
ent forms of the same original sodium 2-pentenyl- 
penicillinate. Their X-ray data differ considerably 
from those listed in Table II, but their work is 
certainly the most exhaustive yet undertaken on 
this compound. They found a low temperature 
form, a high temperature form, a monohydrate 
and a trihydrate. Both anhydrous forms appeared 
stable when kept in stoppered bottles at room 
temperature but on exposure to the laboratory 
atmosphere they passed, first into the mono¬ 
hydrate, then into the trihydrate. When the 
reverse changes were carried out and the trihydrate 
dried, it gave, at first, a pattern which is similar to, 
but not identical with that of the monohydrate. 
Further heating of the sample transformed it into 


the high temperature anhydrous form. The data 
obtained are recorded in Table I la, and the flat 
film patterns in Plate II, together with a graphical 
comparison of the pow’^der patterns, reproduced in 
Figure 1. The pattern obtained f(^r the trihydrate 
and listed here is identical, by direct comparison, 



ANGLE e IN DEGREES 

Figure 1. X-ray patterns of polymorphic forms and 
hydrates of sodium 2-pentcnylpeniciUmate. 


with that recorded at Oxford for the first sample 
examined of 2-pentenylpcnicillin. The patterns 
of certain of the other forms do show similarities 
with those listed in Table II (e.g. No. 5, Table II, 
and the high temperature anhydrous form) but 
there are many differences. 

At present the only explanation of these dif¬ 
ferences seems to be that the samples, though 
from the same sources, have clianged either during 
preparation for exposure' or during the exposure. 
The problems encountered in studying sodium 
2-pentenylpenicillinate certainly indicate further 
studies are desirable. Such research would prove 
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TABLE Ila 

X-ray Data for Sodium 2-Peiitenylpcnicillinate (NRRL, CAJ^y 5) 


10 

Low temp, form 

11 

ilifijli temp, form 

12 

1st hydrate 

13 

2nd hydrate 

14 

2nd hydrate after 
drying at R.T. 

d-Valu(‘‘ 

Estimated 

intensity 

ry-V'iihie’ 

Estimated 

intensity 

d-Value* 

Estimated 

intensity 

d-Value’ 

Estimated 

intensity 

d-Vahie' 

Estimated 

intensity 

16.3*' 

10.0 

16 J2 

10.0 

16.0* 

10.0 

18.8* 

10.0 

18.6^ 

5.0 

9.32 

5.5 

!t.42 

.2 

9.98 

3.0 

15.2 

2.4 

16.6 

8.0 

7.88 

5 5 

8 24 

.1 

7.84 

2.6 

11.7 

2.0 

13.9 

l.O 

6.20 

2.7 

6.52 

1 7 

6.13 

.3 

9.14 

2.6 

10,5 

.4 

5.80 

2.7 

6.14 

.1 

5.57 ! 

1.0 

7.32 

.3 

9.26 

1.0 

5 24 

5.0 

5.76 

2.3 

5.12 

5.5 

5.78 

3.0 

8.12 

.3 

4 93 

5.0 

5.32 

1.4 

4.63 

3.0 

5.38 

1.3 

7.28 

.3 

4.65 

.2 

5.00 

4.0 

4.05 

2 2 

5.20 

4.5 

6.66 

.2 

4.42 

2.5 

4.66 

2.1 

3.92 

2 2 

4.70 

4.0 

6.24 ! 

1.0 

4.31 

.8 

4.42 1 

. 1 

3 77 

2 1 

4.50 

3.4 

5.82 

1.5 

4 07 j 

.8 

4.27 

1.0 

3 57 

1.3 

4.12 

1.2 

5.41 

4.0 

3.90 ! 

1.0 

4 07 

.3 

3.43 

1.3 

3.96 

2.6 

5.20 

1.4 

3.73 

1 .0 

3.97 

.3 

3.32 

1.2 

3.78 

2.6 

4.91 

1.4 

3.61 

2.2 

3.71 

5 

3.24 

1.3 

3.62 

1.2 

4.65 

1.0 

3.53 

,8 

3.59 

1 0 

3 07 

.4 

3.44 

.2 

4.46 

1.0 

3.37 

.9 

3.49 

.3 

2.94 

1.0 

3.33 

2 

4.30 

.4 

3.22 

.8 

3 36 

.9 

2.87 

1.0 

3.22 

2.5 

4.10 

.5 

3.10 

.9 

3.23 

.9 

2.77 

.8 

2.96 

2.0 

3.97 

.3 

3.00 

2 5 

3.06 

2.0 

2.73 

.7 

2.84 

2.5 

3.80 

.8 

2.86 

8 

2.88 

.7 

2 41 

.5 

2.78 

2.3 

3.50 

.4 

2.72 

.7 

2.72 

1.0 

2 34 

.5 

2.66 

2.0 

3.38 

.6 

2.58 

.6 

2.59 

.6 



2.55 

2.0 

3.21 

.5 

2.46 

.4 

2.46 

2 



2.47 

1.5 

3.06 

.5 

2.34 

.2 





2.40 

.4 

2.95 

.5 

2.27 

.3 





2.30 

1.2 

2.85 

.8 







2.23 

.6 

2.76 

.4 







2.12 

.3 

2.68 

.2 







2.05 

.3 

2.38 

.2 







1.98 

.2 

2.28 

.3 









2.22 

.3 


^ Patterns contain a diffraction line correepoiidiug to approximately 32 A* but the value cannot be determined. 
* This strong and broad line is very likely a composite of several lines. 


invaluable in identification of the various forms 
encountered in synthetic work. Considerably more 
research must be done on the numerous modifica¬ 
tions which can occur for a single organic compound 
before X-ray diffraction identification can be 
applied unequivocally for unique identification. 
The case of sodium 2-pentenylpenicillinate is just 
one example of the complexities which arise in 
diffraction analysis owing to a variety of modifica¬ 
tions of the same compounds. It is for this reason 
that fundamental work was undertaken in this 
laboratory on aldehyde and ketone 2,4-dinitro- 
phenylhydrazones, many of which crystallize in 
two or three forms without solvation. 

Clinical Sodium Penicillin. With a sample of 
clinical sodium penicillin (Appendix, 16, 15a), 
labelled with an expiration date of February 8, 
1945, and produced by Commercial Solvents Cor¬ 
poration, a series of diffraction patterns were run 
over a period of thirteen months in an attempt 
to detect any decomposition of the sample which 
might take place on storage. The sample was kept 


in a refrigerator, and small portions were withdrawn 
from time to time for a diffraction pattern. Over 
the period of thirteen months no change in the 
sample could be detected. In every case one halo 
appeared at approximately 19 A. An exceedingly 
faint broad halo appeared in the region of 3.5-4.6 A. 
Only the first and last samples are listed. 

Sodium n-Heptylpenicillinate. Values deter¬ 
mined by Schieltz {C.24) for one sample (Appendix, 
16) arc listed in Table III. For other samples 
there were variations in d-values and intensities 
(e.g., for one Squibb sample the innermost line at 
17.2 A was most intense instead of the line at 4.90 
A). Frequently when the product is obtained in 
early stages of purification, or by some methods 
of purification, there is an extraneous line at 24 A 
arising from presence of the 2-pentenyl type or other 
impurity. The carbon content and biological 
activity decrease apparently as the intensity of this 
line increases. Other minor pattern variations 
have been confumng and in one instance led to the 
proposal of a new penicillin (Abbott’s L). The 
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Abbott's K was originally identified as the 2,4-di- 
nitrophenylhydrazone derivative. The identity 
of this preparation with n-hept^dpenicillinate 
designated as K was proved by identical patterns 
of n-octanoyl-p-toluidides prepared by hydrolysis 
of the two penicillins and by synthesis. 

TABLE III 

Sodium 7i-Heptylpenicillinate 


(/-Value 

Relative 

Intensity 

17.2 

0.67 

10.1 

0.62 

8.76 

0.11 

6.20 

0.06 

6.62 

0.14 

6.20 

0.31 

4.90 

1.00 

4.37 

0.45 

3.90 

0.12 

3.79 

0.19 

3.64 

0.09 

3.41 

0.07 

3.35 

0.07 

3.20 

0.05 

3.01 

0.03 

2.93 

0.06 

2.81 

0.07 

2.70 

0.02 

2.63 

0.03 

2.56 

0.03 

2.33 

0.02 

2.16 

0.02 

TABLE IV 

Sodium p-llyclroxybonzylpcnicillinate 

(/-Value 

R(dative 

Intensity 

12.6 

1.00 

11.0 

0.68 

5.70 

0.40 

6.48 

0.66 

6.24 

0.58 

4.90 

0.18 

4.64 

0.08 

4.36 

0.08 

4.18 

0.26 

3.98 

0.32 

3.76 

0.08 

3.61 

0.14 

3.49 

0.16 

3.37 

0.22 

3.21 

0.20 

3.09 

0.08 

2.96 

0.16 

2.66 

0.16 

2.61 

0.12 

2.37 

0.04 

2.32 

0.08 

2.27 

0.10 

2.16 

0.08 

2.08 

0.04 

2.06 

0.04 


Sodium p-Hydroxybenzylpenicillinate. The 
d-values given in Table IV are those found for 
sodium p-hydroxybenzylpenicillinate (sample 17). 
It is uniquely characterized by its stable crystalline 
complex with tertiary butanol (used in the prepara¬ 
tion) and purification. A slight change in the 
method of preparation produced a complex with 
several minor variations in the X-ray pattern. 


This complex was unstable, decomposing over a 
period of days. It was later discovered that ?i-but- 
anol vapors would decompose the stable complex. 
Subsequently butanol was eliminated in the 
preparation and the uncomplexed penicillin wn.s 
directly produced with a pattern identical with that 
for the dissociated complex. 

Ammonium Penicillinates. A series of ammon¬ 
ium penicillinates were examined (Appcuulix, 
18-21), including the benzyl and 2-pentenyl salts 
and two of uncertain variety. 

No information has been found as to the identity 
of the unknown types (samples 20 and 21). As with 
the sodium salt of 2-pentenylpenicillinic acid, the 
unidentified compound may be just another form 
of a known ammonium penicillinate. It was not 
possible to obtain a complete series of the am¬ 
monium penicillinates, so that the identification was 
handicapped. The X-ray data obtained for these 
compounds are listed in I'able V. 


TAifi.K V 

Ammonium Penicillinates 


18 (B('nzyl) 

19 

(2-Pt'nt(:nyl) 

20 (?) 

21 (?) 

H 

Hel. 


Rcl. 


Hcl. 

fi 

Rel. 

LI 

int. 


int. 


int. 


int. 

16.1 

1.00 

16.00 

1.00 

16.3 

1.00 

16.4 

1.00 

9.30 

0.33 

9.28 

0.23 

9.45 

0.19 

9.45 

0.22 

8.06 

0.20 

8.42 

0.17 

8.10 

0.11 

8.16 

0.18 

6.81 

0.27 

7.91 

0.20 

6,00 

0.08 

6.04 

0.10 

6.31 

0.67 

5.35 

0.30 

6.40 

0.30 

6.39 

0.35 

4.62 

0.47 

5.18 

0.27 

5.10 

0.22 

5.10 

0.27 



4.61 

0.13 

4.73 

0.14 

4.70 

0.12 



4.46 

0.13 

4.36 

0.16 

4.33 

0.18 



4.28 

0.17 

3.75 

0.08 

3.98 

0.12 



3.90 

0.10 

3.52 

0.05 

3.71 

0.10 



3.78 

0.10 

3.13 

0.05 

3.48 

0.06 



3.66 

0.07 







3.64 

0.07 







3.37 

0 07 






A similar series of compounds (Appendix, 22-24) 
has been studied by Schieltz 2), namely, the 

benzyl-, 2-pentenyl-, and n-heptylpenicillinates. 
The results obtained by him are somewhat different 
from those reported by the Illinois laboratory, though 
apparently similar samples were used. Schieltz's 
data 5) are recorded in Table VI. The 

apparent contradictions may be due to the exist¬ 
ence of more than one form of the compounds in 
question, but thes^ discrepancies have not been 
accounted for. 

A sodium penicillinate of an uncertain type was 
prepared from one of the ammonium penicillinates 
which has not been identified. This sample, num¬ 
ber 25, was obtained from Squibb under the serial 
number CrA-2302. The material was very ^ hy¬ 
groscopic ^nd became ^Hacky." The sample was 
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TABLE VI 

Ammbuium Penicilliuates (NRBL) 


22 (Benzyl-) 

23 (2-Pentcnyl-) 

24 (n-IIeptyl-) 

<i-Value 

Rel. int. 

d-Vahie 

Bel, int. 

<i-Valuc 

Rel. int. 

15.8 

0.48 

15.8 

0.79 

16.4 

1.00 

9.36 

0.71 

9.36 

0.89 

9.36 

0.28 

7.86 

0.15 

8.30 

0.31 

8.12 

0.17 

6.90 


5.85 

0.19 

6.24 

0.18 

6.24 

0.16 

5.22 

1.00 

5.81 

0.05 

5.93 

0.16 

4.98 

0.74 

5.43 

0.20 

5.62 

0.27 

4.64 

0.34 

5.19 

0.48 

5.20 

1.00 

4.46 

0.29 

4.62 

0.38 

4.61 

0.81 

4.28 

0.31 

4.41 

0.23 

4.06 

0.06 

4.06 

0.05 

3 92 

0.00 

3.90 

0.12 

3.-92 

0.14 

3.75 

0.14 

3.70 

0.28 

3.78 

0.19 

3.63 

0.16 

3.^3 

0.14 

3.68 

0.24 

3.30 

0.09 

3.37 

0.10 

3.47 

0.11 

3.28 

0.10 

3.19 

0.03 

3.35 

0.12 

3.08 

bond 

3.06 

0.14 

3.11 

0.16 

2.92 

1 0.03 

2.89 

0.02 

2.96 

0.09 

2.74 

! 0 04 

2.78 

0.02 

2.82 

0.10 

2 53 

0.02 

2.68 

0.02 

2.70 

0,02 



2.57 

0.03 

2.59 

0.06 



2.47 

0.02 

2.45 

0.09 



2.28 

0.02 

2.33 

0.03 



2.20 

0.02 

2.28 

i 0.01 





2,22 

0.02 




' 

2.14 ■ 

0„08 





2.06 

0.02 




placed in a desiccator over magnesium perchlorate 
for several months. When the sample was re¬ 
moved it was still crystalli4e though it had changed 
from white to gray. The d-valufes obtained from 
the diffraction pattern of the desiccated samples 
are given in Table VIL 

TABLE VII 

Sodium Penicillinate (type uncertain) 


Value 

Relative 

Intensity 

2V 

0.32 

16.1 

1,00 

10.3 

0.14 

9.20 

0.06 

7.95 

0.06 

5.85 

0.06 

5.63 

0.06 

5.20 

0.17 

6.05 

0.14 

4.88 

0.08 

4.40 

0.08 

4.10 

0.08 

3.92 

0.06 

3.70 

0.06 


* Approxiniat.6 value. 

A certain amount of amorphous material was 
present. This is indicated by the diffuse line cor¬ 
responding to approximately 21 A. This may be a 
mixture of two forms of sodium 2-pentenylpenicil- 
linate, though no absolute proof is available. 

Potassium BenzylpenicilUnate. Sample 20. A 


sample of potassium benzylpenicillinate was ex¬ 
amined. Table VIII contains the X-ray data. 

TABLE VIII 

I’otassium Benzylpenicillinate 


d-Value 

Itelative 

intensity 

17.3 

0.1 

15.2 

1.0 

7.88 

0.1 

6 85 

0.1 

6 23 

0,2 

5.85 

0.2 

5.52 

0.1 

5.20 

0.3 

5.10 

0.1 

4 73 

0.4 

4.36 

0.2 

4.24 

0.2 

3.97 

0.2 

3.72 

O.l 

3.68 

0.1 

3.53 

0.1 

3.34 

0.2 

3 18 

0.1 

3.01 

0.1 

2.89 

0.1 


Methyl Benzylpenicillinate. Various samples of 
methyl benzylpenicillinate (Appendix, 27-31) have 
been subjected to analysis by the powder method. 
All samples gave identical diffraction patterns, indi¬ 
cating that they were identical crystallographically. 
Here again, polymorphism or solvation might 
reasonably be expected, but there is no evidence 
to indicate either phenomenon. The d-values and 
their intensities are given in Table IX. 

TAB1.E IX 

Methyl BenaylpenicilUnate 


d-Valuc 

Relative 

intensity 

21.5 

0.05 

10.5 

1.00 

8.80 

0.32 

7.63 

0.27 

6.67 

0.36 

6.30 

0.36 

6.73 

0.27 

5.38 

0.32 

6.10 

0.83 

4.44 

0.54 

4.33 

0.64 

4.23 

0.32 

3.87 

0.32 

3.72 

0.46 

3.64 

0.27 

3.49 

0.36 

3.31 

0.18 

3.14 

0.18 


Thiocyanate Derivatives. A series of deriva¬ 
tives of methyl benzylpenicillinate were received 
from the Cornell Biochemical group for X-ray dif¬ 
fraction identification and comparison. The seven 
samples (Appendix, 32-38) include: 32. thiocyan¬ 
ate derivative of methyl benzylpenicillinate; 33. 
alkali-treated thiocyanate derivative of methyl benz¬ 
ylpenicillinate; 34. hydrochloric acid-hydrolyzed 
thiocyanate derivative of methyl benqrlpenicillin- 




Phitr T. X-ray (iifFracfioii patterns. 1. Sodium bonzylpoiiieillirmto(4'). 2. Sodium 2-p('nt<*nylpenicillimit<*(5K 3. 
Sodium /)-l)ydro\y})(MizyIpemcillimite( 17). 4. Methyl benzylpeiu<*illiiuile(31). T). a-Methyl i)-l>eiizyli)<'ni(‘illoat(*(39). 

ti Benzylpenillie arid(50). 




Plate II. 1. Sodium 2-pcntenylpemcilliiiatc, low temperaluro form, 2. Same, hiRh temperature form. 3, Same, first 
hydrate. 4 Same, second hydrate (trihydrate). 6. Same, first hydrate dried at room temperature. 6. Sodium benzyl- 
penicillinate. 7. Sodium p-hydroxybenzylpenicillinate. ; 











III. Iii()syiith(‘ti(* penicillins (Lilly). 1 Stjindard .sodium bcnzylptmicillinnle. 2. I'roin tropic a<‘id precursor 
Lrorn <*y<'lohe\ylvalirH‘ [in'ciirsor. I, From diplienylpr(*pionic acid precursor. 5. />-Mlylowdienzylpimicillm. 




Platt* IV. (a!)OVi*) Rotation pattern aroinxl tlie of iiiethvi penzvlpenicillinato. (lielow) Weissenhcrj? pattern, 

photograph of the first layer line around the 6-a\it5 of methyl benzylpemeilliimtc. 
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ate; 35. hydrochloric acid-hydrolyzed alkali-treated 
thiocyanate derivative of methyl benzylperiicil- 
linate; 3G. a synthetic compound believed to be 
identical with the hydrochloric acid hydrolysis 
product of the thiocyanate derivative of methyl 
benzylpenicillinate; 37. a synthetic compound 
believed to be identical with the following sample; 
and 38. a compound, prepared from the thio¬ 
cyanate derivative of methyl benzylpenicillinate, 
believed to be a diastereoisomer of the alkali 
isomerization product of the thiocyanate derivative 
of methyl benzylpenicillinate. 

As reported by the Cornell group {D.20)y the 
thiocyanate treatment was carried out as a test of 
the thiazolidine-oxazolonc structure since azlactones 
give 2-thiohydantoins under such conditions. In a 
preliminary communication these investi¬ 

gators proposed four possible formulas for the 
thiocyanate derivatives of methyl benzylpenicillin¬ 
ate. These arc given below. 

CJLCJIsCON-CH—CII—S—C(CH3)2 • 

I III 

sc—NH—CO Nil-(^HCOaCH, 

I 


SC—NII-('II--CH—S -('(CIIa)2 

I III 

NH-('() N-CH-(X).,CH3 


COCHjCeHo 

I 

Niic^n- - 


C0CH3('„11. 

II 


-CH—S—C(CIl8)2 


(X) -NH—CS—N- 


-CHX^OjCH, 


III 


00-(UI-(HI—S—C(CH3)2 

11 II 

NH—CS—N—(^(OII)—N-CH COjCH, 

I 

CHsCalie 

IV 

Sample 36 was believed by the Cornell group to 
have the structure: 

NHj—CH-(Hi-S-C(CH3)2 




OaH N- 


-CH 


SC—Nil—CO 

The following constitution was attributed to sam¬ 
ples 37 and 38: 


CeHjCHjCONH^CH 


—CH—S—C(CIl8)2 

I I 1 

COaCH, N-CH 


SC—NH—CO 


A crystalline isom(uic compound (sample 33) is 
obtained from the thiocyanate derivative by alkali 
treatment which may bo a diavstereoisoraer or a 
rearrangement structural isomer. The purpose of 
X-ray analysis is to determine which of these 
alternatives is true. 

The hydrochloric acid hydrolysis product (sam¬ 
ple 34) of Ihe thiocyanate derivative (sample 32) 
and the hydrochloric acid hydrolysis product (sam¬ 
ple 35) of the alkali-treated thiocyanate derivative 
(sample 33) were found in the Cornell laboratory 
to be indistinguishable (the ester group and the 
phenylacetyl group having been split off by hydro¬ 
lysis). The X-ray patterns are to test further this 
apparent identity. 

The synllietic compound (30) w as prepared which 
from all chemical tests is identical with (34), 

The synthetic compound (37) was prepared and 
the compound (38) was derived from th(‘ thio¬ 
cyanate derivative of the benzylpcnicillin methyl 
ester. These compounds gave evidence of being 
identical and appear to be a possible diastereo¬ 
isomer of the alkali-treated thiocyanate derivative 
(33). 

The pow^der diffraction data along wdth the 
spacings for methyl benzylpenicillinate are as¬ 
sembled in Table X. 

The following facts are indicated by the dif¬ 
fraction patterns: 

1. No methyl benzylpenicillinate is presenl. 

2. The thiocyanate derivative has a smaller unit 
cell than the methyl ester starting product, 
indicating most likely a more compact or 
“warped’^ molecule. It is not possible on the 
basis of powder data alone to prove onc' of the 
various alternative molecular structures pro¬ 
posed; but by analogy with reasoning on peni¬ 
cillin itself, formula I seemed at first the most 
reasonable and consistent with space considera¬ 
tions, as was indicated in an early report from 
the Illinois laboratory (C/.4, 7). Further in¬ 
vestigation, however, seems to indicate that 
there may be a more likely possibility, which will 
be considered in a later section. 

3. The alkali-treated thiocyanate derivative gives a 
product with a crystal structure entirely different 
from the thiocyanate derivative itself. This 
may indicate a structural isomer or a dia¬ 
stereoisomer. The strongest line for sample 33 
occurs at a very small angle corresponding to a 
large spacing of appro.ximatcly 24 A. Hence the 
unit cell is very large and may rt'present poly¬ 
merization, or several times as many molecules 
per unit cell as the original thiocyanate, or a 
stretching out of the warped^’ molecule. 

4. With very slight variations samples 34 and 35 are 
identical. Hydrochloric acid hydrolysis of the 
thiocyanate derivative and of the alkali-treated 
thiocyanate yield the same end prodiict. Com¬ 
pound 34 does not give evidence of impurities, 
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though suspected. Actually 35 has two or 
three lines not present in the 34 pattern. 

6 . The synthetic compound 36 is identical with 
compound 34. 

6 . The synthetic compound 37 is identical with 
compound 38 prepared from the thiocyanate 
derivative of methyl benzylpenicillinate. Nei¬ 
ther gives a pattern similar to that of 33. This 
could indicate that the compound represented 
by 37 and 38 is a diastereoisomer of the com¬ 
pound represented by 33. 

The X-ray data obtained in the Illinois laboratory 
are in agreement with the following structures which 
have been proposed for the thiocyanate derivative, 
its alkali isomerization product, and their acid- 
hydrolysis products. 

In all likelihood the formula for methyl benzyl¬ 
penicillinate can be represented by the structure 

CeHsCHjCONII Cn- CIU S-C(CTl3)2 

I I I 

OC-N — ClICO.CHs 

and the thiocyanate derivative, on the above as¬ 
sumption could be ri'presented by formula III, 
suggested by the (’ornell group: 

COClIaCoIls 


I 

NIT'C'H- (;H-S-C(CH 3 )i 

I I I 

OC— Nil—CS—N- CH(^OjCH, 

This compound upon alkali treatment undergoes a 
structural rearrangement to give the compound 33 
which is a diastereoisomer of the compound repre¬ 
sented by samples 37 and 38, which is believed to 
have the structure 


C.II 5 CII 2 CONH CH--CH—S - CfCH,), 


COsCII, N- 


SC—Nil—CO 

This compound upon acid hydrolysis gives com¬ 
pound 36 which is believed to have this structure 

NHj-CH-CH—S—C(CI 1,)2 

CO2H N-CIT 

I I 

SC—NH—CO 

Since compound 34 gives the same diffraction 
pattern as compound 36, it must have the same 
structural formula. It is not possible to distinguish 
by X-ray powder diffraction methods between 
optical isomers. Therefore, it cannot be stated on 
the basis of diffraction data whether or not these 
compounds are optical enantiomorphs. 

Benzylpenicilloic Esters. A variety of benzyl- 
penicilloic esters have been examined (Appendix, 
89-46). Table XI lists the d-values and relative 
intensities of the diffraction lines. 


From the data it can be seen that: 

1 . No distinction can be made between a-m(‘thvl 
D-benzylpenicilloate and a-methyl L-benzyl- 
penicilloate (samples 39 and 40). This is to 
be expected since optical isomers are indistin¬ 
guishable by powder diffraction m( 4 hods. 
f. The pattern given by a-methyl D-a-benzyl- 
penieilloate (sample 41) is completely different 
from the a-methyl i>- or a-methyl L-benzyl- 
penicilloate. It is also different from a-methyl 
n- 7 -l)('nzylpenicilloate (sample 42) which gives 
a i)a 1 tern ideniical with samples 39 and 40, This 
would indieat(‘ lhai a-methyl n- and a-inethyl 
are 7 -l)enz 3 l])enieilloates rather than a-bimzyl- 
penieil]oatei«. 

3 In passing from methyl to ethyl ester there is a 
systematic increase in the interi)lanar spaeings 
vhieh indicates an increase in tlie unit cell as 
V ould be expected in the substitution of an ethyl 
grou]) for a methyl group. 

4 Except for a line of fairly long spacing (18.3 A) 
the a-ethyl D- 7 -benzylponicilloate obtained from 
the Cornell laboratory is identical with the 
a-ethyl D-benzylpenicilloato from Parke-Davis. 
It might be significant that the Parke-Davis 
sample, which was prepared from benzyl- 
penicillin, has this long spacing whereas the 
synthetic sample does not give evidence of a 
similar long spacing. This extra line does not 
appear to be ascribable to an impurity. This 
might be a ease of polymorphism or it might be 
the result of a definite difference in the arrange¬ 
ment of the atoms in the benzylpcnicilloato 
molecule. No definite conclusion has as yet 
been reached. 

5. An even greater increase in the interplanar 

spaeings is evidenced with a-ethyl /^-methyl 
benzylponicilloate, but the characteristic group¬ 
ing of linos still remains. • 

6 . A rather curious change occurs in t he pattern of 
a,j5-dimethyl D-benzylpenicilloate. ''Fhe pattern 
of the dimethyl ester is decidedly different from 
the patterns given by the other esters of benzyl- 
penicilloic acid. 

Synthetic Compounds with 7 -Lactam Rings. 

Two synthetic compounds having 7 -lactam rings 
were sent in by the Cornell group for the purpose of 
determining whether there was any structural 
similarity between these compounds and sodium 
benzylpenicillinate and methyl benzyl]K‘nicillinate. 
The two compounds had a 7 -lactam structure and 
were designated in the following manner: 

47. An acid which would be the next higher homolog 
of the benzylpenicillinic acid, if benzylpenicil- 
linic acid had a iS-laetam structure. The struc¬ 
ture of the 7 -lactam acid is believed to be 
C6H5CH2CONTICII—CTI2—(^H—S—CCCHa). 


(^O- 


—N- 


CHCO2H 
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48. The methyl ester of the above 7 -lactam acid. 
The powder diffraction data appear in Table 
XIL 

TABLE XII 
7-La(*tain Compounds 


Acid 

Methyl ester ^ 

d 

Bel. int. 

d 

Bt*l. int. 

10 !) 

0.64 

11.1 

0.47 

8 80 

0.32 

9.00 

0.50 

(i.90 

0.28 

6.98 

0.18 

6.40 

0.24 

6.50 

0.14 

5.44 

1.00 

5.53 

1.00 

5.16 

0.20 

5.02 

0.39 

4 60 

0.72 

4.77 

0.50 

4.24 

0.24 

4.30 

0.50 

4.09 

0.16 

4.13 

0.43 

3 92 

0.16 

3.98 

0.14 

3 73 

0.40 

3.81 

0.18 

3.53 

0.20 

3.59 

0.29 

3.43 

0.12 

3.37 

0.32 

3.15 

0.08 

3 09 

0 11 

3.02 

0.08 

2.98 

0 11 

2.98 

0.08 

2.66 

0 07 

2.49 

0.04 

2.62 

0 07 


It is at once apparent from the tabulation that the 
acid and the methyl ester are very similar in struc¬ 
ture; by chance there is less resemblance of the 
patterns to that of sodium benzylpenicillinate than 
to that of methyl benzylpenicillinate. There is at 
least a favorable indication of a /i-lactam linkage for 
these compounds by this comparison. 

A comparison of the acid and its methyl ester 
shows that esterification has produced no change in 
the basic structure and the slight increase in some 
of the spacings and variations in intensities are 
exactly whaUcould be expected from the replace¬ 
ment of a hydrogen by a methyl group with no 
further change. 

Penillic Acids. Several samples of penillic acid 
derived from benzylpenicillin and from uncertain 
ammonium penicillinates were examined (Appendix, 
49-51). 

As is indicated by the diffraction data given in 
Table XIII, samples of penillic acid from benzyl- 
penicillins of entirely different origin are the same, 
but the compound derived from the uncertain 
ammonium benzylpenicillin is very different. Stand¬ 
ard patterns of penillic acids from benzyl-, 2 -pent- 
enyl-, and p-hydroxybenzylpcnicillins are so nearly 
alike that they cannot be distinguished with cer¬ 
tainty; hence certain features of the patterns may 
be diagnostic for a penillic acid in general, but not 
for distinguishing between different penillic acids. 
Here again impurities, hydrates, mixed crystals, and 
complex formations complicate unique identifica¬ 
tion. Inasmuch as the penillic acids as degrada¬ 
tion products of penicillin played so important a 


HOOCCH--CH—S—C(CIl 8)2 

I I J 

N--=cR—N-CHCOOH 

role in the early stages of penicillin research, they 
are considered in some detail both as powders and 
single crystals by Dr. Crowfoot in Chapter XI, 
along with the penicillamines, penilloaldehydes, and 
penillamines. Interest is added by the fact that 
benzylpenillic acid has been synthesized in pure 
form (Merck) and thus affords a standard for 
structural comparisons. 


TABLE Xni 
Penillic Acids 


From benzylpenicillinate^ 
49 and 50 

From uncertain ammonium 
pencilliriates 51 

d 

Rel. int. 

d 

Bel. int. 

11.6 

0.2 

12.0 

0.13 

8 65 

0.2 

9 30 

1.00 

8.37 

0.2 

7.84 

0.06 

7.90 

0.2 

7.15 

0 06 

5.47 

0.5 

6.40 

0.19 

5,31 

0.1 i 

5.84 

0 29 

5.19 

O.l 

5 32 

0 06 

4.78 

0.3 

5.00 

0 32 

4.51 

0.2 

4.77 

0 29 

4 41 

1.0 

4.37 

0 32 

4.07 

0.2 

3.99 

0 10 

3.89 

0.4 

3.67 

0 06 

3 80 

0.4 

' 3.40 

0.13 

3.33 

0.2 

3 12 

0.16 

3.20 

0.1 



3.12 

0 2 



2.98 

0 J 



2 88 

0.2 



2 73 

0 2 




»Closely similar patterns aie p:ivpn also by r>«nillic acids from 
2-pentenyl- and p-hydroxybenaylpcnioillinates. 


Sulfone Derivatives. Sulfone derivatives of 
methyl benzylpenicillinate (52) and hexahydro- 
benzylpenicillinate (53) were compared with the 
pure methyl ester of benzylpenicillinic acid. 

The long spacing found in methyl benzylpenicil¬ 
linate itself disappears from the diffraction pattern, 
but there is an increase in the other interplanar 
spacings in passing from the methyl ester to the 
sulfone of the methyl ester to the hydrogenated 
sulfone of the methyl ester. This increase in 
spacings would be consistent with the enlarge¬ 
ment of the molecule due to the sulfone group and 
the hydrogenation. The diffraction data are given 
in Tabic XIV. 

Flavacidin, from Aspergillus flavus, is of interest 
for its similarity to the 2-pentenylpenicillin. The 
characteristic d values from the powder patterns 
are listed in Table XV. To determine the differ¬ 
ence in the R group in the two compounds, the 2,4- 
dinitrophenylhydrasone of the Craldehyde from 
flavacidin is shown to give a pattern identical with 



X-RAY INVESTIGATION OF RELATED COMPOUNDS 


377 


that of A( 7 )-w~hexcnoylaminoacetaldehyde dinitro- 
phenylhydrazone, while the corresponding deriva¬ 
tive from 2 -pentenylpenicillin is identical, with 


TABT.E XIV 
Sulfont* Derivatives 


Methyl h(‘nzyl- 
penicilhiuite 

31 

Motliyl benzvl- 
penicilliiuiU* 
siilfono 

Methyl hexahydro- 
])eiiz> Ipcnicillmate 
siilfone 

52 

53 

d 

Hel inf 

<i 

Rel int 

d 

hel. int 

21.5 

0 05 

12.0 

0 58 

12 0 

1 00 

10 5 

J 00 

8 51 

0 10 

7 50 

0 54 

8 80 

0 32 

7.42 

0 42 

0 35 

0 04 

7.03 , 

0,27 

0 30 

0 20 

5 91 

0 13 

0.07 

1 0.30 

5 70 

1 00 

5 15 

0 93 

0.30 

0 30 

5 00 

0 1(> 

5 25 

0 30 

5.73 

! 0.27 

4 00 

0 32 

1 59 

0 75 

5.38 

0.32 

4 22 

0 21 

4 30 

0 29 

5 10 

0 83 

4 10 

0 2fi 

1 10 

0 u 

4.4!) 

0 54 

3 91 

0 32 

3 !)8 

0 14 

4 33 

0 04 

3 70 

0 20 

3 85 

0 32 

4.23 

0.32 

1 3 40 

0 20 

3 58 

0 25 

3.87 

0.32 

3 04 

0 11 

3 31 

0 18 

3,72 

0.46 

2.80 

0 10 

3 10 

0 11 

3.61 

0.27 

2.33 

0 11 

2 98 

0 07 

3.49 

0 36 



2 82 

0 07 

3 31 

0 18 





3 14 

0 18 

1 





TAHi.E XV 
FliU'ticidin 


d-Value 

Uelativ^(‘ 

Intensity 

J5.2 

0,17 ‘ 

8.95 

0.06 

7.88 

0.07 

6.77 

0 16 

6.10 

0.59 

6.64 

0.42 

5.10 

1.00 

4.62 

0.82 

4.45 

0.16 

4.28 

0.18 

4.12 

0.04 

3.96 

0.07 

3.71 

0.18 

3.61 

0,13 

3.36 

0.16 

3.14 

0.25 

3.08 

0.10 

3.00 

0 15 

2.88 

0.16 

2.78 

0.15 

2.69 

O.IO 

2.61 

0.05 

2.62 

0.03 

2.44 

0.04 

2.39 

0.02 

2t32 

0.12 

2.14 

0.04 

2.10 

0.02 

2.05 

0.04 


minor differences, with A(iS)-n-hexenoylaminoacetal- 
dehyde dinitrophenylhydrazone. The two sets of 
patterns are quite different, and thus establish the 


difference in the position of the double bond in 
flavacidin and in 2-pentenylpenicillin. 

Benzylamine derivatives have played an impor¬ 
tant role in distinguisliing various penicillins. iV 
great many patterns of these were made in lh(^ early 
stages of research at Peoria to dilTc'reidiatc between 
benzylpenicillin and 2-pentenyIpenicillin. These 
derivatives provide an effective method of se])ara- 
tion, the latter being less soluble. Only by this 
means could it b(' shown that a samj)le producing 
a distorted benzylpenicillin pattern might contain 
as much as 40^7 of /?-penteiiylf)(‘iiicillin. Deriva¬ 
tives of all four of th(‘ princi})al penicillin types give 
characteristic patterns with variations ascribed 
to impurilies, time of crystallization, solvent, 
hydration, etc. For example, spacings are all 
greater than normal if crystallization is liurried by 
adding larger amounts of non-solvent liquid, thus 
showing that tlie packing of Iargt‘ molecules on 
erystalline lattices may be a function of time. On 
1:! mixtures of benzyl and 2-i)ent(‘nyl types with¬ 
out grinding both appear in patterns, but the lines 
for the latter disapp(‘ar upon grinding the mixture. 
Similarly the precipitate from a solution of both in 
the same proportion (wiiudi actuall^^ contains 
})robab!y only 20% of th(‘ 2-p(‘ntenyJi>enicillin) 
shows only the benzylpenicillin pattern. Thus an 
amount above a definite* limit must be present in 
order for the X-ray pattern to indicate presence of 
the derivatives in such mixtures. A number of 
synt lietic benzylamine derivatives were subjected to 
X-ray diffraction analysis as an aid to identification. 

Biosynthetic Penicillins (Lilly). Reactions in¬ 
volving the chemical nature of the media in wdiich 
penicillins have been produced by appropriate 
molds constitute one of the most interesting bio- 
S 3 mthetic contributions. The first group including 
halogen, methoxy, and thiophene derivatives so 
produced were subjected to X-ray analysis at 
Peoria (NRRL, C, 24 ). Table XVI lists the powder 
diffraction data, and Figure 2 (page 379) represents 
these patterns for 2-thiophenemethyl-, p-methoxy- 
benzyl, p-fluorobcnzyl-, p-bromobenzyl, p-chloro- 
benzyl-, and ?7i-fluorobenzyl penicillins. Refer¬ 
ence to Table I shows that all of these are closely 
similar to each other and to sodium benzylpenicil- 
linatc. In the compounds with fluorine, chlorine, 
and bromine in para position only small differences 
show up, one of the most prominent being the 
decided decrease in infensit}’' of the innermost 
longest spacing line, which indicates that t-he planes 
corresponding are out of phase when compared 
wdth planes wdiich include the halogen atoms. 
When the substituent fluorine atom is in the meta 
position instead of para, there are still greater 
differences, but the same basic pattern remains as it 
docs for the thiophene and methoxy derivatives. 

A second series of biosynthetic materials w^re 
analyzed at the University of Illinois. These 
were prepared respectively with a tropic acid 
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TABLE XVI 

Biosynthetic Derivatives (Lilly) 


p-Kluorobonzyl- 

peiiicillin 

p-Cbloro- 

p-Bromo- 

2-Thiophene- 

methylpeiiicillin 

p-Methoxy- 

m-Fluoro- 

d 

Hcl. ini. 

(1 

Rel. int. 

d 

Ttel. int. 

d 

Rcl. int. 

d 

Rel. int. 

d 

Rel, int. 

16.1 

.38 

10.3 

.25 

15.8 

.07 

15.5 

.10 

10.1 

.62 

15.5 

.43 

8.66 

.00 

8.70 

.09 

8.00 

.14 

10.95 


8.66 

.06 

8.70 

.07 

7.90 

.00 

7.15 

.06 

7.90 

.08 

8.66 


7.96 

.08 

7.64 

.03 

7.02 

.02 

6.21 

.15 

7.09 

.14 

7.49 

.01 

7.00 

.02 1 

7.20 

.05 

6.24 

.18 

5.05 

.48 

0.24 

.05 

6.78 

.03 

6.24 

.17 

6.60 

.05 

r>.65 

.47 

5.26 

. 14 

5.02 

.43 

0.10 

.83 

5.80 

.44 

6.10 

.81 

5.20 

.13 

4.84 

1 .00 

5 20 

.15 

5 72 

.20 

5.32 

.13 1 

5.50 

.32 

4.81 

1.00 

4.55 

.00 

4 82 

1.00 

5.31 

.14 

4.96 

1.00 

6.06 

1.00 

4. .57 

.14 

4.32 

.27 

4.55 


4.98 

1.00 

4,06 

.20 ! 

4.72 

.13 

4.27 

.22 

4 08 

.73 

4.32 

.29 

4.69 

.17 

4.34 

.18 1 

4.52 

.37 

4.00 

.54 

3.84 

.03 

4.00 

.69 

4.15 

.35 

4.14 

.42 

4.34 

.39 

3.81 

.04 

3.64 

.15 

3.04 

.16 

4.21 

.10 i 

4.02 

.30 

4.08 

.34 

3.57 

.10 

3.53 

.14 ! 

3.53 

.21 

4.02 

.27 

3.82 

.04 

3.90 

.10 

3.35 

.18 

3.30 

.11 

3.35 

.22 

3.82 

.03 

3.63 

.21 

3.67 

.24 

3.23 i 

.06 

3.24 j 

.07 

3.23 

.14 

3.03 

.18 

3.53 

.15 

3.50 

.24 

3 08 

.33 

3.12 1 

.27 

3.12 

.25 

3.50 

.08 

3.40 

.16 

3.28 

.30 

2.85 

.11 

3.02 

.26 

3.02 

.29 

3 30 

.10 

3.14 

.23 

3.12 

.30 

2.75 

.12 

2.81 

.12 

2.81 

.13 

3.20 

.20 

2.90 

.12 

3.03 

.18 

2.00 

.00 

2.71 

.08 

2.71 

.13 

' 3.11 

.17 

2.81 

.09 

2.96 

.22 

2 58 

.09 

2.64 

.08 

2 04 

.10 

2.92 

.18 

2.71 

.06 

2.83 

.13 

2.50 

10 

2.51 

.05 

2 51 

.09 

2.78 

.10 

2.62 

.07 

2.76 

.11 

2.43 

01 

2.41 

.01 

2 17 

.10 

2.08 

.03 

2.51 

.05 

2.62 

.12 

2.37 

01 

2 31 

.05 

2 47 

.07 

2.58 

.00 

2.45 

.02 

2.50 

.03 

2.30 

.04 

2 24 

.03 

2.32 

.05 

2.54 

.08 

2.41 

.01 

2.41 


2 22 

02 

2 19 

.03 

2 24 

03 

2.45 

.01 

2.33 

.03 

2.34 

.02 

2 17 

.01 

2 08 

.03 

2 17 

03 

2.10 

.03 

2.21 

.02 

2.26 

.01 

2.12 

01 

2 02 




2.32 

.04 

2.16 

.02 

2.17 

.02 

2 07 

.04 





2 25 

.01 

2 09 

.04 

2.01 

.02 









2 03 

.03 




TABLE XVJI 
CVystallographic Data 


Compound; Appendix Number (p, 380) 

an 

b.. 

Co 

d 

p 

N 

Sp. gr. 

Sodium berizylpeni<;illiiiHte: 2 . 

8.4 

6 20 

15.58 

01 2“ 

1.41 

2 

P2, 

Sodium 2-pentenvlpenicillinatc; 5. 

37 08 

6.00 

18.4 

106 

1.315 

S 


PotasHium benzylpenicillinate; 26. . . . 

9.36 

6 36 

30.4 

— 

1.41 

4 

P2,2,2, 

M(?thyl bcijzylpeiiicillinate; 31. 

10 92 

7 75 

17.27 


1.25 

12 

? 

cr-Melhvl D-benzylpenicilloate; 39. 

1 13.38 

6.21 

23.76 


1.28 

4 

P2i2i2i 

<*-Kthvl D-bcnzylpeuicilloate; 44. 

12 .5 

6.10 

25.0 

— 

1.20 

4 

P2i2i2i 

a-Ethyl/3-methyl benzylpeiiicilloate; 45. 

18.10 

5.41 

20.10 

- 

1.33 

4 

! P2i2,2i 

a,^-Dimethyl i)-benzvIi»enicilloate; 46. 

41.0 

7.07 

23,6 

60 

1.34 

16 

? 

7 -Laotam acid; 47. 

10 12 

10.42 

15.31 


.. - 

_ 

P4i 

Methyl ester of ^-lactam arid; 48. 

n 19 

11 19 

15.79 

— 


„ - 

P4i 

Penillit; acid from benzylpcjiiicilIinate; 49.. . 

15 56 

5.64 

17.28 

— 

1 47 

4 

I"2i2i2i 


au, bo. (‘0 Unit coll ciimonMotis 
0 “ Monorlinic angle 
p " Density 

N No. of molecules per unit cell 
l^p. gr. »• Space group 


precursor, cyclohexylvaline precursor, diphenyl- 
propionic acid precursor, and presumably p-ally- 
ioxybenzylpenicillin. In Plate III may be seen 
patterns for these compounds in comparison with 
the standard pattern of sodium bcnzylpenicillinate. 
All but the last of these biosynthetic products show 
a remarkable similarity in patterns, with only the 


most minor variations in spacings and intensities. 
The diphenylpropionic derivative which might be 
expected to be like flavacidin is much more nearly 
like the benzylponicillin. Two compounds un¬ 
questionably are present in the p-allyloxybenzyl 
derivative as shown by the doubling of the itmer 
ring; the pattern indicates a highly distorted con- 
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dition. In general all these results on the bio¬ 
synthetic samples show that varying substituent 
groups may be fitted into a given basic lattice 
arrangement of these large molecules without 
notable disturbance of the configuration of the 
molecule or the packing of these in space, particu¬ 
larly when guided by a biological process. Utmost 
precision in obtaining quantitative data is required 
for unique characterization upon the basis of 
crystalline architecture. 

Miscellaneous. Scores of patterns were made 
for a wide variety of derivatives, degradation, 
products, by-products, cleavage fragments, and 
analogous natural and S3mthetic compounds as an 
aid to identification, processing, purification, and 
synthesis. Of special value has been the proof of 
identity between certain derivatives of the natural 
materials and synthetic compounds (penicillamine, 
2,2,5,5-tetramethylthiazolidine-4-carboxylic acid, 
2,4-dinitrophenylhydrazoncs, p-hydroxyphcnylac- 
etic acid, and others). These will not be specifically 
enumerated. 

II. CRYSTALLOGRAPHIC DATA 

For eleven specimens examined by the authors, 
small single crystals were* available for precise deter¬ 
mination of unit cell dimensions and space group. 
Each of those involvc'd making microscopic ex¬ 
amination and j)hotographs of the crystals, rotation, 
oscillation, and Weissonlx'rg X-ray jiatterns around 
two or thr(‘(* axes, reciprocal lattice projections, 
correlation with powd(*r data, density measure¬ 
ments by a highly satisfactory flotation techni(|uc 
and the n('cessary calculations. A tyjiical rotation 
and a Weissenberg pattern around the 6-axis of 
methyl benzylpenicilliriate are reproduced in Plato 
IV. 'I'hcise data have l(*d to many valuable con¬ 
clusions in addition to uniipie characterization, and, 
of C()urs(*, were essential before any further stops 
toward delineation of mok'cular configuration could 
be taken. In any case only molecules of certain 
sizes and shapes can fit into these unit cells, even 
though these parameters are crystallographic rather 
than mohnailar measurements. Since molecules 
may be tilted with respect to edges or faces, the 
evaluation of molecular dimensions from direct unit 
cell measurements is uncertain and the ultimate 
steps of Fourier analysis and projection are re(pnred 
(Chapter XI). 

Table XVII summarizes the crystallographic 
data which have been experimentally determined in 
this laboratory. These data, of course, uniquely 
characterize the crystals of the particular com¬ 
pounds and enable a more complete interpretation 
of powder patterns in terms of the planar indices 
corresponding to each interference and an inde¬ 
pendent check on intensities and extinctions. The 
logical next step is the determination of molecular 
configuration by the methods described by Dr. 
Dorothy Crowfoot in Chapter XI. Progress has 


been made in this direction on some of the com¬ 
pounds in Table XVII, particularly the methyl 



ANGLE e IN DEGREES 

Figure 2. Comparison of X-ray patterns of penicillin 
derivatives (Lilly Biosynthetic). 


ester, in addition to the salts of benzylpcnicillin 
studied in such masterly fashion by Crowfoot, 
Bunn, and co-workers. Mention may be made of 
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experience with two experimental aids to the labori¬ 
ous Patterson-Harker or Fourier calculations from 
structure factor data and projections of electron 
density contour maps. One was construction of 
reasonable models from the regular spherical 
models used by organic chemists, and by a special 
illumination photographing the shadows upon 
accurately arranged cross section representations of 
unit cells, and comparison of shadow density with a 
few k<\y el<‘(;t ron densities. Another aid was the use 
of the Eastman oidical grids devised by Dr. M. L. 
Huggins as a convenient form of the original Bragg 
method of optical summation. In preparation for 
penicillin molecular ])hotography fairly good results 
were obtaim^d with glycine and other compounds for 
which good intensity data are available. However, 
resolution has been inadequate for penicillin even 
with intensity data of Crowfoot and Bunn from 
which contour maps have been drawn, aug¬ 
mented by our own. It must be concluded that for 
a molecule of the complexity of penicillin in which 
several atoms may lie in space so as to be obscured in 
two-dimensional projections, the optical method is 
insufficiently sensitive. In the fragmentary work 
done by the authors in extending crystallographic 
data there is no contradiction of the seemingly 
rather conclusive structures derived by Ciwvfoot, 
Bunn, and associates and the validity of the 
/S-lactam configuration in the crystalline state. 

APPENDIX 
Description of Samples. 

1 . Sodium benzylpenicillinate (Abbott). 

2. Sodium benzylpenicillinate (Squibb, S.17). This sam¬ 
ple was prepared by a chromatographic procedure. The 
crude semicrystalUne salt was obtained by treatment of 
the active chromatographic fraction with dry acetone. 
Crystallization was effected by dissolving the crude salt 
in a minimum of 95% acetone and gradually adding an 
excess of dry acetone. The sample was crystallized 
twice and dried in vacuo at room temperature (0. Winter- 
steincr, private communication). 

3. Sodium benzylpenicillinate (Pfizer). 

4 . Sodium benzylpenicillinate (Merck). The method of 
preparation involved chromatography and recrystalliza¬ 
tion was from acetone and water, [aln®® -f-300®. 

6 . Sodium 2-pentenyIpenicillinate (Upjohn, C/.ii, 36). 
From submerged culture. 

6 . Sodium 2-pentcnylpenicillinate (Upjohn, UJlf 35). 
From surface culture. The final sodium salt was ob¬ 
tained as long, colorless needles by a single crystalliza¬ 
tion from aqueous acetone. 

7. Sodium 2-pentenylpenicillinate (Squibb, iS.5, 8). [aln** 
4-316® (in water). 

8 . Sodium 2-pentcnylpenicillinato (Upjohn, UJl, 36). 
From surface culture. 

9. Sodium 2-pentenylpcnicillinate (Upjohn, 85). 

From submerged culture; needles from acetone. 

10 . Sodium 2-pcntenylpenicillinate (NRRL, C.15), A low 
temperature form, Salt dissolved in 40:60 mixture of 
normal and tertiary butyl alcohols, and precipitated 
with light petroleum. 

11 . Sodium 2-pcntenylpenicillinate (NRRL, C.id). A high 
temperature form. Either from salt dissolved in and 
precipitated from methyl ethyl ketone followed by 
vacuum drying over PsO*; or sample 10 dried in 
vacuo at 78®. 


12 . Sodium 2-ppntenylpeniciJliiiate (NRRL, C.i5). The 
first hydrate. Monohydratc; salt dissolved and precip¬ 
itated from anhydrous acetone; or from both anhydrous 
forms after standing in air. 

13. Sodium 2-pentenylpcnicillinate (NRRL, C,1S). The 
triliydrnte form. Lyophilized salt exposed to laboratory 
atmospliere at 24-27®, 45-60%. relative humidity. 

14. Sodium 2-pentcnylpenicillinate (NRRL, CJ5). The 
second hydrate, dried at room tc’mperature. 

15. Clinical sodium penicillin (C'ommercial Solvents Cor¬ 
poration). Freshly prepared sample. 

15a. (Clinical sodium penicillin (C’ommercial Solvents Cor¬ 
poration). Sample examined ten months after expira¬ 
tion date. 

16. Sodium n-heptylpenicillinate (Al)bott). 

17. Sodium p-hydroxybenzylpenicillinate (NRRL). Re¬ 
crystallized from butyl alcohol, (a|i> +267"’. 

18. Ammonium benzylpenicillinate (Squibb, 21). 

This ammonium salt was pnpared from analytically 
pure crystalline sodium benzylpiuiicillinate by conver¬ 
sion to the free acid and treatment of the dry ether solu¬ 
tion of the latter with ammonia gas. The resulting 
amorphous precipitate was crystallized and rccrystal- 
lized l>y the addition of excess dry ai^etone to its solution 
in 80% acetone. M.p. 137-138'^ (dec.); [aln +299®.^ 

19. Ammonium 2-pentenylpenicillinato (Squibb). This 
sample was pr(*pared Iroiii analytically pure sodium 
2 -pentcnylpenicillinate obtained from the Ilpjohn labo¬ 
ratories by conversion to the free acid by acidification 
and ether extraction, and re-extraction of the ether with 
n cahmlated amount of aque(>u.s ammonium hydroxide. 
The freeze-dried preparation was crystallized from 95% 
acetone by adding cxcivss dry aci'tone. Analysis of the 
desiccator-dry preparation suggested that it contained 
one half molecule of w^ater (0. Winterstcaner, private 
communiration). 

20. Ammonium penicillinate (Squibb, S 40 , 20). This salt, 
designated “Ammonium Salt 1,'^ w^is prepared by the 
use of dry gaseous ammonia on a highly potent plant 
ether extract of the kind from wliich conimc*rcial 
sodium penicillinates are prepared. The ennh' crystal¬ 
line salt w’^as recrystallized twice from aqueous acetone 
by the addition of excess dry acetone (O. Winterstciner, 
private communication). 

21. Ammonium penicillinate (Squibb, S. 40 y 19). This salt 
represents the fourth fraction obtained by fractional 
crystallization of a crystalline ammonium penicillinate 
obtained by adding dry acetone to the mother liquor 
from fraction throe. Fraction four was recrystallized 
from 90% acetone by addition of dry acetone, (aln*^ 
+306® (in water). The analytical data are inconclusive, 
but in general indicate a mixture of the ammonium salts 
of n-heptyl- and 2-pentenylpenicillinic acids. The 
presence of benzylpenicillin is excluded by the nega¬ 
tive ultraviolet assay (O, Wintersteincr, private 
communication). 

22. Ammonium benzylpenicillinate (NRRL). This prep¬ 
aration was made by dissolving sodium benzylpenicillin¬ 
ate in water, adding 50% phosphoric acid and extracting 
cold with ether. The extract was chilled to separate 
excess water. When clear, the extract was transferred 
to another dry test tube, and ethereal ammonia was 
added. The product was filtered and washed with 98% 
acetone followed by dry acetone, after which it was 
recrystallized from 90% acetone and dried in vacuo at 
room temperature. 

23. Ammonium 2-pentenylpeniciilinate (NRRI.<, 2). 

The sample was prepared in the usual way, recrystal¬ 
lized from 90% acetone twice, and dried at room tem¬ 
perature in vacuo. It showed no benzene or phenol 
absorption in the ultraviolet region. 

24. Ammonium w-heptylpenicillinate (NRRL, 4), 

25. Sodium penicillinate (Squibb, 20). Designated 
‘'Sodium salt from ammonium salt II”; Wn +293^^ (in 
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water). This preparation was obtained by the usual 
ether transfer and re-extraction with dilute sodium 
hydroxide solution, and was crystallized by extractiriR 
the freeze-dried residue with dry ethyl acetate and pre- 
eipitatinp; with excess hexane. The analytical data are 
inconclusive, but are certainly closer to the theoretical 
values for sodium 2-pentenylpenicillinato than to those 
for sodium n-heptylpenicillinate. Since the yield in 
the conversion was not very good, it seems probable that 
fractionation of a mixture of r?-heptyl- and 2-pentenyl- 
penicillinate had occurred, and that the isolated sodium 
salt was enriched in the 2-pentenyl- variety ((). Winter- 
stoilier, private communication). 

26. ]\)tassium benzyl})enicillinat(' (Chapter V, p. 89). 

27. Methyl lienzyl penicillin ate (Abbott;. 

28. Metliyl benzylpcnicillinate (rpjohn). 

29. Methyl beiizylpenicillinatc (I'pjolin). Crude material 
dissolved in benzene-hexane and (‘iiough p(‘troleum ether 
was added to make cloudy with seeding, lett at room 
temperature over the weekend Only an oil until jilnced 
in the reirigf rator, when it crystallizi d, m p. 90.5-97.5® 
((h F. Cnrtland, private communication). 

30. Methyl benzylpcnicillinate (Merck). Jtecr^sinllized 

from carbon tetrachloride, m p. 92-94®, +274® 

(0.2ill methanol) (J. C. ^\oodru^T, prixate communi¬ 
cation). 

31. Methyl benzylpcnicillinate (Merck). Kecrystallized 

from carbon tetrachloride m p. 93 95®, +287® 

(0.1'X in ethanol) (J. C. V\()odrufT, private conimuiiica- 
tioii). 

32. Thiocyanate derivative of metliyl benzylpeiucillinatc 
(C’ornell Ihoch., 2; 

33. Alkali treated thiocyanate derivative of methyl benzyl- 
penicillinnle (Cornell Biooh., 2). 

34. Hydrochloric acid hydrolyzed thiocyanate deri\ativc 
of methyl beiizylpemcilhnate (Cbrnell Bioch., i>.^, 12). 

36, Hydrochloric acid hydrolyzed, alkali treated thio¬ 
cyanate derivative of methy 1 benzylpcnicilhiiaic* (.Cornell 
Bioch., D.Sdy 11). 

36. A synthetic compound believed to be identical with the 

hydrocliloric acid hydrolysis product of tin* thiocyanate 
derivative of methyl benzylpeiucillinate (No. 34) 
(Cornell Bioch., 10, 12). 

37. A synthetic ccjiripgund believed to be identical wdth 
No. 38 ((brnell Bioch., DMJ,, 10), 

38. A compound prepared from the thiocyanate derivative 
of methyl benzylpcnicillinate. It is believed to be a 


diostercoisomer of the alkali isomerization product of 
the thiocyanate derivative* of methyl benzylpcnicillinate 
(33). Believed to be identical wdth 37 (Cornell Bioch., 
D.SJ,, 11). 

39. «-Methyl n-benzylprnicilloate (Upjohn, C.Jf/, 15h 

M p. 155-156°, +137.5® (1% in absolute etliano!) 

40. a-Methyl L-benzylpenicilloate (Upjohn, IJ.lly 16). 
M.p. 15S-159.5®, [aW^ -I29.r (1 % in ethanol). 

41. a-Metliyl D-a-henzylpcnicillonto (Merck). M.p. 133®, 
[ttln** *4 104.7® (J. (\ Woodruff, private communication) 

42. «-Methyl n-7-benzylpenicilloatc (Merck). M.p. 161- 
162®. 

43. a-Ethyl r)-7-beiizylpenicillonte (Conicll liioch.). 

44. a-Fthyl D-benzylpenicilloate +*arke-r)a\ is). 

45. of-Ftliy] /5 methyd h(‘nzylpenicilloati‘ (Upjohn). 

46. «,/3-L)imcthyl n-hcnz> Ipcnicillontc (Upjohn, UJl, 36). 
The ctht‘rcal solution of the crude product, waslu’d with 
bicarbonate, then W’ater, and dried over magnesium 
sulfate, was allowed to evaporate spontaneously yielding 
slender white needles, m p. 107-109’, Wd** + 100® 
(0.13^c in absolute ethanol). 

47. An acid wlii(*h would ])e the next higher hoinolog of 
benzyljx nicillinic acid, if benzylpcnicillmic and had a 
|8-Iactam stivictuic (Cornell Bioch , JJ 5a). 

48. Tlic methyl esfir of the 7-lactani acid (47) (Cornell 
Biocli., D.SS, 7) 

49. J^'inllic acid dcriAnl from henzylpenicillin, m.p, 184- 
186*^ (Cbrni'll Bicch } 

50. Beiizyl])niillic a< id (rpjohn). Crude product filteied 
and wa.slie*d with uatcr. M.j). HO-180® (0. F. Cart- 
land, private coii'ininiicatioii). 

61. renillic a(‘id of unknown tyjie (Squibb). I)i‘rivcd from 
nmmoiiiuiij peninJlinates 20 and 21. 

52. Methyl bt*nzj Ipeiiinllinate sulfone (Merck). 

63. M(‘thy] hexahyclrobcnzylpcnicillinate sullone (Merck). 
M p. 13M32®, |«b26 159‘ (chloroform) (J. C. Wood- 
nifl, pri\atc communication). 

54. a( tam ol 2-]th< ny l-2-thiazolkhnc-a-iso))utyTic acid 
(Shell). 

65. /^(-Lactain of 2,a,a-triphenyl-2-thiazolidineacctic acid 
(Shell). 

56 2,4-l)initii phenj lh> drazoncof penilloaldehy de (Squibb). 

57. Ethyl phiiiHccturate (Cornell Bioch.). 

58. Sodium 4-thiazolidim'carhoxylale (Cornell Bioch.). 

59. 4-Bn)zyl-2-phcny l-5(4)-oxazolone (('oriiell Bioch.). 

60. 4-B<*iizyl-2-plienyi-5(4}-oxazolone (59), after exposure to 
moist air for three days. 
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I. SPECTROSCOPIC MEASUREMENTS 
ON THE STRUCTURE OF PENICILLIN 
CARRIED OUT IN GREAT BRITAIN, 
1944-1946^ 

Introduction. Following the discovery in Oxford 
of the chemotherapeutic potency of ])cnicillin in 
experimental animals, the suggestion was made, 
early in 1943, that infrared spectroscopy might be 
used for structural diagnosis and possibly for 
quantitative estimation. This was not immedi¬ 
ately followed up, for it seernell likely at the time 
that synthetic organic chemistry might soon solve 
the problem, and all the available infrared equip¬ 
ment was otherwise actively employed. Moreover, 
the quantities of penicillin available for research 
were exceedingly small, and few workers wore 
available to prepare model compounds for reference. 

The anomalies encountered chemically, however, 
later led to the exploration of other methods, and in 
mid-1944 spectroscopic measurements were begun 
by Thompson and Richards in the Physical ('Chem¬ 
istry Laboratory, Oxford, tho work being confined 
to the infrared spectrum. In 1945 further infrared 
work was begun at the I^aboratory of Colloid 
Science, Cambridge, by Sutherland and Darmon. 
The present report summarizes the work carried 
out in both laboratories up to the end of 1945. 

During the course of the work, some differences of 
opinion arose about the interpretation of the spec¬ 
tral data. This was perhaps not surprising, since 
inferences often had to be drawn somewhat specu¬ 
latively on inadequate factual basis owing to the 
shortage of compounds of reference. In the early 
stages of the work it was clear that a decision had to 

* By H, W. Tbompioxi. 
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be made between three possible formulas, namely, 
the tricyclic structure (I) (Lilly, L 4 ), the thiazol- 


S CH 

/ \ / 1 \ 

(CH,) 2 C CH 


NH 


CII-N 

I \. 

COOH C 


/ 


C:0 

M 

0 


R 


idine-oxazolone structure (II) (Abraham, Baker, 
Chain, and Robinson, PEN.103), and the lactam- 


S 

(CH,)2C^ ^CII—CIl-N 


\ 


Cll—Nil C-O 


/ 


CR 


COOH O 

II 


amide structure (III) (Shell, Sh.7), 

S 

/ \ 

(CH 3 ) 2 C CII—( 71- N 1 1—CO—R 

I I I 

CH- -N-C 

I 11 

(X)()n 0 

III 


In these formulas R represents such groups as 
benzyl, 2 -pentcnyl or p-hydroxybenzyl in the dif¬ 
ferent penicillins. 

Both research groups agreed at once that the tri¬ 
cyclic formula would be inconsistent with spectro¬ 
scopic evidence, but the decision between the other 
two was more difficult. Richards and Thompson of 
Oxford drew attention to some in¬ 

explicable differences between penicillin and amides, 
not only in the positions of the vibration bands due 
to the amide group, but also in the shifts of these 
bands when the spectra of the solids were compared 
with those of solutions in non-aqueous solvents. 
The Oxford workers therefore suggested, on the 
basis of measurements with some substituted 
oxazolones, that particular electronic influences 
might serve to correlate bands in the spectrum of 
penicillin with two bands in the spectra of oxaz¬ 
olones, and in the absence of model compounds 
with a lactam ring argued by analogies from known 
Raman and infrared spectra that a lactam ring 
was improbable. Somewhat later, in a review of 
their own work on amides and some other com¬ 
pounds, and of the work by the American and 
Oxford laboratories, Sutherland and Darmon of 
Cambridge concluded that a clear decision was 


impossible {CPSM61), They confirmed the anoma¬ 
lies of the amide side-chain, but from further 
measurements on the substituted oxazolones re¬ 
garded the oxazolonc formula as unlikely, and in 
view of the data for some lactams just reported by 
the Shell group, they regarded the lactam ring as 
possible. 

Much further work was carried out at both Ox¬ 
ford and Cambridge as new cennpounds became 
available, and particularly the fused and unfused 
lactams generously supplied by the American 
laboratories. As a result of this work (Thompson 
and Richards, CPS.09S; Sutherland and I^armon, 
CPSM90) it is now generally agreed that while 
some difficulties of interpretation still remain, the 
jS-lactam formula is the most probable. It does 
not seem possible to test satisfactorily the dipolar 
ion formulation, although it seems unlikely on 
spectroscopic grounds. Other formulas than those 
given above were not considered in any detail, 
owing to their improbability on chemical and other 
grounds. 

This section of the present chapter deals pri¬ 
marily with results secured in British laboratories. 
No attempt is made to indicate national priority of 
specific findings. Results from the American 
laboratories are not included here unless some par¬ 
ticular point of difference or emphasis is to be made. 
American studies are repor<.(Hl in part II of this 
chapter. Also, of all the large number of substances 
examined during the work, only those are mentioned 
which have a fairly dir(‘ct Ix^aring upon the penicil¬ 
lin jiroblem. 

General Principles of the Spectroscopic Method. 
The range of the infrared with which we are con¬ 
cerned extends from wavehmgtiis 2~25 or 5,000- 
400 cm.“^ Absorption bands in this region arise 
from the excitation of molecular vibrations, the 
fundamentals, overtones or combinations being 
taken up. A molecule as complex as penicillin 
has many possible vibrational modes, and the 
spectrum is accordingly highly complex. In princi¬ 
ple, however, this spectrum remains a unique 
property of the molecule, and for this reason 
identity of tiio infrared spectra of natural and syn¬ 
thetic samples may, if studied under high resolution, 
be the best proof of structure available. 

For constructive diagnostic purposes in elucidat¬ 
ing the actual molecular structure, definite princi¬ 
ples can be followed. Since it is not yet possible 
to predict at all precisely the vibration frecjuencies 
of such complex molecules, these principles must at 
present be semi-empirical. Strictly, every molec¬ 
ular oscillation involves participation by all the 
nuclei in the skeleton. In practice, however, some 
of the vibrations are very largely controlled 
by particular groups and hardly affected by the 
remainder of the molecule. The former type of 
vibration involving the entire skeleton usually 
has a rather low frequency in the range 200 - 1,000 
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and as small alterations in the substituent 
groups are made, the frequency may alter substan¬ 
tially in magnitude. In the second type of vibra¬ 
tion which is confined to a small group or link, 
changes m neighbouring groups have a smaller 
elTecf on the frequency, and in some cases conjuga¬ 
tion, resonance hybndissation, or hydrogen bonding 
may be revealed from the exact amount of the 
frequency shift. Groups of this kind include bonds 
of tlie type' X—II, where X is carbon, nitrogen, or 
oxygen, double bonds such as C—C, C"—N, C—O, 
or triple bonds such as Cr^C or C = N, and similar 
characteristic sets of frequencies are known for 
some larger groups of atoms and ring systems. To 
some extent, too, the deformational modes of 
bonds like N—H and G— H have well-defined 
values. 

In considering the spectra of penicillin and its 
derivatives the lower frequencies of the skeleton 
w'ould not be expected to give much information, 
and indeed the main center of interest lies in the 
bands connected with the stretching vibrations of 
N—H and O — 11 bonds in the region of S n and 
those of double bonds between 5 and 8 n. 

One general point of considerable importance is 
the question of possible spectral changes according 
to the state of aggregation in which the substance is 
measured. Ideally, molecular vibration frequen¬ 
cies should be determined from measurements in the 
gaseous state, but this is obviously impossible in the 
present problem. In the liquid or solid state, 
influences of one sort or another may complicate 
the picture, either through direct inter- or intra¬ 
molecular interactions, or through special effects in 
the crystalline state caused by differences in molecu¬ 
lar packing. In recent years some surprising effects 
of this kind have been discovered, and as will be 
shown below, the question has a direct bearing upon 
some anomalies found wdth penicillin. 

Experimental Methods. Two spectrometers were 
used at Oxford. One was a single beam recording 
instrument with large rock salt prism in Littrow 
arrangement, and was used for the entire range 
2-15 With this spectrometer the accuracy was 
about ±1 cm.-i at 12 /u (833 cm~0, ±3 cm.-^at 
7 fi (1,428 cm.-^ and ± 16 cm.-^ at 3 m (3,333 cm.~0. 
At 10 M the resolution was about 3 cm.~h In the 
later wnrk a double beam recording spectrometer 
with large calcium fluoride prism was used. This 
instrument was particularly useful for the range 
5-7 fx and at 3 m, since it avoided interference in 
these regions from the atmospheric 'water bands, 
and in addition it employed the greater dispersion 
of fluorite as compared with rock salt. Wave¬ 
lengths were calibrated with the absorption lines of 
water, ammonia, carbon dioxide and other sub¬ 
stances. At 1,700 cm.~i the position of bands could 
be measured to within ±3 and at 3,000 
to within ±8 cm.~^ according to their breadth and 
shape. In many cases where comparisons were 


made to discover a general trend, the relative posi¬ 
tions of bands of different substances were probably 
more accurate than their absolute values, since 
several spectra could be measured on the same chart. 
It w^as possil:)lo wdien using this instrument as a 
single beam sp(‘Ctrometer to resolve clearly lines 
2-3 cm.*"^ aj)art at 1,700 cm." and 15 cm.""^ apart 
at 3,000 with the double beam arrangement, 
which necessitated somewhat wider slits, the cor¬ 
responding figures wore about 5 cm.“^ and 20 cm.““^ 

At Cambridge there was employed a double 
beam spectrometer similar to the above with rock 
salt prism, and also the smaller Hilger D88 model 
with prisms of calcium and lithium fluoride. 

Substances were measured either as solids or in 
solution, or by both methods. The original use 
by the Oxford workei’s of the solid paste technique 
in which the solid is ground w^ith medicinal paraffin 
and pressed between rock salt plates, was empha¬ 
sized for two reasons: (1) many of the substances 
w'ero relatively unstable and liable to be decom¬ 
posed by solvents or by melting, and (2) it was 
possible by this method to measure the spectrum of 
a very small amount of tlu* solid (a few mg.) which 
would have been insufficient if a solution had to be 
used. In many cases, both with the penicillins 
and the model comi)o\mdB, only small quantifies 
were obtainable. Inhere is much justification from 
the results of both British and American labora¬ 
tories for thinking that solution in methanol, either 
with or without subsequent evaporation on a plate, 
may lead to hydrolysis or methanolysis of some of 
the substances studied. Similarly, since heat 
treatment of many of the compounds was destruc¬ 
tive, melting onto a rock salt plate was sometimes 
undesirable. 

When it became clear that there were apparent 
differences between spectra of some of the com¬ 
pounds measured by the American laboratories in 
solution, and those measured as solids by the paste 
technique, the spectra were whenever possible 
studied by both methods. A careful comparisoir 
of the two sets of data by the Oxford workers 
with amides suggested that much may be learned in 
this w^ay about the molecular structure in the dif¬ 
ferent states of aggregation. Its significance for 
the penicillin problem is discussed below. The 
solvents used at Oxford were carbon tetrachloride, 
chloroform, methanol, dioxane and acetonitrile, 
in layers 0.01 to 0.2 cm. thick. Most of the 
measurements at Cambridge w^ere made with 
the solid paste, but a few were carried out in carbon 
tetrachloride. 

With solutions, the absorption bands of the sol¬ 
vent mask those of the solute over certain regions, 
and while carbon tetrachloride, and chloroform 
transmit very well over the regions of particular 
interest, they are sometimes not very suitable on 
grounds of insolubility of the solute. Dioxane was 
found by Oxford to be very satisfactory for the , 
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important region 5-7 since in particular it dis¬ 
solves amides to a favorable extent. 

In the following discussion of the results, the 
position of the absorption bands is usually given 
in wave number units, cm.““^ This system has 
been normally used by the British workers since 
it is more usual than that of wavelengths when 
considering the frequencies of particular molecules 
and groups theoretically. In some cases both the 
wavelengths and wave numbers have been given 
for direct comparison with the American tabula¬ 
tions, which prefer wavelengths. 


Results. The Penicillins. The British work 
was almost entirely confined to benzylpenicillin, 
originally referred to as penicillin II or penicillin G. 
The spectra of the sodium salt and methyl ester 
were measured at both Oxford and Cambridge. 
The Oxford workers also measured p-hydroxy- 
bcnzylpenicillin, known as penicillin III or penicil¬ 
lin X. The 2-pentenyl and //-hopiyl penicillins 
were not studied. 

Table I summarizes the results. With the 
sodium salt of benzylpenicillui, the values are in 
good agreement with each other and with tliose 


TABLE Ji 


Sodium benzylponicillin 
solid (N) 

Honzylponicillin methyl ester 
soIid(N) 

Sodium />-hvdroxy- 
})onzvlpfMii(*ilhn 
•solid (N) 

Ox 2 

Ox.‘ 

C* 

Ox.« 

Ox ' 


Ox.'' 



\ 700 

700 


696 


722 

722 

720 

725 (ni) 

726 (m) 

724 

752 (m) 

741) 

750 

752 

774 

772 

775 

770 (s) 

766 fs) 

706 

768 (s) 

780 

798 

803 

79r» 


776 


812 

813 

847 

808 (ni) 

80(i 

806 

S()7 

862 

861 

864 

828 (m) 


838 


914 

914 

918 

843 

872 

873 

873 

940 

914 

948 

855 

8<)2 

893 

900 

970 

971 ! 

973 

875 


907 


988 

989 

991 

885 

913 

915 

917 

1,008 

1,009 

1,013 

918 

928 

929 

935 

1,030 

1,030 

1,037 

930 


941 


1,072 

1,135 (ra) 

1,075 

1,074 

946 

955 

955 

961 

1,135 (rn) 

1,131 (m) 

962 

973 

973 


1,158 (Ill) 

1,158 (m) i 

1,160 

990 


982 


1,177 

1,180 1 


1,002 

998 

1,000 

1,005 

1,189 

1,190 

1,190 

1,222 (in) 

1.013 

1,024 

1,023 

1,028 

1,217 (m) 

1,217 (m) 

1,019 

1,027 

1,070 

1,076 

1,075 

1,290 (m) 

1,295 (m) 

1,299 (in) 

1,090 

1,093 

1,125 

1,095 

1,340 (m) 

1,340 (in) 

1,341 (m) 

1,067 (m) 

1,122 

1,124 

1,370 (m) 

1,375 (m) 

1,378 (m) 

1,102 

1,154 

1,156 

1,154 

1,440 (m) 

1,465 (in) 

1,465 (s) 

1,123 (m) 

1,166 

1,166 



1,500 

1,490 

1,146 

1,195 

i,198 

1,198 

1,520 (s) 

1,518 (r) 

1,520 (8) 

1,169 (m) 


1,240 

1,252 



1,532 (s) 


1,186 

1,248 

1,254 

1,600 

1,605 i 

1,600 

1,198 

1,277 

1,279 

1,285 

1,680 (8) 

1,678 (s) 

1,687 (s) 

1,220 (m) 

1,305 (s) 

1,308 (8) 

1,306 (s) 


1,697 (s) 

1,698 (s) 

1,246 (in) 

1,370 (m) 

1,375 (m) 

1,379 (s) 

1,740 (s) 

1,744 (s) 

1,747 (8) 

1,257 

1,390 (m) 

1,390 (m) 
1,424 (m) 



I 1,757 (8) 


1,279 (rn) 

1,415 (m) 

1,417 (m) 

1,780 (8) 

! 1,775 (8) 

1,777 (8) 

1,305 (m) 

1,460 (m) 

1,460 (m) 

1,459 (s) 


: 1,797 (s) 

1,794 (s) 

; 1,377 (in) 

1,615 (s) 

1,502 (s) 

1,500 (8) 




1,401 



1,540 (m) 

2,950 



1,467 (rn) 



1,565 (m) 

3,180 

1 


1,508 

1,616 (8) 

1,623 (s) 

1,620 (8) 

3,330 (s) 

3,330 (8) 

1 3,330 (8) 

1,521 (s) 

1,686 (8) 

1,704 (8) 

1,694 (8) 




1,593 (8) 

1,778 (8) 

1,778 (8) 

1,777 (8) 




1,605 



2,516 


1 


1,690 (8) 

; 1,786 (8) 

2,860 

2,950 

3,160 

3,330 (m) 

3,330 (m) 

3,320 (m) 


I 


3,410 (8) 



> Band InttniiiieB denoted by § (etrong) and m (medium). • Thompeon and Richnrda. CPSMS. 

* Thompeon nnd Riohnrde, CPS^gSl* * Sutherland nnd Dnrmon, CP8,697. 
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of the American workers, but a few points require 
comment. The bands at 1,540 and 1,5()5 cm.-* 
found by Sutherland and Darmon {CPS.697) 
have not been confirmed by other laboratories 
and may have been due to impurity. The second 
sample examined by Thompson and Richards 
(CPS,69S) gave strong bands at 1,502 and 1,704 
cm.”', the former agreeing well with other labora¬ 
tories, but the latter being ratlier higher than found 
by other workers and distinctly higher than found 
for the first sample measured. The value of 
1,515 cm.'“^ given by Oxford for the first sample may 
have been slightly higher, in error. While these 
small differences do not raise any fundamental 
problems in th(' subsequent interpretations, it 
seems possible that different samples of penicillin 
may truly show such differences outside experi¬ 
mental error. 

With the methyl ester of benzylpenicillin there is 
again very good agreement between the different 
laboratories. An interesting feature is the doubling 
of some strong bands in the region 1,500-1,800 cm.**^ 
Sutherland and Darmon (CPS.606) found a split¬ 
ting of each of the bands at 1,()80 and 1,780 cm.~‘ 
into a doublet, as previously reported by the 
Michigan group (Mich. Phys., and in a later 
measurement with a new sample Thompson and 
Richards resolved into doublets all four bands at 
1,520, 1,680, 1,740, and 1,780 cm.“' {CPS.698). 
The reason for this doubling is still obscure. 

The results for sodium p-hydroxybenzylpenicillin 
agree with those found by the Michigan group 
(Mich. Php., R.IS). 

In addition to the above, Thompson and Rich.ards 
measured potassium benzylpenicillin, and Suther¬ 
land and Darmon measured benzylpenicillin tri- 
ethylamine salt and the sulphoxide of benzyl¬ 
penicillin methyl ester. The important bands 
of these compounds in the range 5-8 g and near 
3 fi are given in Table II, w’^herc the corresponding 


TABLE II 
Solids (Nujol) 


Sub.staiH*f‘ 

Position of bands, cm.' 

- 

Sodium benzylpenicillin 

1,500 

1,620 

1,695 

1,690 

1,778 

3,330 

Benzylpenicillin methyl 

1,520 


1,780 

3,330 

ester. 



1,745 



Potassium benzylpeni- 





cillm. 

1,498 

1,613 

1,670 

1,778 

3,390 

Benzylpenicillin tnethyl- 

1,498 

1,601 

1,674 

1,774 

3,160 

amine salt. 

1,543 




3,530 

Bcnzylptmicillin methyl 

1,508 

(1,600) 

1,678 

1,778 


ester sulphoxide. 
Sodium />-hydroxybenzyl- 



1,746 



penieilhn . 

1,624 

1,593 

1,690 

1,786 

3,410 


strong bands of the other penicillins are also listed 
for later reference. All the compounds containing 
a phenyl nucleus showed two weak bands near 
1,600 and 1,600 cm,~^ connected with vibrations 


of this group, but these bands do not obscure the 
main bands or interpretations. 

Possible Formulas for Penicillin, and Model 
Compounds. As already explained, a discrimina¬ 
tion was first sought between three possible for¬ 
mulas, namely (I) the tricyclic structure, (II) the 
thiazolidinc-oxazolone structure, and (III) the 
i^-lactam-amide structure. I is characterized by a 
lactone ring including the grouping C—C—O—C, 

() 

a fused thiazolidine ring, and the absence of an 
amide side chain. II is characterized by an 
oxazolone ring containing the C~~N and C=0 
links, a free thiazolidine ring, and NH group in 
the thiazolidine ring, and the absence of an amide 
side chain. As pointed out by several laboratories 
during the course of the work, hydrogen bonding 
between the Nil group and the carbonyl group of 
the oxazolone ring might modify this formula. Ill 
is characterized by the presence of a /3-lactam ring 
containing the group —N—C—, a fused thi- 

II 

0 

azolidine ring, and a mono-substituted amide side 
chain. 

The dipolar ion structure suggested later by 
Robinson, namely: 


S 

(CIl3)2C'^ "^CII—CH—N 

I I I 
cu 

i II 

coon 0 




C—R 

I 

o- 


is characterized by a /3-lactam ring modified by 
the ionic form, the C—N bond and C—0^ of the 
side chain, a fused thiazolidine ring, and the NH+ 
group. 

Model compounds for comparison with the peni¬ 
cillins were therefore in the first instance lactones, 
thiazolidines (fused and unfused), oxazolones, 
amides, and lactams. Further, while low fre¬ 
quencies which might be characteristic of these 
several types of compound or ring were sought, it 
was realized that the frequencies of the double 
bonds C“0, C==N and the NH group might be 
more useful for diagnosis. 

Lactones. A number of lactones were examined 
by Thompson and Richards {CPS,448; 611) with 
particular reference to the vibration band of the 
ring carbonyl group. These included cyclohexyl- 
paraconic acid, terebic acid, terpenylic acid, 
a-carbethoxybutyrolactone, /3,7-angelicalactone, 
aconic acid, and 7(p-acetoxyphenyl)/5,y-butenolide. 
The first four of these compounds each showed a 
strong band at about 1,740 cm.~S which was 
absent with the remainder. This result suggested 
to the authors of this section that the band at 
1,740 cm.~^ could be associated with the carbonyl 
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group of a lactone ring, if there is no double bond 
in the ring. The spectra of these compounds in 
other regions gave no distinctive features. Penicil¬ 
lin sho\s8 no band near 1,740 cm.""^ other than that 
of the carbethoxy group in the methyl ester. 

Thiazolidxnes. The possibility that the thi- 
azolidine ring, either fused or unfused to another 
ring, might have one or more characteristic fre¬ 
quencies which are substantially independent of 
substituents seemed small, but a number of deriva¬ 
tives were examined by Sutherland and Darmon 
(CPS.OOG; G97), and information about tlie Nil 
group was sought from the absorption near 3 fi. 
With a series of solid 4-carboxythiazolidines in 
which alkyl radicals were substituted in the 2- 
and 5- positions, there was no band near 3 ^ at¬ 
tributable to the stretching mode of the N—H link, 
although a feeble band near 3,290 cm.”' was noticed 
with a 4-carbethoxy derivative. The results sug¬ 
gested that the N—H groups were feebly bonded 
to the carboxyl group. With solid benzylpenicillin 
methyl ester a band is found at about 3,330 cm.”' 

Some of the above 4-carboxythiazolidines and 
others were also measured over the range 1,500- 
1,700 cm.”' where bands due to the carbonyl group 
stretching mode and N - II group bending mode 
are to be expected. Here too, surprising anomalies 
were found. For example, the vibration frequency 
of the carbonyl link in tlie carboxyl group appeared 
to be at the most 1,043 cm,”', whereas it normally 
lies in the range 1,090-1,720 cm,”' There is some 
parallelism here with a-amino acids. The results 
again suggested complicated interactions between 
the several groups. No useful structural correla¬ 
tion could be obtained. 

OxAZOLONES. A large number of oxazolones of 
the general formula sho\Nn below have been 

R' 

\ 

O 

/ 

R2R»C-(’=-0 

measured, with special reference to the position of 
the bands due to the C~0 and C—N links. All 
show two intense bands between 1,600-1,830 cm.”' 
which are connected with these groups, the results 
being collected in Table III. 

These results, which are in general agreement 
with those from the American laboratories, sug¬ 
gest that ordinary oxazolones, having no con¬ 
jugated side groups attached, have the frequency 
of the C“0 bond at about 1,820 cm.”' and that 
of the C=N bond at about 1,670 cm.”' The 
attachment of groups produces changes in these 
values, particularly of the carbonyl group. Two 
factors may bo distinguished, namely (1) con¬ 
jugation by the attachment of an exocyelic double 
bond in the 4-position, and (2) other electronic 
or charge traxisfer effects in general. It is signifi¬ 


cant that the large fall in the frequency of the 
carbonyl group occurs only with compounds con¬ 
taining a 4-oxocyclic double bond, but the varia¬ 
tion within this class is also large and shows 
unquestionably that electronic influences can be 
considerable. For exarn]de, among the compounds 
with an exocyclic double bond, the precise extent or 
lowering of the ring carbonyl group frequency can 
be directly correlated with the electron-supplying 
power of the substituent in the 4-position. Al¬ 
though peculiar variations occur, the frequency 
of the C—N link is apparently less affected, which 
suggests that the primary cause of the large fall in 
the frequency of the carbonjd group from the value 
around 1,820 cm.”' may really be the conjugated 
exocyclic double bond. ''J'his interpretation first 
suggested by the Shell group was later supported 
by Sutherland and Darmon. 


TABl.K III 

Oxazolones (N = Solid, Nujol) 





Baucis 
aHsiKia-d to 


ID 

ID. R* 

Sintc 



Rpf. 




V 0 

('—N 

CoiU 

H. 11 

N 

] ,810 

1.640 

1 

ecu 

1,825 

1 ,650 

2 

(\Hr 

CUi, H 

N 

1,810 

1,650 

1 

ecu 

1 ,880 

1,667 

2 

r«ii6 

(Mil. CH, 

N 

1 ,800 

1 .64.5 

1 


(’U,. 11 

hq 

1,822 

1,672 

1 

C*Hi, 

—CUCJU 

N 

N 

1,785 

1,783 

1,6.50 

1 .648 

1 

2 

(MU. 


N 

1,780 

1,607 1 

2 

i\lU . 1 

=3CH(OCslU) 

N 

1,784 

1,673 

2 

p>riiiOC6U4 . I 

—CH(OCaik) 

N 

1,780 

1,672 

1 

nu. 

—CH'C.li* 

N 

1,770 

1,647 

2 

{\Ht, . 

==^CH NU CeITu 

N 

1,740 

1,665 

1 

C.H, . .. 

—CU N—((’H,) 

N 

1,740 

1,640 

1 


\ 




(CeHs) 





evu . 

Nll CIU CelU 

N 

N 

1,740 

1.736 

1.652 

1,639 

1 

2 

C.Ils .... 

=^CH NU NHj 

N 

1,742 

1 ,645 

1 

n-Ctlln 

”ClI(ONa) 

N 

1,714 

1,634 

1 

CfUfCHs . 

~(;h nu ciuc.iu 

N 

1,696 

1,645 

2* 


* ThompBou and Richaiiia, 

’ Siitherlanii and Darmon, CPS 697, 

* Ah explained below, there are s»ifjKf*Rlions (hat (his compound may 
have become hvilmUned l»ef<»ie ineasurenuuit 

Penicillin shows no band near 1,820 cm.”' but a 
strong band near 1,780 cm.”' Earlier, on the basis 
of the data on oxazolones then available, the Oxford 
workers suggested that electronic displacement 
effects might bring the value into line wuth the 
oxazolones. They also attempted to show how 
in this way some of the reactions of penicillin could 
be satisfactorily explained w^hen compared with 
those of related substances. While this is still 
possible, there would be no exoc 3 ^clic conjugation 
to the oxazolone ring in penicillin, and the balance 
of the evidence, especially that on the lactams, now^ 
suggests that it may not be a significant factor. 

Richards and Thompson also pointed out (CPS, 
44^) that the frequency of the carboxylate ion in 
sodium benzylpenicillin lies at about 1,615 cm.”', 
and comparison with the values in other salts such 
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as potassium trichloroaot^falo, potassium ehloro- 
acetate, glycine, glycine silver salt, sodium acetate 
and others, in which the electron-attracting groups 
on the a-carbon ^atom vary, suggested that in 
penicillin the nitrogen atom attached to the a- 
carbon atom may have a fractional positive 
charge. Sutherland and Darinon criticiz(*d this 
(CPaS 551) on the ground that they found the peni¬ 
cillin frequency at 1,()00 but the above value 

of 1,015 cm.' ^ has been contirmed by the American 
laboratories and in their tinal report the Cam¬ 
bridge workers give 1,020 cm.~‘ The real problem 
here is to assess how large the fractional positive 
charge may be, but the variations in the complex 
cases cannot give us a very precise answer. If there 
were such a fractional positive charge on the nitro¬ 
gen atom of the thiazolidine ring, donation might 
occur to the carbon atom of the carbonyl group 
in the oxazolone ring, consequential electron drifts 
then lowering the frequency of this carbonyl 
group. Again, however, the balance of evidence 
now suggests that such an interpretation may be 
less probable than others. In any case the /3-lactam 
formula for penicillin does not preclude the possi¬ 
bility of a residual positive charge on the nitrogen 
atom of the thiazolidine ring. 

Amides. In order to preserve as far as possible 
the din^ct comparison with the penicillins, which 
had been studied as solids, Richards and Thompson 
measured in the first instance the 

spectra of a large number of solid amides in the 
region 5-8 /i, wliere bands may be expected due to 
the stretching of C“0, C—N, and bending of 
N—II, and near 3 g the region of the N—H stretch¬ 
ing mode. With the simpler solid' N-monosubsti- 
tuted amides a strong band was found very close to 
l,640cm,‘^^ (G.l g), which appeared to shift very little 
among the different compounds, never approaching 
the high value of 1,085 cm.”"^ found with sodium 
benzylpenicillin or its methyl ester. Further, solid 
penicilloates, known to contain an amide side 
chain, were found to show the characteristic band 
at about 1,040 cm.-* It w^as therefore argued that 
penicillin could not contain a normal amide side 
chain. Further, on passing to solutions in chloro¬ 
form or methyl alcohol, the band of solid N-mono- 
substituted amides found at about 1,640 cm.~^ was 
observed to shift to higher values 1,640-1,075 cm,*“^, 
whereas no such shift had been noticed with peni¬ 
cillin. Sutherland and Darmon (CPS.551) later 
confirmed the band at about 1,640 cm.-"^ for the 
solid N-monosubstituted amides and also at¬ 
tributed to this group a band at 1,550 cm."”^, the 
''6.6 band previously emphasized by the Shell 
group. In a discussion of the results they agreed 
that these two bands are not found with solid 
penicillin. 

In spite of these conclusions it became necessary 
later to re-investigate the amides more exhaustively, 
since new data on fused and unfused lactams, as 


well as X-ray results from the Oxford and I.C.I. 
laboratories, strongly supported a lactam formula 
for penicillin. A detailed study was made at Ox¬ 
ford {CPS.G98) of (1) the bands of simpler amides 
near 3 g and 5-8 g both as solids and in solution, 
and (2) the spectra in the same regions of more 
complex amides which simulated as closely as 
possible that which would have to exist in penicillin. 
In the latter w^ork some compounds supplied by the 
American laboratories were invaluable. Another 
approach to the elucidation of the spectra of 
amides was made at Cambridge (CP8.696), w^here 
measurements on dent crated amides and penicil¬ 
lins, similar to those made earlier at Michigan 
(Mich. Phys., R,12)y were carried out, the main 
purpose being to follow the changes in the spectrum 
when the N—II link is converted into N— D, 

The results of the Oxford w’^ork are summarized as 
follows. Simple unsubstituted solid amides have 
tw^o close bands in the range 1,070-1,020 cm.~^ A 
simple solid N-rnonosubstituted (alkyl or aryl) 
amide has two bands at about 1 ,()40 cm."~^ (band A) 
and at 1,550-1,500 cm.""^ (band B). N,N-disubsti- 
tuted amides have a single band in this region. 
If the N-substituent in the monosubstituted amide 
is electrophilic in character, band A moves up to 
1,650-1,680 cm.^^ and band B lies in the range 
1,530-1,500 cm.”*^ In dioxane solution the un¬ 
substituted amides have bands near 1,090 and 
1,620 cm.”*, and the N-monosubstituted derivatives 
near 1,680 cm.""^ (band A) and 1,530 cm.’^’^ (band 
B). The band of the N,N-di8ubstituted amides 
is little affected by solution. T01(‘ctropliilic sub¬ 
stituents on the nitrogen atom in the dissolved 
monosubstituted amides cause band A to rise to 
1,680-1,700 cm.^^, and band B to fall to 1,510- 
1,530 cra.~^ The points to note are therefore (1) 
that in solution the band A rises in frequency as 
compared with the solids and band B falls, and (2) 
that electropliilic substituents on the nitrogen atom 
causes shifts in the same direction. These shifts 
have been followed using the solids, concentrated 
and dilute solutions. At 3 g the N-monosubsti¬ 
tuted amides have a band near 3,270 cm.*"^ due to 
a bonded Nil link, which moves to 3,430 cm.~^ in 
dilute solution as the bonding breaks down. 

On the basis of these and other measurements 
bearing upon the association of amides, the Oxford 
workers concluded that in monosubstituted amides 
band A is due to the carbonyl group stretching 
vibration, and band B to the N—H bending mode, 
and the band near 3 m to the N—H stretching 
mode. It was pointed out that (1) NjN-disubsti- 
tuted amides have only one band analogous to A, 
which must be due to the carbonyl group, and 
(2) the band A could only be explained as due to the 
C=0 group or to the C—N link of an enolized 
form. If the amides have a ketonic structure, 
electrophilic substituents on the nitrogen atom 
would cause the dipolar ketonic form to be less 
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stable relative to the non-polar form, and this 
would cause band A to rise in frequency, as is in 
fact found. If amides were enolized the converse 
would be expected. Hence enolization is unlikely 
and band A is assigned to the C—O group. The 
measurements at 3 n are also more satisfactorily 
explained assuming a ketonic form. (3) The only 
j)lausible interpretations for band B are as either 
the bending of N—II, or stretching of C=N links. 
If it were assigned to the C—N link, the very 
existence of band A would imply the coexistence 
of ketonic and cnolic forms, which on many grounds 
is unlikely. Further, association of N-alkyl amides 
in the solid state raises the value of B. This could 
be explained if the solid state raises the value of B. 
This could be explained if the N—II link entered 
into hydrogen bonding and band B were due to the 
bending of this link, but it is the opposite to 
what would be expected if band B were assigned to 
the C—N stretching mode, and association occurred 
through the enolic form. Moreover the value of 
band B is rather hnver in frequency than would be 
expected for the C"N link. 

The shifts in the fretpiencies on passing from 
solids to solutions at both (i ti and 3 m can in general 
be explained by de-association of the ketonic form. 
It was therefore concluded that the amides are to 
be regarded as hybrids Ix'tween the ketonic and 
dipolar ketonic forms. 

The more comjilox amides examined at Oxford 
{CPS.698) included derivatives of complex amino 
acids, penicilloates, thiazohdines having an amide 
side chain, and lactams with an amide side chain. 
The positions of bands in t lu* range 1,500-1,800 cm.“^ 
are given in Tables IV \'II 

The conclusion drawn by the Oxford workers 
{CPS.098) from the results with th(' complex 
amides is that in the solid state no compound shows 
the frequency of the amide carbonyl group as high 
as that found in penicillin, although in many cases 
the value is distinctly higher than with simpler 
amides. As explained above, electrophilic groups 
on the amide nitrogen atom raise this frequency, 
but although in some of the comiiounds studied the 
molecular environment w as chosen to be very close 
to that in penicillin, the large rise sometimes found 
was not observed. 

* The study of the complex amides in the region of 
3 M revealed little new, in that the band of solid 
monosubstituted amides at about 3,300 cm.~"^ 
moves to about 3,400 cm.""^ in a dilute solution in 
chloroform. In one case of a fused thiazolidine 
7 -lactam with amide side chain, this band appeared 
at 3,390 cm.”*^ with the solid, a peculiarity similar to 
that found with sodium p-hydroxybenzylpenicillin. 

The experiments on deuterization carried out at 
Cambridge {CPS.696) substantially confirmed those 
of the Michigan group (Mich. Phys., R.l^)^ but 
differed in some details. Three compounds, namely 
N-mcthylacetamide, N-ethylacetamide, and sodium 


benzylpenicillin were treated with D 2 O. In all 
cases the band near 3,270 cm.*"*^ gave way to a new 

TABLE IV 

Complex Amide.s (Solid) (CPS 0,08) 




Interpretations 

Substance 

Position 
of bamiH, 

(HI I 

0 

sn((ch 
band A 

N~fl 

Ik tiding 

6 6 m’* 
band 

Capiovl glycyl valine 

cooil 

1 

CH ru(cu,)z 

1 

1 .717 (h) 

1 6'’>7 (m) 

1 643 (h) 

1 608 (s) 

1 643 
1,657 

1 .670 

NH COfUIiNHCOCMlii 

i 570 (s) 



Caproyl glycyl penit illaimno 

r(;OH 

in C(CH,)jSH 

1 .711 (a) 

1 ,640 (m) 

1 .615 fs) 

I 554 (in) 

1,640 

1 ,615 

1,537 

1 ..554 

llui CO(Ul2NlI COC uiii 

1,537 (8) 



Tcr/.-Butvl phenareturamiJe 

caijcuizco 

NHCHiCO NllC(CHi)i 

1 677 (in) 

1 ,6.35 (h) 
1,557 (m) 
1,53J (in) 

1.63.5 
1,6777 

1 ,532 
1,667 

Phenaceturyl valine 

CelUCHiC’O NU t U(C ll,)j 

H coon 

1.717 (h) 
1.637 (s) 

1 015 (s) 

1 ,557 (8) 

1 637 
1,615 

1 

1.557 

Phenaceturyl vahne mcth\l ester 

1 733 (8) 

1 .636 (s) 
1.545 (h) 

1 635 

1,545 

Phena(Ctur\l penicillamim^ 

(OOH 

1 

CH C(CIIi)»SH 

1,708 (s) 

1 660 (b) 
1.635 (s) 
1,649 fm) 

1,660 
1,635 

: 1,549 

1,510 

NH COCH NH (MX lhC*IU 

1,510 (s) 




TABLE V 

Penicilloates (Solids) (CPS.008) 


Substance 


Positions of 
])ands, cTn.””^ 


Dimethyl D- 7 -benzylpcnicilloate 


hyi 0-7-beuzylpenicilloate 


Dmiel hyl n- 5 -beazylpenicilloate 


1,754 (s) 
1,740 (s) 
l,fi73 (m) 
1,052 («) 
1,542 (s) 

1,750 (s) 
1,720 (fi) 

1 .019 (s) 
1,035 ( 8 ) 
1,002 
1,510 (s) 

1,500 


1,750 (s) 
1,044 (s) 
1.604 

1.501 ( 8 ) 

1.502 


CommentH. These luMuIte are in good agnuMiient with tho*se of the 
Michigan gioup. The ester carbonvl frequency lies at 1,740-1,750 
era. **, and that of the anade near to 1,650 cm The frequencie^ o£ 
band B of the amide, (the “6.6 band of Shell) aie probably 1,542, 
1,540. and 1,561. In soluttone the carbonyl group frequency of the 
amide was raised to 1,670-1,680 cm Thus those pemcilloatos behave 
like the simpler amides already discussed. 
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band near 2,450 cm.~' where the N—D stretching 
vibration would be expected. With N-ethyl- 
acetamide this new band near 4.1 /x was a doublet, 
as reported by the Michigan workers, but w'ith 
N-methylacetamide the Cambridge group found a 
triplet. In the region of 1,400-1,700 cm.”** also 


tabu: VI 

Thia/olidinos with AttikIo Side ( ham (Solids) (CPS SOS) 


Suhstancp 

Positions of 
bands, cm " * 

3~ C'apro vIrI vc vl - 5,5- d imet h y 1 -4-cai boinct li- 
owlhiazohdmb 

1,730 (s) 
1,082 (m) 

1 008 (m) 
1,055 (s) 
1,575 (tn) 

3-C^aprovlj]j]yc*yl-5,5-dimelhyl-i-caiboxythi- 

azolidine. 

1,733 (r) 
1,050 (in) 
1,012 (s) 
1,535 (m) 

3-Pli(macoturvl-5,5-dimethyl“4-(ai bometh- 
oxytluazolidine 

1,746 (s) 

1,060 (») 
1,636 (h) 

1.537 (m) 

3-Phena(‘rturyl-5,5-climethyl-4-carboxythi- 

azohdine. 

1,735 (s) 
1,600 (ni) 
1,6H W 

1 ,.545 (m) 

1,537 (m) 


Corrirnonta All these caaoa arc more complex than the sitni>ler arnidta 
but the strong baud due to the carbonyl group of the amulc «ioema never 
to rise above 1,655 cm The la<»t three compounds i^erc aUo measured 
in chloroform, when this band waa raisoil to 1.650 1,660 and 1 663, 
corresponding to the shift with simpler amides* With the solids the 
frequency of band B of the amide side chain is around 1,540 or higher, 
as With amides in general, and unlike that in penicillin. 

the Cambridge w^orkers found for N-ethylacetamide 
more bands than the Michigan workers, and in 
other regions fewer. Both groups agreed that the 
band at 1,5()0 cm.~* is weakened by deuteration. 
With N-methylacetamide the shifts observed did 
not seem to be directly parallel to those with 
N-ethylacetamide. The Cambridge group drew 
attention to the fact that with both N-methyl- and 
N-ethylacetamidcs a band appears after deutera¬ 
tion near 1,130 cm.~S where the deformation of the 
N—D bond might lie if that of the N—II bond lies 
at about 1,560 cm.*”^ 

In a discussion of their results and those of other 
laboratories, the Cambridge workers concluded, in 
agreement with the interpretations already dis¬ 
cussed in connection with the measurements made 
at Oxford, that the amides are to be regarded as 
resonance hybrids of the ketonic and dipolar ke- 
tonic forms. They too would interpret the bands 
at 3,200, 1,650, and 1,560 cm.*”^ as being due to 
N—H stretching, C—O stretching and N—H bend¬ 
ing vibrations. Apart from some arguments al¬ 
ready considered, they drew attention to the fact 
that the band at 1,560 cm.""^ is generally absent 


tabu: vtt 

Lactams with Amido Siiio Cham (SoIkK) 


Substance 

Position «)f 
bands, cm * 

A. y-Lactams 

•y-Lactam of «-bc iuramido-4-carboxvthiar<»lidme-2-pio- 
picmie acid {CPS 6 9V) 

ni" S 

/ \ 

r^HtroNiKii f 11 (H 

( () N -‘/’TItOOH 

1 722 (n.) 

1,6811 (s) 
1,664 (») 

1 605 

1 583 

1,543 (s) 

Methvl ester tif ubuve {CPS 6 9,s) 

1,737 (ni) 
1.712 (s) 

1 ,650 (s) 

1 .605 

1,582 

1 .540 (a) 

y-Lnc tarn of at-T)hen\lacetamido 4 carboxv-5 6-diTiiethvl- 
llii i7nlifiin<;~J>pTopionic acid {CPS 69A). 

( U- h 

/ \ \ 

CblTvCH rONll CH ( H ( (CHi)i ] 

In lij II coon j 

1 742 (s) 

1 .607 (6) 

1 ,630 (b) 

1 605 

1 576 (b) 
1,602 

Methyl ester of above {CPS (t9iy) 

1 ,752 (m) 
1,700 (m) 
1,678 (s) 

1 602 

1 647 (b) 
1,600 

7 «Laetam of o»benxaniidf»-4 c arboxv-5,6-dimethvlthiazol- 
idine-2-propionic and {CPS 6^)7) 

1,764 (a) 

1 683 fni) 

1 661 (b) 

1 ,606 

1 531 (a) 


B 0 Lactams 


^•Laetani of a phenv lat etainido ^ anilino piopiunn ui i<l 
{CPS f>'9H) 

1 748 (s) 

1 670 

1 617 ( h ) 

1 b0() 

1 560 (s) 

1 507 

Ben/yldcathiopc uieilliu lioe atid (CI*S 

1 750 (s) 

1 7 18 (a) 

1 605 

1.655 (a) 

1,630 (m) 

1 604 

1 552 (m) 

1 538 (s) 

1 409 

Benryldesthiopenitillm Bodium Halt {CPS 

1 .720 (s) 

1 .670 (b) 

1.685 (a) 

1,624 (a) 


Commentiv In several of these eompounds the freqiienev of the 
carbonyl group of the amide side chain is rather higher than for the 
simpler amides, using to 1,678 in one case The other band lic^ ;at 
about 1,640 cm.”* the normal position 

These results agree well with those* given by the Shell and Michigan 
groups. The Cambrulgo workers (CPS.697) measured the benzyl- 
desthioperiicillin free aeid, but their frequoneies are at variance with 
the above, and theur statement that the substance was a viscous oil 
suggests that deeoinpoMidon of some kind had oeeurred. 

As regards the oaibonyl group fiequeney of the amide side chain, 
the first two compounds are about normal, hut the last shows a rather 
high value In all cases the N —II bending freciuency is higher than the 
band found with ponicillin 


in cyclic compounds. From the experiments on 
deuterization they concluded that further experi¬ 
ments are required before definite inferences can be 
made. 

Lactams. Unfortunately, model /3- and 7 -lactams 
were not available for spectroscoj^ic work at Oxford 
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and Cambridge until a very late stage of the work, 
when samples were generously supplied by the 
American laboratories. On the basis of early data 
reported by the latter on some unfused lactams, the 
Oxford workers argued (CPS.44^; 4^0; 511) that the 
frequency of the ring carbonyl group seemed much 
lower than that found in penicillin at about 
1,780 cm.""^, and speculated upon the effect of 
dilTerent electronic and strain effects upon it. The 
Cambridge group (CPS.551) drew attention to the 
much closer correspondence, concerning the car¬ 
bonyl group frequency in the lactam, between a 
fused thiazolidine-lactam and penicillin. 


TAULK Vm 
Lartains (Solid; 


Kubsl arico 

Nature 

Froqu(*ncy of 
carbonyl 
group, cm.’ * 

A. /!:j-Lactams 


a-Pheiiyla(H'tan)ido“/3-aniline)- 

propionif /?-lactara. 

of-Methy l-/3-pheny l-/3-an i 1 i n o- 
propioni(5 /3-Iactam. . . 
Bonzyldesthiopenicillm .sodium 

salt. 

Benzyldesthiopenicillin acid ‘ 
/3-P!iciny l-jS-anil i n o p r o p i o n i c 

/3-lartam. 

aja-Dirm* th y 1 -2-pli (‘ n y 11 h i - 
azQlidine-2-aeetic /3-lactain 
or,a,2-Triphcnylthi a zol 1 d ine- 
2 -acetic‘ /S-lactain. 

iinfuflc'd ring 

unfused ring 

unfu.sed ring 
unfused ring 

unfused ring 

fused ring 

fused ring 

1,74S 

1,717 

1,720 

1,738, 1,750 

1,737 

1,766,1,786 

1,768 

B. 7 -Lactams 


7 -Lactani of a-benzaiui(io-4- 
carboxythiazolidine-2-pro - 
pionic acid. 

fused ring 

1,722 

Methyl ester of above. 

fused ring 

1,712 

7 -Lactam of a-phenylaceta- 
mid(>-4-carboxy-5,5-diTncth- 



ylthiazolidine-2-propionic 
acid . 

fused ring 

1,742 

Methyl ester of above. 

fused ring 

1,700 

7 -Lactam of a-benzamido-4- 
carboxy-5,5-diin*e( hyl-1 hi- 
azolidine-2-propionic acid. . 

fused ring 

1,754 


* The saruplo oxarnincd at Carnbiidgp gave a spoctniin diflprent from 
that found bv all othor observers and was dcRcribed as viacouR, aug- 
Senting that it had docompoRed. 


Ten lactams were subsequently measured at 
Oxford (CPS.098) and three at Cambridge (CPS. 
697)^ with the results shown in Table VIII. With 
some of the compounds it was possible to assign 
unequivocally an absorption band near 5.8 to the 
carbonyl group of the lactam ring since it was the 
only group present likely to give absorption in this 
region; in the other cases this band could also be 
picked out unambiguously from the other bands in 
this region. 

These results, which agree in all essentials with 


those of the American laboratories, suggest that in 
the 7 -lactams (fused) the carbonyl group has a 
frequency of about 1,700-1,750 cm.”*^ usually lying 
low in this range. With unfused i^^-lacta^ls the 
value is again about 1,720 1,750 cni.“‘, but fusion f)f 
the /8-lactam ring can raise the frocpiency to higher 
values as high as 1,780 cm, which is ntjar that 
found in penicillin. 

Discussion of the Structure of Penicillin. The 
spectroscopic correlations between tb(‘ model com¬ 
pounds and the penicillins may now be considered 
as a whole. 

As already emphasized, the only bands of signif¬ 
icant interest lie between 1,500 and 1,800 cm.“\ and 
near 3,300 cm.""' It is immediately clear (Richards 
and Thompson, CPS.44^) that the band of sodium 
benzylpenicillin at 1,020 cm.~' is connected with 
the carboxylatc ion, moving to 1,745 cm.“' in the 
methyl ester. The peculiar doubling of this and 
other bands reported by several laboratories for 
some samples of the methyl ester can for tln^ present 
pur])oses be ignored, since it must arise eitlier from 
some complex interactions or from small differ¬ 
ences in the samples. While the phenomenon is 
obviously important, it does not affect the as¬ 
signment of frequencies. Another band of the 
benzylpenicillin methyl ester at about 1,220 cm.""' 
can be correlated wdth the ester group (Sutherland 
and Darmon, CPS.696). 

Thus the problem is to assign the frcfiuencies 
found for both sodium benzylpenicillin and the 
methyl ester at the approximate frequencies: 

abed 

1,500 1 ,(>95 1,780 3,330 cm."' 

d must be assigned to a stretching vibration of th(‘ 
N—H link. The other throe frequencies could be 
due to vibrations of double bonds, although a 
could alternatively be due to the bending mode of 
the N—H link, it is unlikely that any of the three 
strong bands are due to overtones or combinations 
of lower frequencies. 

In the tricyclic formula there is only one double 
bond other t.han that in the ester group, namely the 
C=0 of the lactone ring, so that one of a, b, and c 
Avould have to be interpreted in some other way 
The measured lactones having a related structure 
all gave a band close to 1,740 cm.~', which is absent 
with the penicillins. There is thus definite evidence 
against the tricyclic structure. 

For the thiazolidine-oxazolone formuhi, d would 
be assigned to the stretching of the N —TI link in the 
thiazolidine ring, c and b to the and C~N 

links of the oxazolone ring, and a to the bending of 
N—H in the thiazolidine ring. Objections to 
these assignments are, (1) that the X—H stretching 
frequency is very weakly absui*l>ed in model thi- 
azolidines, and appears in any case to lie below 
3,330 cm.'""', (2) that thiazolidines give no intense 
bands at 1,500 cm.~', and (3) that although elec¬ 
tronic influences and environment might suffice to 
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satisfy correlations c and b, the balance of evidence 
makes this improbable. As already explained, the 
marked lowering of the carbonyl frequency in 
oxazolones seems to be very dependent on the 
presence of a 4-exocyelic double bond, and it may 
also be noted that the frequency of the C~N link 
never exceeded 1,075 cm.~^ in the compounds 
examined. It is possible that hydrogen bonding 
between the N—11 of the Ihiazolidine ring and the 
carbonyl group of the oxazolone could reduce the 
frequency of the latter group, but in that event 
the stretching frequency of the N—U link might be 
lower than 3,330 cm,“^ 

For the /?-lactam-amide structure, d would be 
assigned to the stretching vibration of the N—H 
link in the amide side chain, c to the carbonyl 
frequency of the lactam ring, b to the carbonyl 
group of the amide, and a to the bending of the 
N—11 link, ''rhe assignment of d would agree 
with results for monosubstituted amides in the solid 
state. The assignment of c would agree with 
results on one or two fused lactams closely related 
to penicillin, although lactams less closely related 
to the latter show this band at lower frequencies. 
Similarly the assignment of b to the carbonyl 
group of the amide can be made only if it is assumed 
that the particular molecular environment raises 
the frequency above its usual value. In a few 
instances the amide frequency was seen to rise 
almost to the value found with penicillin. Here 
again, however, the shift of the frequenc}" to higher 
values on passage to dilute solutions is not paralleled 
in the case of penicillin. On this interpretation 
penicillin would behave as an unassociated amide 
in the solid state, although the band at 3,330 cm.~^ 
might suggest the reverse. In tliis connection it is 
interesting that the Oxford workers found (CPS. 
698) the N—II stretching vibration of solid sodium 
p-hydroxybenzylpenicillin at 3,420 cm.~^ the 
‘^unassociated’^ position, and one fused 7 -lactam 
behaved in this way. 

The assignment of a to the bending mode of the 
amide N—H link also involves some difficulty since 
with both the simpler amides and the closely related 
model compounds, even those showing the higher 
value of the carbonyl group frequency, the deforma¬ 
tion vibration frequency lies at about 1,530 cm.""^ or 
higher, which is substantially higher than that in 
penicillin. It remains possible however that special 
internal interactions might lower this frequency in 
penicillin. 

The possibility of an enolized lactam structure, 


S 

(CH 8 ) 2 C^ ^CH—CH-N 




COOHC-N-C 


O—H 


'C—CHaCeHfi 

i 


in which hydrogen bonding might also occur, was 
considered but there are many arguments against it. 
The frequency 1,G90 of penicillin would then have 
to be assigned to the C=N link, and this value 
st'erns much too high; also, the frequency of the 
on bond might be expected to lie lower than 
3,320 cm.~^ although this cannot be predicted 
exactly. More important however, the spectra 
of related amides as solids and solutions provide 
many arguments against enolization of this kind. 

'I'herefore while the results can be reconciled 
with the lactam ring, and while it is possible to 
regard the amide side chain as an extreme case, 
there remain some anomalies with regard to the 
latter group. In this connection an observation 
by the JVlichigan group (Mich. Pliys., R.7) should bo 
mentioned. They measund the spectra on the one 
hand of sodium penicillin (solid and solution in 
methanol), the methyl ester, and free acid, and on 
the other hand the corresponding compounds of 
desthiopenicillin. The shifts found in the two sets 
of measurements seemed parallel to each other, and 
this was regarded as proof of the amide structure 
in the penicillins. It seems however that this 
interpretation may still be uncertain, for ( 1 ) the 
spectral shifts of the bands of penicillin at 1,G95 and 
1,500 cin.“"^ have not generally ])een found in chloro¬ 
form, and ( 2 ) the shifts -with penicillin, namely 
1,695 to 1,GG5 and 1,500 to 1,539 cm.^^, are in the 
reverse direction to those always found with amides, 
as quoted above. These results of Michigan might 
be interpreted by assuming that the treatment of 
sodium benzylpenicillin with methanol led to a 
partial methanolysis, known to be a facile reaction. 
Alternatively, it could be supposed that in sodium 
penicillin the carbonyl groups are ‘'unassociated,” 
having a relatively high frequency, but in the 
presence of methanol new bonding occurs between 
the carbonyl group and the hydroxyl group of the 
alcohol, lowering the frequency of the former. 

Evidence against the Robinson dipolar ion struc¬ 
ture has been put forward by the Cambridge group 
(CPS.€96). This formulation represents one of the 
extreme structures listed earlier by the Oxford 
workers (CPS. 48 O) when considering the hybridiza¬ 
tion in penicillin. Spectroscopic comparisons are 
difficult. The Cambridge group pointed out that 
while the band at 1,780 in penicillin could be cor¬ 
related with the lactam ring, and possibly that at 
1,500 cm.“^ with the deformation of the NH**” group, 
the band at 3,320 ora.~^ seems too high for a stretch¬ 
ing frequency of the NH+ group, and that at 
1,695 cm.**^ too high for the C—N stretching 
frequency. 

To recapitulate, with the reservations about the 
amide group explained above, there is now agree¬ 
ment by both Oxford and Cambridge spectroscopic 
laboratories that the spectra of penicillins can be 
reconciled with the /3-lactam-amide formula, and 
that on balance this is the most likely structure. 
It is certainly true that complex interactions appear 
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to occur in the penicillin molecule, this being shown 
for example by the difference between the positions 
of the bands of sodium benzylpenicillin and sodium 
p-hydroxybenzylpenicillin near 1,500 and 1,000 
cm~S for which interactions between the car- 
boxylate ion or carbomethoxy group and the NH of 
the thiazolidine are presumably responsible. 


TABT.E IX 
Solids, bands in oin 


Methyl 

benzyl- 

p<»nillonate 

Dimethyl 

D- 7 -honzyl- 

penicilloate 

a-Methyl 

D-7-l)en7.yl- 

penioilloate 

Dimethyl 

n-5-benzyl- 

pcnicilloate 

738 (in) 

732 (s) 

733 

728 (8) 

761 (ni) 

755 (rn) 

719 

770 (s) 

765 

701 (s) 

769 

774 fs) 

837 

773 

777 

800 (s) 

866 

808 (h) 

800 

828 

879 (m) 

852 (8) 

840 

853 M 

905 

882 

816 

859 (s) 

908 

892 

872 

900 

931 

902 

890 

908 

912 

913 

901 

928 

962 

922 

921 

933 

991 (m) 

935 (rn) 

950 

916 

1,010 (ni) 

951 

908 

965 

1,024 

906 

977 

979 

1,074 

981 (a) 

995 

987 

1,119 

985 (s) 

1,(K)5 

998 (si 

1,158 (m) 

1,000 

1,027 

1,010 

1,166 (m) 

1,007 

1,067 

1,023 

1,178 

1,019 (rn) 

1,093 

1,029 

1,190 

1,027 (m) 

1,123 

1,078 

1,200 (m) 

1,040 

1,143 

1,097 (in) 

1,211 (m) 

1,062 

J,155 1 

1,125 (s) 

1,240 (m) 

1,085 (m) 1 

1 1,158 

1,160 

1,290 1 

1,100 

1 1,195 

1,178 

1,296 

1,120 (m) 

1 1.220 (8) 

1,214 (s) 

1,317 (m) 1 

1,138 (m) 

1,257 

1,240 

1,338 

1,152 (m) 

1 1,275 

1,277 

1,355 (m) 

1,166 

1,309 

1,296 (s) 

1,372 (m) 

1,189 

1,347 

1,317 

1,378 (m) 

1,207 (rn) 

1,375 (in) 

1,346 

1,394 

1,220 (m) 

1,413 

1,362 (in) 

1,412 (m) 

1,246 (m) 

1,460 (s) 

1,377 (h) 

1,430 (m) 

1,270 (ni) 1 

1,500 

1,440 (in) 

1,455 (s) 

1,343 (m) 

1,540 (m) 

1,460 (h) 

1,495 

1,354 (s) 

1,602 

1,502 

1,605 

1,375 (m) 

1,635 (s) 

1,560 (r) 

1,665 (8) 

1,437 (H) 

1,649 (m) 

1,604 

1,738 (k) 

1,460 (s) 

1,720 (s) 

1,644 (8) 

1,757 (m) 

1,497 (m) 

1,542 (s) 
1,652 (s) 
1,673 (m) 
1,740 (a) 
1,754 (m) 

1,750 (8) 

1,750 (s) 


Compounds Related to the Penicillins. The 
Oxford workers {CPS.698) measured the spectra of 
methyl benzylpeniUonate, and of three benzyl- 
penicilloates, between 6 and 14 with the results 
given in Table IX. These agree in all essentials 
with those found by the American laboratories, 
although there are minor differences the causes of 
which are unknown. Other compounds studied in¬ 


cluded bcnzyldes1hiopeni(*il]in sodium salt and free 
acid, Ixuizylj^enillic acid, and in the region of 3 /x 
some penicilloates. 

A point of interest was raised in cormeetion witi) 
the structure of methyl ??-amylp<‘nicill(‘nate The 
Hhell group at first questioned (>S7o<V, 100) the 
accepted oxazolone structure of this compound. 



C\Hix C— O— CO NIT- Cil COOCUs 

but soon (Sh.9y 120) modified their original inter¬ 
pretation in the light of the possibility of chelation. 
The strong bands found by the Shell group for this 
substance between 1,500 and 1,800 em."^ were at 
1,739, J,()5() and 1,003 cm." ^ The Oxford A\orkers 
pointed out {CPSf)02) that with 2-phenyl“4-benzyl- 
aminomeihylene-O-oxazoloiie, wliicli is a fair ana- 

N-C=—CH 

II I I 

0—CO NIICIl2C«Il6 

logue, the bands are at 1,735,1,050, and 1,008 cm.~’ 
Thus if it is assumed that the frequency of the ester 
carbonyl group in the penicillenate coincides, as it 
well might, with the oxazolone band at about 
1,710 cm.^^, the data fall into line. Oxford also 
pointed out that several other analogous oxazolonea 
gave a band near 1,740 cm.'"^ 

The Cambridge group suggested {CPS.BBt) that 
a better analogue would be the 2-berizyl rather than 
the 2-phcnyl derivative, since in the ri-amylpeni- 
cillenate there is no conjugation with the group in 
the 2-position, l.ater, they measured this benzyl 
derivative {CPS.696) and found bands at 1,696, 
1,645 and 1,554 cm."^, but no band above 1,700 
cm.~^ These results arc at variance with all 
others on the oxazolones and strongly suggest that 
the substance examined at Cambridge had been 
hydrolyzed, for then an acid group and an amide 
would be formed giving three bands in just the 
positions found. Moreover, the general results 
with substituted oxazolones (Richards and Thomp¬ 
son, CPS.4ji£; 611) show that when a benzyl 
group replaces a phenyl group in the 2-position, the 
frequency concerned is only slightly affected. 
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in the above spectroscopic work were obtained from 
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the following: 
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the substances supplied by the American labora¬ 
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Shell Development Company 
The University of Michigan. 

Merck & Co., Inc. 

Squibb Institute for Medical Research 
The Upjohn Company 
Abbott Laboratories 
Cornell University Medical C/ollege 

A discussion with the American spectroscopic 
workers, held in New York in July 1945, was also 
greatly appreciated. 

11. INFRARED STUDIES ON THE STRUCTURE 
OF PENICILLIN^ 

Synopsis. The observed penicillin sp(*ctrum is 
in excellent agreement with the spectrum expected 
from the thiazolidine-/Mac1am structun^ and is in 
marked disagn*ement with spectra e\i)(‘ct(‘d from 
all oth(U‘ ch(*mically probabl(‘ structures. This 
fact has been establish(‘d by studying a large num¬ 
ber of (*ompounds of known structure. Th(‘ agn^e- 
ment bedaveen the pcuiicillin spectrum and th(‘ 
spectra of mod(‘l /3-lactams, along with tin* Merck 
desthiopeiiicillin work, constituted the first positive 
evidence in favor of the /3-lactam structure, 
although prior spectroscopic disagreement with 
models for other structures had already mdicatt'd 
this structure to lx* most ])robable. Subs<K|uent 
to the discov(‘ry of the spectroscopic e\idence, th(‘ 
Oxford and I.C.I. crystal structun* groups obtaincnl 
X-ray diffraction projections in excellent agreement 
with the /3-lactam structun‘. These two ind(*peiid- 
ent experimental results constitute a strong case 
for the |(3-lactam structure. 

Introduction. When it became apparent that 
the currently favored oxazolone structure was lead¬ 
ing into difficulties, such as inability to synthesize 
the ring system and failure to explain certain other 
physical and chemical properties (e.g., lack of a 
basic nitrogen), the University of Michigan 
Dejiartmcnt of Physics and the Shell Development 
Company were invited to apply infrared spectros¬ 
copy to the problem. Extensive infrared spectro¬ 
scopic programs w ere initiated by these laboratories^'" 
in the middle of 1944. Several of the other co¬ 
operating groups, whose w ork was mainly chemical, 
did some infrared work, Merck and Co., Inc., being 
the main contributor, wdth smaller contributions 
from Chas. Pfizer and Co., Inc. (in collaboration 
with the spectroscopic group at Ohio State llni- 
versity), and the Russell Sage Institute. The 

• B\ H. H RaHHiuBHen and H. K. Brattain, edited by R. H. Brattaiii 
and H. M. Randall. Participants in this section were H. M. Randall, 
R. G. Fowlor, J. R. Dangl, and N. Fuson of the Department of Physios 
of the University of Mioliigan; S. A. Ballard, R. R. Brattain. D. S. 
Melstroni. R. S. Rasmussen, 0. W. Smith, and D. D. TunniclifT of the 
Shell Development Company; N. R. Trenner, R. P. Buhs, F. A. Bscher, 
M. Kuna, M. Baoher, and W. Reiss of Merck and Company, Inc.; and 
R. F. Furchgott, H. Eosonkrantz, and £. Shorr of the Russell Saga 
Institute of Cornell University Medical College. 

• Since the first spectroscopio work done at the University of Michigan 
was in cooperation with the Squibb Institute for Medical Research, 
these results are to be found in Squibb reports until March of 1945, when 
the writing of separate reports was started. 


British infrared w^ork, begun at Oxford University 
in middle 1944 and at Cambridge University in 
1945, is discussed separately in the first section of 
this chapter. 

The spectra of about five hundred pure com¬ 
pounds were obtain(‘d by the American laboratories. 
Only those which have immediate bearing on the 
structure of penicillin are discussed in this text, 
since it is intended by the various laboratories to 
publish the auxiliary material in detail elsewhere. 
Ilow'ever, complete spectra of the penipillins and 
their derivativt's are included here. 

Application of Infrared Spectroscopy to Structure 
Determination. The* method of atta(*k on a struc¬ 
tural problem using infrared spe(*troscopy is essen¬ 
tially one of analogy. It is found experimentally 
that for bands short of 7.2 g good correlations liolcl 
botw'(H*n al)sori)tion-baiid positions and small units 
of structure in the molecule, or more strictly 
particular types of vibrations of these groups. The 
regions of absorption commonly nx'ognizcxl an^: 


2.8 g 3.1 g 
3.0 g 1.0 g 

3.2 g-3.5 g 
approx. 4.5 g 

5.5 g 0.5 g 

approx. 0.3 g 

0.8 g-7.3 g 


Usual on or NH stretcliing 
vibrations 

Highly perturbed OH stretch¬ 
ing vibrations, as in fatty 
acid dimers 

(T1 stretching vibrations 

Tri})le-l)ond stretching vibra¬ 
tions 

Double-bond stretching vil)ra- 
tions 

IINH bending vibrations 

tICH bending vibrations 


Band positions are primarily determined by the 
atoms immediately involv(»d in the vibration and 
the type of bond between them, and secondarily 
intiuencfxl by the sulistituents or groupings im¬ 
mediately adjacent to these. These secondary 
effects are usually explicable as due to resonance 
and conjugation effects (of relatively great impor¬ 
tance), hydrogen-bonding effects, and electro¬ 
negativity or induction effects (usually of small 
importance). The constitution of the molecule at 
further points than the immediately adjacent 
groups has practically no effect on these bands. As 
practically all organic compounds contain CII and 
IICH groups, the bands at 3.2 g-3.5 g and 6.8 g~ 
7.3 g are usually of trivial significance. The regions 
of greatest use are those near 3.0 g and 6.0 g (the 
latter the ^‘double-bondregion). Bands at longer 
wave length than 7.3 g are in general due to more 
complex vibrations involving motions of several 
atoms, and hence are more difficult to correlate 
with structural features. Practically all of the 
work on penicillin structure deals with the 3 g and 
double-bond regions. 

Thus the method of procedure involves, firstly, a 
determination of the infrared spectrum of the un¬ 
known, and secondly, a prediction of the spectra 
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anticipated from each of the chemically plausible 
structures for the unknown. This latter may re¬ 
quire the preparation of suitable model compounds 
for various groupings in the structure being tested. 
Coincidence of the actual and a predicted spectrum, 
within the limits of variability observed for various 
types of bands, means in general that the structure 
is a possible one. I^ack of such coincidence may 
mean either that the structure is incorrect or that 
suitable model compounds have not been studied. 
Only when one is satisfied that the model com¬ 
pounds are adequate, and that no unforeseen 
effects exist which might account for the differ¬ 
ences, is it legitimate to discard the structure as 
incorrect. 

Experimental Procedures, SpErnuxsHAPHs. All 
the infrared work was performed with rock-salt 
prism instruments, except for a small amount of 
work with gratings and KRr prisms by Michigan 
on minor points. The reproducibility of wave 
hmgths of sharp peaks with the SludF and Micliigan 
instruiiK'nts was estimated to be ±0.01 and with 
the Russell Sage instrument, +0.02 fi. Broad 
bands with ill-delined absorption maxima probably 
cannot be quoted with such high accuracy or 
reproducibility because* of the difficulty of fixing 
their centers. The same' applies to hands which 
are superposed on nearby bands. 

The* re'solution achieved in the neighborhood of 
10 M by the Michigan, Shell, and Russedl Sage 
instruments (which ue^re all of individual design 
and construction) was 3 cm.^h 6 cm.“^, and (> ern.^h 
respective'ly. The Merck laboratories employed a 
Perkin-Elme'r Infrare'd Spectrometer, Model 12A, 
equippeel with a rock-salt prism. 

The absolute accuracy of epioted w ave lengths, as 
distinct from the iei)ro(lucibility, depends on the 
calibration. (Irating values of both fine structure 
maxima and unresolved bands of NH?, (''O 2 , H^O, 
and C 2 H 1 were used for this purpose by the Michi¬ 
gan and Shell laboratories. The good agreement 
between laboratories exemplified in Table X at¬ 
tests to the adequacy of the calibrations in most 
cases. 

Liquid and Solution Spectra. Absorption 
cells in the thickness range 0.01 to 0,2 mm. were 
generally used for this type of spectra. Solvents 
most generally used, because of their transparency 
in the 3 g and 6 g regions, were carbon tetrachloride, 
chloroform, and l,i,2,2,-tetrachloroethane. When 
a more polar solvent was required, methanol or 
Methyl Cellosolve was used, although because of 
stronger general absorption these necessitated 
thinner cells and hence led to weaker solute 
absorption. 

* As initially prasontod in earlier reports (up to and Inoludinff 8h,lS)^ 
the Shell wave length data were not oorreotod for temperature effects 
nor for small known errors in the calibration curve. This resulted in a 
larger error in reproducibility and absolute wave length than stated in 
the text, and also in some discrepancies with other laboratories. Uow* 
ever all earlier data were reissued corrected (Shell. Sh.iS), and the dis- 
euaaion in this text is based on these values. 


Solid Spectra. Throe methods were used to 
obtain the spectra of solid materials, as solids: (1) 
grinding the material in a paraffin oil carrier and 
spreading the resulting paste on a salt plate; (2) 
evaporation of solvent from a solution applied to a 
salt plate; (3) fusion of crystals between salt plates 
and resolidifying to a uniform thin layer. The 
first is more generally applicable, but the ot Ikt two, 
if applicable at all, may give less scattering. 

Crjtiqi e of Solid and Solution SrECTu\. 
Som(' (lifference of opinion arose on the relative 
merits of solution and solid spectra in studying solid 
materials, the Slu'll and Merck groups prefiTring 
solutions, and the Michigan and British groups 
solids, particularly the oil-paste technicpie. • 

Points f)ut foiwvard on tlie advantages of solid 
spectra are (Mieh. Phys., /f./J, 13): (1) th(* oil- 
paste teelini(|ue is immediately apj)Iicabl(' to all 
samples. With solutions, a spectroscopically suit¬ 
able solvent (i.e., non-interfering in the n^gions of 
interest) must be found, and failing this a derivative 
of the compound of interest must be sought which is 
soluble in a suitable solvemt; (2) except for the bands 
at 3.1 g and (> 8- 7.3 g of paraffin oil, which eiifer 
little interference, the soliel techniejiies involve no 
interfeuence from I'xtraneous abseirbers. Even 
with tli(‘ most favorable seilvents, how^ew^er, there 
is always a ee‘rtain measure of interference due to 
solvent absorption. 

A tlisadvantag(' of solid spectra, emphasized by 
the Shell groii}), is the possibility of random and 
possibly large shifts in tlu* solid due to inter- 
molecular forces. Thus an essijntially uncontrol- 
labU* variable is introduced, wdienris it is d(‘sired 
that the spectrum be a function only of the intrinsic 
structure of the molecule and not of unpredictabh* 
interactions allowed by crystal packing. In solu¬ 
tion, on the other hand, all molecules are in a uni¬ 
form environment, to a much greater extent at 
least than in the solid (Shell, Sh.l5, 229, 232). 
Support for this point of view is to be found on 
page 401 below, where on the basis of solution work 
the penicillin spectrum w^as consistent with model 
amide spectra, but where upon consideration of 
solid spectra, apparent anomalies were noted w^hich 
were disposed of only after considerabk' effort. 

The most desirable situation would be to obtain 
both solution and solid spectra, in which case further 
information might be gamed from the magnitude 
of changes in wave length and intensity bidwT'cn the 
two states. 

Sources of Samples. Most of the samples 
used by the Shell group were synthesized (or puri¬ 
fied, if commercial materials were examined 
directly) in the Shell laboratories The methods 
ust'd, analyses, and physical constants arc given 
in Shell reports. Penicillin derivatives were pre¬ 
pared from a sample of crystalline sodium bcnzyl- 
penicillinate obtained from the Squibb Institute for 
Medical Research. A few samples were furnished 
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by other laboratories, these being Alerck, Abbott, 
Upjolin, Lilly, ('ornell Medical, and the Northern 
Regional Research Laboratory, 

Tl'he samples used by the Alichigan group were 
furnished by the Chemistry Department of the 
University of Michigan and by the following: 
Squibb, XJpjohn, Cornell Medical, Merck, Northern 
Regional Research Laboratory, Pfizer, Abbott, 
and the Department of C'hemistry of Harvard 
University. 

Spectroscopic work of the Merck and Pfizer 
groups was carried out on samples furnished by 
their own laboratories, and the materials used by 
Russell Sage were furnished hy the Cornell Univer¬ 
sity Medical College group. 

Presentation of Results. The spectroscopic 
results from the American laboratories were r('- 
ported in wave length rather than frequency units. 
This follows customary but not universal practice 
and has the advantage that the resolution of a 
rock-salt prism instrument is much more constant 
on a wave length rather than frequency scale, and 
hence the amount of detail resolved is about the 
same throughout the spectrum. 

In the spectra shoun in the tables, intensities of 
absorption are roughlj’^ indicated on a scale of 0 to 
10. W here more than one laboratory reported on 
one compound under comparable conditions, both 
wave length and intensity values given are averages. 

In using the solution spectra gi^Tii in the tables, 
it is to be realized that in certain regions strong 
solvent interference blanks out the spectrum com¬ 
pletely, and in other regions, where the solvent 
absorption is only moderately intense, weak bands 
of the solute may escape observ’^ation. These 
regions, for the solvents given in the tables, are: 



Strong 

absorption 

Moderate 

absorption 

CCI4 (0.2 mm.) ,. 

12.3 /i--13.7 M 

6.45 A* 

7,98/t~8.22 Al 
9.95 ai- 10.22 Al 

CHCli (0.2 mm.) 

8 . 0 pr-S . 4 fjL 
12.3m- 14.1 ji 

3.28 Al 

6.56 ai- 7.01 At 
9.57 Al 
10.75/1 
11.39/1 
11.75 At 

(CHCl>)s (0.2 mm.) 

8.2/u-8 5 At 
9.7 At- 1 0.0 pi 

12.0 a*~D .2 pi 

3.31 At 

7.81 At 

8.04 At 

9.18 At 
10,24/4 

CH,OH (0.02 mm.). .. 

2.7 pi-S . 5 n 

6 , 6 At*-7 . 3 pi 
9.4 Ai-lO.O Ai 
>13.0 Al 

4.89 At 
8.97/4 


The Merck spectra were reported only for the 
3 and 6 /i regions, except that when methanol or 
Methyl Cellosolve were used the 3 ^ region was not 


observable. The notation (w) on Merck spectra 
signifies “ weak'’ (less than 10% absorption). 

Penicillin Spectra. Benzylpenicillin has been the 
type of penicillin studied most extensively by means 
of infrared spectroscopy. In Table X are shown 
the results obtained by various investigators on 
stronger bands in the 3 // and 6 m regions of the free 
acid, methyl ester, and sodium salt. The results 
from the Oxford and Cambridge laboratories are 
given along with the American work for the purpose 
of obtaining overall average values, although the 
British work is otherwise not discussed in this 
section. Agreement between the various labora¬ 
tories is seen to be, in general, excellent. The 
materials used in all cases were sufficiently pure to 
be well characterized by the usual chemical criteria. 
This together with the agreement between labora¬ 
tories may be taken as a good indication that the 
bands given in Table X are actually those of peni¬ 
cillin and not due to iinpunti(‘s. 

Results on oth(‘r penicillins arc on the whole in 
agreement with benzylpenicillin in the 3 fx and 0 /i 
regions, within exjxuimental error. Best average 
valu(‘S for spectra of all the peni(;illins are shown in 
Figure 1 and Table XL These average values wdll 
be used throughout the ensuing discussion, unless 
reference is made to work of a specific laboratory. 

It is clear that the penicillin spectrum is char¬ 
acterized by a band near 3.0 jx and by three strong 
bands in the double-bond region proper.*^ One of 
these is immediately attributable to the C==0 of the 
carboxyl group, and from studies on simpler com¬ 
pounds is to be expected from 5.05 g to 5.8 g for the 
free acid,*^ at 5.75 fx for the ester,and at 0.25 fx for 
the salt (Shell, Sh.^, 10; Mich. Phys., 5; 12 ^ 
28). Hence the bands at 5.67 ^x and 5.76 fx of the 
dissolved and solid acid, 5.73 /x of the ester, and 
6.20 fx of the salt can be ascribed to this origin. 
There remain then tw^o strong bands attributable to 
the penicillin skeleton proper. One, very near 

5.62 /z, is independent of the type of penicillin, the 
state of the carboxyl group, and the ph3n3ical state^of 
the material. The other lies in the range 5.90 fx- 
6.06 g, the exact position being dependent on these 
same variables; this band will for convenience be 
referred to as the 6.0 jx band. 

In addition to the strong bands just described, all 
penicillins exhibit a strong band in the range 6.47 /x~ 

6.63 n, on the upper border of the double-bond 
region. The interpretation of this band plays an 
important part in the elucidation of the structure of 

* The double-bond region proper niAy be taken to include the range 

6 5 4 B»nce all unoonjugated C^C, C==0, or C=N bands appear 

in tins range, as do all simply conjugated combinations of these. More 
extended conjugation, as in aromatic rings, may lead to absorption at 
longer wave lengths, due in part to a loss of double-bond character 
through resonance and in part to meohanioal interactions of the vibrating 
groups. 

* The exact position here depends on the degree of perturbation through 
hydrogen bonding. In highly perturbed systems (e.g., fatty acid dimers) 
the position is near 6.80 ji; in unperturbed systems it is near 5.06 /ti 
R. Hofstadter et al., J. Chern* PAgs., 6. 581, 534, 540 (1938); M. M. 
Davies and G. B. B. M. Sutherland, J. Chtm. Phy»., 5, 755 (1939). 

R. B. Barnes, R. C. Gore, U. Liddel, and V. Z. Williams, Infrarsd 
Speetrowopy^ New York, Keinhotd, 1944; Mieh. Phys., R.i, 5; ig, 38. 



INFRARED SPECTROSCOPIC STUDIES 


397 


penicillin, as will bo seen later. For convenience 
this band is referred to as the (3.6 /x band. 

The most marked case of variation in the 6.0 ^ 
band position is found in solid sodium bcnzylpcni- 
cillinate (Tabic X). It was demonstrated by the 
Michigan grbup (Mich. Phys. R.7, 52) that the low 
values (approx. 5.9)0 ^l) were obtained from the 
crystalline salt (which was universally us(id when 
tlie oil-paste technique was applied), whereas the 
higher values (approx. 6.00 /x) resulted from ex¬ 
amination of the amorphous material obtained by 
evaporation of a solvent. 


Comparison of the Penicillin Spectrum with Pre¬ 
dicted Spectra from Various Structures. Attention 
will be focu8(Hl here on the benzylpenicillins, since 
practically all of tli(i interi)retative work done on 
penicillin was with reh-rence to this type. It was 
accepted from chemical studies that the basic 
structure of the other penicillins w as identical with 
that of benzylpcnicillin, and indeed the spectra 
shown in Figure 1 and Table XJ indicate that the 
spectroscopic problem is identical for all penicillins, 
as judged by the 3 /x and 6 /x rc‘gion absorption. 

'Pile structures are discussed roughly in the order 


TABLE X 

("omparison of Results on lienzylpoiiicillin. 3 and 0 fx Itt'pcions 


BenzvJpenioillinic acid 


1 





Soln. CUCU . 

Shy iinreport <‘d 

— 

5.(>0 

5.67 

6 03 

6 58 

Soln. (CIICI*)*. 

M.dl 


5 (W 

5 8H 

6.0<>' 

6 63 

Solid, from CHOI,. 

R.U 

3.03 

5.61 

5.76 

6.06 

6 51 

Methyl benzylpenicillmate 







Soln, 0014 . 

Sh/2 

3.00 

5.61 

5.715 

5.935 

6 64 

Solti. CC1«. 

RS.1 

3 02 

5.59 

5.73 

5.97 

6 63 

Snln 

Hk J4 

2.94 

2.91 

5 61 
5.61 

5.72 

5.72 

5.95 

5.97 


Soln. cnci,. 

R.12 

6 61 

Soln. (CHOU),. 

MMl 

2.95 

5 7P 

6.01 

6.61 

Soln. CIUOH. 

Sh.S 

— 

5.61 

5 75 

6 02 

_ 

Solid, from 01101,. 

Sh.J/,; ir, 

i 3.025 

5 62 

i 5 72 

5.98 

6.585 

Solid, from Oil Cl,... 

1 RJ2 

3.00 

5.60 

5.72 

5.99 

6.58 

Solid, from 001 4 . 

R.H.l 

3.02 

1 5.62 

i 5 73 

6.00 

6.62 

Solid, ground in oil. 

CPS.Sll 

(Oxford) 

3.00 

, 5.62 

5.75 

5.95 

i 

C.5H 

Solid, ground in oil. 

CPSMOO 

(Cambridge) 

3.00 

5.57 

1 5.63 

5.88 
. 5.93 

6.58 

Sodium benzylpenicillinate 







Soln. (3II,OH. 

Sh.S 

— 

6.67 

6.02 

6.22 

— 

Soln. OH,OH. 

R.U 

— 

5.59 

6 00 

6.19 

6.47 

Soln. 0 H,(XUH 40 H. 

M.61 

t — 

5.70 

6.09* 

6.23 

6.60 

Solid, ground in oil. 

R.U 

3.00 

6 65 

5.88 

6.20 

6.66 

Solid, ground in oil. 

Sh.l5 

3.00 

5.64 

5.895 

6.165 

6.67 

Solid, ground in oil. 

CPS.Sll 

(Oxford) 

3.00 

5.62 

5.93 

6.19 

6.60 

Solid, ground in oil. 

CPS.690 

(Cambridge) 

3.01 

5.63 

j 

5.91 

6.17 

6.67 

Solid, from solvents. 

R.U 

2.98 

5.64 

6.00 

6.20 

6.58 

Solid, from OH,OH. 

RS.t 

3.04 

5.65 

6.02 

6.25 

6.61 


ref»rs to RAM, Table 12. 

' wavf lonKtlis are probably in «rror, Bince their deviations from other valiiOM ore all (»f one fii^n and far exceed normal experimental crrorH. 

* Not rcBolvod. 


The 5.62 ^ and 5.96 /x bands of solid methyl 
benzylpenicillinate were each resolved into two 
close components by the Michigan {R,S, 75) and 
Cambridge {CPS.696) groups. It was suggested 
by the Michigan workers, on the basis of the coinci¬ 
dence of one band of each doublet with solution 
values, that the doubling arose from partial solution 
in the oil (Mich. Phys., /2.S, 75). 

Two weaker bands are observed in the 6 /x region 
of the benzylpenicillins. From studies on simple 
phenyl-cbntaining compounds, these arc attributa¬ 
ble to phenyl-group vibrations. One of these 
occurs near 6.23 and is obscured in the sodium 
salt because of the nearby strong 6.20 n COO"' band. 
The other is found near 6.68 m, and in some cases 
is hidden by the strong 6.6 m band described above. 


in which the}" were considered during the project. 
Thus the tricyclic structures are taken up first, 
since they were eliminated simply on the basis of the 
number of double-bond bands. The oxazolone 
structure was next shown to be inconsistent with 
the data. Further synthetic and spectroscopic 
work on appropriate mod(‘l compounds eliminated 
the thiol ester, isoxazoline, and enolized oxazolone 
structures, and succeeded in establishing the agree¬ 
ment between model fused thiazolidine-/5^-lactams 
and penicillin. 

AnSOKPTION IN THK Nil AND OH REGION. The 
band at 3.0 /jl is not in itself capable of furnishing any 
information on structure. It is attributable to 
either the NH or the OH group, and no distinction 
can be made with any certainty between these. 
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TABLi; XI 

Siieetra of Penicillins, 2 /j to 15 /n 


Benzyl- 



Methyl 

p-hv- 




Sodium 

/>-hy- 

Sodium 
2 -pen- 
tenyl* 



pent- 

Methyl 


drow- 


Sorliuin 


droxy- 

Sodium ?i-hcptvl- 

nil in 1 C 

benzylpenicillinate 

beiizx 1- 

benzv Ipeiucillinatc 

iienzyl- 

penicillinate 

acid 



peni¬ 

cillinate 




poni- 

cillinato 

peni¬ 

cillinate 




Solid'-'* 




Solid-* 






H Iti; 2-15 M 

Soln ’ 



y? 2 15 li 




Solid* 

Solid' 

Fih If), 2-11 0 

Sh >; 14, 

Soln ' 

Solid* 

Sh //J; 1 

2 92 m 

Solid* 

Solid* 

Solid* 

R 12; 

n / 

Ox , CPS.'ilJ; 

2 15 M 

Sh ts. 

a /J, 

(K , (TSoll, 

H 12; 

R 12, 

R.12; 

2-9 M 

2-15 M 

2 15 m 

Ji /J, 

2-12 M 

2-15 M 

2-15 M 

2 15 M 

2 12 m 

2-15 M 

Sh.lff; 


(’nnib , CPS 5'.%*, 

2-10 3 m 



( a mb , CPS 6'.%, 




5-12 M 


2-0 8 M 




j 2 0 8 m 





3 03(3) 

3 01(1) 

2 93(3) 

2 98(2) 

2 98(3) 

3 00(5/ 


2 90(5) 

2 91(S) 

3 00(3) 

3 01(3) 

3 31(1) 

.3 14(1)0* 

3 31(4) 

3 39(2) 

3 30(1) 

3 16'1)0 

3 41(8) 

3 40(8) 

3 45(8) 

3 14(5) 

3 43(5) 

3 30(1)11 

5 01(0) 

5 00(0 

3 41(3) 

3 39(2)0 

3 89(3, 

5 60(8) 

3 52(5) 

5 61(7) 

3 96(1) 

3 40(2) r('gives 

5 72(5) 

5 71(1 

5 M(Wl 

3 18(3) 


4 21(D 

5 96(5) 

5 65(8) 

6 00(8)R 

5 11(1) 

5 61(6)— 5 57 

5 95(7) 

5 98(7) 

0 00(8) 

5 0K7) 


5 01(8) 

0 05(5) 

5 09(5) 

6 07(0)8 

5 01(8) 

5 73(7) L .5 03 

6 19(1)8 

0 20(1/ 

6 20(10) 

5 90(0) 


5 95(8) 

0 21(5) 

5 90(3) 

6 22(6) 

5 76(3) 

5 96(7)-r Cgives 

0 03(4) 

6 26(2) 

0 23(1/ 

6 19(8) 


6 27(8) 

6 ,59(5) 

6 01(1) 

6 52(1) 

6 06(8) 

0 24(2)R,() 5 89 

6 87(3)8 

6 60(7) 

0 58(5) 

6 39(1)(’ 

6 58(8) 

0 81(3) 

6 21(10) 

6 81(3)14 

6 22(1) 

6 68(7) L 5 93 

6 96(3)8 

6 81(1) 

0 85(3) 

6 19f2)(' 

0 84(5} 

7 22(3) 

0 57(1) 

7 2l(3)R 

6 51(5) 

0 07(2)11 

7 05(1 )S 

6 91(0 

7 12(5) 

6 65(7) 


7 11(3) 

7 61(5) 

6 07(5) 

7 35(3)14 

6 08(3) 

0 87(4)H,S 

7 20(1)8 

7 31(3) 

7 20(1) 

(> 86(3) 


7 23(8) 

7 91(1) 

6 83(3) 

7 64(5) 

6.86(3) 

6 96(3) 

7 30(1)8 

7 4<)(D 

7 28(1) 

7 00(4) 


7 .52(1) 

8 18(3) 

7 06(5) 

7 85(1)R 

7 06(1) 

7 00(1)11 

7 36(2)8 

7 69(.'.) 

7 39(D 

7 22(2) 


7 03(5) 

8 .55(31 

7 21(1) 

8 10(2) 

7 17(1) 

7 l')(2)R,S 

7 71(4) 

7 90(0 

7 54(5) 

7 30(1)0 

7 79(5) 

8 91(3) 

7 32(1) 

8 59(3) 

7 27{li 

7 33(3) 

7 90(2) 

8 48(3) 

7 7.5(D 

7 50(2)11 

7 90(3) 

9 33(1) 

7 40(1) 

8 88(2) 

7 40(1) 

! 7 48(2)11,0 

8 28(H)S 

8 61(2) 

7 07(3) 

7 05(0) 


7 97(3) 

9 71(1) 

7 68(3) 

9 18(2) 

7 67(3) 

7 70(5) 

8 47(3) 

8 81(3) 

8 30(3) 

7 83(1)0 

8 15(5) 

9 93(1) 

7 83(1) 

11 .50(2) 

8 22(5) 

7 82(2)H 

8 04(3) 

9 07(2) 

8 02(3) 

8 00(4)S.O 

8 32(1) 

10 20(1) 

7 99(3) 

11 81(2) 

8 40(1) 

8 00(2)11.S 

8 81(3) 

>) 19(2) 

8 80(5) 

t 8 31(3) 

" () I'n es 

8 39(1 ) 

10 .30(3) 

8 30(1 ) 


8 62(3) 

8 2317) 

9 28(3) 

9 69(3 

9 12(1) 

8 03(3)- 

S 58 

H r>3{3) 

11 40(11 

s 55(1) 


8 82(3) 

8 41(1) 

9 70(4) 

9 88(2) 

9 25n) 

8 90(1) 

8 67 

8 73(1) 

11 75(1) 

S 63(3) 


9 16(1) 

8 50(1)0 

9 82(1)14 

10 06(1) 

9 09(3) 

9 10(3) 


8 92i5) 


8 87(3) 


0 27(1) 

8 63(1) 

10 08 2) 


9 91(3) 

9 28(4) 


9 08(1) 


9 20(3) 


9 68(1) 

8 82(4) 

10 22(1 )H 


10 37(1) 

9 71(2) 


9 38(1) 


9 08(1) 


9 88(1) 

0 28(2) 

10 57(2) 


10 63(1) 

9 98(2) 


9 70(1) 


9 95(1) 


11 26(1) 

9 70(3) 

10 78(3) 


10 80(1) 

10 2S(l)H 


9 91(1) 


10 30(1) 


11 48(1) 

9 92(1) 

n 08(3) 


11 18(3) 

10 47(1)14 


10 07(1) 


10 88(1j 


11 80(1) 

10 07(3) 

11 37(1) 


U 43(1) 

10 74(4) 


10 37(1) 


11 21(1) 


12 48(1) 

10 20(1)H 

11 00(1) 


11 72(1) 

10 90(2) 


10 50(1) 


11 40(1) 


13 28(5) 

10 31(3)0 

14 25(5) 


11 95(1) 

n 18(4) 


10 73(1) 


11.76(1) 


13 78(3) 

10 55(1 )R 



12 39(1) 

n 44(2) 


10 83(1) 


12 32(1) 


14 33(3) 

10 70(1) 



13 05(3) 

11 90(2)R 


11.29(1) 


13 00(3) 



10 98(1 )R,0 



13 75(3) 

12 37(3) 


11.65(1) 





11 51 (DR 



14 35(3) 

13 05(8) 


11 82(1) 





11 59(1) 




13 31(4) 


12 01(3) 





11 85(2) 




13 87(5) 


12 37(3) 





12 47(2)R 




14 22(8)R 


12 51(3) 





12 82(2)0 






12 98(5) 





13 03(3) 






13 31(3) 





13 73(4) 






13 89(1) 





14 14(2)R 






14 28(3) 





14 31(4) 






14 89(3) 





* Solui fioin evaporation of solvent. 

^ Solid ;»round and Huapeuded in oiU 

»Solution in CIICU Certain regions are interfered with by the solvent: 3 3 m. 8-2 m. 12-14 m« 

«Bands ubnorved by all laboratories are without further reference. Where only certain laboratories observed a band, these are indicated by the 
symbols K, B, O, C. Michigan, Shell, Oxford, Cambridge. 



Meti^ Benzylpenidilinate. Solid 


399 



lO i 


■— C^l 
00 
=C 

CO 

fO 


CM 


_ 

— 

'TS 


o 


a 

o 

*blb 


CO c 


o 

w 




lO o 

c 


n3 

a 

^ o5 

ro ^ 

a 

:3 

o 

t-i 

tiC 

<NJ:g 

cc 


d 

.2 

v» 

I 

eS 

s; 

I 

n3 

id 



















400 


INFRARED SPECTROSCOPIC STUDIES 


Hence the band serves only to confirm th(‘ presence 
of an active hydrogen, already demonstrated by the 
ZerewilinolT reaction. Since all slmctun's under 
consiilcration contain such an active hydrogen, no 
decisions can be made on this basis. 

TiticYCLic Sthdctukes. As noted in the preced¬ 
ing section, two strong bands in the double-bond 
region have to be explained, at 5.02 a and about 
6.0 Mr as well as the band at about 6.6 m. The im- 
mi'diate inference was drawn that these two bands 
indicated at least two double bonds in the molecule, 
exclusive of that in the carboxyl group. Thus the 
tricyclic structures wore contraindicated, since they 
of necessity can have but one double bond exclusive 
of that in the carboxyl group (Shell, Sh.2, 1). On 
this ground, the Rohrmann structure (Lilly, L4), 
HN-CII—ClI—S—C(CH,)* 


C«IIt,CIIj—O 


/ 


oco 


-N- 


-CII—COOR 


which was thought by some to have considerable 
chemical plausibility, was excluded, as well as the 
Stodola structure (NRRL, C.ll), 

C» 1 I»CH 2 C==N—CH—CH—S—C(CH,) j 


-C-N- 


-CII—COOR 


on 


A very few compounds have been found where 
the number of bands in the double-bond region 
exceeds the formal number of double bonds in a 
pure compound. These exceptions are attributable 
in the main to association (c.g., coexistence of 
monomer and dimer in solutions of lower fatty 
acids), coexistence of tautomeric forms (e.g., of 
keto and enol forms, in which case the two spectra 
arc superposed), or to highly conjugated systems 
(e.g., 4-alkylidene-5(4)-oxazolones; Shell, Sh4, 31). 
None of these phenomena is capable of explaining 


the penicillin spectrum in terms of a tricyclic 
structure. 

OxAzoLONK Stuuctuke. The first of the bicyclic 
structures considered in detail was the oxazolone- 
thiazolidine: 

CaisCII,—C=N—CII-CH—S—C(CH,)2 

I I I I 

o-CO HN-CH—COOR 

By examination of a scries of model 5(4)-oxazolone8 
of the typo 

R»C=-N—CR='R» 

1 I 

o-CO 

it was demonstrated that this ring system is char¬ 
acterized by two strong bands (Shell, Sh.2^ 3). 
Average positions for those are, according to Table 
Xir, 5.485 ju (av. dev. 0.015 ju), and 5.97 n (av. dev. 
0.025 m) or 0.05 m (av. dev. 0.015 /x), depending on 
whether there is not or is conjugation of the R* group 
to the C-=^N. Together with the further informa¬ 
tion that C—N absori)tion occurs near 0.0 ju (as 
judged from oxazines, oxazolines, oximes, and 
imines; Shell, Sh.2y 4 and subsequent reports; 
Mich. Phys., 31, and subsequent reports), 
these bands may be assigned as: approx. 6.0 /x, 
C=-N; 5.485 /x, C--0. 

The other bands, all relatively weak, which were 
observed from 5.4 to 6,8 ix are interpretable as 
arising from the phenyl group (about 6.25 /x and 
6.68 /x) or from traces of impurities or decomposit ion 
products (5.6 m to 5.8 iu), since the 5-oxazolones are 
moderately unstable. 

A number of 5-oxazolones of the type 
riC=N—C-=CR2R» 

I ! 

0-CO 

were studied also. However, since here the con¬ 
jugation between the three double bonds has a great 
effect on the spectrum, these compounds are im- 


TABLE XII 

Bands of . 5 ( 4 )-Oxa 2 olones, .5.4-6.8 m 
RT—N—CR»U’ 

(*)- 


}V 

R* 








CH*. 

CH(CH,), 

11 

1 , Sh.2 

5.475(8) 

5.80(2) 

5.915(6) 



CH*C«H»... 

CH* 

n 

1, Sh.e 

5 475(8) 


6.966(7) 

6.22(2) 

6.676(4) 

CII 2 C.II*... 

CH(CH.), 

H 

1 , Sh 6 

6.47(8) 

5.68(1) 

6.965(7) 

6.216(2) 6.276(1) 

6 665(4) 

CIIjC,!!... . 

cii,c.n. 

H 

sn, M.61 

5.54 


6.01 

6.27(w) 

6.65(w) 

CH,c«ri5... 

CH* 

CH, 

1, Sh,2 

5.486(e) 


5.99(9) 

6.226(3) 

6.68(5) 

CH 2 C.H.... 

Clh 

CH, 

s, RA2, 159 

5 Am) 


5.99(5) 

6.22(1) 

6.69(3) 

C.H*. 

H 

H 

sn, Sh,2 

6.46(8) 

6.73(3) 

6.04(7) 

6.305(2) 6.67(3) 

6.685(3) 

C.H*. 

CH(CH,)2 

H 

B, RJ2, 162 

6.48(6) 


6.03(6) 

6.81(1) 

6.70(1) 

c.ir. . 

CIl2CH(CIT*), 

H 

8 , RA2, 161 

6,60(10) 

6.82(1) 

6.07(10) 

6.22(8) 6.84(3)6.49(1) 

6.71(3) 

C .116 . 

CH.CeH* 

H 

s, RJ2, 160; RSJ 

5.61(6) 


6.07(8) 

6.22(1) 6.32(1) 

6.70(1) 

C.Hft ... 

CH 2 C.II 4 OGH* 

H 

8 , R,12, 163 

5.48(8) 


6.04(6) 

6.21(1) 6.36(1) 

6,61(5) 

Cell* 

CH* 

CH, 

sii, 8h,2 

6.476(8) 

6.69(1) 

6.04(8) 

6.23(2) 6.32(2) 

6 69(3) 


InteiiBitwe not comparablo b«*tweon compoundB. 1 pure liquid, en - eohition, e • eolkU The number iollowin^ BUM gtvee the epeotrum 
number in the final Michigan tftbulation. R,li, catalogue A. 
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proper models for penicillin, and they will not be 
considered further. , 

A large number of thiazolidine compounds of the 
type 

R>C—S—CR2R> 

I I 

HN-CII-X, 


where X is hydrogen, COOH, COOR, or COO“, 
were examined. As was to be expected, no absorp¬ 
tion attributable to the ring was found in the 
double-bond region up to (>.8 n. The only bands 
found in this region were the anticipated carboxyl 
group bands and phenyl group bands, when these 
groups Avere present (Shell, 5, and subsequent 
reports; Mich. Phys., 5, and subsequent re¬ 
ports; Merck, M.68^ 7). The Michigan group 
examined the longer wave-length region (to 25 g) of 
several sulfur compounds in a search for character¬ 
istic C—S bands, but were unable to find bands of 
sufficient constancy of position (Mich. Phys., /f.4, 
24). 

On the basis of the foregoing discussion, it is clear 
that if the oxazolone structure were correct, the 
penicillin spectrum should exhibit bands near 
5.49 /i and 5.97 ijl. The discrepancy between the 
former and the observed penicillin band })osition 
(5.02 /i), together with the failure to account for the 
strong 0.0 /x penicillin band, early in the work led to 
the conclusion that the oxazolone structure was in¬ 
correct (Shell, Sh.^f 3). 

The possibility was reahzf'd and was emphasized 
later by the Oxford grouj) that the nearby NH of the 
thiazolidine ring might influence the C~() bond 
sufficiently, through hydrogen-bonding or by other 
means, to effect a shift from 5,49 n to 5.02 fx, and 
hence bring the oxazolone structure into agreement 
with the penicillin spectrum, at least for the 5.02 fx 
band. The shift is unusually large to be accounted 
for by an interaction essentially like an intermolecu- 
lar interaction, these being g(‘nerally of the order of 
a few hundredths of a (hydrogen-bonding effects, 
shifts between vapor, liquid, solution, and solid 
states, etc.). Moreover there are three pieces of 
experimental evidence indicating that such inter¬ 
actions have little or no effect on the 5.49 g oxazolone 
band: 

1. The spectnim of 2-benzyl-4-methyl-5(4)-oxa2- 
olone in solution in methanol exhibits the C“0 
band essentially unchanged in position (5.50 /*)• 
Since methanol is generally considered a potent 
proton donor for hydrogen-bond formation, it is 
to be concluded that hydrogen-bonding does not 
operate to shift the oxazolone 5.49 g band (Shell, 

3). 

2. A very large number of thiazolidine deriva¬ 
tives have been examined containing the grouping, 


4 - 

4o 



Although a very few den iations in the C~0 posi¬ 
tion from its normal value were found, which might 
be attributed to the Nil, most of tliese compounds 
showed little if any shift; this was particularly true 
of those which wore th(‘ closest analogs of penicillin 
(e.g., penicilloates, see page 408 in this chapter). 

3. An equimolar mixture of 2-benzyl-4,4-di- 
methyl-5(4)-oxazolone and methyl thiazolidino-4- 
carboxylate showed the oxazolone C~ O band to be 
very little shifted, appearing at 5.525 fx (Sh(41, 
Sh.lSj 180). Hence any specific and marked 
susceptibility of the oxazolone ring to interaction 
w'ith NH groups is contraindicated. However, if 
only a small proportion of the oxazolone molecules 
had been so affectc'd the shifted band may have 
been hidden by the strong 5.525 jx oxazolone and 
5.75 fx ester C O bands. 

In view of (he failure to explain the 5.02 /x peni¬ 
cillin band as due to oxazolone C ~(), and to ac¬ 
count for the 6.0 fx ))and, the oxazolone structure is 
considered definitely incompatible with the penicil¬ 
lin spectrum. 

Evidence fou the Amide Chioup in Penicilun. 
Since a number of the possible structures for peni¬ 
cillin contained the amide group, the earl^^ spec¬ 
troscopic work included a study of amides along 
with the study of model oxazolones. it was 
established that all amides exhibit a band near 
0.0 /x, readily attributable to the C 0 group 
(Shell, Sh£y 3, and subsequent reports; Alerck, 
7; Mieh. Phys., H.iJy 3, and subseciueut re¬ 
ports). In addition, monosubstituted amides were 
found to give a second strong band near ().0 g (Shell, 
5), and unsubstituted amides a second strong 
one at 6.2 fx to 0.3 g, at least in solution (Merck, 
M,68y 7). Disubstituted amides showed only the 
single band near 0.0 fx attributed to the C “O vibra¬ 
tion. Spectra of some simple typical amides are 
showm in Figure 2. 

The 0.6 IX band of monosubstituted amides was 
immediately recognized as evidence for an amide 
grouping in penicillin, since this would explain both 
the 0.0 fx and 6.6 m bands (Shell, Sli.2, 5). Owung to 
the facts that only a limited number of compounds 
had been studied by the Shell group, that cyclic 
amides (lactams) did not show the 0.0 g band al¬ 
though they are structurally analogous to N-mono- 
substituted amides (Shell, Sh.4, 32), and that no 
satisfactory explanation of the origin of this band 
was apparent, the evidence was not considered 
strong. However, a much more exhaustive and 
conclusive study by the Michigan group established 
beyond any doubt the correlation between the 
strong 0.0 fx and 6.6 fx bauds (in conjunction with a 
band at 3 /x) and the presemee of the monosub¬ 
stituted amide grouping (Mich. Phys., R,^y 3; 4) 
20; 36-42). A limited number of other types 

of compounds have been found w hich give strong 
bands in the 6.6 m region: 4-alkylidenc-5(4)-ox- 
azolones, imidazolines, amino-acid hydrochlorides, 
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N-Ethylacetamide, liquid. 
CH 3 CONHC 2 H 5 


L 
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1 

1 

4 

N-Ethylphenylacetamide .solid 
CgHsCHg CONH C 2 H 5 
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1 

1 
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N-Ethylphenylacetamide,soln. 
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6 
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1 


II 

n 

7 

Ethyl phenaceturote,solid. 
CgHjCH^CONH CH^COOCgHg 



i 

1 

1 


1 


1 


1 

1 

8 

Ethyl phenaceturote, soln. 
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i 
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■ 

1 

1 
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1 

9 

N-Acetyl-^/-penicillamine methyl ester, 
solid. CH 3 CONH CH COOCH 3 

HSC(CH 3)2 






II 






10 

N, N-Diethylacetamide .liquid. 
CH 3 C 0 N(C 2 H 5)2 






1 

1 





// 

N,N-Oimethylphenylacetamide, solid 
C 6 H 5 CH 2 CON {CH 3)2 

-1 


1 1 




1 


1 

1 



t 2 

N,N-Oimethylphenylacetamide, soln. 



jJ 






_ 





P'igure 2. Spectra of amides.* 


* RefiTMiceH: 1. 

2. M,oi{; R.liS, C7 

а. H.U, 116 
4. R.i:S, m) 

б. C9; ShJS 

6. Sh.JS 

7. 

8. Sh.30; M.ej: R.12, C8 


9. /e./i?, (12) 30 

10. R,li, 144 

11. Rja, 146 

12. 8h.i8; R.IB, Cll 

No. after R.lSi at^otrum in catalog A 
No. after C: apoctrum in catalog C 
No. after (12); apeotrum in Table 12 
not examined 
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etc. However, none of those structures is pertinent 
to possible penicillin structures. 

(loser comparison between spectra of model 
monosubstituted amides and the penicillin spectrum 
revealed that some apparent discrepancies existed. 
These were particularly emphasized by the Oxford 
group in criticism of the spectroscopic evidence for 
the amide group. Simpler monosubstituted amides 
exhibited their strong bands close to (i.Ol and 
6.01 fx when studied in solution (8hell and Merck 
spectra), and near 6.07 /x and ().50 m when studied 
as solids (Michigan and Oxford spectra). IVnicil- 
lin, however, exhibited its 6.0 band at 5.95 tx 
C.O fx in solution, and near (i.O /x in tlie solid (except 
for the anomalous 5.90 /x position in crystalline 
sodium benzylpenicillinate), as shown in liable 
X. Also the 6.6 /x band remained close to 6.60 ix in 
both solution and solid, instead of shifting as noted 
for simple amides. 


Rodebush, and J. Avi, Chem, Roc., 00, 244 
(1938)). The solid spectrum is very similar to the 
concentrated solution spectrum, and hence the 
solution-solid shift discussed earlier in this section 
may bt^ attributed to liydrogim-bond forces in the 
crystal. More complex amide-containing mole¬ 
cules, uhicli show liltl(‘ or no evid(‘nce of associating 
ill solution, show in general much smaller solution- 
solid shifts (Table XIII). This rec(uv(^s a natural 
{‘xplanation in that the crystal packing of such large 
molecules does not in general allow the proton 
donors and acceptors to orient themselves propeudy 
to form strong hydrogen bonds in the crystal. It is 
clear from Tabic XllI that a large solution-solid 
shift is not prerequisite for the presimce of an amide 
group. 

A final—and real—anomaly was present in as¬ 
signing the penicillin 6.0 ^ and 6.6 /x bands to the 
monosubstituted amide group. This w as the dual 


TABLE XIII 

Fffpct of (on root ration and Physical State on Amide Spectra 


N-Kthvlphenylacetamido 

Ethyl phenaceturate 

Dimethyl benzvlpeiiicilloate 

Meth> I benzylpenicillinate A ) 


6 0 /z Band 


Dll soln 

CoiiO soln. 

Solid 

5 98 

6 05 

6 07 

0 00 

— 

6 03 

5 07 

— 

0 01 

5 94 1 

— 

5 98 


6 6 fj. Band 

Dll. soln. 

Cone soln. 

Solid 

6 01 

ca 6 45 

0 41 

6 58 

— 

0 43 

0 00 

— 

ca 6 60 

1 () ()3 

i 

(> 58 


It IS clear that for the 6.0 fx and 6.6 g bands the 
penicillin solution spectra stand in good agn'ement 
with solution spectra of monosubstituted amides, 
whereas the penicillin solid spectra fail to show the 
shifts noted for the simple amides, and hence do not 
stand in good agreement with simpler solid amides. 
Further elucidation of this question came from a 
more detailed analysis of the Michigan amide study 
referred to above, and from a study of the effect of 
concentration and physical state on amide spectra. 
It was pointed out (Mich. Phys., /?.5, 39, and 
especially Table 7) that when a large number of 
monosubstituted amides are considered, including 
compounds approaching penicillin in complexity, 
the 6.0 M band is found in the solid over a wide 
range of wave lengths (6.(K) /x to 6.12 /x), and simi¬ 
larly for the 6.6 /x band (6.31 /x to 6.58 g). The 
penicillin values lie at the extremes of these ranges, 
and if they are considered to be at all outside it is 
by an amount so small that it has never been con¬ 
sidered serious by the American workers. 

The effect of concentration and physical state 
on amide spectra (Shell, ShJ5, 225) is exemplified 
in Table XIII. The simpler amides exhibit two 
sets of spectra, one corresponding to dilute solutions 
(about 6.98 /u, 6.60 /x)» the other to concentrated 
(about 6.06 fjt, 6.46 /x), the change being due to 
association through hydrogen bonding (BuswcU, 


spectmm of the penicillin sodium salts remarked in 
the preceding section and most strikingly illustrated 
by sodium benzylpenicillinate, the 6.0 jx band ap¬ 
pearing near 5.90 ju in the crystalline and near 
6.00 fx in the amorphous form or in solution. 
Despite the fact that the strong ionic forces present 
in the crystal of a salt might be expected to cause 
appreciable shifts in bands from their normal posi¬ 
tions, this might have remained an obstacle to the 
acceptance of the amide assignment. However, 
the finding by the Michigan group (Mich. Phys., 
R.7, 60) that a compound known to contain the 
amide group, sodium desthiobenzylpcnicillinate (see 
page 409) also exhibited this anomaly, effectively 
disposed of any objection to the amide assignment 
on this score. The amide band positions found for 
this compound were: 

Crystalline sodium salt, in paraffin oil, 5.90 g 

Sodium salt in CHgOH solution, 6.01 /x 

The fact that there is a further shift from about 
6.00 JX (sodium salt in solution, amorphous sodium 
salt, or methyl ester) to about 6.05 jx for the free 
acid, in both benzylpenicillin and desthiobenzyl- 
penicillin, was pointed out by the Michigan group 
(Mich. Phys., R.7, 60) as further evidence of the 
consistency of the penicillin 6.0 jx band with known 
amide bands. Indeed this same shift in amide 
6.0 JX position may be noted in comparing other ami- 
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do esters with the corresponding acids, the long-wave 
shift presumably being due to hydrogen bonding of 
the coon to the amide C“ O. An example of 
this is to be found in the penicilloic esters (see 
page 408), where the diesters exhibit the amide 
C—O band near G.Oi but in the monoesters the 
position is on the average^ near G.OG ju. 

A final piece of evidence indicative of the presence 
of the amide group was adduced by the Michigan 
group from deuterization experiments On partial 
deuterization by exchange with D 2 O or CIIaOD, 
both simple amides and methyl and sodium benzyl- 
penicillinates showed a decrease in intensity of th(‘ 
6.G n band, and the appearance of a new strong 
band near 6.8 n. This similarity in behavior may 
be taken as evidence for the amide grouping (Mich. 
Pliys., R.12, 65). The appearance of a band at 
6.8 g on deuterization can only be explained 
reasonably as an isotopic shift of tlie 6.6 /i band, 
pointing to a closer analogy between penicillin and 
the amides than the mere existence of a ().6 n band 
in each. The simultaneous d<‘crease of the 3 0 /i 
bands and appearance of bands near 4.10 )u was 
observed, as expected. An unusual feature here 
was the fact that both for amides and penicillins the 
4.10 M bands were double; however, before this can 
be considered evidence for the amide group it would 
need to be demonstrated that other types of NH 
bonds behaved differently. 

The spectroscopic evidence for the presence of the 
monosubstituted amide grouping in penicillin may 
be recapitulated as follows: 

1. This grouping is the only plausible explanation 
of the 6.6 jjL band. 

2. It is also a possible explanation of the 6.0 fi 
band, the penicillin band being on or just below the 
lower limit of the range indicated by model com¬ 
pounds. Failure to exhibit the same dilution and 
solution-solid shifts as simple amides is not convinc¬ 
ing counter-evidence, since more complex amide- 
containing compounds approach or equal penicillin 
in this regard. 

3. The only plausible interpretation of the 
5.62 g band, as due to the thiazolidme-/3-lactam 
structure, necessitates that the 6.0 m and 6.6 g 
bands be due to the amide grouping. 

4. The anomalous spectra of some of the solid 
sodium salts (i.e., the presumed amide C==0 band 
being shifted to an extremely low position near 
5.90 g) are duplicated by one compound in which 
this band is known to ari^ from the amide group. 

5. The behavior of penicillin on deuterization is 
similar to that of simple monosubstituted amides in 
a way that seems more than fortuitous or trivial. 

Thiol Ester and Isoxazoline Structures, 
Four structures containing the amide grouping were 
considered important enough to investigate spec¬ 
troscopically. Assuming the 6.0 fx and 6.6 g bands 
accounted for by the monosubstituted amide 
group, the remainder of the molecule must contain 


a double bond capable of accounting for the 5.62 /x 
band. Three of the structures, which were shown 
to be incorrect, are discussed in this section; most 
of the work on these was done prior to the /S-lactam 
work, discussed in the next section. 

Two structures involving the thiol ester linkage 
were considered: 

00-S-C(CH8)2 

I I 

C6TlD("ll2CONnCH—CI1=N—CH-COOH 


and 


CO-S-C(CH8)2 


C 6 n 6 Cii 2 CONHC--(ni--Nii—cncooH 


Since both the C—N group of the first and the 
C -C of the second structure were expected to 
absorb near 6.0 /x (and hence would be superposed 
on the amide 6.0 g band), the 5.62 g band would 
have to arise from the 0-=() of the thiol ester group. 
However, studies on simple open-chain model thiol 
esters showed this group to absorb close to 5.97 g 
despite cither a-amido substitution or conjugation 
with C—C (as in the second structure). Hence 
these structures w^re eliminated from further con¬ 
sideration (Shell, Sh.Sy 18, 20). The occurrence of 
the carbonyl group in a seven-membered ring docs 
not affect the C~0 band position as compared 
with open-chain compounds. PMr carbonyl groups 
in four- and fivc-membcK'd rings a short-wave shift 
occurs, but in si\-mcmbered and higher rings it has 
been found that the ring has no effect on band posi¬ 
tions, these being the same as for open-chain com¬ 
pounds (studied on cycloketones, lactones, and 
lactams). 

The isoxazoline structure. 


-on—0(0113)2 


HO— O—N - ciroooii 


is seen to be inherently improbable, since the 5.62 /i 
band would need to be attributed to the C==C of the 
isoxazoline ring, and C=C absorption is universally 
found at 5.95 m or longer wave lengths. However, 
the point was checked by examination of a com¬ 
pound believed to be 3,3,5-trimcthyl-4-isoxazoline, 

HC-C(CH3)2 

CH,!:—o— iIh 

The strongest band in the double-bond region oc¬ 
curred at 6.11 M and was relatively weak, as would 
be expected of a C===C band. On this ground the 
structure was considered unsuitable (Shell, Sh.7, 
77). 

THiAzouDiNB-j8-LACTAM Stbuctuki!. On the 
basis of this structure, 

C.H6CH8CONHCH—CH—S—C(CH,), 

oi—-incooH 
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TABLE xrv 

(' ""O Band Powtions of NonfiiHC'd d-ljactams 
rifB’ 


IV 

R* 

IV 

IV 

State 

x(m) 

Ref. 

('ll. . . . 

II 

C.H. 

C.H. 

Soln. (UtCla 

5 74 

ShS 





Soln iiiorpholitie 

5.75 

M (!', 





S()ln. OOL 

5 68 

R 12 (C) 12 

Vlls . 

CHj 

O.H. 

0,11. 

Soln ecu 

5 72 

Sh.O 

ciu . 

cn. 

C.H. 

CII,Cells 

Soln C^Cb 

5 70 

Sh 9 

Clh . 

H 

C.IL. 

CH,C.fln 

Liquid 

5.78 

M.G4 

(VU . 

('.H. 

C.Il. 

O.H. 

Soln. OIIOI, 

5.73 

,SVi.« 

i\iu ... . 

c,lh 

CllaCallfi 

O.II, 

Soln CHCU 

5 725 

ShJ/f 

i\\h . 

CJOGCilh 

evu 

C.II, 

Soln. C '(14 

5.66, 5 75 

Sk9 

NllCOCH.CMIs 

11 

II 

0,11. 

Soln 

5 695, 5 965 

Sh.9 





Solid 

5.80' 

MM4. 

NIKTHUl^Cellu 

li 

H 

O.Hi. 

Soln {(qiCb)^ 

5 77, 6 07 



n 

H 

01I(r’(30H)0Il(CH,), 

Solid 

5 74, 0 03 

iU2 02) 18 

NIKXXqiaf’alU 

IT 

11 

0II{('(){)0H,)C1I(C1I,), 

Soln. CllC\, 

5 765, 5 96 

iS/i Jt 





Soln. (ClICIz), 

5 77, 6 00 

M 67 





Soln. (qiaOH 

5 72, 5 99 

RJ 3 (12) 17 





Solid 

5 67, 5 79, 6 10 

R t2 (12) 18 

NIKXKUI.C^TIb 

II 

H 

OII(OOONa)011(Oll,), 

Soln. (UIsOH 

5 735, 6 01, 0 22 

S7i 6* 





Soln (qi^oii 

5 77, 6 01, 6 21 

R (12) 15 


i 



Solid 

5 SO, 5 90, 6 31 

R / ^ (12) 14 


1 \j)l)arentlv two handH not rPHoived. 

Number follovking R.l£ (12) gives spectrum numVier of R JS, Table 12 
Number following R.i£ (C) gives spectrum number of R IB, Catalog 


the 5.G2 M band is attributed to th(^ C—0 of tho/S- 
lactam ring. Examination of model /J-lactams, not 


TAIiLi: XV 

Hpeclra of Fuaod Thiazo]idiiie-/3-Lactarns 


2,«,<v-Triphonyl- 

2-thiazolidim*- 

2-Pheriyl-2- 

2-Methyl-2- 

thiazohdine-(y- 

thiazolidino-a- 

acetic acid 

isobutync acid 

iaobutyric acid 

/1-lactani 

/il-lactain 

/S-lactam 

Soln, (71C1, 

Soln. ('(’L 

Soln. CC’L 

5 11 (1) 

36 (4) 

3.36 (5) 

5 30 (1) 

5 625 (4) 

5 63 (9) 

5 655 (8) 

5 95 (1) 

6.825 (2) 

0.235 (2) 

6 075 (1) 

6,925 (4) 

6.685 (4) 

6 68 (2) 

7.205 (2) 

6.915 (4) 

6 855 (2) 

7.26 (3) 

7.53 (2) 

6.91 (2) 

7 535 (3) 

7.66 (5) 

7.21 (3) 

7.725 (8) 

9.01 (1) 

7.295 (1) 

7.91 (7) 

9.24 (4) 

7.535 (3) 

8 385 (3) 

9.676 (3) 

7.75 (7) 

8.84 (5) 

9.98 (2) 

8.01 (6) 

9.245 (6) 

10.07 (1) 

8.24 (3) 

9.55 (3) 

10.34 (3) 

8.49 (1) 

8 65 (2) 

9.25 (2) 

9.40 (4) 

9.67 (1) 
9.955 (1) 
10.14 (1) 
10.89 (1) 
11.33 (4) 

9,905 (3) 
10.505 (1) 
10.745 (2) 
11.43 (4) 
11.86 (4) 


fused to the thiasolidine ring, had shown the 0=0 
band to appear near 5.74 /t, i.e., considerably shifted 


from the open-chain amide group position, 6.0 m 
(S hell, 17, and subsequent reports; Merck, 

M.Oi, 3, and subsetfuent reports). Spectra of all 
non-iused /J-lactams examined are given in Table 
XIV. Hence, with the failure of other stnietures to 
account for the penicillin spectrum, it was suggested 
rather early in the spectroscojiic work that the iCt-lac- 
tam structure was the most probable, since the possi¬ 
bility that fusion to a thiazolidine ring or some other 
change would result in a further lowering of the band 
position was to be considered (Shell, Sh.r5y 43). 

With the successful synthesis of the thiazolidine- 
/3-lactam ring system, it was demonstrated that 
indeed fusion of the /^-lactam ring to thiazolidine 
resulted in a shift which brought the /i-lactam 
structure into agreement with the penicillin spec¬ 
trum. The C~() band positions found in the three 
model compounds synthesized were: 

CeHs 

I 

(C6lIs)sC-C—S—CH, 5.055 m 

1 I ! 

OC—N-CH* 

CeH* 

(CH*),G~t—S—cn* 5 .G 25 m 

i 1 I 

OC—N-CHj 

CII, 

(CH,),C—i—S—CH* 6.63 m 

. 0(!>-i-CH, 
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(Shell, iS/i.7, 71; 5, 98; 201). Complete spectra band at this position. It is quite possible that this 
of these compounds are shown in Table XV and band repn'sents one of the skeletal stretching 
Figure 3. vibrations of the fused thiazolidine-(3-lactam system. 

2 3 4 5 6 7 8 9 10 II 12 13 14 » 



-: solvent interference 

i 

2,0,0- triphenyl - 2“ thiozolidineacetic 
acid /9-lactam 

2- phenyl - 2~thiazoltdme’'Ci- isobutyric 

2 - methyl - 2 - thiazolidine -a- isobutyrre 

acid /9 * lactam 

acid /3 - lactam 

CeHs 

C6H5 

CH, 

PH 3)2 C-C-%-CH2 

III 

(C 6 H 5)2 C-C-S-CH2 

I 1 I 

{CH 3)2 C— C —S-CH2 

1 1 1 

OC—N- OHz 

OC—N-CHz 

1 1 1 

OC-N-CHj 

(!) 

(2) 

( 3 ) 


^ Sppctni of fused Ihiazolidiiie-iS-UietiuuH 


Although th(i final and mure defiriitiNX' work on 
the amide group had not been eomf)I(‘t(‘d at the 
time the first of these fused thiazolidine-i(.:t-lactams 
was synthesized, nevertheless the almost perfect 
agreement between the fused /:J-laetam ('-■() band 
position and the penicillin band position (5.02 m), 
coupled with the early indications of the presence^ of 
the monosubstitilted amide group, made it clear 
that the jti-lactam stnicture was the only one which 
gave over-all agreement with the penicillin spectrum 
(Shell, Sh.7y 72). The shift observed of the 5.02 /i 
band to about 5.75 on hydrogenolysis of penicillin 
to desthiopenicillin, which on the /(?-lactam stmeture 
proceeds according to the reaction: 

C6H6CH2COnii ch~ Oil— s— c(cn3)2 h. 

Ill 

OC-N-CniCOONa 

c«H5CH2Coniicii—GH z cn(CHs)2 

I I I 

-N-C11 COON a 

is explained as the shift of the /3-lactam C—O band 
from its position in the fused system to that in the 
nonfused system (Shell, Sh.7f 71). This shift does 
not per se constitute evidence for the /3-lactam 
structure, naturally, but merely illustrates the 
effect of ring fusion. 

An auxiliary piece of evidence for the /3-lactam 
structure was pointed out (Shell, Sh.lSy 233). Ex¬ 
amination of Fig. 3 shows that, aside from the 
5.62 M band, the thiazolidine-/3-lactams are char¬ 
acterized by a strong band near 7.7 p. Comparable 
bands are not found in spectra of nonfused /3-lac- 
tams, thiazolidines, or penicilloates. However, all 
the penicillin spectra (Figure 1) exhibit a marked 


Enotjzed Oxazolontk and Robinsov Dipolar- 
Ionic Structures. The enolized o\azolone struc¬ 
ture, 

iWUCUrC- N—C-(TT—S- (XCIl3)2 

I II I 1 

D-(.;on Nil-- cJH-rooii 

lik(^ the isoxazoline structure, was not consid¬ 
ered spectroscopically probable, since the 5.62 
band would have to l)c assigned either to the 
C'-“N or C—C bond, both of which normally 
absorb near 0.0 a*. However, the question was 
checked by examination of two ethoxyoxazoles 
as models for the enolized 5-oxazolone ring. 
2-Phenyl-5-ethoxyoxazole and 2-n-amyl-5-ethoxy- 
oxazole each exhibited a single strong band in the 
double-bond region, at 6.17 and 6.14 ji respec¬ 
tively, which are presumably C bands. Weaker 
bands occurred from 5.70 ju to 6.38 /u, ascribable to 
the C~C vibrations and to impurities. In any 
ease, no strong band near 5.62 /x was present and 
hence the structure was strongly contraindicated 
(Shell, Sh,7y 78). 

The final structure to be considered was the 
Robinson dipolar-ionic /3-lactam, 

C 6 HbCH 2 C=N—CH—CH—S—C(CH 8)2 

III I 

o OC-Nil——CIICOONa 

(“) (+) 

Two pieces of evidence were obtained bearing on 
this structure. First, amine salts containing the 
N+H grouping were found to yield very broad bands 
of moderate intensity in the 3.8 ju region (Shell, 
Sh.i4, 203). These bands have not always been • 
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reported, but there in a stronp; probability that the 
reason for this is that their breadth makes them 
difficult to distinguish from the background un¬ 
less they are sufficiently intense. Penicillin exhib¬ 
its no such absorption. Secondly, on the basis of 
the dipolar-ionic /5-lactam structure, the ionized 
amide grouping 

R—C^=-N-=R' 

1 

O 

(-) 

must account for the (>.() /jl band of penicillin. Ob¬ 
servations on sodium salts of three monosubstituted 
amides gave conflicting results, but none indicated 
absorption at shorter wave length than about 0.3^1 
(Mich. Phys., R,4y spectrum 112; Shell, Sh.l4y 203). 

An even stronger argument against the dipolar- 
ionic structure came from dipole moment studies 
on methyl benzylpenicillinate in chloroform and 
ethanol.\'alues wTre obtained which w^ere high 
compared to simple polar substances but not so high 
as those of dipolar ions. Jdimethyl l)cnz 3 dpenicil- 
loate, run under the same conditions, gave values 
very near (within 1()9{ of) the penicillin values 
(Shell, Sh.4, 35; 7, 80). Hence it was established 
that nu'tli}^ Ix'nzylpenicilliiiate in solution is not a 
dipolar ion. While it is true that the dipolar-ionic 
/5-lactam structure has only been written for the 
solid sodium salt to conform to the X-ray diffraction 
nnsults, nevertheless to possess any validity what- 
fooev(‘r as a possibility the structure must account 
as well for the propcTties of the ester and acid in all 
physical states. 

UoNCLUSioi^. From the foregoing discussion, it 
is clear and unequivocal that the observed penicil¬ 
lin si)ectrum is consist(uit witli that predicted for 
the thiazolidine-i5-lactam structure and is not con¬ 
sistent with that predicted for any other structure 
considered sufficiently plausible* on chemical grounds 
to warrant investigation. Exactly how much 
weight should bo given to such a statement of fact, 
taken by itself, it is impossible to say in view' of the 
newness of the method as applied to a problem im 
complex as penicillin. Judging by the degree of 
consistency manifested b.y the large number of 
known compounds studied, those wdio have wx)rked 
on the spectroscopic studies in America are inclined 
to set the w^eight high. On taking the infrared 
result in conjunction with the tw'o British crystal 
structure determinations and the chemical evidence 
of the Merck laboratories, the case for the /5-lactam 
structure seems as conclusive as can be expected, 
short of unequivocal synthesis. 

Spectra of Penicillin Derivatives. Most of the 
derivatives discussed below had already boon 
structurally elucidated at the time* the spectroscopic 
^ork was carried out. Hence they served essen¬ 
tially to check the regularities deduced from simpler 

This' work, slthough not spectroscopic, is deNcribed hote since it is 
not elsewhere treated. 


molecules and to further the gen(*ral status of 
spectroscopic knowrledge. 

Spe(;tra were obtained of several derivatives ol 
unknown or uncertain structure, but no strong 
effort was made to use the sp(*etra as an aid in the 
structiin* determination, since att(‘niion was con¬ 
centrated on penicillin itself. The Merck group, 
how'ever, made some use of infrared in connection 
with the si ructures of derivative's. The discussions 
of these si)(*etra are based on the structure's as 
subsequently elucielated clieiiucally. 

Pe]sicill\minb, Hknzylpkn vldic Acid, Bexz- 
YLPENiunoK' Acud, AND I )EJuvATTvrH. Si)ectra 
of three simpler degradation products of penicillin 
and of some derivatives are* given in Table XVT. 

renicillainino, (Cn 3 )->C(SJI)T:H(NH,)*COOH, 
being an amino acid, should exist in the solid as the 
dipolar ie)n,-anel hence the sjiectrurn in the double 
bond legion should be that of the COO”" group. 
The Michigan group examined a large number of 
crystalline amine) acids by the oil-paste techniques 
and found this to be the case; w'eak absorption in 
the 3.5 M to 5.0 /u region, associated with the 
grouj), and strong bands in the (>.2 /u to 0.1 jjl region, 
associatoel w ith the ("()0“ group, wc‘re found (Mich 
rhy»'^*; 52). The penicillamine spectrum 

(Table XVI) showed, however, a strong band at 
5.79 g, indicating nonionized COOII groups, along 
with the 0.37 g band of C()()~. Hence it is firobable 
that the method of preparing the.* sample (evapora¬ 
tion ol solution) ivsiiltecj in a glass, wnth the com¬ 
pound only partially in the ionic form. 

The four N-acylatcd penicillamines showui in 
Table XVI exhibited the bands near 3.0, (hO, anel 
0.0 g charaeteristie of the N-monosubstituteel 
amides. Evidence of extreme perturbation of the* 
G.O g band is to be found in the two solid compounds 
containing the C^OOH group (N-formyl- and N-acet- 
yl-DL-ponieillamines), since the* bands attributable* 
to the amiele ('=() occurred at 0.18 g and 0.05 g 
0.20 g (doublet) in Hie rc'spective compounds. 
Further evidence for this extreme ])e'rturbation e)f 
amide* group --() in the jirose'nee* of COOH groups 
in the solid is to be feiunel in tlie large numlier of 
N-acylate*(l amino acids studied by the Micliigan 
group fMi(*li. Bhys , 39). Bands attributable 

to the amide group w'ere found ove'r the wide 

range 0.01 g to ().30 g. In contrast, the Hvo 
N-acylate^d iK'nieillamine esters exhibiteel the amiele 
band \(‘iy near the normal position, at 0.02 g and 
5.985 g. 13ie 0.6 g band w^as founel near 0.52 g 
for the solid compounds and at (» W ii for the one 
studieel in solution, in good agreement with results 
on othe*!* amides (o.g., sec* page 4t)l). All s]>ectra 
exhibited bands in the 5.7(> g~5.83 g range aseribable 
to the carboxyl group C=-() vibration. 

The spectra of some benzylpenaldic acid deriva¬ 
tives and of benzylpcnilloic acid are shown in Table 
XVI. All the double-bond bands can be aoeountejl 
for in a reasonable fashion as shown in Table XVII. 



408 


INFRARED SPECTROSCOPIC STUDIES 


TABLE XVI 

Spectra of Penicillamine, Benzylpenaldic Aeid, 
Henzylpenilloic Acid, and Derivatives 


S-Bcuzyl-N- 


Benzylpenaldic 

acotyl-DL- 

Methyl 

acid 

penicillamine 

hciizylpcmaldate 

diethvl acetal 

methyl ester 


Soln. CHCla, 

Soln CUCU 

M G1 

(('HCl,), 

Sh S 


M r,H. Sh 11 

2 95 (4) 

2 88 

2 91 (3) 

3 32 (7) 

5 85 

3 42 (2) 

5 n ( 1 ) 

0 04 

5 78 (0) 

.5 32 (1) 

0 m 

5 97 (81' 

5 785 (8) 


0 60 (7> 

6.985 (10) 


7 05 (2) 

6 245 (1) 

N-Fonnvl-DT>- 

7 25 (21 

6 66 (10) 

pcnic ilia 1111 tie 

7 45 (3) 

0 89 (2) 

Solid 

9 00 (3) 

6.975 (2) 

7.21 (1) 

7 30 (6) 

A’./J (12) 31 

9 36 (5' 

10 43 in 



7 48 (5) 

3 00 (3) 


7.69 (1) 

3 40 (8) 

Benz^ Ipetulloic 

8.55 (4) 

1.10 (3) 

a<*id 

8 85 (6) 

5.19 (3) 

Solid 

9 05 (1) 

9 355 (2) 

9.74 (2) 

5 80 (5) 

6 18 (8) 

R / (12) 35 

6 .52 (5) 


9 82 (4) 

6 83 (5) 

3 03 (1) 

10 15 (3^ 

7 29 (5) 

3 30 13) 

10 51 (1) 

7.39(3) 

3 39 (3) 

14 32 (6) 

7.73(3) 

8.10 (5) 

4 01 (1) 

4 23 (1) 

6 30 (1) 


8 42 (3) 

M(‘th3'l 

8 80 (3) 

5 79 (5) 

benzviponalilate 


6 07 (8) 

6 46 (5) 

dicthvl acetal 


Liquid 

Db-Peiiicillaminc 

0 06 (1) 

M.m 

Solid 

' 6.86 (1) 


R.U (12) 28 

7 28 (5) 



7 94 (1) 

2 97 


8 31 (1) 

5 77 

2 99 (1) 

8.65 (1) 

6 04 

3 31 (1) 

8.83 (1) 

6 50 

3.43 (8) 

9 30 (1) 


3.85 (1) 

9.55 (1) 

N“Acetyl-DL- 
penicillamine 
methyl ester 
Siilid 

H.12 (12) 30 

5.21 (1) 

5.79 (6) 

6.13 (1) 

6.37 (3) 

6 74 (3) 

6.87 (3) 

7.19 (3) 

7 28 (3) 

9.68 (1) 

11.38 (1) 

11.80 (1) 

12 70 (1) 

13 40 (1) 

14.39 (1) 




3.03 (8) 

8 40 (8) 

3.94 (3) 

4.18 (1) 

4 69 (1) 

5.13 (1) 

5.76 (10) 

6.02 (8) 

6 50 (10) 

6.88 (3) 

6.97 (10) 

7.18 (3) 

7.36 (8) 

7.40 (1) 

7.69 (1) 

8 17 (3) 

8.51 (1) 

8.92 (3) 

9 18 (3) 

9 57 (1) 

9.91 (1) 

11.47 (1) 

12.35 (1) 



TABLE X\l.—{Contmued) 


N-Acctvl-DL- 
peiiK'dlamine 
methvl ester 

N-Benzylbenzyl- 
ponaldic aeid 
diethvl acetal 

N-Acetyl-DL- 

penicillamine 

Solid 

R.12 (12) 29 

Solid 

R.12 (12) 30 

Soln. (CHC1*)2 

4/.67, 

7 60 (5) 

5 S3 

' 3 05 (3) 

7 81 (8) 

6 18 

3 45 (3) 

8 23 (8) 

i\ 25 (u ) 

3 98 (3) 

8 31 (3) 


5 83 (5) 

8 58 (5) 


6.05 (8) 

8 80 18) 


6.20 (5) 

8 89 (3) 


6 53 (8) 

9 52 (1) 


6 86 (1) 

9 67 (1) 


6 99 (1) 

9 81 (1) 


7 28 (5) 

9 95 (8) 


8 16 m 

10 23 (5) 


8 49 (3) 

10 49 (1) 


8 86 (3) 

1(1 89 (1) 


9 19 (1) 

11 31 (1) 


10 03 (3) 

11 56 (1) 

11 97 (3) 


10 53 (1) 

13 13 (3) 



13 51 (3) 




* I’ounri bv Meick at 0 07 n 

Nuiril)Oi nft<*r (lli) Ki'tf' miinbi f uf /( / ^ TubU* \I1, 


The ono anomaly is the oceurrenct' of the amide 
band at G.18 /x in the spt^ctriim of N-benzyl l)enzyl- 
penaldic acid diethyl a(*ettjl, indicative of extreme 
perturbation due presumably to the COOH group, 
although this is a solution spectrum. 

Benzylpenicilloio Acid Deuivatives, In Ta¬ 
ble XVIII are given the spectra of the esters of 
benzylpcnicilloic acid, 

C6H5CH2CONIICII—CH—S—C(Cll3)2 

I I I 

IIOOC IIN-CII COOH 

(a) W 

The monoestors in general yielded only one band in 
the 5.76 n region. Evidently C—O bands of 
COOH and COOR were so close that they were not 
resolved, except in the case of solid a-methyl n-y- 
benzylpenicilloate. The amide C—0 band ap¬ 
peared near 5.97 a iii the solution spectra and 
variously between 6.0 n and 6.10 /< in the solid 
spectra. Similarly, the 6.6 it band appeared 
near 6.62 n for the solution spectra but varied 
between 6.43 it and 6.59 it in the solid spectra. 
This behavior of the amide bands illustrates the 
point made earlier (page 403) that the solution 
spectra arise from unperturbed amide groups, 
whereas the solid spectra are shifted by various 
amounts, depending on the hydrogen bonding al¬ 
lowed by the packing in the solid. In most of the 
spectra the weak bands near 6.23 it and 6.68 n, asso¬ 
ciated with the phenyl ring, were found. The 
latter was, however, hidden in some oases by the 
strong 6.6 it amide band. 
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Spectra of some further bcnzylpenicilloic acid 
derivatives are shown in Table XIX. The bands 
between 6.72 n and 5.84 // are ascribable to ester and 
acid C=0 (not resolved when present together), 
and those between 5.95 /x and G.09 m to amid(‘ (''-=0. 
The bands in the two salts at 6.28 fx (a-othyl 
/5-benzylainmonium benzylpenicilloate) and 0.20 /x 
(a-sodium /5-methyl N®-mothyl benzylpenicilloate) 
are ascribable to tlie COO'^ group. The 0.17 m 
band of jS-methyl N-acet^d D- 7 -h(‘nzylpenicilloate is 
of uncertain origin. In the solvent used, tetra- 
chloroethane, it is improbable that the COOll group 
ionized sufficiently to explain the band as due to 
CO()““. The probable cause is an extreme perturba¬ 
tion of an amide band due to COOII, as has been 
noted in some other cases. The 0.6 /x bands were 
found as expected for all compounds with the 
N-monosubstituted amide group, and the one com¬ 
pound without this group (a-sodium /5-methyl 
N*^-methyl benzylpenicilloate) failed to show the 
band. 


TABLE XVII 


Group 

NH 

C—0 



Ester 

Aid. 

And 

Amide 

Normal position 

2 . 00-3 0.5 

5.75 

5.83 

5 70-5.85 i 

5 95-6.05 

6.25 j 

6.5-6 7 

CelLCMIaCONTI Cll CHO 

1 

2 88 

5 1 



6 01 


6.60 

COOCIL 


! 






C.H.CIIiCONHCHCHCOCjll.), 

J 

2 91 



00 

5 97 


6.00 

COOH 




* 




CflLCHjCONHCHCII (OC,H c ) 2 

1 

2 97 

1 5 77 



6 04 


6.56 

GOOCH, 








C,H*CH,CON - CHCH(OC2lL)j 




5 83 

6 18 

6.25 


1 1 

C,H*CH, COOH 



i 





CeILCH,CONH.CH,CH--^C(ClI,), 

1 j 

3 03 



5 79 

6 07 


6.46 

ll^ -CHCOOH 









* Not resolved. 


DissTHiOBENZYLPKNiciiiUN. This derivative, 
which has been established to have the structure 


was studied as the free acid, methyl ester, and 
sodium salt (Table XX). Since the nonfused 
/3*lactam absorption occurs near 5.72 /u (Table XIV), 
which is interfered with by acid and ester 
absorption, the most clear-KSut results are to be seen 
in the spectra of the sodium salt. The solution 
spectra showed the N-monosubstituted amide bands 
at 6.01 M and 6.42 n, the carboxylate ion .band at 


C,H»CHsCONHCH—CHa HC(CH,)a 


O 


I- 


-N- 


-in- 


COOH 


at 5.74 and 6.69 /x were attributed to ester C"=0 
and phenyl ring respectively. The strong band 
near 6.20 ix was shown, by comparison with model 
2-imidazolines, to be expected from the C—N of this 
ring (Shell, 1 SA. 4 , 32). 

Benzylpknicillin Sulfone. The spectrum of 
methyl benzylpenicillinate sulfone, presumably 

CeHhCIIaCONH-CH—CH—SO 2 —C(CH8)2 


OC-N- 


-CH'COOCHs, 


is very similar to that of methyl benzylpenicillinate, 
as is to be expected. Ester and amide bands were 
observed at 6.75 6.97 m, and 6.63 m- The /3-lactam 


6.23 tXy and a band at 5.75 /x clearly attributable 
to the /3-lactam C~0. As discussed previously 
(page 403), the solid spectrum was anomalous in 
that the (*).0 IX amide band was found at 5.90 /n- 
The 6.0 fx band (found at 6.()0 /x) was also shifted 
considerably from its solution position, although 
still within the range indicated by other amides. 
The carboxylate ion and /3-lactarn l)ands are some- 
wiiat shifted from their solution positions, again 
presumably due to solid-state perturbations, 

Benzylpenillic Acid Derivatives. The only 
derivative of this tyjie examined was dimethyl 
bcnzylpenillate, 

COOCHs 

I 

N—CH—CII -S— 0 ( 0113)2 

II I I 

OelliClljO-N-OllOOOClIa 

No 3.0 fx band w^as observed (Table XX), in keeping 
with the lack of an NH group. Double-bond bands 
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TABLE XVIII 

Spectra of Benzylpemcilloic Acid Esters 


<»-*Mfthyl D-of 

i)-7 

Soil! 

{Ciiru), 
Sh 9 

Solid 

K mm 25 

Soln 

X/j 9 

Solid 

1< /M12) 26 

2 93 (2) 

5 7r)5 (8) 

5 975 (7) 

U 40 (1) 

6 62 (6) 

6 86 (4) 

6 94 (U 

7 23 (1) 

8 80 (4) 

3 OJ 1.3) 

3 30 il) 

3 42 (5) 

3 9J (1) 

1 05 (1) 

5 78 (10^ 

6 05 (S) 

6 22 (li 

6 .52 (5) 

6 69 (3) 

6 SS (3) 

6 07 (3) 

7 2t(l) 

7 37 (5) ! 

7 56 (3) 

8 17 (3) 

8 70 (5) 

8 82 (3) 

9 68 (1) 

9 90 (1) 

10 25 (1) 

10 92 (1) 

12 02 (1) 

13 77 (1) 

14 35 (1) 

2 ')3 (0 

5 785 (5) 

5 % (1) 

(i <)3 (5) 

0 f>() (2) 

C 91 (2) 

7 Ofi (1) 

8 61 (1) 

8 81 (21 

3 00 (5) 

3 31 (1) 

3 41 (8) 

3 72 (1) 

3 85 (1) 

4 00 (1) 

5 74 (10) 

5 80 (8) 

6 05 (10) 

0 23 (1) 

6 48 (8) 

6 57 (1) 

6 67 (3) 

6 86 (3) 

6 95 (5) 

7 07 (3) 

7 21 (1) 

7 29 (5) 

7 42 (3) 

7 64 (3) 

7 78 (3) 

7 88 (1) 

8 16 (5) 

8 31 (3) 

8 40 (1) 

8 64 (5) 

Dimetlnlo-y j 


8 71 (5) 

9 31 (3) 

9 67 (1) 

9 88 (5) 

1 10 17 (3) 

10 26 (1) 

' 10 39 (1) 

1 10 74 (1) 

1 10 9S (3) 

11 10(3) 

11 73 (3) 

12 43 (3) 

12 66 (1) 

12 81 (3) 

12 91 (3; 

13 16 (1) 

13 35 (3) 

13 51 (1) 

13 62 (3j 

14 00 (3) 

14 29 (3) 

Soln C'HCl, 
Sh.S, 15 

Solid 

Tt IS (12; 22 


2 94 (2) 

5 745 (8) 

5 97 (7) 

6 23 (U 

6 625 (7) 

6 88 (3) 

6 96 (5) 

7 20 (1) 
7,296 (1) 
7.47 (5) 
7.90 (2) 

8 62 (]) 
8.79 (2) 
9,29 (1) 
9.72 (4) 

10.12 (1) 
10,45 (J) 
10.98 (1) 

3 01 (3) 

3 32 (1 ) 1 

3 42 (3) 

5 76 (8) 

6 02 (8) 

6 23 0) 

' 6 57 (5) 

6 67 (5) 

6 88 (5) 

6 98 (5) 

7 31 (5) 

7 42 (5) 

7 49 (5) 

7 61 (1) 

7 87 (3) 

7 97 (3) 

8 21 (5) 

8 60 (3) 

8 62 (1) 
8.76 (1) 

9 30 (1) 

9 44 (1) 

9 72 (3) 
9.90 (1) 

10 06 (1) 

10 15 (1) 

1 


TABLE XVIIL—(CWaniicd) 


Dimethyl D -7 

a-Ethyl 
/3-methyl 0-7 

Dimethyl d-5 


Solid 

Solid 1 

Solid 


R.12 (12) 22 

R.]S (12) 21 

R.12 (12) 24 


10 42 (1) 

2 99 (3) 

3 07 (5) 


10 79 (1) 

5 76 (10) 

3 26 (5) 


11 55 (1) j 

6 01 (8) 

3 41 (5) 


11 71 (1) 

6 59 (8) 

5 71 (10) 


11 98 (1) 

6 92 (5) 

6 10 (10) 


12 10 (1) 

7 05 (3) 

6 24 (1) 


12 28 (1) 

7 38 (3) 

6 43 (8) 


12 62 (1) 

7 50 (5) 

6 67 (1) 


12 77 (1) 

7 72 (1) 

6 84 (3) 


1 13 10 (3) 

7 86 (5) 

6 95 (5) 


13 22 (3) 

8 03 (5) 

7 28 (3) 


13 73 (.3) 

8 21 (8) 

7 46 (3) 


14 33 (3) 

8 32 (5) 

7 60 (3) 



8 47 (8) 

7 71 (3) 



8 70 (3) 

8 08 (5) 

/3-MethyI 

Dimcihvl D-a 

8 84 (3) 

8 25 (8) 


8 93 (3) 

8 33 (5) 

— 

— 

9 11 (3) 

8 50 (5) 

Solid 

Solid 

9 30 (1) 

8 68 (5) 

B IS (12) 19 

B IS (12) 23 

9 70 (5) 

10 05 (1) 

8 91 (8) 

9 10 (3) 

— 

— 

10 69 (1) 

9 25 (1) 

3 01 (5) 

3 01 (3) 

10 78 (3) 

11 58 (3) 

9 69 (1) 

9 79 (1) 

3 42 (5) 

3 41 (3) 

12 34 (1) 

9 92 (I) 

3 69 (3) 

5 75 UO) 

13 04 (3) 

10 07 (3) 

3 94 (3) 

6 01 (8) 

13 72 (3) 

10 14 (1) 

5 75 (10) 

6 20 (3) 

11 23 (1) 

10 30 (1) 

6 02 (S) 

6 22 (3) 

6 51 (5) 

6 69 (3) 

6 87 (8) 

6 91 (8) 

6 96 (3) 

7 28 f5) 

7 37 (1) 

7 51 (3) 

7 63 (3) 

7 93 (3) 

8 24 (5) 

6 58 (5) 

6 68 (3) 

6 87 r5) 

6 95 (5) 

7 30 (3) 

7 48 (5) 

7 81 (3) 

8 23 (8) 

8 43 (3) 

8 61 (3) 

8 78 (3) 

9 69 (5) 

0 70 

11 33 (1) 

10 70 (1) 

11 04 (3) 

11 56 (1) 

11 67 (5) 

12 00 (1) 

12 45 (3) 

12 87 (5) 

12 96 (1) 

13 76 (5) 

13 91 (1) 

11 32 (1) 


y voi 

10 12 (3) 

«-Kthyl i)-7 


8 60 (3) 

8 82 (3) 

10 33 (3) 


9 13 ( 1 ) 

10 52 (3) 

_ 


9 28 (1) 

[ 10 71 (3) 

Solid 


9 70 (3) 

11 77 (3) 


9 78 (3) 

12 58 (3) 

RS / 


10 06 (1) 

12 92 (1) 



10 28 (1) 

13 04 (1) 



10 81 (1) 

13 17 (J) 

3 00 (6) 


11 45 (1) 

13 24 (5) 

5 76 (9) 


11 74 (1) 

13 71 (3) 

6 06 (9) 


12 50 (1) 

14 33 (3) 

6 24 (1) 


13 17 (1) 


6 45 (4) 


13 73 (1) 

14 39 (1) 


6 66 (3) 



Number after H.liB (12; ie spectrum number of Table 12. 



INFRARED SPECTROSCOPIC STUDIES 


411 


C—0 was shifted somewhat from its position in 
penicillin, being found at 5.57 m- The reason for 
this is obscure in view of the separation of the sul- 
fone and lactam C—O groups in the molecule. 
However, a similar shift was found between the 
amide C—O bands in methyl 2-7i-propyl-N-acotyl- 
thiazoli(line-4-carboxylate and its sulfone (Merck 
M,67, 2). No absorption is to be expected from 
the sulfone group in the double-bond region, as 
indicated by model compound examination (Merck, 
MM, 11 ). 

TABLK XIX 

Spectra of Miaccllanoous Benzylpenicilloic Acid Derivatives 


a-Ethyl 

^-benzylammoiiium 
Soln. CHgOCuPDOlI 
MM7 

Ethyl 

N-acptvl-D-7 

Soln. 

M.ns 

/3-Methyl 
N-acetvl-i)-r 
Soln. (CHC1,)2 
MMS 

5.83 

2.92 (w) 

5 78 

6.09 

5 8'1 

6 01 (broad) 

6 28 

6 04 (broad) 

6 17 

6.53 

6 61 

6.63 


^(-Methyl 

N-isobutvrvl-i^-'y 

Soln. 

.S’A !> 

Dinif'thyl 

N-bon7.<)\ 

Soln (41013 

Sh .7 

<y-Sodiiitn 

/3-mothyl N*-inethyl 
Solid 

R.V2 (12) 27 

2.92 (2) 

2 95 (4) 

3.01 (3) 

5 725 (6) 

5 11 (1) 

3,49 (8) 

5.95 (7) 

5 .30 (1) 

5.81 (3) 

(i.lG (2) 

5.715 (10) 

0 03 (5) 

6,61 (5) 

5.97 (10) 

6 20 (5) 

6.86 (1) 

6 23 (3) 

6.86 (8) 

6.95 (2) 

6.32 (2) 

7.28 (8) 

7.15 (3) 

6.04 (10) 

7.64 (1) 

7.28 (1) 

6.96 (8) 

8.09 (1) 

About 7.75 (3) 

7.20 (2) 

8 .:n (1) 

About 8.0 (3) 

7.30-8,55 (10) 

8.64 (1) 

8.46 (1) 

8.905 (5) 

8.92 (1) 

8.59 (2) 

0 28 (3) 

9.16 (1) 

8.83 (2) 

9.745 (8) 

9.30 (1) 

9.14 (2) 

9.98 (2) 

13.00 (1) 

9.72 (3) 
9.97 (1) 

10.08 (3) 
10.23 (1) 
10.48 (3) 
10.75 (3) 

10 08 (2) 

[ 

13.83 (1) 


Pknicillenic Acid Derivatives. Spectra of 
two esters of penicillcnic acids are given in Table 
XX. The structure of the acids has been estab¬ 
lished to be: 

RC=N—C-=CII HSC(CH3)a 

ill I 

O-CO Nil-CH COOH 

Spectra of several 5(4)-oxazolones with exocyclic 
double bonds at the 4- position were examined and 
can be compared with the penicillenates. 

The 4-alkylidene-5(4)-oxazolone8 exhibited four 
moderate to strong bands in the double-bond region, 


TABLK XX 

Sppctra of Miscollauoous Pf^nicillin DerivativPH (I) 


Methyl 

Sodium 

dest h iob en zy 1 pen i ci 11 i n a t e 

de.sthiobenzyl penicillinate 

Soln. CHDl,, 




(CH(;h)2, 
and ClltOII 

Solid 

Soln. ClDOIl 
Sh 

Solid 

Sh4;RA2 

R.lj; (12) 16 

R.n (12) 15 

li.is (12) 14 

(12)17;4f.(7/ 




2.93 (3) 

3 08 (1) 

5 75 (8) 

2.28 (1) 

3.03 (2) 

3.26 (1) 

6 01 (4) 

2 97 (5) 

5.75 (9) 

3.43 (S) 

6 23 (6) 

3.42 (8) 

5.98 (7) 

3.50 (5) 

6.42 (,3) 

5 80 (8) 

6.21 (1) 

5.07 (5) 

6.50(2) 

5 00 (5) 

6.59 (6) 

5.70 (5) 


6 31 (5) 

6 69 (1) 

6.10 (5) 


6 60 Cl) 

6.81 (1) 

6.23 (1) 


6 86 (3) 

6.87 (1) 

6 42 (3) 


7 13 (3) 

6.96 (1) 

6.71 (1) 


7.24 (3) 

7.08 (5) 

6.88 (5) 


7.32 (1) 

7.40 (4) 

6 92 (1) 


7.5,3 (1) 

8.65 (2) 

7 15 (1) 


7.62 (1) 

8 88 (2) 

7.26 (5) 


7.93 (3) 

9 03 (1) 

7 5S (1) 


8.11 (3) 

9.28 (1) 

7 77 fl) 


8.31 (1) 

9.69 (1) 

7.98 (.'•>) 


8., 38 (3) 

10 :m (2 ) 

8.42(1) 


8 51 (1) 

14 20 (8) 

I 8 70 (1) 


8 76 (1) 




8.88 (3) 




9.31 (1) 

Dcsthio- 

Methyl 


9..56 (1) 

benzyl- 

benzyl- 


9.72 (1) 

penicillinic 

penicillinate 


9.85 (\) 

acid 

sulfone 


10.27 (1) 



j 

10.40 (1) 




10 58 (1) 

Solid 

Soln. (CHCl,), 


10.88 (1) 

1 1 *7A (‘l\ 

7? m fl2) 18 

M ffl 


11,#4 (O) 

11.95 (5) 




12.55 (3) 




13.0,5 (:b 

3.06 (3) 

2.90 


13 40 (1) 

3.30 (3) 

5.57 


13.77 (3) 

3.43 (3) 

5.75 


14.24 (1) 

3.90 (3) 

5.97 


14 78 (D 

4.61 (1) 

6.63 



5.74 (10) 




6.03 (5) 


Dimethyl 

6.45 (5) 


benzvlpenillat(‘ 

6.67 (3) 




6.78 (3) 




6.86 (3) 


Soln. CHCh 

Solid 

7.17 (3) 

*7 {K\ 



(12) 34 





7.55 (1) 


5.745 (8) 

3.40 (3) 

7.92 (5) 


6.10 (8) 

5.73 (10) 

8.02 (5) 


6.69 (2) 

5 85 (1) 

8.24 (5) 


0.80 (1) 

6.23 (5) 

8.40 (3) 


6.87 (2) 

6.41 (1) 

8.02 (t) 


6.96 (4) 

6.09 (3) 

8 88 (1) 


7.18 (2) 

6.93 (8) 

9.02 (1) 


7.285 (3) 

7.21 (1) 

9.27 (1) 


7 39 (2) 

7 29 (1) 

9 51 (3) 


7 50 (3) 

7 38 (3) 


> A 6.67 M band of CHCli was erroneously given as a penillate band 
ill /8A4. 

Number following R,1B (12) gives spectrum number of R.1&, Table 
12 . 
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TABLE XX.—{Conlinufd) 


Methyl 

Methyl 

Dimethyl 

L-henz3 U 

n-arnj^- 

benzylpenilhite 

penicillenate 

penicillenate 









Soln. CHCl, 

Solid 

Solid 

R.ie (12) 33 

Soln. CHCl, 
and (CHCL). 

Sk.4' 

R.IS (12) 34 

Sh.8; Af.68 

7 84 (6) 

7 47 (5) 




8 50 (8) 

7 67 (1) 

3 01 (3) 

2 95 (3) 

8 78 (2) 

7 85 (3) 

3.3i> (5) 

3 36 (5) 

9.27 (1) 

7 99 (6) 

6 72 (8) 

3 46 (5) 

9 74 (5) 

8 11 (3) 

6 02 (8) 

5 74 (9) 

10 00 (3) 

8 20 (5) 

6 21 (3) 

6 04 (9) 

10.25 (1) 

8.35 (5) 

6.30(1) 

6 22 (5) 


8 44 (1) 

6 56 (3) 

6.82 (4) 


8 63 (1) 

6.69 (3) 

6.955 (4) 


8.62 (3) 

6 89 (3) 

7 27 (4) 


8 67 (1) 

6 97 (3) 

7.65 (8) 


8 88 (1) 

7 30 (3) 

8.83 (3) 


9 46 (3) 

7.38 (3) 

9.005 (5) 


9 74 (3) 

7.58 (1) 

9.73 (2) 


10 02 (5) 

7 83 (3) 

9.94 (1) 


10 32 (3) 

8 24 (3) 

10.07 (2) 


10 59 (3) 

8 50 (1) 

11.20 (4) 


10 82 (3) 

8.60 (1) 



11.00(3) 

8.91 (1) 



11.27(1) 

1 11.70(1) 

12 12 (3) 

12 71 (1) 
12.90 (5) 

13 07 (5) 
13.19 (1) 
13.76 (8) 
14.12 (1) 
14.32 (3) 


near the positions 5.57 /x, 5.67 /x, 6.00 /x, and 6.15 
6.40 n (e.g. see Shell, Sh.4i 3J). The latter is diffi¬ 
cult to differentiate from the phenyl group band in 
some cases. The explanation of four bands arising 
from three double bonds is not yet apparent. Only 
three bands are given by 4-hydroxymethylene- and 
4-aminomethylene-5(4)-oxazolones and their O- or 
N-substituted derivatives. For the O compounds, 
these were found near 5.65 /x, 6.00 and 6.20 ax, and 
for the N compounds, near 5.79 /x, 6.05 m, and 6.23 m 
(M erck, Af.67; Shell, Sh.9; 10), It is seen that the 
penicillenate spectra are in essential agreement with 
the N-substituted 4-aminomethyIenc-5(4)-oxazol- 
ones, the bands near 5.73 m being attributable to 
unresolved ester and oxazolone C=0 bands, those 
near 6.03 m to oxazolone C—N, and those near 
6.22 AX to the conjugated C==C. 

Thiocyanate Derivatives. The product of 
the reaction between methyl benzylpenicillinate and 
thiocyanate has been shown to contain the de- 
hydro-2-thiouracil ring, having the structure; 


The fact that the spectrum was inconsistent with a 
2-thiohydantoin was pointed out (Shell, SA.6?, 64; 
Merck, M.6>4, 3), this having been considered a 
possibility for the structure. The similarity of the 
spectrum to the reaction product of thiocyanate 
with a nonfused jS-lactam (presumably a 2-thio- 
uracil) was pointed out by the Merck workers 
(Merck, M.67, 3; Mich. Pliys., R.7, 58). 

Spectra of 2-thiouracil compounds were obtained 
by the Michigan and Merck groups, and these indi¬ 
cate that the l-substitutcd-3-unsubstituted 2-thio- 
uracils exhibit two strong bands in the double-bond 
region, near 5.80 /x and 6.5 or 6.6 ax- Comparing 
with the thiocyanate derivative spectra (Table 
XXI), an assignment that fits moderately well can 
be written for bands of the latter: 

5.75 AX ester C—0 I not resolved by Shell and 
5.88 AX 2-thiouracil | Merck 

6.00 AX amide C~C) 

6.51 AX I mono&ul)stituted amide band and 2-thioura- 
6.71 AX j cil band, not resolved by Shell and Merck. 

Also shown in Table XXI is the spectrum of a 
derivative made by removing CCI 4 of crystallization 
from an original preparation of the thiocyanate 
derivative of methyl benzylpenicillinate. Differ¬ 
ences between this and the other thiocyanate 
derivative spectra indicate some more drastic 
structural change than removal of CCI 4 . 

The alkali-isomerization product of the thio¬ 
cyanate derivative, which has the structure 

C 6 H 5 CII 2 CONIICHCH—S—C(CHs )2 

I I I 

CHsOOC N-CH 

si— Nil— CO 

is characterized by strong bands near 5.73 ax and 
6.03 AX and a moderate band near 6.55 ax. Although 
no l-alkyl-2-thiohydantoins were examined, which 
might serve as model compounds, several other 
types of 2-thiohydantoins which wore examined 
gave an indication that this system would absorb 
near 5.70 ax and 6.60 ax. Hence the alkali-isomeriza¬ 
tion product spectrum is explicable as follows: 

6.73 AX ester C=0 and 2-thiohydantoin (not 
separated) 

6.03 AX amide C=0 

6.56 AX monosubstituted amide and 2-thiohydan¬ 
toin (not separated). 

Spectra of the two diastereoisomers of the acid- 
hydrolysis product of the above alkali-isomerization 
product 


CeHftCHaCONHCH—CH—S—C(CHa)2 

od? N -in-coocH, 


C,H,CH,CONHCH—CH—S—C(CH,), 

Hooi i-in 
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TABLE XXI 

Spectra of Miscellaneous Penicillin Derivatives fll) 


Thiocyanate 
derivative, 
with CCI 4 of 
crystallization 
Soln. CRCli 
Sh.6 

Thiocyanate derivative 

Soln. N-mcthyl- 
morpholine 
M.67 

Solid 

n.l2 ( 12 ) 36 

2.97 

(2) 

5.84 

3.02 

(3) 

5.78 

(10) 

5.97 

3 29 

(3) 

6.98 

(3) 

6 61 

3 40 

(3) 

6.72 

(0) 


5.75 

(5) 

7.02 

(5) 


5 88 

W 

7.275 

(1) 


6 02 

(5) 

7.39 

(2) 


6.51 

(5) 

7.64 

(1) 


6.71 

(6) 

7.79 

(7) 


6.90 

(3) 

8.48 

(7) 


7.02 

(5) 

8.85 

(3) 


7.28 

(1) 

9.27 

(1) 


7.40 

(3) 

9.725 

(4) 


7.55 

(5) 

9.94 

(1) 


7.86 

(6) 

10.44 

(1) 


8.03 

(3) 




8.15 

(6) 




8.25 

(3) 




8.34 

(1) 




8.39 

(1) 




8.52 

(5) 




8.85 

(3) 




8.93 

(3) 




9.27 

(3) 




9.41 

(3) . 




9.75 

(3) 




9.98 

(3) 




10.13 

(3) 




10 41 

(3) 




10.58 

(1) 




10.94 

(1) 




11 16 

(3) 




11.60 

(5) 




12 07 

(3) 




12.28 

(1) 




12.32 

(1) 




12 48 

(1) 




13.05 

(3) 




13.16 

(1) 




13.39 

(5) 




13.48 

(1) 




1 13.69 

(5) 




14.29 

(3) 




14.67 

(1) 



Alkali-isom. product of 
thiocyanate derivative 


Soln. CH,OH 
M.67, 6 

Solid 

R.ie (12) 37 

1 

2.97 

5.75 

6.03 

6.61 

3.04 (3) 
3.30 (3) 
3.41 (3) 
5.72 (10) 
5.96 (3) 
6.02 (8) 
6.29 (3) 
6.49 (3) 
6.53 (5) 
6.69 (3) 



TABLE XXI.---{Continued) 


Thiocyanate 
derivative, CCI 4 
of erystallizii- 
tion removed 

Alkali-isom. product of 
thiocyanate derivative 

Acid 

hydrolysis 
product 
of same 

Soln. CllCU 


Solid 

Solid 

Sh.a 


R.1‘3 (12) 37 

n.lS (12) 39 

.\l)out3.0 (.3) 


0 86 (5) 

3 12 (3) 

5 72 (9) 


6 94 (3) 

3.47 (3) 

5 95 (7) 


7 22 (5) 

5.69 (3) 

6 22r) (1) 


7 26 (5) 

5 XO (5) 

6 58 (6) 


7 52 (1) 

6 m(5) 

About 6 9 (10) 


7 (i8 (.3) 

6.61 (1) 

7.245(6) 


7 68 (3) 

6.91 (3) 

7.50 (2) 


7.80 (1) 

7.08 (1) 

7.67 (2) 


7.84 (1) 

7.29 (3) 

8.63 (5) 


7.90 (1) 

7.39 ( 1 ) 

8.875(2) 


7.97 (1) 

7.52 (3) 

9.28 (1) 


8.18 (3) 

7.68 (1) 

9.68 (2) 


8.24 (5) 

7.88 (1) 

10.28 (3) 


8.30 (3) 
8.35 (1) 
8.04 (3) 
8.90 (3) 
9.11 (1) 
9.33 (1) 
9.49 (1) 
9.64 (1) 
9.76 (1) 
9.94 (1) 

! 10.02 (3) 

: 10.28 (3) 

1 11.83(3) 

12 36 (1) 
12.41 (1) 
12.50 (1) 
12.58 (1) 
13.30 (3) 
13.36 (1) 
13.73 (3) 
14.20 (3) 

8.01 (3) 
8.28 (3) 
8.60 (5) 


Diasterooisorner 
of acid 
hydrolysis 
product 
Solid 

RJ2(12)iO 

Methvl benzvlpenillonate 
Solm CHCl,, (CHCDa 
Sh.4; MM 

Sodium benzyl- 
peiiillonate 
Soln. CIIiOH 
Sh,6 

3.20 (3) 

About 2.75 (very weak) 

5.83 (3) 

3.47 (8) 

5.77 (9) 

6.03 (2) 

3 94 (3) 

6.03 (7) 

6.17 (4) 

4.83 (1) 

6.23 (1) 


5.69 (8) 

6.66 (1) 


6.08 (5) 

6.95 (3) 


6.32 (5) 

7.035 (7) 


6.59 (5) 

7.255 (5) 


6.89 (5) 

7.37 (4) 


7.30 (5) 

7.625 (3) 


7.39 (3) 

7.83 (3) 


7.62 (3) 

8.47 (4) 


7.82 (1) 

8.69 (2) 


7.93 (5) 

8.89 (2) 


8.19 (3) 

9.27 (1) 


8.26 (5) 

9.70 (3) 


8.64 (5) 

9.83 (4) 


8.89 (3) 

10.065 (5) 

10.62 (1) 
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INFRARED SPECTROSCOPIC STUDIES 


(which may also be obtained directly by acid 
isomerization of the thiocyanate derivative) are 
shown in Table XXL "J'he spectra arc not con¬ 
sistent with each other, nor with the methyl ester, 
in the double-bond rej^ion. In view of possible 
strong perturbations by the (30011 groups, no 
attempt can be made to interpn*! these. 

BENZYLPKNlLnONIC Afll) DERIVATIVES, Thc 
structure of benzylpenillonic acid has been shown to 
be 

CelUCHaCON-ClI—S—C(CIl3)2 

I I 1 

CHr-CO—N-CIICOOll 

Although no model compounds for imidazolidone 
ring systems were examined, it is clear from the 
penillonate spectra (Table XXI) that the ('-==() 
absorption occurs near 5,83 The double-bond 
bands have obvious explanations, as follows: 

ester; 5.77 fi ester C—-O and imidazolidone C=0, 
not separated 
6.03 M amide C-~0 
salt: 5.83/x imidazolidone C~() 

G.03 amide 
0,17 M COO” 

The lack of a 3.0 fi band (Shell, Sh4, 33) and of 
a 6.6 /i band (Merck, M.(J4i 3) was noted early in the 


work as indicative of the absence of NH and mono- 
substituted amide groups, this conclusion being 
confirmed by the structure as finally determined. 
The evidence on lack of an NH group was weakened 
by the finding of a very weak band in the 2.8 m 
region (Shell, SL7, 79) but this is now thought to be 
due to adventitious water. 

Pseudo-Pemiciluvs. Spectra of the reaction 
products of nudhyl benzylpenicillinate with IICl 
or HBr (^^psiuido-penicillins’O were obtained, and 
proved to b(* identical over thc 2-15 g region with 
derivative's from /ii-methyl benzylpenicilloatc plus 
llJ^r or PBra (Shell, Sh.5, 46; Mich. Phys., 

11: .9, 18). 

Studies by the Michigan group, in which the 
spectrum of a reaction mixtun* of /3-mcthyl benzyl- 
penirilloat(* and PBra in dioxane was recorded, 
showed the existence' of a transitory intermediate 
by an evanescent band at 5.62 ju. Th(^ inter¬ 
pretation of this work is discussed in (Chapter 
XXIV. 

Other Derivatives. Spectra of reaction prod¬ 
ucts of benzyl penicillin with cysteine methyl ester 
and with /3-aminoethyl mercaptan were obtained 
(Shell, Sh.b\ 61). In view of the fact that those 
are of uncertain structure, no data or discussion will 
be given. 
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INTRODUCTION^ 

The subtlety of the constitutional probl(‘m pre¬ 
sented by the penicillin molecule led to the use in the 
attack on the problem of almost every known ap¬ 
plicable physical method; penicillin and the com¬ 
pounds derived from it probably have been studied 
more exhaustively from that point of view than any 
other class of substances. It is of especial interest 
that these methods not only pointed the way to a 

' ! Httrvwrd University. 

* National Institute for Medioal Research, London. 

* Merck and Co., Inc. 

* By R. B. Woodward. 


decision between alternatives which were only with 
difficulty differentiable on the basis of the purely 
chemical evidence, but ultimately provided the 
evidence which is generally accepted as decisive 
in favor of the correct structure. The X-ray crys- 
tallographi(‘ and the infra-r(‘d studies have been 
reviewed in Chapters XI and XII, and (Chapter 
XIII, respectively. In this chapter certain other 
aspects of the physical attack are reviewed. The 
difficulties in organization and presentation of 
information of this sort will be appreciated and 
are responsible for the fact that the chapter docs 
not constitute a complete review of all physical 
methods used, except for those mentioned in the 
earlier chapters. Nor is the information presented 
in each section necessarily an exhaustive descrip¬ 
tion of 1h(‘ results obtained by the particular method 
discussed. Only those facts are presented which 
the investigators primarily concerned have deemed 
suffici(‘ntly important to submit for inclusion. 

Special attention should be directed to the dis¬ 
cussion of the dissociation constants of penicillin 
and the related substances (pp. 415 422), and to the 
ultraviolet studies (pp. 422-43()). The first is of 
great inten'st in that the failure to detect a basic 
gro\ip in penicillin occupied a central position in the 
arguments against an expression (oxazolone-thiaz- 
olidine structure) which long held a position of 
great favor. The ultraviolet studies, on the other 
liand, while of little use in the study of penicillin 
itself, were of the utmost value in defining the 
conditions under which penicillin suffered certain 
changes and in characterizing the products of those 
changes. The thcrmocheinical results (pp. 436- 
439), in addition to providing fundamental informa¬ 
tion of value about the penicillin molecule, were 
generally confirmatory of thc' /3-lactam structure for 
penicillin and suggestive in connection with the 
special character of the /3-lactam link of the molecule 
(see Chapter XV). 

THE DISSOCIATION CONSTANTS OF 
PENICILLIN AND RELATED COMPOUNDS® 

In their first invcwStigation on the chemical proper¬ 
ties of penicillin the Oxford workers recognized the 
acidic character of this sul)stanc(‘ (Abraham and 
Chain, Brit, J. Exp. Pathol, 103, (1942)) and 

• By A. Neuborger. 
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the interpretation of the dissociation constant con¬ 
cerned has ever since played an important part in 
all discussions on the structure of penicillin. 
Abraham and Chain found (with grossly impure 
preparations) a maximal buffering near pH 3 and 
it has b('cn assumed that dissociation in this range 
corresponded to the ionization of a carboxyl group.® 
But this does not necessarily follow, since penicillin 
could exist in a(]ueous solution as a molecule with 
separate and opposite charges, z.c., as a zwitterion, 
and in tliis case the observed ionization would be 
due to a dissociation of a proton from the conjugate 
charged acid of a base. The work which has been 
done on the acid-base properties of penicillin and its 
numerous decomposition products had as its first 
object to decide which of tlie alttn*native interpreta¬ 
tions is correct. Secondly the actual value of the 
observed pK has been used to test the various 
formulae proposed for penicillin by a comparison 
of the experimental value with those predicted for 
different structures on the basis of theoretical 
considerations. 

Before the work on penicillin itself is discussed, 
it is necessary therefore to examine the validity of 
such predictions. In most aliphatic compounds in 
which there is little or no interaction (involving a 
change of resonance energy) between the substituent 
and ionizing groups, the most important factor 
affecting dissociation constant is the electrostatic 
or inductive effect of a dipolar substituent. It 
was shown first by Eucken (Z. angew, Chem,^ 1^5^ 
203, (1932)) and then by Nathan and Watson (J. 
Chem, 890 (1933)) that the change in pK pro¬ 
duced by substitution depends on and is in most 
cases closely parallel to the dipole moment of the 
substituent. But this electrostatic energy term 
which has to be added to the free energy of dissocia¬ 
tion of the standard acid or base chosen cannot be 
calculated quantitatively from the known atomic 
distances and valency angles by the application of 
the fundamental electrostatic equations, for the 
following reasons: In the &st place the known 
values of dipole moments have all been obtained 
either in the vapour phase or in solvents with low 
dielectric constants, and in view of the marked 
solvent effect on dipole moments generally it is 
unlikely that these values are valid for such a polar 
solvent as water. Also the angle between the 
dipole and the ‘'axis'' of the molecule is not ac¬ 
curately known in most cases and appears to vary 
with different substituents. A third difficulty 
arises from the fact that the exact manner in which 
the electrostatic forces are transmitted is still a 
matter of discussion. The inductive effect may be 
transmitted through the molecule or through the 
solvent; in the former case such an effect is analo¬ 
gous to an electronic displacement. The solvent 
molecules in the immediate surroundings of the 

* Subsequent experiments with pure orystsUine penleillin oonfirmed 
the presonee of a strongly aoidio group. 


charged or dipolar groups of the solute molecules 
will be partly polarized, and in either case the 
effective dielectric constant will not be identical 
with that of the pure solvent. Kirkwood and 
Westheirner (./. Chem, Phys., 6, 506, 513 (1938)) 
have considered the solute molecules as a cavity of 
low dielectric constant and have found on this basis 
good agroiunent between ealculated and experi¬ 
mental values for several types of acids. Their 
treatment, wlu'ther it is completely justified or not, 
cannot be easily applied to very complex molecules. 
It is clear that the prediction of a pK for a given 
structure is a semi-cmpirical operation and can only 
be satisfactorily done if model compounds of some¬ 
what similar structure arc available. 

The principles on which predictions of dissocia¬ 
tion constants valid for most aliphatic and some 
aromatic compounds can be made with a fair 
degree of accuracy, may be stated as follows: 

1. The inductive effect of a substituent at a given 
distance from the ionizing center is independent of 
the nature of the ionizing group and of such changes 
in the molecule as do not in themselves affect the 
pK under consideration. 

2. The magnitude of the effect of a substituent 
at a given position in the molecule is mainly, but not 
completely determined by the dipole moment of tlie 
substituent. 

3. The effects of several polar substituents are 
approximately additive. 

4. The electrostatic effect of a given polar substi¬ 
tuent decreases rapidly with increasing distance 
from the ionizing center. Both Derick (J. Am. 
Chem. Soc.f 33, 1162 (1911)) and later Macinnes 
(J, Am. Chem. Sac., SO, 2587 (1928)) have proposed 
general equations relating the change in pK to the 
variation in distance between the ionizing and sub¬ 
stituent group. Such equations which claim to be 
valid for all substituents presuppose that the angle 
between the dipole and the "axis" of the molecule is 
identical for different substituents, and this assump¬ 
tion could scarcely be more than roughly correct. 
It appears, however, from available data that the 
inductive effect as expressed in the change of pK in¬ 
creases two to three times, if the substituent is 
moved by one carbon atom nearer to the ionizing 
center. 

These rules represent mere approximations; it is 
likely that if two dipoles are close to each other an 
interaction will result, and the assumption that their 
effects are additive lead to a small but signifi¬ 
cant error. The above rules do not apply to cases 
where the substituent is separated from the ionizing 
center by a double or triple bond or where such 
bonds are to be considered as substituents. In 
these cases the change in polarizibility has to be 
taken into account^ and this effect cannot as yet be 
accurately predicted. The above treatment has so 
far left out of consideration the effect of resonance. 
The carboxyl group, for example, owes its high 
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acidity to stabilization of the carboxylate ion by 
resonance. A polar substituent will affect this 
stabilization by electrostatic forces; and so far as 
the action of the substituent is confined to this 
mechanism, the magnitude of its influence is fully 
expressed by the inductive effect. Similarly the 
effect of resonance within the substituent group 
itself is allowed for by assigning an inductive effect 
to this substituent. However, if both substituent 
and ionizing groups belong to the same resonating 
system, the above method, which ascribes to the 
substituent groui) constant electrostatic effect, 
cannot be applied for the prediction of dissociation 
constants. Otlier factors such as solvation may 
also influence pK valu(‘s in an as yet unpredictable 
manner, if substitution oc(‘urs on the atom carr^dng 
the ionizing proton; thus the pK values of alkyl- 
substituted amines as coiiij3ar(‘d with that of 
ammonia or the higher basicity of th(‘ imino grouj) 
in proliru* as compared with that of sarco.sine is not 
ex})lif*abl<‘ in terms of (‘h'ctrostatic action, ihit 
apjirt from tla^se well-defintvi (exceptions, it can be 
sai I that the pK values ol nearly all organic acids 
and basis in which the Md)siitu('nt is separated 
from th(' ionizing center by a single aliphatic bond 
are explicable within about 0.2 0 .!^ units in terms 
of the inductiv'(‘ elTc'ct, and Mieh j)r<^'lictions rest 
on a firm semi-(piantitati\e })asis if suitable models 
are available. 

E X P E R 1 M E N T A L 

ITy(Jrop(*ii find glass el(*ctn>d(*s gavn id(‘nfical results for 
most compounds. In some cases, liowcver, there was indi¬ 
cation ol poisoning of the h.vdrogen electrode. The glass 
eh'ctrode used in the National Institute for M(*diciil Re- 
H('rtrch was a sp(Mdal micro-type, d('sign(‘d by A. 8. Mc- 
FarJune Liquid junction was elTected A\ith 3.5 K KC3 aud 
no correction was inadi^ for variations in liquid junction 
potentials. The temperature was kept constant within 
±0.5°. The eells were standardized with a solution con¬ 
taining 0.01 N sodium acetate, 0.01 N acetic acid and 
0.09 N KCl and the pll of this solution was assumed to be 
4.07 (Guggenheim and Schindler, J. Phys, Chem., S8y 536 
(1934)). The dissociation constants were calculated in the 
usual manner. The values reported in this paper are less 
accurate than might be desired. At the time, when the 
work was carried out, pure penicillin and many of its 
decomposition products were available in small amounts 
only and less accurate micro-methods had to be applied. 
Penicillin itseT is unstable in acid solution and calculations 
of pK values were therefore based mainly on the measure¬ 
ments obtained above pK 3.0, care being taken to make 
readings as quickly as possible, usually within one minute 
after the adilition of acid. Another difficulty arises from 
the fact that the pK values are very low, requiring a con¬ 
siderable blank correction. This correction was made by 
calculating the hydrogen ion concentration from the pH 
using the formula pCn* •» pH *-0 5 \//* where m repre¬ 
sents the ionic strength of the solution. The pK values 
were not extrapolated to zero ionic strength, but are com¬ 
parable, since all determinations were carried out at an 
ionic strength of about 0.1. The penicilloates were dis¬ 
solved in a slight excess of alkali and quickly back-titrated. 
Some of the compounds investigated by the American 
workers were dissolved with the aid of a small amount of 
alcohol and then titrated. 


Thiazolidine-4-carboxylic Acid. 

8 

Ah -(flHCOOH 

Nearly all formulae proposed for penicillin assume the 
presence of a tliiazolidine ring and the liasicity of this system 
may be consifhwed first. Ratner and C’larke (,/. Arn. Cham. 
Soc , 200 (1937)) determined tlie pK of thiazolidin(' and 

some of its derivatives; their values together with those 
obtained in this laboratorv at two dilTerent temperatures are 
given in Table 1. The weak basic character of thiazolidine 


TARLK I 

DLssociation ( onstants of Simple Thiazolidine Derivatives 



Water 

(r>") 

Wutei 

(25°) 

Water 

(rooni 

temp.) 

80 

t:toii 

(5°) 

Refer¬ 

ence 

'Phiazolidino... 



0 31 

_ 

1 

Thiazolidinf*-4-carboxylic acid, pKi 

1.68 

1.0.6 

— 

2 62 

2 

'J'hiazolidine-4*carboxyhc ucid, pKi 

— 

— 

1 51 

— 

1 

ThiazoUd»ne-4-catboxyhc acid, pK? 

6.41 

6 08 

— 

6 32 

2 

'l'lna*olidinc-4-carboxylip acid, pK? 
,j. VDimel hylthiazi)Hdine>4- 

— 


6 21 

— 

1 

rarboxvhe acid, pKi. 

5,.>-I)iirK*thvlthiaaolidin(v4- 

1.69 

1.58 

— 

2 55 

2 

curboxvlic acid, pKt. 

6 M 

5 08 

— 

0 28 

2 

Methyl Thiazolidino-4-caihoxylafe 

4 29 

3 84 

— 

3 08 

2 

Methyl ThmEolidin<'>“4-CHrl)ox> late 

— 


4 00 


1 

4t•^*t^ lthiazolidinp-4-carhoxA lie ncid 

2 96 

2 02 

— 

4 07 

2 

A<m t\ lthiazolidiiiP-4-cai htixx lie arid 

— 


2 90 

— 

] 

1 


1 K iliu ‘1 and (’laike, J Am. ('hem So< , 20(1 (1937). 

2. NimUh*) g(‘i , ('PS Jbt/, 0 


(pK 0 3) as compared with aliphatic amines (pK 10.2-10.4) 
or the arnino group of cystiane (/>K 8.2) is du(‘ to the fact 
that 111 thiazolidine tiu* uiduetn e efiect of the electroii(‘gati\ o 
8 atom IS transmitted to the iinino group through only one 
C atom and thus i‘onsid(Tal)ly facilitatc^s proton release 
from the thiazolidiniuni cation. In cyht('inc the two groups 
are separated by two C atoms and the inductive effect is 
therefore only about a third or fourth of that observed in 
thiazolidine. If position 4 of thi' thiazolidine nucleus is 
substituted by a earboxy-methyl group as in the mt'thyl ester 
of thiazolidine 4-carboxylic acid, the pK of the imino group is 
reduced by 2.4-2.5 units to about 3 8; this is about the same 
as the diffcTcnce lietween tlie pH of an amine and that of the 
corrt*sponding a-amino-acid ester and is to be ascribed to 
the inductive effect of the substituent group. When the 
ester is transformed into th(‘ free acid, the inductive effect of 
the carboxyl group (about the same as that of COOMe) is 
counteracted by the charge thus created, with tin' n\sult that 
the pK of the imino group rises again to 6.0-0.1, almost the 
same as that of thiazolidine itself. This difference (2.2) is 
about the same as that found bctw^icn the pK of an a-amino- 
acid and its ester (about 2.0). 

The carboxyl groups of thiazolidine 4-carboxylic acid and 
of its 5,5-cliiiiethyl derivative have pK values of 1.6 1.7 and 
owe their high acidity, like the carboxyl groups of all alipliatic 
amiuo-acids, mainly to the positive charge lcK*ated on the 
amino or imino groups respectively. The carboxyl group of 
thiazolidine carboxylic acid, however, is stronger than that 
of proline for which a pK of 1.99 is reported (Cohn, Ergeh. 
d. Phy»iol.f SSf 781 (1931)); this is attributable to the induc¬ 
tive effect of the S atom. A difference of similar magnitude 
is found between the carboxyl group of cysteine and that of 
alanine. Acetylation of the thiazolidine imino group 
abolishes the positive charge and introduces instead the 
electronegative imide substituent. The difference between 
the pK of acetyl thiazolidine carboxylic acid and that of the 
non-acetylated acid (about 1.3) represents the difference 
between the inffuenoe of the free charge in the latter and that 
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of the dipolar auhstituont in the former. The (‘orresponding 
difference in the ca.s(' of acetyl glycine and glycimj us alHoL3. 

Equilibrium between Dipolar Ions and Uncharged Mole¬ 
cules. As in a-amino-acids, the “zwitterionic” or dipolar 
forms of thiazolidine-4-ear})Oxylie acids exist in solution in 
tautomcrie equilibrium with uncharged forms. But whereas 
in amino-aeids the dipolar forms vastly predominate, the 
ratio of the two forms being of the order 3 X 10^: 1, in 
thiaJ 5 olidine- 4 -carboxyIic acids this ratio will be much lower 
due to the much lowi'r basicity of the imino group. Follow¬ 
ing the treatment introdued by Kbert {Z. Physik. Chem.y 121^ 
3S5 (l‘)2G)) and elaborated by Fdsall and Blanchard (J. 
Am. Cficm. Hoc., 2337 (1933)) the dissociation constants 
of the unchargi'd form and the equilibrium between that and 
tlie dipolar form can be calculated with very good approxima¬ 
tion from t he overall constants actually measured. Starting 
from the cationic (tlu' acidic) form the ionization and the 
corresponding dissociation constants can be rcpre.sented as 
follows: 


Ka/ 


ir^- 

/ \ 




\Ko 

\ 

B- 

/ 

^Ki> 


U 


(n-^)(K±) __(TTM(B) (I U)(H^) 

““ (Rli^) ^ (H11+) ^ ^ “ (R±) ^ 

(II-^)(R”) 

Kn » —“(H—- 


It follows from these equations that Kz which is the ratio 
between dipolar and uncharged forms is equal to the ratios 
Ka/Kb and Kd/Kc. The experimentally dertemined over¬ 
all titration constants Ki and are related to the above 
constants by the equations 

Ki « Ka + Kb 


A test for the validity of this interpretation can be made by 
an attempt to prodiet th(j dissociation constants of penilloates 
and penicilloat(‘S whose structures an; vrell established on 
chemical grounds. The introduction of an acylamino group 
in the side-chain attached to position 2 will produc(» a 
considerable inductive effect on the imino group, but will 
have only a slight influence on the carboxyl group. The 
point that an inductive effect of a group separated from the 
ionizing center by more than two or three carbon atoins is 
small is shown, for example, by the pK values of halogen- 
substituted fatly acids. Thus while bromine which is more 
electron(‘gative than the acylamino group, if substituted in 
a-position lowers the pK by 1.9, substitution in 7 - or ^-posi- 
tion causes a shiit of 0 25 and 0.1 respectively. It can be 
calculated that the substituent in position 2 of penilloic 
acid will not increase the pK of the carboxyl group l>y more 
than 0.2 as compared with thiazohdine carboxylic aeid. The 
efftvt of this substitution on the irnino group cannot be so 
accurately predicted, since no closely similar mod(‘l com¬ 
pound is available. If the approximation diseu.ssed above, 
that the inductive effect depends only on the iiatun* of 
the biibstituent group and the distance from ionizing center 
and not at all on the nature' of the ionizing grouj>, be ac¬ 
cepted, then the (*bangc of the pK under consideration 
should be identical with that pioduced by llic acctamino 
group in ac(‘tyl-glycine as (‘ornpared with that of acetic acid. 
The change in pK 2 in the latter case* is 1 . 1 - 1 . 2 . On this basis 
thejollowing values can be predicted for penilloic acids: pKa 

- 1,5; pKb - 2.5; pKc == 4.8; pKiy 3.8; pK, = 1.4; pK2 

- 4 85. 

Owing to the lowering of the basicity of the* imino group 
Kz will be about 10 , i.e. 10 % of the aeid form (of no net 
charge) will be present as simply uncharged moli'cule.s. 
The values found for the pKa of two compounds of penilloic 
acid type investigated hi*ro w’cre 4.85 and 4.90 respectively, 
wliile the corrc'sponding figures obtained by the Merck 
workers for natural and syntluda* p(*nilloic acid were 
between 4.70 and 4.75. The values found here for pKi were 
about 1.5 (Table II) The agreement between prediction 
and experimental observation is therefore quite satisfactory. 


Jl^ 

Ki 


Kc Ki> • 


Ka, Kb, Kc, and Kx> cannot be determined experimentally. 
If it is assumed, however, that the ionization constant of the 
imino group is the same in the uncharged acid as in the ester, 
i.e. that the inductive effi'ct of RCOOll is identical wuth that 
of RCOOMe, Kb can be put equal to K^ter and the other 
constants can be calculated. 

Thus by substitution into the above equations we get 


Using the values given in Table I w'e find that for thiazol- 
idine carboxylic acid this ratio is 131 at 25° and 380 at 5°. 
The uncharged form has a pKb eorrespouding to the imino 
group of 3.8 at 25*^ and pKjy corresponding to the carboxyl 
group of 3.9. The corresponding pK of the carboxvl group 
in an amino-acid is 4.3; the difference is due to the effect 
of the S atom. But since the uncharged form is present in 
a concentration of less than 1 %, pKi in the unsubstituted 
thiazolidinc carboxylic aeid is almost entirely due to the 
carboxyl group (i.e. +HN-R(X>OH"HNsRCOQ-), 
whilst pKa corresponds mainly to tlie ionisation of the imino 
group (i.e. -^HN^RCOO-NssUCX)0“). Similar con¬ 
siderations apply to 5,5-dimethyl-thiazolidine-4-carboxylic 
acid. 


Penilloates* 


S 

RCONH CH, cll ^C(CH,), 


Ah- 


■ (!:h-o 


COOH 


Penicilloic Acid a-Esters. 
RCONH-ril- 

([’ooir 


s 

/ \ 

-CH (KCII,), 

Ah—Ahcooii 


In cr-suhstituted ponicilloates, esters, or amides, two elec¬ 
tronegative substituents 111 the penaldie aeid part, namely, 
the carboxy-alkyl and N-aeylamino group, affect the ioniza¬ 
tion of the two centers situated in the thiazolidine-carboxylic 
acid part of the molecule and th(‘ir effect wull be approxi¬ 
mately additive. The effect of the ester group on Nil will be 
similar to that shown by /?-alanine ester as compared with 
ethylamine which produces a decrease of pK of 1.3. The 
total effect of the two substituents on the imino group will 
therefore be about 2.5. The effect on the free carboxyl 
group will be small and may be tentatively estimated to be 
about 0.3^-0.4. The predicted pK values are then as follows: 

pKa (carboxyl of dipolar form) «= 1.4 
pKb (NH of uncharged form) « 1.4 
pKo (Nil of dipolar form) « 3.7 
pKn (carboxyl of uncharged form) « 3.6 

and the titration constants which can be experimentally 
determined would be expected to be: pKi «« 1 . 1 , and pKs *« 
4.0. 

At first sight, the rather surprising fact that the predicted 
pKi is smaller than pKa or pKn and tliat pKs is larger than 
pKc and pKu is due to statistical factors similar to those 
first noted by Wegseheider (Mofiatsh, d. Chem,, 16^ 153 
(1895); ^5, 287 (1902)) with symmetrical dicarboxylic acidd. 
The PK 2 values found for synthetic ix-substituted penicil- 
loatcs, and for the penicillin derivatives obtained by treat- 
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ment with methyl alcohol and ben^ylamino and which 
have an a-penicdloate btructuie vary between 3 7 and 4 0, 
in fair agreement with the predicted hgure (Table II) 
Measurements of the first pK are admittedly very mac curate, 
but they may be said to be of the expected order It 
follows from the pK values that Kz is about 1, which means 
that in water at 25“ penicilloates exist in approximately equal 
amounts as zwitterions and as uncharged iriolccuhs, pKi 
and pKt can both be equally well ascribed to either the car¬ 
boxyl or imino groups 


TABLE IT 

Dissociation Constants of Penilloic, P(*nicilloic, and Penillonic 
Acids 
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The prepaiation of pure free jienicilloic acids is very difli- 
cult, it not impossible, due to the spontaneous «-decaiboxvla- 
tion of these compounds The Merck workers have studied 
the potentiometrie behaviour of free penuilloic acids by 
indirect methods involving hydrol>sis of the esters or 
penicillin itself with alkali iollowtd bv back titiation with 
at id The n^sults indicate that some hide leactions occurred, 
presumably during the back-titration, but then was evi¬ 
dence' for the formation of groujis having pK values ol 
5 ()-5 3 and 3 0 It is unprofitable to make detaih d predic¬ 
tions for the rather complex equilibria mvoHtd, since the 
fe\stem contains three tautomc'ru forms at the isoelectric 
point, but it can be predicled in a cpialitative fashion that the 
saponification of the a-ester linkage will raise the pK value 
of the imirio group, thiough the creation of a negative 
chaige, by aliout 1 1 The highest pK observed in the free 
penicilloic acid may therefore be ascribed mainly to the 
ammo group 


Penillonic Acid. 


RCON- 


S 


\ 


(Ijh, 


■v4. ('(CH,), 

A-d’H COOH 


The above formula, which has been m ide very probable for 
this partic uldT degiaciation product of penicillin on chimiical 
grounds, is m lull accord with the observed pK which was 
found bv the Merck workeis to be 3 0 (Table II) The 
proposed struc ture is essentially that of an N-aeyl-thiarol- 
idine c arboxylic ac id and the pK sliould be smular to that of 
the simple N-iuetvl derivative, which was found to be 2 % 
The efft^ct of the second ac vlamino-lmkage can be expected 
to bt very small 

Pemcdlm and Desthiopenicilhn. "I able III gives the re¬ 
sults obtamcHi in various laboiatones on the dissociation 
constant of pcnic illin 'Iht pK vmIuos range for the chfTc'rent 
puiu dims betwcH n 2 62 uid 2 84, but it is doubtful win thcT 
thc'sc dilfeicnics are ically significant There was no cwi- 
duicc foi cl second ionizing gtoup, but this is hardly suipris¬ 
ing, since ])(nicillin would be lirgdy dccomposed before a 
suflitienth i(nl TPaction is icMelud Dcstliiopcmicdim, 
winch has bee n mvc'stigitcd by the Merck workeis, showed 
i pK of 3 IS 
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Ionization in 80% Ethyl Alcohol. Lowering tlie die lec ti ic 
constant of the' solvent gene rally produces an me?ease m 
the pK of unchaigc'd ae lels, like carboxylic acids, whilst tlie 
pK value's of bases like amines are either unchanged or 
actually lowt red The pK value-^ olitamed in mixc d solvents 
w ith an acpioous c ilomel e Ic'ctrode as reference are devoid erf 
any tliermoclvnamu signihcance but they are ('mpincally 
useful, have been used successfully with ammo-icids, anil 
show the characteristics just mcmtioncd Thus the pK 
of \-acct>I-thiazc>lidine-4-cailK)\vlic acid increases m 80 
LtOH as compired with watc'r by about 1 7 units, while the 
incic ISC for pKi of thiazohdmc-4-carboxvlic acid itself and 
of pKi of pome diamine aie about 1 0 units The basic 
c'onstants, howtve'r change littlci with change of solvent, 
for pKj of thiazohdine-4-c aiboxvhc acid and pK^ of pemc di¬ 
amine' there is an increase of about 0 2, while the' ester of 
thiazohdmc'-i-caibox'slic acid shows a dc'crease of about 0 6 
The pK values of pemlloates show an increase of about 0 5 
and those of penicilloates an increase of about 0 to 1 0 
This behaviour is easily understood, as the dielectric con¬ 
stant decreases, the acidity of the carbox>l group decreases 
and the eciuihbnum of zwitterions with unchargc'd forms is 
shiftc'd towaids the latter Theufore it might he c xpeeted, 
for example, that in absolute alcohol the c oncentration of the 
dipolar form will be small in the case of pemlloates and 
negligible for penicilloates This c \plains why compounds 
which m water have a certain amount of dipolar c'haractcr 
arc' soluble in I'hloroform or (’the r, since in these solvents they 
will exist entirely as unchargc'd molecule's 

Penicilhn itself shows an increase of pK of 2 0 units on 
going from water to 80% EtOH, this is the same type of 
change that is observed for an N-aeetyl-thiazolidme deriva¬ 
tive and 18 certainly more marked than that found even for 
penicilloates This observation leads to the deduction 
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that the pK found for penicillin in water is exclusively or 
almost exclusively due to the carboxyl group. Moreover, 
the similarity in the behaviour of penicillin and N-acetyl- 
thiazolidine carboxylic acid suggests that the imino group in 
penicillin may be linked to an acyl group. 

Ionization and Temperature. Ionization constants of 
amino and imino groups generally have large temperature 
coefficients as compared with those of carboxyl groups 
(Cohn and Edsall, Proteins, Amtno Acids and Peptides, 
Ueinhold, 1943). Table I shows that for the pK correspond¬ 
ing to the imino group in thiazolidine-4-carboxylic acid, its 
methyl ester and penicillamine rises by 0.35-0.45 as the 
temperature is lowered from 25® to 5®. The temperature 
coefficients of pKi in these two iinino-acids and of the 
pK of N-aeetyl-thiazolidine carboxylic acid are too small to 
be measured by the method used. Ponilloic acids show a 
behaviour very similar to thiazolidirie derivali\*es not sub¬ 
stituted in position 2; pKi shows no measurable temperature 
coefficient, while that of pKf is about 0.35 for the interval 
5-25®. This behaviour i.s to be expected, since, as deduced 
above, pKi in penilloic acids corresponds mainly to the 
ionization of the carboxyl, whilst pK* is mainly due to the 
dissociation of the imino group. Pcnicilloates, as shown in 
two examples, show a much smaller temperature coefficient 
for pKi, only about 0.17-0.2 lictween 5® and 25®. The 
values for pKi are not very reliable owing to the low pll, but 
the small temperature coefficient is in agreement with the 
theory that both pK values can be ascribi'd in about an 
equal degree to the carboxyl and imino groups. Neither 
penicillin I nor penicillin II shows l tempiTaturo coefficient 
outside the limits of error of the method Thi.s is again 
definite experimental evidence that the pK of 2.8 is mainly 
due to the ionization of a carboxyl group. 

Interpretation. We can now undertake a struc¬ 
tural interpretation of the pK found for penicillin 
making only the following suppositions, for which 
there is ample chemical evidence. It is assumed 
that penicillin contains a thiazolidine nucleus and 
that there is a free carboxyl group directly attached 
to that ring system. The first (iue>5tion to be settled 
is, whether the ionization as observed in the titra¬ 
tion of penicillin, corresponds to the removal of a 
proton from this carboxyl group or from a positively 
charged imino group. The second alternative 
implies that the carboxyl group is too strong to be 
titrated and that free penicillin exists in water 
mainly as a zwitterion. If on the other hand peni¬ 
cillin itself is assumed to be non-zwitterionic, the 
ionization observed corresponds to the neutraliza¬ 
tion of a carboxyl group, and a basic group, if 
present, is too weak to be detectable. It can be 
shown that the magnitude of the pK actually 
observed is not compatible with the zwitterion- 
structure. a-Esters of penicilloic acid, which carry 
two electronegative substituents in the pcnaldic 
acid part, have a pK of 4.0 or a calculated pK of the 
imino group for the dipolar form of 3.7 (pKc). 
For penicillin, which has a pK of 2,7-2A, it would 
have to be assumed that a strong inductive effect 
due to some unspecified group or some other hypo¬ 
thetical mechanism produces a further considerable 
decrease in pK, greater by 1.25 than that found in 
a-esters of penicilloic acid. But since zwitterions 
arc always in tautomeric equilibrium with the 
uncharged forms, the assumed preponderance of 


the dipolar molecule implies that pKo (the dissocia¬ 
tion constant of the carboxyl group in the uncharged 
form) is smaller than 2.7. This becomes immedi¬ 
ately c'lear from the definition: 

1^- (R^) ^ (R) 

If R^ > R then it follows that Kc < Kd or pKc > 
pKu. In other words the assumption that peni¬ 
cillin exists in solution mainly as a zwitterion 
involves the assumption that this hypothetical 
mechanism wliich decreases the pK of the imino 
group in such an unexplained fashion has an even 
greater effect on Kr>, the constant corresponding 
to the carboxyl group, and decreases it from 3.6 
found in pcnicilloates to a value materially below 
2.7. As this is outside of normal experience, it 
must be concluded that penicillin is not a zwit¬ 
terion, which is equivalent to the statement that 
the observed pK describes the ionization of a 
carboxyl group. As pointed out above, this is the 
only interpretation which explains the results ob¬ 
tained with changes of temperature and solvent 
in their effect on the apparent pK. 

It being decided that the observed pK cor¬ 
responds with the dissociation of a carboxyl 
group, tlie question arises whether the nitrogen in 
the thiazolidine ring has any basic properties at all 
or is substituted in such a way that its basic proper¬ 
ties are completely abolished, at least in all but the 
most acidic solvents. It has been pointed out above 
that the assumption that the imino group is free 
and that the pK 2.7-2.8 observed for penicillin is 
due to the carboxyl group implies the existence of 
a tautomeric equilibrium between dipolar and \in- 
charged molecules and involves the following corol- 
lari(*s: pivc must be appreciably smaller than pK©, 
i.e. much smaller than 2.76, and pKa, due to the 
absence of the charge, would have to be smaller 
than 0.6. Or to put it differently, this assumption 
means that we must postulate that the potential 
penaldic acid in penicillin is constituted in such a 
way that through an inductive or other mechanism 
it reduces the pK of the carboxyl group by about 
1.3 and that of the imino group by at least 0.7-“1.0 
with reference to the penicilloates. Such a mechan¬ 
ism is very difficult to imagine, and it is concluded 
therefore that the imino group is masked. This 
conclusion is in full agreement with chemical evi¬ 
dence discussed elsewhere in this volume and is 
fully supported by titrations in glacial acetic acid. 
Penicillin decomposes slowly in that solvent, and 
the rate of this decomposition is increased by addi¬ 
tion of the titrant, perchloric acid. If such a 
titration is carried out quickly, no indication is 
found of a basic group; after a few minutes an 
imino group is formed and can be titrated quanti¬ 
tatively if sufficient time is allowed for the com¬ 
pletion of the decomposition. 
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We may now examine whether titration data as 
such can give an indication of the nature of the 
group linked to the thiazolidine-nitrogen. The 
outstanding characteristic of penicillin as an elec¬ 
trolyte is the strength of the carboxyl group. It 
was deduced above that the pK of the carboxyl 
group in the uncharged tautomer of a penicilloate 
is about 3.6“3.7; and although the calculations on 
which this estimate are based represent an ap¬ 
proximation, it follows from general experience 
and the whole character of the electrostatic effect of 
dipoles that substitution in position 2 of the thia- 
zolidine ring cannot explain the acidity of penicillin. 
This acidity can only be understood if an electro¬ 
negative group is introduced in a position much 
closer to the ionizing carlx)xyl group. The only 
position on which such a substitution can take place 
is the imino-group, and the only available substitu¬ 
ent of electronegative character is the carboxyl 
group of the penaldic acid part of the molecule. 
It can also be inferred that the linkage created must 
have a dipole moment similar to that of an amide 
grouping. We may summarize our conclusion as 
follows: 

1. The pK of about 2 7 in penicillin corresponds 
to the ionization of a carl)oxyl group. 

2. Penicillin has no basic function detectable in 
any of the usual solvents, like water, alcohol, or 
acetic acid. 

3. The magnitude of the pK of penicillin requires 
the presence of an electronegative substituent in 
position 3 of the thiazolidine ring. 

The Oxazolone-Thiazolidine Formula. 

N S 

Z' \ / \ 

RC CH—CH C(CH3)2 

i-io NH-CHCOOH 

This formula, which was at one time considered 
by many chemists to represent the structure of 
penicillin, implies at least in its unmodified form 
the presence of a free imino group. It is therefore 
not in accord with the deductions made above and 
thus fails to explain the acidity of penicillin. It 
must therefore be discarded. It has been suggested 
that the basicity of the imino group is weakened 
by a hydrogen bond or some other interaction 
between the oxazolone ring and the imino-N. The 
effect of hydrogen-bonding, even if present, is 
difficult to forecast and it is doubtful whether it 
would act to weaken basicity. Moreover, strong 
hydrogen bonds have been observed only in systems 
where the bond can be stabilized by resonance; the 
assumption of a strong hydrogen bond in non-con- 
jugated system cannot be accepted. It is ques¬ 
tionable whether any formulation based on the 
oxazolone structure can explain both the complete 
absence of basicity and the actual value of the pK 
found in penicillin. 


The /^-Lactam Formula. 

S 

/ \ 

RCONII*CH-““CH C(CH3)2 

I 1 I 
C0“-N-cii-coon 

The j(3-laetam formula has all the required char¬ 
acteristics postulated above for the structure of 
penicillin entirely on the basis of titration data. It 
has a free carboxyl group, lacks a brisic group, 
and possesses an electronegative substituent, the 
amide linkage, in close proximity to the ionizing 
center. Inhere are three electronegative groups in 
this structure which will affect the pK of the car¬ 
boxyl group by the inductive mechanism, namely 
the S atom, the lactam amide, and the side-chain 
amide group. If complete additivity of the induc¬ 
tive effects is assumed, the expected pK of this 
structure can be calculated by comparison with a 
fatty acid. The effects of the S atom and of the 
tliiazolidine nucleus as such can be computed by 
comparing the pK of N-acetyl-thiazolidine-4-car- 
boxylic acid (pK 2.95) with that of N-acetyl- 
glycine (pK 3.6). This effect in terms of pK is 
therefore 0.6-0.7. If it is assumed that the dipole 
moment of the /3-lactam amide is the sam(j as that 
of other amides, then its effect should be similar to 
that of the acetamino group in acetylglycine; this 
difference in pK between acetylglycine and acetic 
acid is about 1.1. The side-chain amide group will 
affect the pK very little; the change in pK produced 
by this substituent may be estimated to be about 
0.2. The total result of these substitutions should 
therefore be that the pK of a fatty acid which is 
about 4.8 should be reduced to 2.7-2.9. A similar 
result is obtained by basing such a comparison on 
penicilloates. The change of an a-penicilloate to 
penicillin means in terms of pK a removal of a side- 
chain ester group with an estimated inductive effect 
of 0.2 and addition of an acyl group in position 2 
with an inductive effect of 1.1. The pK of penicil¬ 
lin should therefore be decreased from the value 3.7 
calculated for penicilloates (Kd) by 0.9 to 2.8. It is 
clear that the behaviour of penicillin is both quali¬ 
tatively and quantitatively well explained by the 
/9-lactara formula, but it is also obvious that any 
other formula which complies with the general 
conditions outlined above is not excluded. 

Desthiopenicillin. 

RCONIICII—CTIa CH(Cll3)2 

CO—N-CHCOOH 

The pK (3.5) which the Merck workers found 
24) for this compound is in full accord with 
the structure assigned to it. The value, which is 
only slightly lower than the pK found for ordinary 
a-acetamino acids (3.6), shows that the distant 
acylamino group has practically no effect on the 
ionization of the carboxyl group. The pK value 
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found fits also quite well with the pK of penicillin. 
It Avas estimated above that the inductive effect of 
the intact thiazolidine ring is about 0.7. Removal 
of the sulfur and opening ol the ring should there¬ 
fore increase' the pJv from 2.7“-2.8 to about 3.4~3.5. 
This is fairly close to the value found. 

R. H. Woodward 01 18) has pointed out that 

the normal amide rc'sonauce is somewliat blocked 
by th(‘ four-mf'inbered ring in the /3-lactam formula 
and that in consequence of the two resonating 
structures, I contributes in greater proportion than 
n as compared with normal amides. In conse- 


II II 

0=C—N— —O—-N+— 

I II 

quence the permanent electronic displacement can¬ 
not take place in a /3-lactam (piitc to the same extent 
as in ordinary amides, and the dipole moment of 
that linkage will be somewhat smaller. It might be 
expected therefore that the inductive effect of the 
acylamido group in such a structure should be less 
than in a corresponding straight-chain compound. 
There are no pK values on suitable model com- 
pounrls available to test this point, and nothing is 
known about the extent to w^hich two rc'sonating 
structures contribute in normal amides to the induc¬ 
tive effect. In so far as the change of amide 
resonance due to the ring structure is neglected, the 
above calculation is open to criticism; but it is 
believed that this factor will not very appreciably 
affect the magnitude of the pK. As shown above, 
desthiopenicillin, for which the jS-lactam structure 
has been made very probable, has a pK wiiich is of 
the order calculated without consideration of 
changes in the relative contributions of the two 
resonating forms. Further work, liowever, is 
required to clear up this point completely. 

ULTRAVIOLET SPECTROSCOPY OF 
THE PENICILLINS, THEIR DEGRADATION 
PRODUCTS, AND RELATED COMPOUNDS^ 

Despite the fact that the penicillins are substan¬ 
tially devoid of what is conventionally termed 
characteristic absorption in the ultraviolet region of 
the spectrum, the application of ultraviolet spectro¬ 
scopy in the investigation of the chemistry and 
structure of the penicillins has proved to be of real 
value. At the outset it must be stated that ultra¬ 
violet spectroscopy in no w^ay contributed any 
positive direct evidence useful in arriving at the 
structure of the penicillins themselves, but in several 
instances the evidence took the form of positive 
proof of the structure of some of the degradation 
products, and in that sense it offered secondary 
data from which the structure of the penicillins 
might be deduced. 

It is impracticable in a monograph of this kind to 

’ By N. R. Trenner. 


present in detail the truly vast amount of data 
which a large number of investigators have con¬ 
tributed to the literature of ultraviolet spectro¬ 
scopy in the course of investigating the penicillins. 
To those interested in the ultraviolet absorption 
spectra of specific individual compounds prepared 
throughout the many phases of the w'artime peni¬ 
cillin program, the reader is n'fi'rred to the Index 
of Reports on Chemical Studies of Penicillins, the 
subj(»ct index of which will permit easy location of 
the desired data in tlie original progress reports of 
the collaborating laboratories. An attempt is 
here made to present a concise account of the more 
salient facts concerning the chemistry and struc- 
tuie of the penicillins as derived from ultraviolet 
absorption spectrophotometry. Attention will be 
given to the salient features and behavior of the 
ultraviolet absorption spectra of the penicillins and 
then in succession their manifold degradation 
products together with closely related synthetic 
products of known structure. 

In addition, because of the importance of poten¬ 
tial analytical tools to future investigators in the 
field of penicillin chemi'^try, experimental ])henom- 
ena which may under limited conditions prove use¬ 
ful in assaying penicillin will be emphasized. 

Since much of the data w^as obtained by a variety 
of investigators using difftu‘ent forms of spectro¬ 
photometers, the numerical values ciuoted may be 
accepted as representative but not necessarily 
highly precise in every instance. This does not 
detract essenlially from the value of the data for 
most purposes and indicates only the inherent dif¬ 
ficulties in the field of ultraviolet absorption 
spect roscopy. 

Since most of the systematic efforts of the penicil¬ 
lin investigation were carried out either with benzyl- 
penicillin (by the American investigators) or with 
2-penk'nylpenicillin (by the British investigators), 
almost all of the data has been obtained with these 
substances. This circumstance, however, will ne¬ 
cessitate little correction if one is interested in 
extrapolating the data to the other common natu¬ 
rally-occurring penicillins, since most of the inter¬ 
esting and important absorption spectra are those 
characteristic of conjugated (and therefore strongly 
absorbing) degradation products which fall into 
classes of compounds of characteristic type regard¬ 
less of the nature of the side chain R. A possible 
exception to this would be p-hydroxyl)enzylpenicil- 
linic acid, but even here only a relatively minor 
correction would be necessary, since the p-hydroxy- 
benzyl group has only moderately intense absorp¬ 
tion in the ultraviolet. 

All the ultraviolet absorption spectra to be 
presented in this chapter are evaluateil on the basis 
of the assumption that Beer^s law is applicable in the 
form: 

d\ ^ EmCL « logxo Y 
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where dx — optical density at wavolensth X 
T = transmittance 

Em = molar extinction coefficient at wave¬ 
length X for the conditions prevailing 
in the solution us(^d 

C = concentration of the absorbing sub¬ 
stance in moles per litei* 

L = length of the al)borbing path in cm. 

The Penicillins. Long before any of the naturally 
occurring penicillins had been obtain(‘d in pure (or 
even highly concentrated) form, evidence had been 
found that the active substance^ in such crude prep¬ 
arations probably possessed a structurt' devoid of 
any highly chrom()])honc moic^ty and that, th(‘re- 
fore, penicillin would prove to be a substance with¬ 
out a characteristic ultraviolet absor])tion spectrum. 
This conclusion was reached (lualitatively because it 
had been observed that wh(*n aciuc^oiis solutions, 
huffi‘red at pTI 7, were irradiated at room tempera¬ 
tures with the ‘'hot” mercury arc, bh^aching of the 
pigments took place without loss of antibiotic 
activity. But if the “cold” resonance arc was 
used, inactivation rapidlj^ ensued. The “hot” 
mercury arc failed to ina(‘tivate penuillin because 
its radiation possessed virtually no ('lU'igy in the 
short wavelength region (b(‘low about 3,000 A), 
whereas the “cold” rcs^mance arc induced inactiva¬ 
tion since its energy is concentrated in the short 
wavelength region (essentially monochroriiatic at 
2,537 A) where the active substance began to have 
a significant d(*gree of absorption, always assuming 
that photosensitizers were absent in such prepara¬ 
tions. The correctness of this deduction was estab¬ 
lished when in about August of 1913 pure crystalline 
sodium benzylpenicillinate became aA^ailable, and it 
was found to show what amounts to nothing more 
than a relatively weak end-absorption (Squibb, SJ; 
Merck, M.3). Superimposed upon this end absorp¬ 
tion, however, were three small bands at 2,(U0, 
2,675, and 2,520 A, which were immediately identi¬ 
fied with those shown by all compounds containing 
a benzyl group whose absorption is not masked by a 
strong absorption due to some other conjugated 
part of the molecule. This observation of the pres¬ 
ence of a benzyl group in the early American 
penicillin made' it quite probable that phenylacetic 
acid, always found present in acid hydrolysates of 
American penicillin concentrates, came from the 
active moiety. 

Figure 1 shows the ultraviolet absorption spectra 
of sodium benzylpenicillinate, sodium r?-heptyl- 
penicillinate, and phenylacetic acid, which illus¬ 
trate the points discussed above. All the other 
identified naturally-occurring penicillins have ultra¬ 
violet absorption spectra closely resembling one or 
other of those shown in Figure 1. The only known 
exception to this statement is p-hydroxybenzylpeni- 
cillin (NRRL, C,9, 3). The ultraviolet absorption 
of the p-hydroxybenzyl group is much more intense 
than that of the simple benzyl group {Internaiioml 


Critical Tables, Vol. V, p. 362, Fig. 8) hence the 
ultraviolet absorption si>ectrum of p-liydroxybenz- 
ylpenicillin is more intense than that of the other 
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Sod iiim lien zyl pen icillinate 


•Wavelength (A) 

Em 

3,000 

17.5 

2,900 

IS 9 

2,800 

25.4 

2,700 

66 5 

2,090 

86 5 

2,080 

106 

2,670 

118 

2,660 

132 

2,650 

157 

2,640 

173 

2,630 

171 

2,620 

170 

2,610 

188 

2,600 

209 

2,590 

237 

2,580 

254 

2,570 

256 

2,560 

248 

2,550 

250 

2,540 

264 

2,530 

290 

2,520 

314 

2,510 

334 

2,500 

346 

2,480 

394 

2,460 

543 

2,400 

860 
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Sodium n-IIeptylpenicillinate 


Wavoloiigth (A) 

Em 

2,700 

15.6 

2,050 

26 

2,600 

53 5 

2,550 

105 

2,500 

210 

2,450 

386 

2,400 

775 

2,350 

1,180 

2,300 

1,580 

2,250 

2,240 

2,200 

3,230 

2,150 

4,470 

Social m p-Hydroxypenicilliaate 

Wavelength (A) 

Em 

3,000 

45 

2,950 

45 

2,900 

115 

2,880 

285 

2,860 

582 

2,840 

915 

2,820 

1,120 

2,800 

1,146 

2,780 

1,260 

2,760 

1,348 

2,750 

1,405 

2,740 

1,365 

2,720 

1,260 

2,700 

1,180 

2,680 

1,055 

2,640 

736 

2,600 

550 

2,560 

424 

2,520 

572 

2,480 

895 

2,440 

1,490 

2,400 

2,560 

2,360 

4,050 

2,320 

6,020 

2,280 

, 8,000 

2,240 

9,300 

2,200 

9,980 

Sodium A’-I^entenylpenicillinate 

Wavelength (A) 

Em 

2,900 

24 

2,800 

41 

2,700 

62 

2,600 

125 

2,500 

335 

2,400 

1,170 

2,300 

2,480 

2,200 

4,560 


penicillins, as the curve in Figure 2 illustrates. 
For convenience in the use of the ultraviolet absorp¬ 
tion spectra of the various penicillins for analytical 
purposes, the molecular extinction coefficients for 
four of the main types are given in the above 
tables. These absorption data are for the sodium 
salts in water. 

Because of the relatively weak specific absorption 
of the penicillins in general and because, as will be 
developed later, penicillin changes readily to a 
number of products having very intense ultraviolet 
absorption spectra, the preparation of “spectro¬ 
scopically pure” penicillins is a procedure requiring 
care. This fact was the source of some confusion 


among the early findings of the penicillin spectro- 
scopists, and several laboratories reported data 
showing small bands at 2,800 and/or 3,200 A. 
Later work showed that both these bands arose from 
the presence of small amounts of important deg¬ 
radation products. 
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Figure 2. 


Little more of a profitable nature can bo said 
concerning the ultraviolet absorption spectra of the 
penicillins in general. If, however, the behavior of 
the ultraviolet absorption spectra of the penicillins 
is observed imder a variety of conditions in the 
presence of a variety of reagents, much of a struc¬ 
turally important nature can be observed. The 
number and variety of the conditions under which 
the penicillins wore studied spectroscopically by 
the cooperating groups is so vast that no detailed 
account of all of them can be given in this brief 
treatment. Only those conditions which led in one 
way or another to important degradation products 
are presented in detail here. These conditions will 
be discussed under the respective compound head¬ 
ings. A number of structurally important deg¬ 
radation products are known for which the ultra¬ 
violet absorption approach proved to be of little or 
no value except in a negative sense, and these 
will for the most part be ignoi^. Typical il- 
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lustrations of such compounds are penicillamine and 
benzy Ipenilloaldchyde. 

The Penillic Acids and Related Substances. 

One of the earliest observations made in the in¬ 
vestigations of the penicillins was their rapid in¬ 
activation under the influence of moderately high 
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Figure 3 


hydrogen ion concentrations, such as 2-3, and 
the ooncurnmt formation of a crystalline dibasic 
acid now named penillic acid. Th(» formation of 
this substance could be followed by the behavior of 
the ultraviolet absorption spectrum, and many 
such studies were made. It was subsecpiently 
found, however, that the mechanism of the acid 
inactivation of the penicillins is very complicated 
and that the behavior of the ultraviolet absorption 
spectrum during the reaction can, at most, reveal 
only part of this complicated mechanism. A study 
of the behavior of the ultraviolet absorption 
spectrum under a variety of hydrogen ion concentra¬ 
tions and a variety of alcohol concentrations 
showed that the yield of penillic acid may vary from 
almost zero to seventy per cent of theoretical 
amount (Merck, 16; 25, 12; 54, 7). These 

ultraviolet absorption studies also revealed that at 
least one other highly chromophoric degradation 
product is formed which manifests itself in the 


appearance of an absorption band at 3,200 A. 
This degradation product, on the basis of other 
evidence, is assumed to be a penicillenic acid (see 
below). 

The ultraviolet absorption spectrum of Ijenzyl- 
penillic acid is given in Figure 3. Th(‘ interpreta- 
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h iguro 4 

tion of this absorption wiih respect to the structure 
of the compound giving rise to it was the goal of 
much work and discussion until suitable model 
compounds had been prepared and investigated. 
The ultraviolet absorption spectra of two such 
compounds, namely 2-benzyl-4(5)-carboxyimidazol- 
ine and l-henzyM(5)-carboxy-imidazoline are illus¬ 
trated in Figure 3. The similarity is obvious. The 
subse(iu(*nt syntht\sis (Meick, M.50, 1) of both 
dimethyl benzylp(»nillate and dimethyl benzyliso- 
penillate removed any remaining uncertainty as 
to the structure of these compounds. Figures 4 
and 5 show the ultraviolet absorption spectra of 
tile natural and synthetic forms of dimethyl benzyl- 
penillate and dimethyl benzylisopenillate. 

Bcnzylpenillic acid and its dimethyl ester proved 
to be relatively reactive compounds, and in investi¬ 
gating tlie properties of these siil>stances under a 
wide variety of conditions the ultra\ iolet absorption 
spectrum as an analytical tool pro\ed to be of 
great value. No detailed account of this work will 
be given in this chapter since it does not contribute 
directly to the structure of penicillin and since 
such an account would require more space than 
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can be properly devoted to it here. It must suffice tion down to 2,100 A. Consequently the ultraviolet 
to refer the reader to some of the oripnal accounts, absorption of beiizylpenillamine, the product ob- 
For the reaction of some of the penillic acids in the tained by the action of aqueous mercuric chloride 
presence of aqueous alkali see Abraham, Chain, on benzyl penillic acid, resembles that of benzyl- 
Baker, and Robinson {CPSJl)j Holiday {CPS,47), penicillinic acid, i.e., it is a relatively weak end ab- 
Squihb (S,^4y 1 U? Merck 13; 4^, 1). For sorption upon which is superimposed the typical 
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Figure 5. 


penillic acids in the presence of glacial acetic acid, 
see Merck (M.5I, 5); in the presence of alcohols, 
see Merck supplement 2, 2; S8, 5; 45^ 2; 4^, 

14); in the presence of mercuric salts in nonaqueous 
solutions, see Merck 14; 34, supplement 2, 

1); in the presence of acetic anhydride, see Merck 
{MMli 5); in the presence of aqueous acids, see 
Merck (M.3, 6), Squibb 6). A surprising 

number of different rearrangement, reaction, and 
fission products were found to be produced under 
these various conditions. The utility of the ultra¬ 
violet absorption spectrum in helping to isolate as 
well as to identify these products was great. 

The 4(5)-carboxyimidazolines and the 4(5)-car- 
boxyimidazoles possess rather similar ultraviolet 
absorption spectra (see Figs. 3 and 5). The simple 
imidazolines, however, show more absorption than 
the corresponding simple imidazoles (Merck, 

10); the former show a plateau of Em 4,300 at 
2,300 A, whereas the latter only display end absorp- 
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benzyl bands at 2,520, 2,575, and 2,640 A (Merck, 
M.S, 3). 

The Penicilloic and Penilloic Acids and Related 
Substances. The ultraviolet absorption spectra of 
the penicilloic acids (obtained by the mild alkaline 
hydrolysis of the penicillins) and of their de¬ 
carboxylation products (the penilloic acids) are 
essentially weak end-absorptions. This is illus¬ 
trated by the ultraviolet absorptions of crystal¬ 
line sodium acid benzyipcnicilloate monohydrate 
(Merck, M.l, 3; 12c, 17) and of crystalline benzyl- 
penilloic acid (Merck, M.S, 2; 15a, 10) (Fig. 6). 

Since the action of alcohols, primary and second¬ 
ary amines, and of hydroxylamino on the penicillins 
has been shown to give rise to the corresponding 
a-esters of a pcnicilloate, the a-amido derivatives of 
a pcnicilloate, and the a-hydroxamic acid derivative 
of a penicilloate respectively, the products of all 
these reactions show ultraviolet absorption spectra 
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essentially similar to those illustrated in Figure G. 
Suitable correction must be considered, depending 
upon the nature of the R group in the penicillin 
under consideration and on the presence of any 
chromophoric group in the reactant used, such as 
benzylarnine and jS-benzylhydroxylamine (Merck, 
M.S 8 , 8). 

A detailed study of the action of methanol on 
sodium or methyl benzylpenicillinate, followed by 
use of the ultraviolet spectrophotometer, revealed 
that other reactions occur in addition to the simple 
formation of a-methyl D-a-benzylpenicilloate (or its 
corresponding a,i3-dimethyl ester), since an absorp¬ 
tion band was observed to develop at 2,825 A 
(Merck, il/.P, 9). Under appropriate conditions 
the 2,825 A band has been observed to develop 
slowly into one of very considerable magnitude 
(Fig. 7). The failure of attempts to isolate the 
substance responsible for this strong absorption 
band was due to the extreme lability of the absorb¬ 
ing moiety. A concurrent investigation of the ul¬ 
traviolet absorption behavior of the benzylpcnicil- 
loates, both synthetic and natural, indicated the 
stnicture of this 2,825 A absorbing substance when 
it was found that th(' a-ester and a-amino deriva¬ 
tives of the benzylpcnicilloates also slowly deveb 
oped 2,825 A bands when kept in alcoholic solution 
(Merck, Af.P, 9). Thus it was apparent that the 
2,825 A band observed in the penicillins belonged 
to a secondary degradation product, the penicil- 
loate being the primary product. A further 
advance was made wlien it was observed that the 
addition of mercuric cWoride to alcoholic solutions 
of the a-substituted pcnicilloates resulted in the 
immediate formation of a very intense (Em about 
18,000) 2,825 A band. Tliis action of a mercuric 
salt at once suggested scission of the 1-2 sulfur to 

COR' NH-CHCOOH 

RCONIICH-CII—S—C(CH,)s 

|Hg++(Alcoholic) (1) 

a /3 a' 

RCONHC=CH—Nil—CHCOOH 
COR' HS—i(CH,)* 

It 

R(;ONH CH—CII^N—CH-COOH 
COR' US—i(CH3)* 

carbon bond in the thiazolidine ring of the penicil- 
loate thus giving rise to the corresponding SchitT 
base indicated in equation 1. The product of this 
reaction, if R « GHjCeHs and R' * OH, is there¬ 


fore a-phenylacetamido-iti-(aj'-amino-/3'-mercaj)to- 
isovaleric acid) acrylic acid. In order to simplify 
reference to this compound the name pcmanialdic 
acid has been adopted. When a number of model 
compounds of a closely related struc^ture were 
prepan^d and were found to have practically 
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identical absorption spectra (Fig. 8) {(.V)rnell 
Bioch., D.9, 6; Merck, M.30, 4; 4 .I, 14; 6 !, 5; 64 , 
13), little doubt remained as to the structure of 
the pcnamaldates. Being Schiff bases, the pen- 
araaldatos, as well as the model compound ethyl 
a-phenylacetamido-^-benzylamino acrylate, should 
be unstable in acid solution and suffer scission to 
the corresponding amine and to benzylpenaldate. 
Actually, both the model compound and a-ethy) 
benzylpcnamaldatc can be demonstrated by means 
of the behavior of the ultraviolet absorption to 
undergo scission, since acidification of either solution 
results in rapid loss of the 2,825 A band until only a 
typical benzyl absorption remains. Realkalization 
of the acidified solutions results in the immediate 
production of a new intense ultraviolet absorption 
band at 2,700 A which, as Figure 9 illustrates, 
is characteristic of ethyl benzylpenaldate (Merck, 
M.30, 1-7; Cornell Bioch., D.9, 5). This marked 
instability of the penamaldates in the presence of 
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strong acids necessitates tlndr formation under 
neutral conditions if quantitative results are to be 
achieved. This is accomplished by carrying out the 
mercuric cliloride reaction in a medium containing 
one molar equivalent of some base, such as benzyl- 
amine, which will serve to bind the hydrogen 
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chloride formed from the mercuric chloride as a 
result of the penamaldate-forming reaction. In 
the formation of the penamaldates as described 
above, the free a-acids of both the penicilloates 
and the penaldates suffer spontaneous decarboxyl¬ 
ation in aqueous acidic solution, with the result 
that quantitative results can be obtained only if the 
mercuric chloride rca(*tion is carried out on deriva¬ 
tives of pcmicilloic acid such as the a-esters, 
a-amides, a-hydroxamic acids, etc. (Merck, M./fly 
14). This accounts for the fact that to obtain 
reproducible riuantitative ultraviolet absorption 
bands at 2,800 A the mercuric chloride reaction 
has to be carried out on an a derivative of the 
penicilloatc in alcoholic solution. In applying tliis 
ultraviolet absorption method to the assay of the 
penicillins or their esters it is necessary to prepare 
an ethanolic solution of the sample to be examined 
and then to inactivate the penicillin by the addition 
of a drop of barium methylate, thus rapidly form¬ 


ing the corrchponding a-cthyl D-<x-ponicilloate. 
After addition ol a molar eciuivalcnt of benz 3 damine 
followed by a molar equivalent of mercuric chloride, 
the magnitude of the ^‘penamaldate band^’ at 
2,800 A may be determined. The magnitude of the 
absorption is a measure of the penicillin content 
of the sample in qiicstion. Pure penicillins should 
give 2,800 A bands of Em about 18,000. 

Another penieilloate-forming reaction which has 
(limited) potential assay possibilities is the reaction 
between hydroxylamino or its /S-alkyl derivatives 
and the peni(‘illins. The reaction readily takes 
place at room tem])erature in a pi I 8 -9 buffer with 
either the salts or the esters of the penicillins 
(Merck, 71/.34, sup])loment 2,2; SSy 7; 41 , 3). The 
product of this reaction is the corresponding hydrox- 
amic acid which, like all liy<lro\amic derivatives, 
shows a characteristic behavior in that the very 
weak end absorption (Em — 280 at 2,575 A) pos¬ 
sessed in either acidic* or alcoholic solutions is 
greatl}" increased at high pH values (Em = 810 at 
2,575 A in 0.05 N NaOll). Moreover, like the 
simple hydro\ami(* acids, the reaction product gives 
a red complex witli f(‘rri(* ion in acid solution. This 
complex may be d(‘termined by a colorimeter at 
about 5,000 A (Em — 285). 

It appears possible to make tliis reaction much 
more sensitive and broader in scope' by pre'paiing a 
hydroxylamine derivative in which the R group 
(in the formula R—XHOH) is highh chromo))horie 
so that the reaction pioduct with the p(‘m(*illins 
could them be estimated photonu'trically after 
removal of any unreact(*d hydroxylamine reagent. 
One advantage of this rea(*tion over the Soudi assay 
(Merck, would be that it could be carried 

out directly in a(iutM)u,s solution. 

Ill connection with the iri\c-tigation of the be¬ 
havior ot the p(‘niciliins and th(' penicilloates in 
alcoln)lie solution under the influence ot nu'rcuric* 
chloride, an observation was made which appears 
to have great significance for structural determina¬ 
tion, As pointed out, the simple penicilloates 
react very rapidly with mercuric chloride in alco¬ 
holic solution. The N-aeylated tliiazolidines, on 
the contrary, do not react at all (Merck, MJ2Cj 20). 
The penicillins and their methyl esters, in carefully 
purified alcohol (free of basic catalysts such as the 
metallic alcoholatcs), when treated with mercuric 
chloride, react only very slowly as was demon¬ 
strated not only by means of the slow rate of forma¬ 
tion of the ^'penamaldate” band at 2,800 A but also 
by the slow rate of change of the optical activity 
(Merck, ilf.9, 4-6; 19-21; 41, 16). Such be¬ 

havior was interpreted as meaning that, as in the 
N*acylated thiazolidines, the N atom in the 4 posi¬ 
tion of the penicillins was attached to the C=0 of 
the potential a-carboxyl group, so that rupture of 
the 1,6 S—C bond in the penicillins could not take 

place until the N—C=0 bond had been opened 
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by slow alcoholysis. Such a mechanism also 1). The substitution of a plumyl ^;roup in 2 
explains why the addition of a catalyst such as position for the benzyl group results in the appear- 
barium methylate caused almost instant production ance of an absorption band of Em 11,500 at 2,425 A. 
of the ^'penamaldate'^ band (Merck, M.9y 7). This is essentially characteristic of an N^benzal 
These observations, along with the high acid group, as in benzal benzylamine wliich displays a 
strength of the penicillins, constituted somc^ of the band at 2,475 A. Therefore, as far as the ultra- 
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earliest evidence favoring structures of tlu* /idactam 
type for the penicillins. 

The Oxazolones and Related Substances. As 

early as about November 1943 the thiazolidine- 
oxazolone structure for the penicillins had bc'cm pro¬ 
posed, and a study of the properties of the oxazolones 
was initiated. In these studies a great many 
derivatives were prepared and examined, and the 
oxazolones became the subjects of ultraviolet 
absorption studies. A brief account will be given 
of the absorption properties of a few typical and 
pertinent types. 

The ultraviolet absorption spectra of the simple 
oxazolones, such as 2,4-dime)thyl-5(4)-oxazolone, 
consist of only weak end-absorption. If either the 
2 or 4 position substituents is a benzyl group, 
the end-absorption has superimposed upon it the 
typical benzyl bands previously described and the 
magnitude of the absorption for the main band at 
2,575 A (in cyclohexane) is Em 220 (compare Fig. 



violet absorption sp(*ctrum is com^erned, there is no 
objection to proposing the simple oxiizolones as 
part of the structure of ]>(‘nicillirjs. Similarly, no 
objection on ultraviolet absorption grounds arises 
from the use of the thiazolidirie ring, for although 
no mention has been made of its ultraviolet absorp¬ 
tion characteristics, it is obvious that such a 
saturated ring must ix^ (\ssentially devoid of signif¬ 
icant absorption. Tliis is in fact the ease. 

In departing from th(‘ simple oxazolones to those 
having an exoeylic double bond, as with 2-benzyl- 
4-methoxyinethylene-5(4)-oxazolone, one enters the 
realm of relatively stable substances having char¬ 
acteristic intense absorption bands (Merck, ALSOy 
9). Figure 10 illustrates the ultraviolet absorption 
spectra of two compounds of this class, namely 
2-benzyl-4-methoxymethylene-5(4)-oxazolone and 
its 4-hydroxymcthylene derivative. The two bands 
at 3,000 and 2,400 A are very characteristic when 
the substituent on the 4 position is ROCH==. The 


: g s 

WAVC..E»Jb1H (A) 

FiKore 0 
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oxazolone rings of these compounds are quite stable 
in alkaline solution, but in dilute acid rapid de¬ 
composition occurs with ring scission, with con¬ 
sequent loss of the ultraviolet absorption bands. 
In making the acid hydrolysis solution alkaline, the 
typical ultraviolet absorption band of benzyl- 
penaldic acid at 2,675 A appears (Merck, M,S0^ 2). 



When the substituent in the 4 position is 
RNHCH~, however, the main ultraviolet absorp¬ 
tion band shifts to longer wavelengths (3,200 A) 
and the auxiliary band rt‘mains more or less con¬ 
stant. The spectra of several compounds of this 
type are illustrated in Figures 11 and 12. It will 
bo noted that the main band of these compounds is 
more intense (Em 25,000) than that for the cor¬ 
responding oxygen analogs (Em 16,000). The 
stability of these 4-N-methylene compounds in 
acidic solution is somewhat greater than for the 
corresponding 4-0-methylene analogs, but they 
are still cleaved on sufficient exposure, so that here 
again the absorption bands ultimately disappear. 
On alkalization of these acid solutions the benzyl- 
penaldic acid band at 2,675 A makes its appearance 
as with the oxy compounds. Thus in general: 


RNH(^H=C—N—CCJHsCJIs 

I i 

0=c-o 

3,200 A band 

CHO—CHNIICOCHsC.n, 

I 

COOH 

benzyl absorption bands 

oh-||h* 

HOCH=CNnCOCH*C.H» 

I 

COOH 
2,675 A band 

The following tables summarize the general 
characteristics of the ultraviolet absorption spectra 
of compounds of the type 

R'=C—N=C—R 

o=i—o—I 

The Em values quoted are average values deter¬ 
mined from the specific values of a number of com¬ 
pounds of each type. 


R *» aliphatic group (includes benzyl) 


R' 

Main band 

Secondary band 

Em^ j 

^ 1 

Em 

X 

AOCH=:= 

16,000 

3,000 

6,000 

2,400 

ANIlCH--=- 

25,000 

3,200 

5,000 

2,400 


R * a,/3-'unsaturated group (phenyl, styryl) 


R' 

i 

_____ i 

Main band* 

Secondary band 

Em^ 

X 

Em 

X 

AOClI= 

22,000 

3,260 

10,000 

2,300 

2,400 

ANlICn== 

32,000 

3,450 

10,000 

ASCII 

36,000 

3,600 

12,000 

2,600 


Em “ the molecular extinction coefficient 
X » wavelength in Angstrom units of the absorption 
band maximum 

A -• an aliphatic group (includes benzyl) 

> MeMured in 0.01 N KaOH. 

* The main band for theie compounds is obaraoterised by iha presence 
of a smalier supplementary band projeeting from its short wavelengtli 
side. 
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The regular progression of the main bands to 
longer wavelengths and greater intensity as the 
compounds pass from the oxygen to the nitrogen to 
the sulfur derivatives is noteworthy, since this 
behavior is quite general for any structural class 
such as the oxazoles, imidazoles and thiazoles, the 
furanes, pyrroles, and thiophenes or the oxazolones, 
imidazolones and thiazolones. 

The Penicillenates. The penieillenates, being 
oxazolone derivatives, logically should be included 
in the immediately preceding section, but because 
of their special relationship to the penicillins in both 
a synthetic as well as degradative sense they are 
here given special consideration under a separate 
heading. 

When the first attempts wore made to synthesize 
the thiazolidine-oxazolone structure first proposed 
as the structure for the ])criicillins, condensations 
between 2-benzyl-4-hydroxymethylene-5(4)-oxazoI- 
one and n-penicillamine were tried (Merck, MA2a^ 
13-18). Spectroscopic examination of the non¬ 
crystalline products showed that they all contained 
some substance having a very intense ultraviolet 
absorption at 3,200 A. The general appearance 
(Fig, 12) and behavior (instability in acid solution) 
of this spectrum suggested a clos(‘ structural rela¬ 
tionship betwetm this substan(*e and the oxazolones 
of structure (Merck, M.12c, 10): 

RNIICIL-(^—N-^CCIIaCells 

I I 

0=C-o 

It was also observed that if the ultraviolet 
absorption spectrum of these 3,200 A absorbing 
condensation products were examined in alkaline 
solution, the absorption maximum slowly sliifted 
(about 3-5 hours at room temperatures) from 3,200 
A to 3,000 A, indicating reversion of the substrate to 
the starting materials, namely, penicillamine and 
4(5)-hydroxymethylene-2-benzyl-5(4)-oxazolone 
(see Fig. 10). This was confirmed by isolation of 
the 2-benzyl-4-hydroxymethylene-5(4)-oxazolonc. 

The formation of a pcmicillenic acid in this type 
of condensation was thought to have certain struc¬ 
tural implications with regard to the penicillins. 
A study of the properties of benzylpenaldic acid 
dimethyl acetal under oxazolone-forrning conditions 
had revealed that it very readily lost a mole of 
methanol with the formation of 2-benzyl 4-methoxy- 
methylenc-5(4)-oxazolonc, indicating a marked 
instability of the potential diacctal of the oxazolone 
and a tendency to stabilization through conjugation. 
A precisely analogous change had taken place in the 
penicillcnate-forming condensation above, sug¬ 
gesting an inherent instability for a molecule of the 
thiazolidine-oxazolone type. Similar experiences 
were encountered when attempts were made to 
‘‘azlactonize^^ the penicilloates (Merck, M.S7, 20). 

As early as the latter part of 1943 several investi¬ 
gators reported the presence of some substance 


in certain penicillin preparations with an ultraviolet 
absorption maximum at 3,200 A (Squibb, 12; 
Merck, M,S, 9; 7, 2; 19), Two general methods 

were found for degrading the penicillins with the 
production of relatively liigh yields of the product 
absorbing at 3,200 A. The older of these methods 



consisted in keeping at room temperature chloro¬ 
form solutions of benzylpenicillinic acid or glassy 
residues of the latter (obtained by evaporation of 
the chlorodorm solutions) whereby the 3,200 A 
absorbing product was slowly produced. The 
ultraviolet absorption spectrum of a typical speci¬ 
men of such material is shown in Figure 13. A 
later, more efficient method of transformation 
consisted of the treatment of benzylpenicillinic 
acid in ethyl acetate solution with mercuric chloride 
(Merck, MJ5a, IG). The appearance of the ultra¬ 
violet absorption spectrum of such a typical reaction 
solution is shown in Figure 13. Similar results were 
obtained using mercuric chloride and m(»thyl 
benzylpenicillinate (Merck, M.22, 7; 41, IG) in 
ethanol, ethyl acetate, and propionitrile. 

A study of the appearance and behavior (acid 
stability) of these 3,200 A banded spectra suggested 
a close relationship between these ‘‘naturaT' 
products and the ^'synthetic'* products of the type 
shown in Figures 11 and 12. In short, the penicil- 
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linw socmed capablo of degradation to a penicillcnic 
acid derivative. The correctness of this conjecture 
was finally proved when ‘‘natural” methyl benzyl- 
penicillenatc was cleaved with sodium hydroxide to 
give the crystalline sodium salt of 2-ben2yl-4-' 
hydroxymethylene-5(4)-oxazolone (Merck, 

11 ). 



Figure 13. 


The formation of the penicillcnatos from the 
penicillins in nonaqueous media is again an illus¬ 
tration of the marked tendency of the penicillin 
molecule to stabilize itself by conjugation. Peni- 
cillenate formation is entirely analogous to pen- 
amaldate formation, for penicilloate formation is 
not possible in inert solvents, and hence stabilization 
by conjugation must take place by an intramo¬ 
lecular instead of intermolecular path (with water, 
alcohols, amines, etc.), as in the penicilloate- 
penamaldate reaction. Actually, as described 
above, both types of reaction occur in reactive 
media (water, alcohols, amines, etc.) as competitive 
reactions. Thus the isolation of an oxazolone 
derivative from the penicillins does not necessarily 
indicate the presence of such a ring in the original 
penicillins. 

The Reaction between Thiocyanic Acid and 
Methyl Benzylpenicillinate* An interesting reac¬ 


tion l)ctwccn thiocyanic acid and methyl benzyl- 
penicillinate was first observed by the Cornell 
University Medical College group 4). This 

reaction product became the subject of an intensive 
series of investigations, chiefly by the Cornell 
to D,Sr)) and S(iuibb {S.S4 to SM) groups, which 



WAV) ITHGIH (A) 

Figure 14, 


ultimately led to the elucidation of the 5,()-dihydr(>- 
thiouracil structure for this substance. Tn the 
c(>urB(' of these investigations much us(* was made 
ol ultraviolet spectrophott)tnclry. Soon after the 
initial isolation of the thiocyanate d(‘rivative of 
methyl benzylpenicillinate, it was found that the 
J-acyl-2-thiohydantoins displayed ultraviolet ab¬ 
sorption spectra very similar to that possessed by 
the former (Cornell Bioch., DM, 3; 2^, 7; Squibb, 
6} (s('e Figs. 14 and 15). The inference was 
drawn that the thiocyanate derivative of methyl 
benzylpenicillinate was a l-acyl-2-thiohydantoin 
derivative. Further study also revealed that the 
ultraviolet absorption spectmm of the thiocyanate 
derivative was subject to a rapid and irreversible 
change when placed in alkaline solution (Fig. 14). 
Isolation revealed this alkaline product to be iso¬ 
meric with the thiocyanate derivative (Cornell 
Bioch., DM, 2). Potentiomctric studies of these 
isomeric thiocyanate derivatives indicated, how¬ 
ever, that neither series of compounds could 
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be 2-thiohydantom derivatives of the following furized the thiocyanate dorivafivo with memiric 
structure: acetate {842, 5; 44, 3) and produced a compound 


C.lIsf’HsCON-CH—CH—S—C(CH3)2 

I III 

CS-NH—CO NH-CHCOOCHs 


Therefore it was suggested that the thiocyanate 
derivative might be a 5,6-dihydrothiouracil deri¬ 
vative (Squibb, 8.38, 9; Cornell Bioch., D.25, 3) of 
structure: 

NHCOCHjCsHi 
OC—CII—ClI—S- -r((’ll,)2 
IIN—CS—N-CHCOOCII, 

Further investigations by the (\:)rnell and Squibb 
groups showed this to b(^ so. In those investiga¬ 
tions the ultraviolet absorption eharaeteristies of 
the 5,6-dihydrothioura<‘il8 were studied. The lat¬ 
ter class of compounds was found to have ultra- 
^ violet absorption spectra very similar to those 
of the l-acyl-2-thiohydantoins and to that of the 
thiocyanate derivative of methyl benzylpenicillinale 
(Fig. 14). However, unlike the absorption spectra 
of the l-acyl-2-thiohydantoins which shift tauto- 
merically with pH, those of the 5,G-dihydrothio- 
uracils undergo a non-tautomeiic change in alkaline 
solution with the formation of a product having a 
single absorption band at about 2,400 A as shown 
in Figure 14 (Cornell Ihoch., D.SI^ 23). Isolation 
of the alkaline degradation product of G-phenyl-5,G- 
dihydro-2-thiouracil was carried out by the Cornell 
group and it was showm to be /3-phenyl-/i-thioureido- 
propionic acid {D.Sl, 24) so that, in general, the 
effect of alkali must be the opening of the dihydro- 
thiouracil ring with tin* formation of a jtl-thioureido- 
propionic acid derivative luiving an ultraviolet 
absorption band at about 2,100 A (S(iuibb, 8,4-^, 2). 
The investigations of the S(iuibb group showed that 
the alkali catalyzed ring scission of the 5,G-di- 
hydrothiouracils is irreversible (on reacidification) 
for the unsubstituted members but that for 1-benz- 
yl-5 phonylacetamido-5,6-dihydrothiouracil (8,4^y 
2) and for l-bcnzyl-5,6-dihydrothiouracil 9) 

the ring scission may be largely reversed by the 
prolonged action of a large excess of cold acid as 
evidenced by the restoration of the original double 
maxima (at about 2,800 and 2,300 A) absorption 
spectrum. In this connection, however, attention 
is called to the last curve in Figure 14. The effect of 
alkali proved to be a characteristic and distinguish¬ 
ing difference between the l-acyl-*2-thiohydantoins 
and the 5,6-dihydro-2-thiouracils. An exception 
to this last statement is found in the thiocyanate 
derivative of methyl benzylpenicillinate, which 
undergoes an isomerization rather than the ring 
scission described above. 

A very important advance in the elucidation of 
the structure of the thiocyanj^te derivative was 
made when the Squibb group successfully desul- 



WAVCI.CM6TH (A) 

Figure 15. 


which was identified as a 5-phcnylacetamido-2- 
thiouracil derivative (Cornell Bioch., D.Sl, 3; 
Squibb, 8-48, 7). The desulfurized product was 
found to show the following ultraviolet absorption 
spectrum in 95% ethanol. 


Wavelength (A) 
3,300 
2,900 
2,350 


Eu 

7,500 (shoulder) 
15,300 (max.) 
22,200 (max.) 


A typical model compound, 5-phenylacetamido-2- 
thiouracil, displays the following ultraviolet absorp¬ 
tion spectrum. 


Wavelength (A) 
3,200 
2,900 


Em 

17.000 (max.) 
16,000 (max.) 


The agreement between the two is entirely satis¬ 
factory for the 2,350 A band in the desulfurized 
product arises from the a-aminoacrylic acid moiety 
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(Merck, M.12c, 0) in the structure 


CelLCII/’ONH (’--ril—N—C COOCII, 

I I I' 

OC—XFI-CS C(Cns)v 

Thus the 5“pheiiylac('t{irni(lc)-5,(3-dihydro-2-thi(>- 
iiriicil structure for tiie desulfurized product seems 
established beyond reasonable doubt. Final proof 
that the parent thiocyanate derivative likewise 
possessed this type of structure was obtained t)y 
synthesis of the thiocyanate derivative from 
/9-m(‘thyl D-a-benzylpenicilloate (Cornell Bioch., 
0 ). 

1 nvestipit ion of the alkali-isomerization product 
of the thiocyanat(‘ derivative sliowed that by means 
of acid hydrolysis a product could be obtaint'd 
which had lost the elements of ])henylac(‘tic acid 
and displayed the following absorption si)ectram in 
95% etiianol (Cornell Bioch. D. 24 , 7). 


Wavelength (A) Em 

2,725 15,(300 (max.) 

2,3(30 9,900 (max.) 


This spectrum may be compared with the ultra¬ 
violet absorption curves of l-phenylacetyl-2-thio- 
hydantoin given in Figure 15. It sliould be noted 
that this acid hydrolysis product has th(» same ultra¬ 
violet absorption spectrum as its precursor, the 
alkali-isomerization product (see Fig. 14). These 
facts suggest that the alkali-isomerization product 
has the following 2-thiohydantoin structure: 


(CH3)2(’-ClI-C--0 


S N NH 


\ 

(T1 


/ \ / 


II 

s 

CHCX)OCIl3 

I 

NIlCOCHsCVIs 


This structure has been established by degradativc 
studies as well as by synthesis from a-methyl D-a- 
benzylpenicilloato (Cornell Bioch., D,S5y 3). 

Since the j3-lactam structure propos(‘d for the 
penicillins seemed best to explain their chemical 
behavior, it appeared of interest to see whether any 
of the model jS-lactams which had been prepared 
would react with thiocyanic acid in a manner similar 
to that displayed by the penicillins. The treat¬ 
ment of the /?-lactam of a-cyclohexylacetamido-/3- 
cyclohexylarninopropionic acid with thiocyanate 
gave a crystalline product (Merck, MMy 9) which 
displayed an ultraviolet absorption spectrum very 
similar to those of the thiocyanate derivative of 
methyl benzylpenieillinatc and of 6,G-dihydro-2- 
thiouracil (Fig. 14) (Merck, M,67y 3). Moreover, 
on treatment with alkali, the ultraviolet absorption 
spectrum of the thiocyanate derivative of the model 


jS-lactam changed irreversibly, so that only a single 
band at 2,4(30 A n^rnained (Fig. 11). That this is 
characteristic of 5,()-dihydro-2-thiouracils is demon¬ 
strated by the following data d{4ermined by the 
Cornell group (CVirnell Bioch., D.Sl, 23) for 5,6- 
dihydro-2-thiouracil in water and alkali. 


Wnvcloii( 5 th (A) 

Em (in water) 

Em (in 0.01 N alkali)' 

2,900 

3,000 

200 

2,700 

15,000 

600 

2,450 

4,000 

10,000 

2,37r) 

0,000 

14,500 

2,250 

10,300 

8,200 

7,800 

2,200 

9,S00 

2,150 

9,400 

9,000 


* Attor Ihirtv mnnilOH. 


Thus the structure for the product from this 
/3-lactam is: 



CTd,—N—C--S 

I I 

CfilluCMl.COXHCTI—C^—Nil 

11 

() 

a structure entirely analogous to that of the thio¬ 
cyanate derivative of methyl benzylpenicillinate 
and so constituting additional evidence for the 
i3-lactarn structure of the penicillins. 

The N-Nitroso Derivatives of Methyl Benzyl- 
desthiopenicillinate and Related Substances. In 
October 194 \ there was isolated by means of the 
Raney ni(*kel d(‘Sulfurization of sodium benzyl¬ 
penicillinate (Merck, 23) an additional 

degradation product of great structural significance. 
Investigation of this product had revealed that it 
still was capable of partaking in many of the usual 
benzylp(‘nicillin reactions, especially those with 
aliphatic amines, alcohols, and alkali to give 
products which were found to V)e the respective 
benzyldesthiopenicilloates (Merck, MJfBy 13; 1; 

4^, 1). These studies justified the conviction that 
this desulfurization product of benzylpenicillin still 
retained the potential carboxylic carbonyl group 
present in benzylpenicillin itself. Thus this prod¬ 
uct was named benzyldesthiopenicillin and assigned 
the /3-lactam structure as follows: 

C6H6CH2C0NH-CHCH2*N-CH*CH(CH8)2 

o=i- 1 iooii 

Since synthesis of benzyldesthiopenicillin was 
not achieved, further proof of the /3-lactam struc¬ 
ture was desirable. The preparation and study 
of the crystalline N-nitroso derivative of methyl 
benzyldesthiopenicillinato proved in accord with the 
above structure (Merck, Af.7S, 4). 
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By means of the action of nitrosyl chloride 
in acetic anhydride (France, Ileilbron, and Hey, 
J, Chem. Soc.f 194.0, 369) a series of N-riitroso 
derivatives of related amid(^s and amines were 
prepared and their absorptions studied in tin* ultra¬ 
violet (Merck, 71/.74, 2; 79, 1). As the tabulated 
data show, the N-nitroso derivatives of inoiiosub- 





Substance 

of ina\. 
abfiorp- 
tion of 
ethanol 

Em 

N-Nitroso-N>ovclohe\ylac(‘tnmidc 

4,300 

86 


4,100 

80 


2,4r)0 

5,000 

Ethyl N-Nitrosophenaceturatc 

4,240 

125 


4,040 

122 


2,380 

7,750 

Methyl Benzyl-N-nitrosopcnaldate Di¬ 

4,220 

72 

ethyl acetal. 

4,020 

72 


2,47r) 

3,000 

N-NitroHo-N-methyl-phenyhicct amide 

4,2r)0 

127 


4,073 

131 


2,:i7r> 

6,800 

N-Nit ro80-/3-lac tam-/3-aii 1 1 in o-a-phen y 1- 

4,273 

127 

acetamidopropionic Acid. 

4,075 

131 


2,500 

20,500 

/3-Methyl Benzyl-N-nitroso-desthiopciii- 

4,270 

102 

cilliriate. 

4,070 

i 98 


2,500 

4,200 

N-Nitroaopiperidine. 

3,300 

, 88 


2,375 

i 8,600 

o-Methyl Benzyl-3,N-nitroso-D, 7 -peni- 

3,700 

i B4 

cilloate. 

2,325 

5,850 


stituted amido compounds all have ultraviolet 
absorption spectra characterized by three bands. 
Two of these bands occur, in general, at about 4,250 
and 4,050 A with Em values of about 100. The 
third band occurs in the general region of 2,400- 
2,500 A with an Em value of about 0,000. The 
N-nitrpso derivatives of the secondary amines, 
however, show only two bands, the first at 3500- 
3,700 A of Em about 85 and the second at about 
2,350 A of Em about 7,000. Figure 16 illustrates 
the ultraviolet absorption spectra of N-nitroso-N- 
methyl-phenylacetamide, a-methyl benzyl-3,N- 
nitroso-D, 7 -penicilloate (Merck, M.47, 21) and 
jS-methylbenzyl-N-nitroso-desthiopenicillinate. 
Clearly the latter is an N-nitroso deriA’ativc of a 
monosubstituted amide and its structure appears, 
therefore, to be: 


CeHftCH^CON-CH—CH 2 CH(CH3)2 


NO 


io—N—ill' 


COOCH, 


Attempts to apply this approach to methyl benzyl- 
penicillinate did not meet with notable success, 
since no definite crystalline prodtict was obtained, 


although the infrared absorption spectrum of the 
oily reaction product indicated the presence of the 
N-nitroso derivative of a monosubstituted amide. 

Methyl Benzylpenicillinate Sulfone. In Febru¬ 
ary 1945 the sulfone of methyl beiizylpenicillinate 
was prepared (Merck, M.56, 1) and on invesligation 
was found to have some int-<Testing properties, 
(MMl, 



Figure 10. 


The sulfone of methyl benzylpenicillinate was 
found to show an absorption spectrum in the ultra¬ 
violet very similar to that of methyl benzylpenicil¬ 
linate (Fig. 17). But when the sulfone was treated 
with any penicilloate-producing reagent (alkali, 
amines, or alcohols), the ultraviolet absorption 
increased tremendously and an intense absorption 
band at 2,800 A of Em about 15,000 was very 
rapidly produced (Merck, M.61, 3). On acidifica¬ 
tion the 2,800 A band disappeared, leaving a simple 
“benzyU’ absorption wliich, on realkalization, im¬ 
mediately formed a 2,675 A band of Em 12,000. 
In view of the similar behavior of the penicilloates 
and of the known instability of the a-amino sul- 
fones, the explanation of the above belmvior is 
easily arrived at in terms of penamaldate formation. 
Thus, for instance, the action of benzylamine on the 
sulfone of methyl benzylpenicillinate follows the 
equation: 
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C^HiCHsCONII—CII—CH—S—C(CH ,)j 


CO—N- 


-CHCOOCH, 


C,H,CH,NH,| 

C.HtCHjCONH—C---=CH C(CH,)2S02H 

I I I 

C.HsCHjN 11—CO NH—CHCOOCTI, 


since in this reaction a 2,800 A band of Em about 
10,000 was observ('d (M^rck, M.61, 6) which latter 
would be charact(»ristic of |9-mcthyl benzyl-a- 
bcnzylamidopenamaldate sulfinic acid. 



tMVFLeNCTN (A) 

Figure 17. 


The formation of a sulfone of methyl benzyl- 
penicillinate is interesting from a structural point of 
view, since it has been shown that the sulfones of the 
simple thiazolidines cannot be prepared. As with 
methyl benzylpenicillinaic sulfone after inactiva¬ 
tion, the thiazolidine ring suffers immediate scission 
with the ultimate liberation of the corresponding 
aldehydes. On the contrary, however, if the thiaz¬ 
olidines are acetylated on the 3 position, stable 
well-defined sulfone derivatives are isolated (Ratner 
and Clarke, J. Am, Chem, Soc.y 59j 200 (1937); 
Merck, 8) just as is the case with methyl 

benzylpenicillinate itself. This behavior again 
suggests the bonding of a carboxylic carbonyl 
group to the nitrogen atom at position 4 in the latter 
compound. 


The effect of catalytic hydrogenation over an 
Adams catalyst on the ultraviolet absorption 
spectrum of methyl benzylpenicillinate sulfone is 
shown in Figure 17. The absence of the “benzyl'' 
bands is evident (Merck, 6). 

Summary. In this brief review of the results 
obtained through the use of ultraviolet spectro¬ 
photometry in the investigation of the chemistry 
of the penicillins, it has been shown that the 
findings thus obtained led to one definite and 
important structural inference, viz. that the 
thiazolidine ring nitrogen is bonded to the carb¬ 
oxylic carbonyl of the penaldate moiety in the 
structure of the penicillins. This inference had 
been made, even earlier, as a result of the studies 
of the acid-base properties of the penicillins and 
related molecules as shown in another section of 
this chapter. Rubsetiuently this structural require¬ 
ment received support from and was extended in 
detail by other independent investigations such as 
chemical degradation, infrared absorption studies 
(Shell, Sh.l5^ 223; Mich. Phys., R,12a^ 63; Merck, 
MMl^ 3; 4; 79^ 4) and X-ray diffraction crystal¬ 

lography (Bunn and Turner-Jones, CPS.SJfi^ 1; 
Crowfoot and Rogers, CPS,508, 1). Finally the 
evidence obtained through ultraviolet absorption 
studies, for the presence of a free monosubstituted 
amide grouping in desthiobenzylpenicillin and 
inferentially, therefore, also in the penicillins, has 
been presented. Considered as a whole, the 
physical-chemical evidence bearing upon the ques¬ 
tion of the structure of the penicillins permits of but 
one plausible conclusion, which is that the i3-lactam 
structure alone simultaneously satisfies all such 
observat ions. 


THERMOCHEMISTRY OF PENICILLIN* 

Experimental determinations of the heats of 
formation of jS-phenyl-jS-anilino propionic acid 
ethyl ester (H), the corresponding iS-lactam (I), 
dimethyl pcnicilloate (III), and methyl penicillin 
(IV) were carried out in the National Bureau of 

CbHsN -CO CflHsNH COOCaHs 

II II 

CeHr>(TI—CII 2 CJIbCH—CH 2 

I II 


s — acihh 

CeHaCHaCONHCH-CH 

ioOCH, NH—CHCOOCH, 

m 


s 

C^eHjCHiCONHCH—CH ^C(CH,)a 

io—N-CHCOOCH, 

IV 


• By R. B. Woodward. 
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Standards Laboratories at Washington. These ob- the heat of formation of a large molecule calciilated 
servations are summarized in the equations in this way, since the bond energies of Table V 

15C (solid, graphite) + (gas) + J^O* (gas) + (gas) 

= C 1 JI 13 ON (gas) + (3.() — l 5 ^^,) Kc/mole 
17C (solid, graphite) + (gas) + O 2 (gas) + (gas) 

= Ci 7 ni 9 () 2 N (gas) + (82.8 - , 7 .V.) Kc/mole 
17C (solid, graphite) + lOIL (gas) + 2 O 2 (gas) + N 2 (gas) + S (solid, rhombic) 


18C (solid, graphite) + I 2 H 2 (gas) 4- ''’-^02 (gas) + 


in which .V, represents the unknown heats of sub¬ 
limation of the compounds at 25°. From those 
data, and the values in Table IV, the heats of 
TABLE IV 

Heats of Formation of Elements in Standard States 
from Monatomic (lasos (Kc/atom) 

C 124.1‘ 

H 51.7 

O 59.1 

N 85.1 

S 60 3 

* Rpforonop state graphite 

formation of the com[)ounds in the gaseous state 
from the constituent atoms may be found. 

15C + 13H + O + N 

CiJlnON + (2G81 - i 5 V.)K(*/mole 
17(^ + 1911 + 20 + N 

CnllisO^N + (3378 - n.VjKe/raole 
17(^ + 2011 + 40 + 2N + S 

C 17 H 20 O 4 N 2 S + (3770 - i 7 bV.)Kc/mole 
18C + 2 ‘IH + 50 + 2 N + S 

C 18 H 24 O 5 N 2 S + (4240 - . 8 V.)Kc/mole 

Using tlie bond energies of Table V, the theoretical 
heats of formation ((exclusive of resonance and strain 


TAOr.K V 
Bond linorgies 


c—c 

58 6 


110.2 

X 

1 

r 

87.3 

S—H 

87.5 

C—0 

70.0 

N—0 

(29.0) 

C—N 

48.6 

C^C 

100.0 

c—s 

54 5 

C-=0 

152.0 

N-—II 

83 7 

C=N 

94.0 


effects) of the compounds from the constituent 
atoms have been calculated, and tabulated in 
Table VI. It should be emphasized that no precise 
significance may be attached to the absolute value of 

TABLE VI 

Heats of Formation of Compounds in the Gaseous State 
from Constituent Atoms, Calculated by Summation 
of Bond Energies 

Kc/mole 


/S-Phenyl-/3-anilinopropionic acid ethyl ester.3,230 

^-Phenyl-jS-anilinopropionic acid/S-lactam.2,560 

Dimethyl penicilloate. 4,072 

Penicillin methyl ester (/S^lactam formula). 3,635 

Penioillin methyl ester (oxasolone^thiazolidine for¬ 
mula). 3,620 


= rnn2.)()4N2S (gas) + (150.8 -- nbVj Kc/mole 
N 2 (gas) + S (solid, rhombic) 

= CiJl 24 () 5 N 2 S (gas) + (233.5 - igV.)Kc/mole 

are average values, which might well be as much as 
several kilocalories removed from the values for 
the bond (mergics of any particular molecuh*. On 
the other hand, in comparing two molecuh\s such 
as I and II, it is clear that the larger poi-tions of the 
two molecules are made up of the same bonds. 
Subtractive relationships therefore will be precise, 
since the deviations in the one molecule will be 
paraikded in the other. In the particular (‘ase under 
discussion, the major difference Ix^tween thi‘ two 
molecules, aside from that portion in which our 
interest centers, lies in the presence in II of the 
carbon-caibon bond and the five carbon-hydrogen 
bonds of the (^thyl group whose bond (mergies are 
certain to be normal, and very close to the* values of 
Table V. 

The observed heat of formation of any compound 
from the constituent atoms will be greater than 
that calculated by summation of the bond energies 
by an amount equal to the resonance or stabilization 
energy arising from interactions not included in 
normal bond energies, or conversely less than the 
calculated value by the amount of strain present 
in the molecule. The observed heat of formation of 
II (3,378 — 17 .V,) is greater than the heat of 
formation calculated by summation of bond energies 
(3,230) by (148 - n.V.)Kc/mole. The latter fig¬ 
ure represents the stabilization energy in II, 
arising from resonance (a) in the two benzene rings, 
(b) in the ester group, and (c) between the odd 
pair on the nitrogen atom and one of the benzene 
rings, and further includes any deviations of the 
actual bond energies in compound II from the 
empirical average values of Table V. 

We may now set up the following equation for 
compound I 

2,500 + R - S = 2,081 - uV. 

in which R = stabilization energy in I 

S = strain in I 

The stabilization energy in I may be estimated as 
equal to that in II, except that (i) the interaction 
between the unshared pair on nitrogen and the 
adjacent benzene ring will be suppressed to some 
extent, and (ii) ester resonance affords about 
3 Kc/mole more stabilization energy than normal 
amide resonance. In order to obtain a minimum 







438 


MISC^LLLANEOUS PHYSICAL METHODS 


estimate ol the strain in I, it may be assumed tliat 
the intorartion (i) is completely suppressed, and 
that the entire stabilization energy (() Kc/mole) is 
lost. Consequently, we have 

H - (1-48 - 17.V.) - 6 - 3 

= 139 - nX 

from which S = 2560 -1- 139 — — 2681 + isV, 

- 18 + (itV. -- 17.V.) 

Now while uV, and n.V. are not known, it is certain 
that the values could not differ by more than 3 
Kc/mole; the minimum value of S is therefore 
15 Kc/mole. 

The conclusion is reached that the molecule of 
/3-phenyl-i3-anilinopropionic acid jS-lactam is strained 
to the extent of 15-20 Kc/mole. 

The heat of formation of dimethyl penicilloate 
(III), calculated by summation of the bond energies, 
is 4,072 Kc/mole. The difference, 168 Kc/mole,® 
between that value and the observed value reported 
above, represents the resonance stabilization in 
III, arising through (secondary) interactions witliin 
the benzene ring, the amide link, and the two ester 
groups. 

We are now in a position to consider the data for 
methyl penicillin (IV), As in the treatment of the 
model compounds, we assume that the resonance 
stabilization in (IV) is the same as that in (HI), 
except that the stabilization within the {a) ester 
group of HI amounts to 3 Kc/mole more than that 
within the ^-lactam amide group. (For purposes 
of preliminary discussion, it is assumed that the 
iS-lactarn amide group is normal. That point will 
be discussed in detail in the sequel.) Consequently, 
we assume that the resonance stabilization within 
the methyl penicillin molecule amounts to 165 
Kc/mole. If this figure is added to the heat of 
formation of IV calculated by summation of bond 
energies, i.e., 3,635 Kc/mole (Table VI), the value 
so obtained (3,800 Kc/mole) will be greater than the 
observed value (3,776 Kc/mole) by the amount of 
strain present in IV. In this way we reach the 
conclusion that the molecule of IV is strained to 
the extent of 24 Kc/raole. It is clear, then, that the 
/5-lactam formula for penicillin passes the test of the 
thermocheraical consideration which reciuired that 
the strain in the penicillin molecule must be at 
least equal to that observed in the case of the model 
/5-lactam. 

Considerable interest attaches to the relevance of 
the thermochemical data to the nature of the amide 
link in penicillin and in /3-lactams in general. It 
has been assumed for purposes of calculation in this 
discussion that the amide links were normal, i.e., 

* Here and in the suhuoquent discussion, the terms i7bVt and laV* are 
omitted. As indicated in the previous disousnion these quantities are 
unknown, but the difference between them could not exceed 3 Kc/mole. 
Consequently the observed value of the strain in the methyl penicillin 
could not bo more than 3 Kc lower than the value indicated in the 
sequel in consequence of the difference. Unfortunately the precision 
of the measurements on 111 and IV is not as high as that obtained In 
the study of the model compounds. Consequently a further unoer- 
tainty of about 3 Ke t/v possible. 


that the interaction (Va <-> Vb) was strictly com¬ 

parable to that in a normal amide, and resulted in 
stabilization of the molecule to the extent of about 


\ 

C—N 



Va 


/ 

<— 

\ 


C-- 

-N 

\ 

/ 



o— 



Vb 



21 Kc/mole. This assumption was desirable in 
ordt^r to obtain comparable strain values, since 
stabilization energies and strain energies are of 
opposite sign and are consequently not separable 
in thermochcmical arguments. To make tliis 
point clear, let us consider that the resonance inter¬ 
action (Va < -> Vb) in the particular case of methyl 

pcmicillin were completely inhibited by the special 
geometrical environment. In that event all the 
amide stabilization energy would be lost, and we 
should conclude that the resonance stabilization in 
rV was equal to that in HI, less the amount con¬ 
tributed by the (a) ester group (24 Kc/mole). 
Consequently the calculated heat of formation 
of methyl penicillin would be 3,635 (heat of forma¬ 
tion by summation of bond energies) + (168 — 24) 
(resonance stabilization) «= 3,779 Kc/mole, and 
comparison with the observed value (3,776 Kc/mole) 
would give a value of 3 Kc/mole for the strain in the 
molecule. It is clear that in all cases the relation¬ 
ship R — S *= const., in which R and S represent 
the absolute values of the amide resonance stal)ili- 
zaiion energies and strain (Uiergies, respectively, 
will be obeyed, but that the two quantities cannot be 
determined independently. 

It has been pointed out that the amide links in 
/3-lactams, and particularly in penicillin, should not 
be normal. In the case of a simple /3-lactam, the 
ratio of contributions of the two forms Via and 
VIb should differ from the normal case in the direc- 


C—C 

I I 

(>-N ■ 

/ \ 

Via 


O 


C—C 

c,/ ^ 

VIb 


tion of a relatively smaller contribution of VIb, 
since the introduction of a double bond into a 
cyclobutane ring will be somewhat opposed by 
strain set up as a consequence of angular distor¬ 
tions. In other words, the (permanent) electronic 
displacement (VH, arrows) will not take place in a 
/3-lactam to the same extent as in normal amides; 


C—C 


C—N 


vn 
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consequently the C—0 link in the former will have 
greater double bond character, and the C—N link 
will have less double bond character than in the 
normal case. As a conseciuence of this effect, the 
stabilization energy arising from the amide inter¬ 
action will be less in tlie /3-lactam case than for 
simple amides. These effects are clearly discerni¬ 
ble in the comparison of the positions of the 
infrared absorption bands of /3-lactams as compared 
with those of normal amides. 

In the case of penicillin, this effect should be 
considerably magnified, since in that case, the nor¬ 
mal displacement (VIII, arrows) confers partial 
double bond character on a link at the bridgehead 
of a small non-planar bicy(*lic system, Alter- 

S 

/ \ 
c—c c 


VIII 

nately, the dipolar contributor (IXb) to the hybrid 
will be of higher energy as compared with the homo¬ 


energy of an amide link and that of the penicillin 
amide link, will be reflected in a lower barrier 
towards cleavage reactions. Llnfortumately, cir¬ 
cumstance's do not permit us to place great confi¬ 
dence in the absolute value of th(‘ difference. 
However, it is interesting to observe that on 
the basis of the oliserved difference of 0 Kc/mole, 
we should anticipate that the penicillin link should 
be cleaved, other things being equal, 
times as fast as the /3-lactam link in tlu* model 
compound (I). 

It should be pointed out that while the thermo- 
chemical observations may be aceomoda1<‘d in a 
most satisfactory manner with the /3-lactam formula 
for pcmicillin, they do not contribute definitive 
proof of the correctness of that formulation. In 
order to illustrate that point, let us consider the 
oxazolone-thiazolidint^ formula (X; R ~ H). In 

N S 

/ \ / \ 
r,iis(Mi 2 C ni— CH c(ctt 3 )j 

ill I 

()- c \—Nir- c;h(X)or 

\ 

•^o 

X 


s 


0 




i 


-N- 




IXa 


S 

♦ \ 
C—C c 


C=-N- 

-0 

IXb 


-C” 


polar contributor (IXa) than in the normal case, and 
will therefore contribute less. It may be pointed 
out that the contribution of IXb without concomi¬ 
tant raising of the energy of the molecule (strain) 
requires coplanarity of the asterisked atoms; the 
X-ray stnictural determination has confirmed the 
model prediction of the non-planarity of the bicyclic 
system. 

The thermochemical results discussed here indi¬ 
cate that methyl penicillin is strained to the extent 
of 6 Kc/mole more than a typical monocyclic 
/8-lactam. There is no reason to expect any greater 
simple angle strain in the [0, 2, 3] bicyclic system 
than in an isolated four-membered ring. Conse¬ 
quently any observed difference must be attributed 
to the loss of stabilization energy as a result of the 
inhibition of amide resonance by the unifiue geo¬ 
metrical situation of the penicillin C—N link. This 
energy, be it considered a special kind of strain or 
merely a difference between the normal stabilization 


this case, we may assume that the resonance 
stabilization in (X) is equal to that in dimethyl 
penicilloate (1G8 Kc/mole), less that of the amide 
link (21 Kc/mole) and the (a) ester group (24 
Kc/mole) plus that arising from interactions 
within the oxazolone ring (a) and between the 
thiazolidiue nitrogen and the oxazolone ring (&, 
see arrows in X). Using the heat of formation 
calculated by summation of bond energies (Table 
VI), we may write 

3,260 + 168 - 21 - 21 + o -f 6 - 3,776 

from which a -f 6 — 33 Kc/mole. 

Assuming that (a) cannot be less than the value of 
the resonance energy in a simple ester (24 Kc/molc) 
and that (6) must be at least 6 Kc/mole, in order to 
overcome an estimated entropy difference of 20 
units between the postulated pseudo-cyclic form and 
a freely rotating model with no interaction, we may 
set the minimum value of the sum (a + b) at 
30 Kc/mole. The oxazolone-thiazolidine formula 
therefore is compatibk' with the thermochemical 
results so far obtained It is possible that esti¬ 
mates of (a) based upon the combustion of model' 
oxazolones would demonstrate that the calculated 
value of (« + h) for methyl penicillin, assuming the 
oxazolone formula, is so low as to render that struc¬ 
ture unacceptable. 
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INTRODUCTION^ 

Survey of Degradation Reactions. Chemical 
studies of the hydrolytic degradation of 2-pentenyl- 
penicUlin and benzylpenicillin led at a fairly early 
stage to recognition of the principal structural 
units of which the molecule is composed. The fol¬ 
lowing concise summary of the main lines of 

By John R. Johimoii, Cornell University. 


evidcmce from the degradation studies is intended 
merely as a schema tie review and is a much over¬ 
simplified version of the actual extensive investiga¬ 
tions that are reported fully in other chapters of this 
monograph. Throughout this brief survey benzyl- 
penicillin is used as a specific (*xample to illustrate 
the goiKTal reactions of the })enicillins. 

Hydrolytic degradation of the penicillins fur¬ 
nished an acylaininoaldehydt', termed a penillo- 
aldehyde, one molecule of carbon dioxide, and a 
sulfur-containing amino acid, penicillamine. On 
further hydrolysis (»ach of the individual pcnil- 
loaldehydos furnished a different organic acid, and 
it became evident that the penicillins differed from 
one another merely witli respect to the acyl group 
in the ponilloaldehydc* portion of the molecule. 
The specific names now used for the different 
penicillins indicate the charact(^ristic radical of 
this acyl group. Thus, benzylpenicillin furnishes 
phenylacetylaminoacetaldehyde, in which the acyl 
group is C 6 ll 6 -CH 2 ‘CO-“. 

C16H18N2O4S + 2II2O 
Benzvlpenicillin 
(R-CvHuN204S) 

CioHuN02 + CO 2 + CftlluNOaS 
I^enzylpenilloaldehyde Penicillamine 
(RCONIirH2CH:0) 

The penicillins do not contain a free amino group 
or a free thiol group, but these groups are present 
in the 5-carbon amino acid penicillamine. The 
presence of a free thiol group was established by 
oxidation to the corresponding sulfonic acid (peni- 
cillaminic acid) and by conversion to a disulfide 
under mild oxidizing conditions. The carbon- 
nitrogen skeleton of penicillamine was demonstrated 
to be that of a-aminoisovaleric acid, since it fur¬ 
nished derivatives of n-valine when subjected to 
desulfurization. The formulation of penicillamine 
as |0,/3-climethylcysteine was confirmed by synthesis 
and resolution to the optically active amino acid. 
The same penicillamine is formed from all of the 
penicillins and its optical configuration corresponds 
to that of the ''uimaturaU^ stereoisomers (n-series) 
of the a-amino acids. 

The penicillins contain a free carboxyl group and 
all are strong monobasic acids. An outstanding 
feature is the presence of a labile linkage exhibiting 
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the character of an attenuated acid anhydride 
function. The action of methanol on benzylpeni- 
cillin under mild conditions (‘‘methanol inactiva¬ 
tion'*) leads to the monomcthyl ester of a dibasic 
acid termed benzylpenicilloic acid, the composi¬ 
tion of which corresponds to the addition of one 
molecule of the alcohol. With a primary or second¬ 
ary amine, two molecules of the base ent(^r into the 


penicillinate) obtained by the action of diazo¬ 
methane on benzylpenicillin is in accord with this 
formulation: tliis ester furnishes the methyl ester of 
penicillamine and the free penaldic acid, showing 
that the pre-existing / 3 -carboxyl was estcrified by 
diazomothane and the anhydro-curboxyl function 
remained intact. 

For a system containing a rather small number of 


CHaOH 


C14H18N2O2S 


\ 


CO 2 H (^-) 


CUH 17 N 2 O 2 S (CO 2 H) a-methyl benzylpenicilloate^ 

benzylpenicillin 2 RNH 2 

CO 2 NH 3 R (^-) 

Ci4Hi8N202S 

\ 

CONIIR (a-) 

alkylammonium benzylpenicilloic alkylamide 


reaction and the product is an alkylammonium salt 
of the amidic acid. In the penicilloic derivatives 
the group derived from the anhydro-carboxyl func¬ 
tion is designated by tlie symbol a-, and the free 
carboxyl of penicillin by I3-. 

Partial degradation of the ptmicilloic derivatives 
gives rise to free penicillamine and a functional 


carbon atoms the penicillin structural problem pre- 
stmls an unusual degree of complexity. The molecule 
is composed of thn^e simple structural units—(I) a 
monobasic acid, (II) aminomalonaldcdiydic acid, 
and (III) penicillamine?—but these furnish seven 
functional groups capable' of uniem by redactions 
involving elimination e)f the elemients of water. 


a-methyl benzylpenicilloate 


HtO 


C12H18O4N 


CHj 

I 

+ HS—C—CH 3 


(HgCh) benzylpenaldic 

" ester H 2 N—CII—CO 2 H 

HOH / penicillamine 


CHjOH + CuHn04N 
benzylpenaldic 
acid 


C 6 H 6 CH 2 C 0 NHCH 2 CH =-0 + CO 2 
benzylpenilloaldehyde 


derivative of penaldic acid; further hyelrolysis show^s 
that the penaldic moiety is the precursor of the 
penilloaldehyde and carbon dioxiele. In a similar 
way, the penicilloic alkylamides furnish free penicill¬ 
amine and an alkylamide of the penaldic acid. 
These reactions demonstrate that the free carboxyl 
of penicillin is located in the penicillamine residue 
and the masked (anhydro)carboxyl function ap¬ 
pears in the penaldic moiety. 

The evidence from degradation studies has been 
amplified by synthesis and by other transformations, 
all leading to the following formulation of a-methyl 
benzylpenicilloate: 


C6H5CH2CONHCH--- 

I I 

(«-) CO,CH, NH 


S 

/ \ 

CII C(CH,), 


-CH COsH (/3-) 


The behavior of the methyl ester (methyl benzyl- 


The monobasic acid is the only portion of the mole¬ 
cule that differs from one penicillin to another. 

KCOsIl IIjNCHCIIrO 

I 

CO,Il 

I II 


I 

IlaNCIICOJI 

ni 

The second stnictural element is probably derived 
from the natural amino acid serine (or possibly 
cysteine); the third component, penicillamine, 
would presumably be derived from natural valine 
by a process which must involve optical inversion 
of the asymmetric center. 
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Fundamental Structural Units of the Molecule. 

The structural evidence permits an unambiguous 
formulation of several of the linkages between the 
three structural units. It is clear that the amino 
group of the aminomalonaldehydic acid is linked to 
the simple monobasic acid (I), and that the alde¬ 
hyde group is combined with penicillamine through 
formation of a thiazolidine ring. The carboxyl 
group of the penicillamine residue is free and is 
responsible for the strongly acidic properties of the 
penicillins. The crux of the structural problem of 
the penicillins and the challenge to theoretical 


RCONHCH- 

I 

CO 


s 

/ \ 

-cn c(cii3)2 


HN- 


-CHC02H 


organic chemistry lies in the derivation of a suit¬ 
able expression for the mode of linkage of the car¬ 
bonyl group of the masked (anhydro) carbonyl 
function. 

Specifications for a Satisfactory Formula. The 

specifications for a satisfactory formulation of the 
highly reactive penicillin molecule are unusually 
exacting. The structural model must be capable of 
accounting for the following principal transforma¬ 
tions, as well as a number of other significant 
properties: 

1 . Facile conversion to the penicilloic a-esters and 
a-amides, which contain a thiazolidine ring; 

2 . isomerization to the penillic acid, which con¬ 
tains a fused imidazoline-thiazolidipe ring system; 


S 


RCON- 


/ \ 

-CH C(CH,), 


Clli 

\ 


/ 


N- 


-CHCO 2 H 


CO 

Penillonic acid 


5. Reductive desulfurization to form (IV) an 
acylated alanylvaline and (V) desthiopenicillin, 
which contains a ^(-lactam (azetidonc) ring; 

H 

\ 

IV RCONHCHCHs C(C1I,)* 

I / 

CO—MI—CnCOaH 


H 

\ 

V RCONH(^.H—(TI 2 C(CH8)2 

I I / 

CO- -N-CII CO 2 H 

Desthiopenicillin 

6 . Reaction with ammonium thiocyanate to 
form a fused thiouracil-thiazolidine ring system. 

It is evident that these requirements are sufficient 
to tax the ingenuity of an expert in the art and 
science of structural organic chemistry and even to 
bring into question the adequacy of conventional 
structural formulas as an expression of intrinsic 
chemical reactivities. 

Proposed Structural Formulas. In the course of 
the chemical studies of penicillin, carried on by 
several hundred highly competent investigators, it is 


S 

HO2C CH-CH '^C(CHs )2 


N N- 

V 


-CHCO*H 


R 

Penillic acid 


3. Isomerization to the penicillenic acid, which 
contains an oxazolone (azlactone) ring; 


IIS 


N- 

I! 

RC 


-C-—==-CH 


\ 

( 
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C(CII,), 


CO Nil—CIICOjH 

\ / 
o 

Penicillenic acid 


4. Isomerization to the penillonic acid derivative, 
which contains a fused imidazolidine-thiazolidine 
ring system diff erent from that of the penillic acid; 


S 

/ \ 

N-CH—CH C(CII,)j 

II I I I 

R-C CO NH-CIICOJl 

\ / 

0 

Oxazolone (azlactone) formula 


OC 
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CIl s 
/l\ / \ 

CH C(CII,), 


NH 


\ 


N- 
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-CHCO*H 


R 

Tricyclic formula 

8 

/x 

NH—CH—CH C(CH,), 

R'io io—N-iH-CO,H 

/ 3 -Lactam formula 
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natural that many different structural formulas 
should have been proposed from time to time. 
Three possible formulas survived the preliminary 
stages and were subjected to most rigorous cross- 
examination. Each of these is characterized by a 
specific structural feature not present in the others, 
and the implied differences in properties led to new 
and fruitful investigations involving all of the tools 
of modern chemistry. In this development the 
application of physical methods played an extremely 
significant part and was perhaps the decisive factor 
leading to rather wide-spread acceptance of the 
/8-lactam formulation. Theoretical aspects of 
the interpretations of the significant reactions of 
the penicillins are discussed in detail in the follow¬ 
ing sections. 

The structural studies of the penicillins have 
opened a new chapter in organic ch(‘mistry but the 
end of that chapter has not yet been writt<*n. New 
information brought forth and methods devised 
in the concentrated attack on this particular prob¬ 
lem will advance organic chemistry in many 
directions. 

THEORETICAL ASPECTS OF THE REACTIONS 
OF PENICILLINS^ 

The extensive seri(*s of degradations whi<*h form 
the necessary background of any discussion of the 
structure ol iienicillin have been described in the 
preceding chapters, and indeed, much of the con¬ 
stitutional argument has been anticipated. In 
this summarizing chapter, we shall show how the 
expn^ssion (VI) which has ultimately been derived 
accomodates all of the known facts about the 
chemistry of the penicillin molecule. 

S 

/ \ 

CJIftCHjCONH CH- ■'CH CiCU^h 

I I 1 

CO—N-CTICOOH 

VI 

It should be emphasized that in almost every 
instance, the purely chemical work on penicillin 
proved susceptible to more than one plausible 
interpretation, and that although the now accepted 
formula (VI) was first derived and supported on 
the basis of chemical arguments, it was not at first 
widely accepted. The physical evidence and, in 
particular, the magnificent X-ray crystallographic 
work (Chapter XI) was ultimately conclusive. 
Thus this section, from the point of view of the 
program as a whole, partakes in some measure of 
the nature of a rationalization a posteriori. 

The main transformations of penicillin are those 
(a) to penicilloic acid and its derivatives, (b) to 
penillic acid, (c) to penicillenic acid and its deriva¬ 
tives, (d) to penillonic acid, (e) to desthiopenicillin, 
and (f) to the thiocyanate derivatives. After a 

*By Robert B. Woodward, Harvard University. 


brief introductory section, these degradations, 
as well as a number of more or less isolated but 
none the less important chemical observations, will 
bo discussed in turn. 

The Lability of the i8-Lactam Link of Penicillin. 

Penicillin is characterized by its pronounctid sus¬ 
ceptibility to attack both by acidic and basic 
reagents. The lability of one link in the penicillin 
molecule is the single most important factor in all 
of the reactions of the substance. That link is the 
amide link which is included in the /ii-lactam ring of 
VI. Since it was the reluctance of many ch(‘miRts 
to accept such lability in a link so situatefl which in 
large measure retarded the acceptance of the 
structure VI, it is important to inquire into the 
circurastancc^s which confer on that link its observed 
properties. 

General Natuhe of Amide Llvks. Th(‘ amide 
link is n^cognized as an exceptionally stabh^ one, 
considering that it is a bon<l between two quite 
strongly electronegative atoms. This stability is 
accounted for on the ground that resonance 
between two contributors, Vila and Vllb, leads to a 
large stabilization energy winch is more than ample 
to overcome th(' instability inhtu’ent in bonding of 
two atoms of like unneutral electrical character. 
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Amide resonance normally results in a masking of 
the carbonyl function, and consoqu(»ntly of the addi¬ 
tive power of the group. Hydrolysis of the link pro¬ 
ceeds through an intermediate of the type (VIII), 
which will be formed more readily, and conse- 

o- 


X 

VIII 

quently the barrier to reaction, which controls 
the rate, will be less, as the carbPnyl group is less 
involved in resonance interactions with the ad¬ 
jacent nitrogen. It is clear that any factor which 
alters the relative contribution of the forms 
Vila and Vllb in the direction of increasing that of 
VHa (or decreasing that of Vllb) wdll increase the 
lability of an amide link, and vice versa. 

The Nattire op Simple /8-Lactam Links. 
The appreciable strain in a four-membered ring 
(20-30 Kc per mole) need not necessarily operate to 
increase the lability of a i8-lactam link, it being 
recalled that the difference in energy between the 
initial and final states in a chemical reaction defines 
only the equilibrium between those states, and not 
the rate of conversion from one to the other. On 
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the other hand, there is excellent reason for believ¬ 
ing that the introduction of a double bond into a 
four-membered ring is attended by a greater 
increase in energy than that which accompanies a 
similar change in an open-chain system (the nor- 

nT *t—^ 

mal angle and presumably also 
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approximately 125®, whereas the angles ^ 

0 

tr^ / 


and 


-N<^ probably lie in the range 109-120®). Con¬ 


sequently, the amide resonance in the /ii-lactam 
case will differ from that in the normal case in that 
the relative contribution of the dij)olar form IXb 
will be suppressed, 'i'his anticipated greater 
double bond character of the C—O link is cor- 
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roborated by tlif* fippoaranco of th<' /i-lartara 
carbonyl band in the infra-red at aiiproximafely 
6.78 fi as compared with 0.0 n for normal amides 
(Chapter XIII), and by the ease of cleavage of 
model /3-lacfams. as compared with normal amides. 
On the other hand, that the presence of a /3-lactam 
ring in penicillin cannot alone be responsible for 
the observed lability is clearly demonstrated by 
the relative resistance to cleavage of desthio- 
penicillin (X) (Cliapter IX). 

CsIIsCIIjCONIICH—CIIj. CII(CHa )2 
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CO- N-CH COOII 
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Stebic Modification of the Nature of Amide 
Links. The cooperation in normal amid<‘ reso¬ 
nance of a dipolar contributor such as XI reqiures 
that the four attached groups a, b, c, and d lie in 
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the same plane. The inclusion of an amide link 
in any system in which such coplanarity is difficult 
or impossible will have the effect of shifting the 
relative contribution of the normal contributors in 
the direction of increased participation of the non¬ 
polar form. The case is reminiscent of that of the 
substituted p-nitroanilines Xlla^ in which the 
substituents (R), by forcing the groups attached to 
the two nitrogen atoms out of the plane, suppress 
the contribution of the dipolar forms XIIb» the 


analogues of which play so large a part in the 
determination of the properties of the unsubstituted 
compounds (C. E. Ingham and G. C. Hampson, J. 
Chem. Soc,, 981 (1939)). 
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The synthesis of model amides in which such 
resonance-blocking effects are operative has as 
yet been unsuccessful, but the failure of piperidine- 
4-acetic acid (XIII) io lactamize, as contrasted 
with 5-amino-acids in general, and 4-aminocyclo- 
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hexane carboxylic acid (XIV) in particular, affords 
striking corroboration of the expected difference 
from the normal case. 

Reactions of the /^-Lactam Link of Penicillin. 

The unique fused bicyclic system of penicillin 
(VI) provides a geometrical environment in which 
the resonance-damping effects described in the 
previous section will be operative. Simple model 
considerations suggest, and the complete X-ray 
structural determination confirms (Chapter XI), 


b 



that the four atoms (a, 6, c, and d) attached to the 
i^-lactam C—N link cannot be co-planar (Fig. 1). 
Consequently in the amide resonance (XVa<—► 
XVb), the contribution of XVb will be suppressed, 
as compared with that of the dipolar form in the 
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normal case. The relative improbability of XVb 
may be discerned alternately by reference to 
Bredt's rule, which prohibits a double bond as the 
bridgehead of a small bicyclie system. The sup¬ 
pression of XVb is reflected in a greater double 
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bond character of the C—0 link, as demonstrated 
by the ap{)carance of the corresponding infra-red 
absorption band at 5.G5 g (normal amide, G.O ix; 
simple /3-lactam, 5.78 ti; Chapter Xlll), and in 
increased lability of the /3-lactam link of penicillin. 
Through the.se circumstances, the latter resembles 
other systems containing a carbonyl group attached 
to an electronegative atom, for example the acid 
chlorides, in which the resonance interaction involv¬ 
ing forms of the general type XVI is less than that 
in normal amides, and the properties of penicillin 
become readily explicable. 
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Formation of Penicillok^ Acid. The forma¬ 
tion of penicilloic acid (XVII: X = OH) and its 
derivatives from penicillin presents no formal 
structural difficulties, since these substances are 
in all cases the products to be expected by normal 
cleavage of the js-lactam link: 
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The Penillic Acid Transformation. In con-* 
sidering the transformation of penicillin into 
penillic acid, it must be borne in mind that the 
environment of the /3-lactam link in VI confers 
on it lability approaching that of an acid chloride 
link (it should be })ointed out that in the latter 
case, the lability arises from the same source, viz. in 

the interact ion P— C— Cl ^-► H—(~ (*’1, < lu^ con¬ 



tribution of tli(‘ dipolar form is small, in this case 
due to the very strong electronegative character of 
chlorine, and a corresponding low tendency to 
donate its unshared pairs in such interactions). 
Experiment indicates that acid chlorides of the 
type XVIII undergo spontaneous change into 
the corresponding oxazolone hydrochlorides (XIX): 
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It is reasonable to suppose therefore that VI, in 
the presence of a proton donor which can relieve 
the electrical strain which opposes the acceptance 
of a negative charge^ by the thiazolidine nitrogen, 
would undergo transformation to the oxazolone 
salt (XX): 
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Tho thiazolidine nitrogen of the intermediate (XX 
or, slightly differentl 5 '^ written, XXa) may now 
attack the cationoid center /8 to give XXI, from 
which, through loss of a proton, and a simple 
electronic shift, penillic acid, in the dipolar form 
(XXII),.is obtained. 
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The remarkable observation has been made that 
during the course of the penillic acid change, con¬ 
siderable stable (non-cxchangeable) hydrogen is 
introduced into the penillic acid molecule from the 
solvent, while penicillin it-self does not exchange 
hydrogen in excess of the one known labile atom. 
This behavior may be attributed to the labile or 
semi-labile character of the a-hydrogen atom of the 
intermediary oxazolono salt (XX). Such lability 
is indicated by the great ease of racemization of 
optically active oxazolones. 

Penioillenic Acid and Its Derivatives. The 
transformation of penicillin into penicillenates 
bears a close relationship to the first step of the 
penillic acid change as described above. In the 
case of the spontaneous change, the electronic shift 
is the same as in that case, except that in the forma¬ 
tion of penicillenates, a proton source being absent, 
transfer of a proton from N*, cither directly, or 
through the solvent, to (reaction path a) or to 
S (reaction path />), must take place. 

In either event, the neutral intermediate (XXIII or 
XXIV) would be expected to isomerize readily to a 
penicillenic acid derivative (XXV). The change 
XXIII ■ XXV gains support from the oft-repeated 
isolation of penicillenic acid derivatives as the sole 
identifiable products of rational attempts at the 
synthesis of XXIII. 

The catalyzed changes to penicillenic acid deriva¬ 
tives, involving as they do reagents whose initial 
attack would be expected on the sulfur atom. 
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clearly can follow a course similar to b (above), 
and need not be further discussed. 

Pbnillonic Acid. Methyl penillonate (XXVI), 
formed on pyrolysis of methyl penicillin, is not 
necessarily a proximate transformation product. 
Indeed, it has been shown to be formed in fair yield 
by the pyrolysis of methyl penicillenate. The facts 
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available at present, however, do not prove that 
the latter is necessarily an intermediate in the 
change. It is possible to envisage a plausible 
mechanism for the direct conversion of methyl 
penicillin (XXVII) into XXVI, involving attack by 
the unshared electron pair of N* on the electro¬ 
philic carbon atom a, with displaceincnt of the 
carbon-carbon pair, facilitated by strain in the 
four-membored ring, and the adjacent electron- 
attracting carbonyl group. The product of that 
change (XXVIII) differs from methyl penillonate 
(XXVI) only in the po.sition of a hydrogen atom. 
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It is conceivable that the transformation of methyl 
penicillenate into methyl penillonate involves a 
aimilar and only slightly more complicated change 
(XXIX). It should be pointed out that such a 
mechanism does not imply the unlikely assumption 


that reconversion to penicillin is an intermediary 
step in the change (but see footnote, C!hapter 
VII, p. 160). 
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Desthiopbnicillin. The formation of desthio- 
penicillin (XXX) and its congener phenylacetyl-L- 
alanyl-n-valine (XXXI) on treatment of penicillin 
with Raney nickel is simply and directly explicable 
in terms of formula VI. In the formation of 
XXXI, it is necessary to make the not unlikely 
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assumption that reductive scission of the C—N 
bond precedes, or is simultaneous with, the C—S 
cleavage, since the change XXX XXXI is not 
realizable. 

Thiocyanate Derivatives. The proximate 
product of the action of thiocyanic acid and its 
salts on penicillin or its esters has the structure 
XXXII (Chapter X). Theoretical considerations 
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(scheme XXXIII), as well as model experiments 
indicate that X3UQI is a rational product of the 
action of the reagent used on VI. The first step 
resembles the attack of any donor reagent on 
penicillin, and the folkwiiig changes are not 
exceptional in any way, though it is worthy of note 
that the completion of the reaction through the 
participation of N*", rather than N* (with conse¬ 
quent formation of a thiohydantoin derivative) 
is not unexp(‘Cted in vievr of the greater basicity 
of the former. 

Other Reactions. Formula VI presents no 
difficulties in the interpretation of the active 
hydrogen data on sodium penicillin (one active 
hydrogen, at N‘), of the formation of penicillin 
sulfoxide (XXXIV: n - 1) and sulfone (XXXIV: 
n = 2), and of the active hydrogen data on the 
last-named substances. 
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The reaction of penicillin with Crignard reagents 
(RMgX) presents an interesting special feature in 
that the formation of the sole isolable product 
(XXXV) involves a carbon-carbon cleavage. The 
interesting possibility may be considered that, 
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following the initial replacement of the active 
hydrogen on N*, with consequent increase in the 
basicity of that atom, a change not unlike that 
occurring in the penillonic acid transformation 
takes place, viz.: 
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The further action of the reagent, with cleavage of 
the amide link, and formation of XXXV, requires 
no s]iecial hypotheses. 

The cleavage of penicillin by mcTcuric salts, and 
the reaction with iodine, involve cither (a) primary 
conversion to penicilloic acid derivatives, or (b) 
initial changes, involving attack on sulfur, remi¬ 
niscent of the penicillenic acid transformation, 
which has been discussed in detail earlier. 

The formation, by the action of hydrogen chlor¬ 
ide in inert solvents, of methyl pseudopenicillin 


hydrochloride (XXXVI) may be correlated, pro¬ 
vided that that substance is a real entity, of the 
structure* proposed, w'ith the first step of the penillic 
acid change, viz.: 
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Other Peniciulin Formulas. It should be 
pointed out that most of the reactions of penicillin 
ri'ceive (jualitatively plausible explanations in 
terms of a variety of formulas. As facts accumu- 
laf<'d, howevT'r, of the scores of formulas proposed, 
only two, other than the e.xpression VI which was 
ultimately adopted, received serious consideration. 
These were the oxazolone-thiazolidinc formula 
(modified) (XXXVII) and the tricyclic formula 
(XXXVIII). 
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Each of these was a serious contender, and 
chemical arguments in favor of them are even now 
not lightly dismissed. A complete discussion of 
the reactions of penicillin in terms of these formulae 
is of course out of place here, but the main chemical 
barriers in the way of their acceptance may be 
mentioned briefly. 

The Oxazolone-Thiazolidine Formula. This 
structure represented penicillin as containing an 
oxazolone and a tliiazolidine ring, the properties 
of each of w^hich w^ere substantially modified 
through a (theoretically sound) interaction between 
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an anionoid and a cationoid center. The expres¬ 
sion XXXVII accommodated without difficulty, in a 
qualitative sense, the conversion of penicillin to 
penicilloic acid derivatives, to pcnillic acid, to 
penicillenates, to penillonic acid, and to the thio¬ 
cyanate derivatives. The conversion of penicillin 
to desthiopenicillin was not impossible of explana¬ 
tion in terms of XXXVII. The formation of peni¬ 
cillin sulfoxide and sulfone, the lack of basicity of 
penicillin, the relative sluggishness towards iodine 
and mercuric salts, the failure to demonstrate an 
acylatable imino grouping, all received their 
explanation, on the basis of XXXVII, in the relative 
unavailability of the electron pair at in conse¬ 
quence of the postulated interaction. On the 
other hand, some obst^rvers witc convinced that 
while the effects described would operate in tlie 
recjuired dirc'ction, in a quant it at ive sense these 
would be insufficient to account for the divergence' 
between the observed propcTties of penicillin and 
those expected of the admittedly unsatisfactory 
unmodilicd oxazolone^thiazolidine structure. Fi¬ 
nally, the failure to observe conversion of i)enicillin 
into one or more stereoisomers, the luck of a(;tive 
hydrogen other than that of the carboxyl and amide 
groupings, and in particular, the introduction of 
non-('xcliang(‘able hydrogiui, from the solvent, into 
the molecule, during 1 he pcnillic acid change, 
rec(‘ivi*d no explanation in terms of XXXVII, unless 
it b(' assumed that the change XXXVII XX is 
irreversible. 

The Tricyclic Formula. In the case of XXXVIII 
also, most of the reactions of penicillin were 
explicable in a qualitative sense, but in the absence 
of models, judgment was difficult as to the quanti¬ 
tative aspects of the obseu-ved transformations. 
No a priori difficulties lay in the way of interpret¬ 
ing on the basis of XXXVIII the penicilloic, penillic, 
penicillenic and penillonic acid transformations, 
and XXXVIII was in no sense inferior to XXXVII in 
connection with the formation of desthiopenicillin. 
Serious doubts, however, were entertained as to 
the possibility of the existence of such a molecule, 
containing three electronegative atoms attached to 
the same carbon atom, and the relationship to 
penillic acid was, on careful examination, too close, 
particularly to permit the introduction of stable 
hydrogen during the transformation. 

Physical Evidence. It is outside the scope of 
this chapter to elaborate on the correlation of the 
physical properties of penicillin in terms of struc¬ 
ture VI. (Chapters XI, XIII, and XIV.) On the 
other hand, no opportunity should be lost to empha¬ 
size the large part which physical methods played 
in the solution of a problem which in the minds of 
many of the active investigators in the program 
might still be obscure but for their use. It has 
been aptly expressed that, from a purely chemical 
point of view, the elucidation of the structure of 
penicillin was a problem of ^‘relative improb¬ 
abilities.” May organic chemists have many 


more like it on which to sharpen the tools of their 
science! 

THE INTERPRETATION OF THE REACTIONS 
OF PENICILLIN AND REMARKS ON THE 
CONSTITUTION OF PENICILLIN^ 

In view of the content of the sections by my 
colleagues in this chapter as well as the full state¬ 
ments in other ])arts of the monograph, it is (juite 
unnecessary to traverse again the basic facts of 
penicillin chemistry or to discuss their constitu¬ 
tional significance on broad lines. There are, how¬ 
ever, cc'rtain aspects which call for notice, and a 
consideration of them suggests that the almost 
universal acceptance of the plain /JJ-lactam struc¬ 
ture is perhaps too complaisant. This gemeral 
consensus of opinion is psychologically under¬ 
standable as a natural relaxation from a supreme 
effort crowned with great success, but om', never¬ 
theless, that has not reached the final goal of a 
practicable synthesis. Even the brilliant work 
which demonstrated the formal synthesis of benzyl- 
pcmicillin has not shed new light on the finer detail 
of the constitutional problem. It is still necessary 
to form an opinion on the available chemical, 
I>hysical, and physico-chemical data relating to 
penicillin and its transformations. 

Historical. The collaboration of the present 
writer and W. Baker of the Dyson Perrins Labora¬ 
tory, Oxford University, with K. P. Abraham and 
E. (ffiain of the Sir William Dunn School of 
Pathology, Oxford University, began in 1942 and 
continued beyond the period of work described in 
Chapter II. In January 1943 the ” Committee on 
Penicillin Synthesis” was formed under the aus¬ 
pices of the Medical Research Council, and, as 
Chairman of that Committee, the writer made 
certain independent theoretical contributions 
deemed to be of interest to the British groups as a 
whole. These included suggestions on mechanism 
and structure, especially such as were based on 
electronic theory which he had adumbrated many 
years previously. In CFS.r)54 of July 1945, the 
writer's co-workers put forAvard their own con¬ 
sidered opinions. At- this time the result of the 
X-ray crystal Avork of Crowfoot and Rogers-Low, 
and of Bunn and Turner-Jones was known, and 
CP8.554 was an admirable statement of the chemi¬ 
cal grounds for acce])tance of the /i-lactarn structure. 
It was, howeAXT, necessarily retrospective. All 
our Pen reports and r/\S' reports were provisional 
on the theoretical side and were written for circula¬ 
tion as interim reports in the interest of a wide 
collaboration. They were never intended for 
eventual publication in that form. 

It is fair to say that there was no advocacy of 
the /3-lactam in 1943, and very little in 1944. On 
the other hand there was much dissatisfaction with 
the thiazolidine-oxazolone and this led to several 
other suggestions. 

* By Robert Robmeon, Oxford University. 
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The first evidence interpreted specifically in 
favour of the fiAaatixm was that discovered by the 
Merck group wdien they succeeded in removing the 
sulphur from benzylpeiiicillin. The properties of 
desthiopenicillin siiggcsted strongly its /34actamic 
make-up (Chapter IX). Then followed a strong 
theoretical advocacy by Woodward (Harvard, 
Wo.2) whose views are sot down elsewhere in this 
chapter. 

Finally the culmination of the X-ray work at 
Oxford and Norlhv\ich providc^d almost ocular 
demonstration of the four-ring {CPS.SOS; 546; 09^: 
Chapter XI) and showed beyond question hoAv 
the chit‘f atoms of the skeleton are arranged in 
the crystal molecules. Following this conclusive 
work it became largely a question of accommoda¬ 
tion of ideas and there w^as some wisdom after the 
event. 

In selecting these major items of the develop¬ 
ment, there is no suggestion of the lack of signifi¬ 
cance of other fields ol investigation such as that of 
the electrometric titrations, thiocyanate reaction, 
oxidation comparisons (sulphoxides, sulphones, 
periodate, etc.). All of these w^ere vital and 
essential in relation to structural details, but 
none of them embraced the wdiole structure and all 
allow^ed of alternative explanations. The infra¬ 
red work was in a special position because the 
absence of suitable models or of data on known 
substances structurally relevant to the issues led 
to action-reaction in which the tool itself was 
sharpened simultaneously wdth its use. Penicillin 
taught the specialists in the infrared much about 
amides in general. The outstanding results were 
the identification of a characteristic absorption of 
the /3-lactam carbonyl by the chemists of the Shell 
group (Chapter XIII) and the critical observa¬ 
tions of Thompson and Richards of the amide 
frequencies under different conditions {CPS.460; 
698; Chapter XIII). 

The writer has appreciated the importance of 
the non-basicity of penicillin from the start and 
at a very early stage suggested that the thiazol- 
idine-oxazolone is not present as such (XXXIX) but 
in a modified form which would serve to express (a) 
the non-basic character of penicillin and (b) its 
acyl-thiazolidine character as evinced by the 
strength of penicillin as an acid, the resistance to 
oxidants, the power to form a sulphoxide and 
sulphones. This modification was XL (CPS.22; 
4S9) and it w^as clearly stated that the arrow 
represented a bond of unknown strength. Any 
idea of a vague influence'^ across space was 
empliatically disclaimed from the begiiming. 

Variants of the /3-Lactam Formula. When the 
X-ray work showed the complete four-ring (Crow¬ 
foot and Rogers-Low, CPS»508) this was at once 
accepted (CPSJ09) and it was pointed out that 
XL must be taken to the limit (XLI) in order to 
incorporate the new condition. Thus in May 1944 


the present writer proposed a protonomer (see 
belowO of the /3-lactara, having arrived at this 
expression by a mere electromeric change of the 
thiazolidine-oxazolone formulation. As seen be¬ 
low Ihe assumed reversibility of this displacement 
of electrons, backward or forward, provides a 
simple relation between the oxazolone and /3-lactam 
structures. A pendulum-like swing involves their 
interconversion. 

Dipolk Vaju\N r IOlectuomer of Thiazolidine- 
(3xazolone (XXXIX); Phoionomer of j3-LACTAM. 

S 
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0-CX3 N11 —CIICO*H(M,X) 
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R-C=N-CH—CII C(CH,')j 
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-o OC NH - CHCOjHCM.X) 

+ 

XLI 

Here M implies COzNa and the like, that is —00^, 
in which form XLI would possess maximum stability. 

When one considers the easy change of penicillin 
into an oxazolone derivative (penicillenate) on 
the one hand, and to an undoubted d-lactam 
(desthiopenicillin), on the other, there must be 
some interest in an intermediate form related so 
simply to both types. 

If Ave restrict the use of the term tautomeric to 
an isomeric form produced by the transfer of a 
hydrogen atom, and the term electromer to a form 
produced by transfer of electrons, then it would 
appear appropriate to describe as a protonomer an 
isomer produced by change of position of a proton. 
As a familiar example the “zwitterion” is a pro¬ 
tonomer of the amino acid. 

In the following sub-sections the problem is 
discussed after an interval of three years, but the 
main points to which attention is drawn are the 
same as before. 

What Is the Meaning of the Term ‘ ‘The Formula’'t 
We are accustomed to set down on paper structural 
formulae which have a conventional relation to 
space models but which are quite inadequate to 
represent the extent of electromeric displacements 
or similar intramolecular phenomena. In general 
the “formula’' is an approximation which serves 
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a useful purpose as a mnemonic for a synthesis or 
series of degradations. Some such mnemonics, or 
working hypotheses, are naturally nearer to the 
truth than others, but it is doubtful whether any 
constitutional formula ambitious enough to include 
valency displacement evaluations can appioach the 
truth for anything more than a quite narrow range 
of conditions. 

The search for a formula is therefore illusory in 
many cases and the writer believes that penicillin 
is an example of these. It is more important to try 
and recognize the mechanisms of its transforma¬ 
tions than to seek some universal key in the shape 
of a paper formula. The skeletal arrangement dis¬ 
closed by chemical degradations and by the X-ray 
analysis of the crystals of alkali-metal salts must, 
of course, form the starting-point. As an illustra¬ 
tion we might well take this skeletal arrangement. 
Here the range of conditions is that of tlie (*xistence 
of the crystalline state. The observations are 
made on chemically inactive molecules found in a 
crystal ionic lattice. The conclusions from the 
observations apply to those conditions.* To what 
extent do they apply to other conditions, such as 
those of aqueous solutions at various pH? The 
answer is probably that knowledge of the crystal 
gives us a secure base of operations but cannot 
prohibit the assumption of changes on solution, or 
in presence of reagents. At the j)resent time the 
writer docs not regard XXXIX, or XL, or XLI, or 
the neutral /^^-lactam, as ^Hhe formulaof penicil¬ 
lin; he has no reason for ])reforring one inexactitude 
to another. It is, liowever, desired to point out 
that XL and XLI represc^nt easy transition stages 
between the thiazolidine-oxazolone and the jS- 
lactam extreme types and afford the simplest 
explanations of certain fundamental changes in 
the penicillin molecule. 

Arguments against the H 3 rpothesis of a Mobile 
Penicillin Molecule. There has been no serious 
suggestion that the penicillin molecule is frozen, 
but in regard to the phase XLI two arguments have 
been advanced. It is claimed that the infra-red 
absorption does not alter on proceeding from crys¬ 
tal to solution. Supposing that were so, it seems to 
prove too much. The crystal lattice, at least, is 
broken up on solution, and redistribution of 
charges must surely occur. If these clianges 
connote no alteration of the infra-red it may be 
asked whether other transformations need affect 
the absorption. The truth is that the infra-red 
has not been fully examined in solution, and there 
arc good reasons for this failure to examine some of 
the most interesting regions of the spectrum. 
Secondly it is said that alkali-metal benzylpenicil- 
linates do not show the characteristic band for 
\ 

—N+H, which is seen to advantage in triethylam- 
monium benzylpenicillinate (Sutherland, Collo¬ 


quium, Cornell University Medical College, Septem¬ 
ber, 1945). It is not clear that this band should be 
expected because —CO-N+HR 2 as an integral part 
of a stable dipole is unlikely to behave in the same 
way as —Cn 2 N*^HR 2 , an isolat/cd cation. 

Neither of these arguments appears relevant to 
the discussion in any decisive manner, and in so far 
as the pliysical evidence is concerned it appears 
possible that crystalline penicillin is the /3-lactam 
or its protonomer (XLI), both of which will need 
further slight modifications to endow the oxygen 
atom of the lactam-carbonyl with a negative 
charge (cf. Chapter XI for the evidence). 

Arguments against XLI as an Entity or Phase. 
This title is vague but in that respect it matches 
the arguments which often seem to have been 
directed against some other object or show mis¬ 
apprehension of the implications of XLI. 

If we take the case of the behavior of the thia- 
zolidine ring the following are usually cited as in 
harmony with an N-acylthiazolidine constitution 
and not in accord with a free basic thiazolidine: 

(a) absence of basic character of the thiazolidine, 

(b) strength of the thiazolidine carboxylic acids, 

(c) stability of the thiazolidine derivatives to 
mercuric salts, iodine, and other reagents, 

(d) oxidizability of the S atom to SO and SO 2 
without destruction of the heterocycle, 

(c) non-reactivity towartl ketene and other 
acylating agents. 

These are all properties associated with thiazolidine 
salts, and the writer venturers to forecast that they 
will all be exhibited unambiguously by the qua¬ 
ternary salts of the group. In other cases a 
little reactive base in equilibrium with the salt will 
lead to eventual complete reaction under most 
conditions. 

Actually the neutralization of N by CO was first 
attributed by the present writer to the electronic 
displacement: 

I 5 6 

RR'N—C=0 resulting in RR'N • - :„0 

(cf. R&y and Robinson, J, Chem. Soc., 127^ 1019 
(1925)) and the essential feature is the appearance 
of a positive charge on N (of unknown magnitude) 
and the disappearance of the previously active 
unshared electrons on N. It is this effect on the N 
atom which produces the observed changers in the 
influence of the group on chemical proc(‘Sses such as 
those associated with ease and orientation of sub¬ 
stitutions, chemical stabilities, acid and base 
equilibria, etc. In the thiazolidine series all of the 
properties and phenomena under (a), (b), (c), (d) 
and (e) above are dependent on the 6+ charge on 
N, and it does not matter in the least how this 
positive charge is produccnl. 

The formula or phase XLI therefore completely 
fulfils the requirements in all these respects. 
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Turning to the question of behavior on lowering or 
raising the pH, the analogy, cited in of 

an amino acid and its zwitterion is very misleading 
and altogether too simple a case. With the amino 
acid we have the relatively small difference in 
resonance energy between the undissociated car¬ 
boxyl and the carboxyl ion i\j& the chief factor 
favoring eciuilibrium on the side of the zwitterion. 
There is a much greater increase of resonance 
energy in the case of many dipoles and examples are 
—"*’N02~ and the amides themselves * C • * • 

Pyrrole is another example. In all these cases 
equilibrium, when it is j)Ossible, is decidedly shifted 
to the side of the very stable dipole molecules. 
There is also a strong tendency towards the distri¬ 
bution of the charges, as in nitroxyl and the carboxyl 
ion. It is abundantly clear that the appearance 
of a dipole in a resonant system can obliterate 
or greatly diminish the bas('-activity of unshared 
electrons. 

The argument from the course of titration of 
XLI on the acid side is thus no sounder than that 
which would reject the usually assumed constitu¬ 
tion of, for example, benzamide for a similar 
reason. A striking instance of dipole neutraliza¬ 
tion in the oxazolone series is mentioned below. 
When one increases the pH of a solution containing 
XLI, the removal of a proton from NH-^ might be 
expect(‘d, but this operates against the existence 
of the dipole which has cx hypothesii, intrinsic 
stability. Approach of OH~ to NII*^ of XLI is 
more likely to induce a change from XLI to a form 
represented by LX, and this involves reduction in 
the value of the dipole and formation of the 
oxazolone ring, at first in part,, and later more 
completely. 

The anion will then break the oxazolone, or the 
part oxazolone-part lactam intermediate, with for¬ 
mation of a penicilloic acid derivative. 

But let us suppose that XLI does lose a proton on 
increase of pH of the solution. The result is 
simply the anion of the plain /^^-lactam regarded 
as an acid, —NH-CO—, being the acid group. The 
experiment is therefore devoid of diagnostic sig¬ 
nificance. For if the proton were lost from XLI, 
say at pH 10, whereas the plain /S-lactam would 
lose one at some higher pH, say at pH 12, then the 
necessary sequence of events would be loss of a 
proton and immediate picking of one up again; 
nothing would be observed. The writer would like 
to make it clear that the above pH^s and the whole 
process are imaginary, the only point being that 
the experiment of electrometric titration on the 
alkaline side is valueless as an attempt to disprove 
XLI in favor of the plain j^^-lactam. Furthermore, 
it should be unnecessary to point out that we are 
dealing with the acidic character of an anion, the 
charge of which opposes the appearance of a 
second anionic center. 

The Properties of Oxazolones and Related 


Topics Discussed on an Electronic Basis. The 

‘^aromaticcharacter of pyridine is more fully 
developed than that of benzene; oxazole is essenti¬ 
ally to be regarded as a furane, aza-substituted, 
and bearing the relation to furane that pyridine 
bears to benzene, or that glyoxaline bears to 
pyrrole. It is therefore a relatively feeble aromatic 
type, slightly stronger than furane. Because of 
the strong formation-tendency of a pyridine 
nucleus the pyridones exhibit resonance in the 
direction of the appropriate substituted pyridine, 
but, for the reasons stated, an oxazolone will have 
less tendency to pass into an oxazole or to proceed 
far in that direction. One example is mentioned 
in Chapter XXI (p. 694). Nevertheless the 
stability of the oxazolones is probably attributable 
in some cases to assumption of aromatic character. 
Their most distinctive feature is the possession of an 
acid anhydride type of grouping. It is actually of 
the form —CO—O—C'R—N— instead of—CX)— 
O—C’R==0. The reactivity of the oxazolones 
depends therefore on the cationoid activity of the 
CO and C—N groups. 

The CO is a better ketonic carbonyl than that of 
an ester because the neutralizing capacity of the 
attached oxygen is exerted in two directions. In 
the system, C==C—CO—0—CR—N, contained 
in the 4-arylidene-oxazoloncs, the cationoid charac¬ 
ter of CO is weakened by conjugation witli an 
ethenoid group. Hence the acid anhydride char¬ 
acter is less fully developed and these substances 
are far more stable towards anionoid reagents 
than the parent oxazolones. In the heterom(‘thyl- 
eneoxazolones (CXiapter XXI) the neutralization 
of the carbonyl group is far greater, and greater 
too in proportion to the anionoid aptitude of the 
hetero-atom, O— > N > C^R > Cl. A good ex¬ 
ample is 4-aminonethylpne-2-benzyl(5)oxazolone 
(Chapter XXI, p. 750) which is stable towards 
hydrolytic agents and at the same time almost 
completely devoid of basic properties. It cannot 
be acctylated and does not even react with nitrous 
acid. The extreme form (XLIIA) is not out of the 
question in this instance and this possesses full 
aromatic oxazole character. 

'I’he great stability and ease of formation of the 
pcnicillenates is obviously connected with their 
hcteromethyleneoxazolone construction. The fis¬ 
sion of a thiazolidine-oxazolone to a penicillenate 
is fully analogous to that of penillic acid to isch 
penillic acid. In both cases a stable aromatic- 
type system of high resonance energy, oxazole and 
glyoxaline respectively, is produced. The effects 
of substitution in the 2-position and of substitution 
in the 2-substituents can be discussed on similar 
lines but have less bearing on the present subject. 
In the normal oxazolones the carbonyl group is 
more powerfully cationoid than the C==N, but 
this situation would be reversed if the C==N— 
became C—"^NH— by taking up a proton. All 
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theory and experience indicate that the carbon of 
this latter arrangement would exhibit intense 
cationoid activity, the usual electron defect on 
carbon being reinforced by a neighboring positive 
charge. This has an important bearing on the 
matter of the following sub-section. 


C—O 

ILN—CII-=C 

\ 

N=-CPh 

XLII 


o- 

I 

c- o 

/ 

+NIIj=CH—C ' 

\ I 

N=-CPh 

XLUA 


The Conversion of Penicillin into Penillic Acid. 

The plain /S-lactam constitution may be the basis 
of a satisfactory explanation of the formation of 
penicillenates, their esters and amides, but it does 
not seem to have been realized that the difficulty in 
the transformation to penillic acid is not on this 
side at all. The reactive centers that must some¬ 
how be brought into play are the amide-group of 
the side-chain as a cationoid reagent and the 
nitrogen atom of the lactam as an anionoid reagent. 

In CPS.S4 (May 25, 1914) the writer suggested 
an e.xplanation of the transformation to which he 
still strongly adheres. 'I’he last stages of the sug¬ 
gested change involve the reactive (cationoid) 
oxazolone group postulated above. The electron- 
acceptor group is attacked by the unshared elec¬ 
trons of the penicillamine-N atom. Starting with 
XLI the stages may be represented as follows: 


R—C=N--CII- ^CMcj 

-i io—N+H-CHCOiH 

XLI 




S 

R— C=N+H—^CMes 

d)-CO Nil-CIl-COjH 

XLHI 

This is a very natural process; the stability and 
feeble basicity of XLI are associated with the 
resonance energy of the dipole. If we destroy the 
dipole by introduction of a proton, the carbonyl 
group will evidently acquire intense cationoid 
reactivity, and the formation of the oxazolone 
ring is the easiest way to satisfy the electron defect 


on carbon of CO. Stated in another way the loss 
of dipole stabilization leaves the Nil(+) in a 
strong position to achieve neutrality by holding 
an electron pair (that ot C'O—NH) unshared. 
This implies the reverse ek^ctron displacement, 
XLI —> 3^ —> XXXIX. It is usually stated that 
penicillin has no basic properties. Tliis is only 
true in so far as no salt of penicillin as a base can 
be detected. But at the pll of the change to 
penillic acid, a proton must be assumed to lie the 
effective agent. The more correct statement, 
therefore, is that penicillin does exhibit the prop¬ 
erties of a weak base but the salt is incapa})le of 
separate existence and passes quickly into penillic 
acid or a salt thereof. In regard to the point of 
attack by the proton it must be understood that 
XLI can only be an approximation to a representa¬ 
tion of the charge-distribution of the molecule. 
The negative charge on oxygen will be partly 
distributed to the nitrogen of the amide group, 

R—(XO“)==N- >R--C{0 . The 

nitrogen atom, rather than the oxygen, will take 
up the proton, just as the small negative charge on 
carbon in the ion of tlie enolic form of acetoacetic 
ester is the ojierative factor in many reactions. 
This question of a more exact representation of 
electronic (possibly also protonic) distribution in 
XLI will not be pursued here but it must take into 
account a negative charge on the oxygen of the 
lactam carbonyl and the influence of the sulphur 
atom. The characteristic penicillin system in¬ 
cludes the atoms of the amide group, the lactam 
ring, and the sulphur atom. Models omitting one 
of these features do not exhibit the distinctive 
chemical characters of penicillin. The true ^'for¬ 
mula,'' if this mobile system can be said to possess 
one, must take account of all these component 
parts, indicate the site of charges, and discriminate 
between elcctromeric and general inductive dis¬ 
placements. We are not yet in a position to 
attempt this task. 

The intermediate (XLIII) is considered by the 
present writer to be essential for the formation of 
penillic acid. It can be obtained from the plain 
/5-lactam by a prototropic change to XLI, its pro- 
tonomer. The further change of XLIII to penillic 
acid (XLIV) is symbolized as follows {CPS.22; 



XLin 

(a) interohatiRAable with D. 
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CO,HCH- 

(b) 


-N 


XLIV 


(b) riou-tiiiorohaugoablo with D 

The primary product ib of course a salt of penillic 
acid. 

The fundamental hypothesis is that the unshared 
electrons of the thiazolidine nitrogen atom attack 
the powerfully cationoid carbon of the oxazolone 
salt cation. The writer's insistence on the neces¬ 
sity for this hypothesis, which he formulated late 
in 1943, has dominated his ideas and accounts for 
an early dislike of the plain /3-lactam, in which the 
side-amide group is not endowed with reaction 
potentiality. It can now be seen that a prototropic 
change of the plain /3-lactam to XLI could harmonize 
the ideas but it is an open question whether this 
stage is a necessary assumption. 

In spite of a considerable effort, no really satis¬ 
factory model for the penicillin-penillic acid 
rearrangement has yet been brought to light. 
Tliis has been due to the occurrence of facile side- 
reactions, but still more cogently to the failure to 
devise a suitable test case. 

The Transformation of Penicillin into Peni- 
cillenates. The dipole in XLI, or in the nearer 
approximation to the truth that could be based on 
XLI, is held to be stabilized by the complete peni- 
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CO -N+H CH CO,Me 
HgOAc 

HOAc 

\ 

RC=N—C==Cn CMe, 
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cillin group including the sulphur atom. If, as the 
result of exhibition of a reagent such as a mercuric 
salt, the sulphpr tends to hold the electron pair 
binding it to the four-ring, the dipole would be 
de-stabilized and the oxazolone ring would be 
formed by the electronic displacement, XLI —» XL 
—► XXXIX. Simultaneously an anion of the mer¬ 
curic salt removes a proton and the penicillenate is 
produced. 

Summary of Conclusions. 

1 . The fundamental degradations show^ that pen¬ 
icillin is an anhydride of pcnicilloic acid, and the 
X-ray crystal analysis demonstrates the stereo¬ 
chemical disposition of all the carbon, oxygen, and 
nitrogen atoms, and the sulphur atom. The exist¬ 
ence of the /3-lactam ring is indisputable. These 
statements apply to the crystals of alkali metal 
salts which are also seen to constitute ionic lattices 
in which the alkali metal cations are environed by 
all available oxygen atoms at comparable distances. 
The presumption is that all these oxygen atoms 
bear negative charges. 

2 . Penicillin contains a mobile tautomeric system 
and its reactions are most easily explained by 
reference to the mid-term XLI. 

3. The paper representation of XLI requires 
modification in order to show the distribution of 
charge on O and N of the amide group (side-chain) 
and possibly in other details. 

4. The crystal analysis does not exclude XLI or a 
refinement thereof, and the infra-red absorption 
studies of Thompson and Richards showed that the 
side-chain amide group is present in an extreme or 
marginal form. This is not expressed in the usual 
plain /3-lactam formula. 

5. There is no evidence sufficiently precise to 
enable us to fix the stage of the tautomeric system 
obtaining under any particular conditions, except 
perhaps at the moment of transformation into 
penillic acid (see above). 

6 . The arguments used to exclude XLI, however, 
are inconclusive. Penicillin is a new type of sub¬ 
stance and probably has a new type of structure. 
Changes of infrared absorption in solution have not 
been observed but this is probably chiefly due to the 
difficulties of the technique. 

7. The interpretation of transformations not 
specifically mentioned, such as those to desthio- 
penicillin and penicilloates, is obvious. 

8 . The plain /3-lactam is not a conceivably correct 
expression, but it could be modified in other ways 
than to the protonomer XLI, so as to accommodate 
some of the requirements. Any such modifications 
would, however, still be regarded as units of a 
tautomeric system. 



XVI 


PENICILLAMINE, ITS ANALOGS AND HOMOLOGS 

HARRY M. CROOKS, JR.i 


CONTENTS 

Introduction. 455 

Synthesis from 2-Phcnyl-4-iHopropylidcno-5(4)- 

oxazolone.. 455 

Synthesis from 2-Methyl-4-isopropylidone~5(4)- 

oxazolone.457 

Synthesis through 4-Carboxy-5,5-dimethyl-2- 

thiothiazolidone.458 

Synthesis by the Streckcr Reaction . , 459 

Alternative Resolution and Raccmization 

Methods.459 

Analogs and Homologs of Penicillamine . . . 4G0 

Reactions of Penicillamine.400 

Unsuccessful Attempted Syntheses.401 

Experimental 

S-Renzyl-Dn-penicillamine and Its N-Benzoyl 

Derivative.462 

N-Formyl-S-benzyl-pn-penicillamino; Resolu¬ 
tion and Hydrolysis.462 

N-Formyl-D-penicillamine.463 

Raccmization of R-Ronzyl-N-formyl-L-penicill- 

amine. 463 

Reductive Removal of S-Benzyl Group; fso- 

propylidene-penicillarnine.463 

DL-Penioillamine Hydrochloride.464 

D-Penicillaminic Acid.464 

Addition of Hydrogen Sulfide to 2-Phenyl-4- 

isopropylidene-oxazolone.464 

Addition of Sodium S-Benzylthiosulfate . . . 464 

Synthesis through 4-Isopropylidcne-2-methyI- 

6(4)-oxazolone.464 

Hydrolysis of N-Acety 1-penicillamine .... 466 

DL-Penicillamine.466 

Synthesis through 4-Garboxy-5,5-dimethyl-2- 

thiothiazolidone.466 

Synthesis through the Strecker Reaction. . . 467 

S-Benzyl-DL-penicillamine.467 

S-Benzyl-N-methyl-DL-penicillamine.467 

Alternative Resolution and Raccmization Pro¬ 
cedures .467 

Penicillamine Analogs and Homologs .... 468 

Type Reactions of Penicillamine.469 

Formation of Thiazoline Esters.471 

Table of Physical Properties of Penicillamine 
and Derivatives. 471 


Introduction* Penicillamine has been considered 
the most characteristic degradation product of the 

^ Retearoh Laboratory, Parke, Davis and Company. 
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penicillin type antibiotics." It was first isolated 
and characterized by the Oxford group (Abraham, 
Chain, Baker, and Robinson, Natvre, 15i, 107, 
(Jan. 1943)). The presence of sulfur in the mole¬ 
cule was not recognized at that time but was 
reported later by this group {PEN,88), The forma¬ 
tion of a thiazolidine from penicillamine and acetone 
was reported by these same authors {PEN,97) as 
well as the preparation of a di-N,S-p-toluene- 
sulfonyl derivative. In an appendix to PEN,91 of 
August 14, 1943, Dr. J. W. Cornforth (Aug. 23) 
suggested that penicillamine might be /5-dimethyl 
C 3 ^steine. This was approved by the authors of 
PEN,91 and was their working hypothesis from 
that date. Thiazolidine formation was confirmed 
and the possible formulas narrowed to )5-ethyl or 
/5,/5-dimcthyl cysteine (VI) by the Imperial College 
group (Catch, Cook, Filvidge, Hall, Heilbron, 
PEN,99), All doubts as <o the basic structure 
were ended with the synthesis ai Oxford (Abraham, 
Chain, Baker, Cornforth, Cornforth, and Robinson, 
PEN,100) of i5,/5-dimethyl cysteine from 2-phenyl- 
4-isopropylidene-5(4)-oxazolone and its resolution 
into the d and l isomers of which the former was 
found to be identical in physical properties with the 
naturally derived penicillamine. Identity was 
established crystallographically (Crowfoot and 
Low, PEN,101) by direct comparison of the penicill¬ 
amine hydrochlorides, of the derived thiazolidines, 
of the derived penicillaminic acids (XII) (Oxford, 
PEN,91) and their copper salts. The absolute 
configuration was established by the Merck group 
(Merck, M,ly 4) by desulfurization of the di¬ 
phenyl-isocyanate derivative and identification of 
the product with the phenyl ureide of D-valine. 

Synthesis from 2-Phenyl-4-isopropylidene-6(4)- 
oxazolone. This basic synthesis of penicillamine 
(also independently reported prior to the coopera¬ 
tive contract by anothergroup (Parke-Davis,PZ).l)) 
has already appeared in the literature (Savard, 
Richardson and Grant, Can, J, Res,, 28 (1946); 
and Neher, Spielman, Werner, Wettstein, and 
Miescher, Heir, Chim, Acta,, 29, 1874 (1946)). It 
was based on the threonine synthesis of Carter, 
Stevens and Ney (/. Biol, Chem,, 139, 247 (1941)) 
and involved the addition of benzyl mercaptan to 
4-isopropylidene-2-phenyl-5(4)-oxazolone (I, R — 

* The contraota under which most of this work was done defined peni- 
oillin as "antibiotic substances produced by Penicillia which yield 
penicillamine upon degradation." 
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CcHs) (Kamago and Simonson, J, Chem, Soc,, 1935, 
534) using sodium mothoxido as catalyst. Mild 
hydrolysis of the addition compound (III, R' = 
CHiiCeH b) gave N-l)onzoyl-S~l)onzyl-DL-ponieill~ 

Clh 


CH,-i=C-C 


o 

I > 

N=CR 

I 


CHa 

CHr-CH—CH—COOH 

NH—COCHsCl 



(VI) as the hydrochloride; alternatively, V was first 
resolved by crystallization of the brucine salts of 
the N-formyl derivatives (IV, R = H) into the 
(!omponent n and h S-benzyl penicillamines winch 

CH, 


CH,—C—CH—COOH 
r4 NH—cor 


3=C—COOMe 

Ih—COR 

II 


CH, 

CHr-C—CH—COOMe 
r4 NH—cor 



xn 


Figure 1, 


amine (IV) from which the benzoyl group was in turn were reduced to the corresponding n- and 
removed by strong acid hydrolysis. The S-benzyl ii-pcnicillamines. The isolation of tlxe penicillamine 
amino acid (V) was reduced with sodium and liquid hydrochloride from the salt mixture resulting from 
ammonia by the technique of du Vigneaud et ai., the reduction was best carried out through the 
(/, BioL Chem,^ 108, 753 (1935); 109, 97 (1935); formation of the thiazolidine, 2,2,5,5*tetramethyl 
11^, 149 (1935)) to give the racemic penicillamine thiazolidine carboxylic acid hydrocUoride (VIII)* 
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The thiazoHdine (dl, d or l) hydrolysed readily by 
boiling with a little hydrochloric acid, and the 
pure penicillamine hydrochloride rcwsulled from 
evaporation of the solution. 

In the presence of triethylamine two equivalents 
of hydrogen sulfide were found to add to the oxazol- 
one (I, R = phenyl) with the formation of /3-thiol- 
a-benzoylamino-thiol-isovaleric acid, the thiol- acid 
analog of (VII) (B.D.IL, CPS.50)- 


acetylvaline (X) with acetic anhydride ((\jruell 
Bioch., i>./, 5) and that it could be purified by 
distillation or crystallization. The oxazolone was 
also pre])ared in essentially quantitative yield by 
treatment of jS-methoxyvaline (XIV) with acetic 
anhydride or ketenc (Merck, MJOj 2, 3; 5; JOy 

4), wdiich was obtained from /5,i^-dimethylacrylic 
acid (Hchrauth and CJeller, Bcr.y 55, 2703 (1923)). 
Treatment of a-acetamid()-/J^,i6(-dimethylacTylic acid 


CHs O 

1 I! 

CII 3 —CII-C—COOH 


CII,, 


0011 


CHs 

-Clla-C- C’ll- cooil 


CH, 


XIII 

CII, o 

j II 
-c—c—c 


Nil- ('OCH, ('11,0 NH, 

XV \_ XIV 


Br 


XVI 


CII, O 

I II 

COOEt CH,--C-C- COOEt 

S—CHjCeH, 

XVII 

Figure 2 


, R=--CH8 


Although this basic procedure was quite satis¬ 
factory, the original conditions for removal of the 
benzoyl group (IV —> V) w^cre not well adaptable 
to large scale use. Modifications bavsed on a de¬ 
tailed study of the hydrolysis by Grew (Boots, 
CPS.87) made this step quite satisfactory. 

Variants of the original resolution process of 
S-benzyl-N-formyl-Dt.-penicillamine included sub¬ 
stitution of quinidine (Merck, MJOy 3) or thebaine 
3; Pfizer, PJ8y 7) for brucine in w’^hich cases 
the salt of the d form of the amino acid derivative 
crystallized out first rather than (as in the case of 
bnacine) the salt of the l form. A further minor 
refinement was the finding that alcohol recrystal¬ 
lizations of partially purified mixtures of dl and 
D or L S-benzyl-N-formyl-penicillamine gave good 
separation of the optically active forms from the 
mixture (Parke-Davis, PD.17, 1~3). A procedure 
for racemizing the l isomer by treatment of the 
sodium salt of S-benzyl-N-formyl-penicillamine 
with acetic anhydride w^as reported (Cornell Bioch., 
DJ8, 2). 

The unpleasant features of handling benzyl 
mercaptan on a large scale w^’ere eliminated by the 
B.D.H. group (Bradley and Davis, CPS.61; Bailey, 
Bradley, Davis, Evans, and MacLean, CPS.458) by 
the use of sodium S-benzyl thiosulfate in acid 
solution. 

Syntheses from 4-Isopropylidene-2-methyl-6(4)- 
ozazoione (I, R « CHa). Because of the much 
greater reactivity of 5(4)-oxazolones (I) in which 
R «= methyl rather than aryl, attempts to prepare 
4-isopropylidene-2-methyl-5(4)-oxazolone by direct 
condensation of aceturic acid, acetone, acetic 
anhydride, and sodium acetate were unsuccessful. 
It was found, however, that the oxazolone could be 
prepared in good jrields by treatment of N-chloro- 


(XV) with acetic anhydride also yielded the oxazol¬ 
one quantitatively (Hems and Robinson, CPS.200,1 ; 
Hems, Holland, and Robinson, CPS.224f 4; Merck, 
M.Sf), 4); the aeetamido-acrylic acid resulted in 
good yield from reaction of ^mothylpyruvic acid 
(XIII) with acetamide (Abraham, Baker, Chain, 
and Robinson, CPS.7/); Ilcms et al, CPS.200, 1; 
224 , 4; Merck, M.S5, 4). 

The addition of benzyl mercaptan to the oxazol¬ 
one in methanol with sodium methylate w'as found 
to give, after acid hydrolysis, a low (10%) yield 
of S-benzylponicillamine (V, R' = CH-iCeHs) (Cor¬ 
nell Bioch., D.l) unless the methyl ester of the 
a-acetamido-i8,/3-dimethylacrylic acid were first 
allowed to form, in which case the yield was about 
40% {D.8, 6, 7; C). How^ever, it was discovered 

by the Merck group that the most effective method 
for the introduction of sulfur into the molecule was 
the direct addition of hydrogen sulfide to the 
oxazolone in methanol containing sodium methylate 
(Merck, M.12d, 4; 26, 4), consistent yields of 70~ 
80% of N-acetylpcnicillamine (VII, R = CHs) 
being obtained and the step of reductive removal 
of the benzyl group being eliminated. The pres¬ 
ence of sodium methoxide was later found to be 
unnecessary by tlie Imperial Chemical group 
(Allen, Boon, Carrington, Gaubert, and Levi, CPS. 
626). As in the case of the phenyl analog, two 
equivalents of hydrogen sulfide wore found to add 
to this oxazolone in the presence of triethylamine, 
with the formation of a-acetamido-/3-thio-thioI- 
isovaleric acid, (Bailey, Bradley, Davis, Evans, and 
MacLean, CPS.458), readily hydrolyzed to N- 
acetyl-penicillamine or penicillamine by hydrolysis 
with water or hydrochloric acid respectively. 

In the addition of hydrogen sulfide to the 2- 
methyl-oxazolone in methanol with sodium methyl- 



458 


PENICILLAMINK 


ate {M.IM, 4; 26, 4) an oily product, convertible to 
N-acetyl-penicillamine by boiling with water, 
wasipresumed to be 2,r),5-trimethylthiazolino-4- 
carboxylic acid. That this was actually the product 
formed in the addition was shown by the Imperial 
Chemical group (Boon, (’arrington, (laubcrt, Jones, 


nell Bioch. 1).8, 3; Mich. Chem., B.6, 2)), 60%, was 
converted to chloroacctyl-valine (X), 80%, thence 
to 4-isopropylidene-2-methyl-5(4)-oxazolone (I), 
80%, thence to N-acetyl-penicillamine (IV), 80%, 
which was hydrolysed to penicillamine hydrochlo¬ 
ride in 90 98% yield (Merck, M.26). 
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Ramago, Sexton, and Waring CPS.525, 2; 634, *4) 

17) who converted the thiazoline acid to its methyl 
ester and characterized the latter as its picrate. 
Methyl 2,5,5-triinethylthiazoline carboxylate was 
also prepared by the action of methanolic hydrogen 
chloride on N-acetyl-penicillamine and by treat¬ 
ment of methyl a-acctylamino-/3,/S-dimethylacrylate 
with phosphorus pentasulfide and potassium poly¬ 
sulfide. The picrates of the latter two preparations 
were identical with that from the hydrogen sulfide 
addition product. In the same way these investi¬ 
gators showed a thiazoline structure to be the 
intermediate in the action of hydrogen sulfide on 
2-phenyl-4-isopropylidene-5 (4) -oxazolone and of 
phosphorus pentasulfide on methyl a-benzoylamino- 

/5-dimethylacrylate (CPS,27j] 6S4-) In the 

latter instance the phenyl-thiazolinc-carboxylate 
resisted hydrolysis p. 466 and thus was not practical 
for penicillamine synthesis. (See also Chapter 
XXI, Oxazolones, pp. 737, 791.) 

The simplest and most practical synthesis of 
DL-penicillamine thus involved the following steps: 
Figure 1, R = CHs, R' — H; valine (prepared 
fi^om isobutyraldehyde by Strecker reaction (Cor- 


Syntheses through 4-Carboxy-6,6-dimethyl-2- 
thiothiazolidone (XXI). Figure 3. (From Bentley, 
Catch, Cook, Harris, Heilbron, and Shaw, CPS,267; 
311; and 678,) In the course of experiments with 
thiazolidines as intermediates for the preparation 
of the thiazolidine-oxazolone structure of penicillin, 
it was found that treatment of the ethyl ester of 
penicillamine with carbon disulfide gave a good 
yield of the 4-carbethoxythiothiazolidone (XX) 
with evolution of hydrogen sulfide. In addition, 
the same ester was formed almost quantitatively 
on treatment of ethyl a-amino-/5,i3-dimethylacrylate 
with carbon disulfide. Acid hydrolysis of the 
ester gave the 4-carboxy compound (XXI) which 
yielded penicillamine on reduction with aluminum 
and hydrochloric acid (undoubtedly through the 
corresponding thiazolidine since both hydrogen 
sulfide and formaldehyde were detected as by¬ 
products). This opened a new and convenient 
method of synthesis from the readily available 
/5,^-dimcthylacryUc acid (obtained from mesityl 
oxide by haloform reaction): the acid was esterified, 
converted to the ck-nitro-ester (XVIII) (Kon and 
Fraser, J. Chem, Soc,^ 1934t reduced to 
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the amino ester (XIX) (Bouveault and Wahl, Bull, 
Soc. Chim,y (3), 913 (1901)), all in good yields. 

The reduction of the carboxy-thio-thiazolidone 
(XXI) gave a yield of about 70% if the penicillamine 
was isolated through its mercuric chloride com¬ 
pound, but yields were lower (due to oxidation and 


(XXVII) in almost quantitative yields. Hydrolysis 
of the aminonitrile to S-benzyl-penicillamine (V, 
K = CH 2 C 6 H 5 ) took place in about 37% yield. 
This method of synthesis lends itself to the prepara¬ 
tion of various N-subslitutod penicillamines (XXX) 
because of the variability of the ammo group intro- 
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adsorption) if the aluminum was precipitated as the 
hydroxide and the penicillamine isolated from the 
filtrate. 

A somewhat different route to 4-carboxy-5,5-di- 
methyl-2-thio-thiazolidone (XXI) was afforded by 
the condensation of N-dithio-carbethoxyglycine 
(XXII) with acetone in the presence of acetic 
anhydride and sodium acetate to give 2 -ethyl- 
mercapto-4-isopropylidene-thiazolone (XXIII), 
which with hydrogen sulfide and triethylamine gave 
the thiol acid (XXIV) as its triethylamine salt. 
Warming the latter with mineral acid gave the 
carboxy-thio-thiazolidine (XXI), 

Synthesis by the Strecker Reaction. Figure 4. 
(Catch, Cook, Harris, and Heilbron, CPS.678,) 
Although the utilization of the Strecker reaction 
in the synthesis of penicillamine was one of the 
early synthetic methods tried, it was abandoned 
because of the failure of a-bromoisobutyraldehyde 
diethylacetal to react with sodium benzyl mercap- 
tide in the desired manner (Squibb, S,8; 9), The 
Imperial College group {CP8,678)f however, found 
that the bromo-aldehyde prepared from the bromo- 
acetal gave an almost quantitative yield of a-benz- 
ylmercaptoisobutyraldehyde (XXV), which in turn 
yielded the cyanhydrin (XXVI) and aminonitrile 


duced; thus, substitution of methylamine for 
ammonia in the conversion of the cyanohydrin 
(XXVI) gave the N-methyl homolog (XXVIII) in 
essentially quantitative yield. 

Alternative Resolution and Racemization Meth¬ 
ods. Although the original resolution of S-benzyl- 
N-formyl-DL-penicillamine has already been de¬ 
scribed as well as the racemization procedure for the 
less desirable l isomer, new procedures were devised 
for use with DL-penicillamine. The Merck group 
{M,26y 5, 6 ) found that N-formyl-DL-penicillamine 
gave a crystalline salt with brucine and that the 
salt of N-formyl-D-penicillamine crystallized 
directly in satisfactory yield and purity. A 
racemization procedure for the l form was not 
reported. The second resolution procedure was 
that developed by the Wellcome group (Copp, 
Duffin, Smith, and Wilkinson, CPS. 10S) in which 
isopropylidcne-DL-penicillamine (VIII) was formyl- 
ated to IX and this formyl derivative resolved 
through the brucine salt. Here again it was the 
salt of the n-penicillamine derivative which first 
separated. The same workers later (CPS.819) 
reported the racemization of the l derivative by 
treatment with acetic anhydride and subsequently 
found {CPS.685) that the brucine salt itself could 
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be racemized by acetic anhydride in benzene. The 
resolved N-forrnyl-isopropylidcne-D-penicillamine 
was readily hydrolysed by mineral acid to D-peni- 
cillaniine hydrochloride (VI). Cook, Elvidge, and 
Heilbron {CPS 273), using 1 his procedure, found that 
a considerable saving in time and effort could be 
effected by converting the incompletely resolved 
brucine salts to the thiazolidinc acids, which then 
gave the isomers of high purity with a single crys¬ 
tallization fiom benzene-petroleum ether or, better, 
water The optical component present in excess 
separated in pure lonn in the first fractions. 

Syntheses of Penicillamine Analogs and Homo¬ 
logs. The syntliesis of an intermeduit(‘ A\hich 
would lead to N-methyl penicillamine' has been 
described (p. 459). However, a versatile synthesis 
of N-substituted /Sl-thiol amino acids was discovered 
by the Upjohn group {U IS, 2-0; /.9, 1) and 
N-methyl- and N-isopropyl-cysteine as well as 
D and I. N-methyl-penicillamine were prepared. 
This procedure was based on the discovery that the 
simple thiazolidines (XXXI) cleave with sodium in 
liquid ammonia with subsequent hydrolysis to 
give the corresponding N-substituted amino acid 
(XXXII). The Cornell group {D.29) in a study of 
this reaction found that under strictly anhydrous 
conditions the major product w^as dimeric in nature 
(e.g. thiazolidine-4-carboxylic acid gave, apparently, 
N,N'-ethylcnc-bis-eysteine) but with one molecular 
proportion of water present the simple cysteine 
derivative was isolated. 

In the course of the problem a number of amino 
acids analogous to penicillamine were prepared in 
which the basic carbon skeleton w^as varied. In 
their initial ^'present knowledgereport the Lilly 
group reported having prepared a-amino-jS-mer- 
captovaleric acid at a time when the structure of 
penicillamine had not been clarified. The details 
of tliis synthesis (L.S) show^ed that it w'as prepared 
in an entirely similar manner to the Oxford peni¬ 
cillamine synthesis, propionaldehyde being sub¬ 
stituted for acetone in the preparation of the initial 
oxazolone. The same results w^re later reported 
by the 'Wellcome group (Copp, Duffin, Smith, and 
Wilkinson, CPS.072) w^ho also prepared the oxazol¬ 
one by heating N-benzoyl-iS-hydroxy-norvaline 
with acetic anhydride. 

The homologous 0-mercapto-leucine was pre¬ 
pared by the Cornell group (D.Jf, 8-10), through 
the azlactone prepared from N-chloroacetyl-leucine, 
to check the method of synthesis after diflSculties 
were encountered in the addition of benzyl mer¬ 
captan to 4-isopropylidene-2-methyl-5(4)-oxazolone. 

A further homolog, /5-mercapto-isoleucine, ho¬ 
mopenicillamine,” was prepared by the Abbott 
group (AJ3y 2-5) following the procedure of Merck 
for penicillamine. 

AlthougJi not a homolog, but of interest because 
of its possible use in preparing penicillin without a 
free carboxyl group, a-amino-zS-thiol-isobutane was 


prepared by the Imperial College group (Amstein, 
Cook, and Heilbron, CPS£ 40 ) by addition of 
benzyl mercaptan to a-nitro-isobutene with subse¬ 
quent reduction of the nitro- and benzylthio- groups. 

Reactions of Penicillamine. Penicillamine was 
found to react in most respects very similarly to 
cysteine. Indeed, it w^as to a considerable extent 
upon this similarity that the vstructure w^as deduced 
(Abraham, Baker, Chain, and Robinson, PEN,97). 
The reaction of penicillamine with carbonyl com¬ 
pounds to form tliiazolidines (cf. Schubert, J. BtoL 
Chem,, //Jf, 671 (1935); 114y 341 (1936); Ratncr 
and Clarke, J. Avi Chem. Soc., 59, 200 (1937)) is 
treated extensively in Chapter XXV. The intro¬ 
duction of the mercapto group in the penicillamine 
synthesis is more difficult than in the less substi¬ 
tuted analogs. Penicillamine was degraded to 
isobutyraldehyde by standing overnight with 
aqueous mercuric chloride w liile cysteine w as stable 
for at least five days under the same conditions 
(Squibb, /S./P, 8). In contrast it is more stable 
than cysteine to the action of hot sodium plumbite 
solution (Squibb, S.21, 7). 

The oxidation of penicillamine to i8,jS'-dithio- 
bis-valine, analogous to the formation of cystine 
from cysteine, w^as found to proceed less readily 
than with the lower homolog (Merck, M.15, 13; 
69, 18; Cornell Bioch., DJ7 ); and the product, once 
formed, proved to be considerably more stable than 
the simpler compound. Thus, although it beliaves 
polarographically and toward the action of iodine 
as does cystine, it gives no color as cystine docs 
when tested with alkaline sodium nitroprusside in 
the presence of sodium cyanide, and none when 
tested by the Folin-Marenzi reaction; the disulfide 
bond is cleaved by sodium in liquid ammonia, as in 
cystine (Cornell Bioch , DJ7). 

The oxidation to penicillaminic acid (dimethyl- 
cyst eic acid) w'as mentioned earlier in this chapter. 
The oxidizing agent usually used was bromine 
water. Hydrogen peroxide in acetic acid also 
effects this conversion as shown by the Squibb 
workers {S.5, 2), who thus obtained the benzyl- 
ammonium salt of penicillaminic acid from the 
benzylammonium salt of benzylpenicilloic a-benzyl- 
amide and the methyl ester from the methyl ester 
of benzylpenicillin {S.I 4 , 5). An intermediate 
oxidation stage, the sulfinic acid, w'^as obtained by 
the Squibb workers {S£, 5), the methyl ester of the 
sulfinic acid being isolated from the reaction of 
mercuric chloride on methyl benzylpenicillinate 
in ether. 

The formation of an insoluble precipitate on 
treatment wdth mercuric chloride was of particular 
value in the original isolation of penicillamine 
from penicillin (Abraham, Baker, Chain, and Robin¬ 
son, PEN.91, et ante). Esters were prepared by the 
action of the appropriate alcohol in the presence of 
anhydrous mineral acid. A very useful procedure 
for obtaining penicillamine esters directly from 
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N-formyl (or ieopropylidenc) penicillamine involved 
treatment of these derivatives with hydrogen 
chloride in the appropriate alcohol (Boon, C’arring- 
ton, Davies, Jones, and Ramage, VPS.479). N-Acyl 
derivatives were prepared, for (he most part, by 
action of the acyl halide or anhydride under 
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Schotten-Baumann conditions, although a number 
were also prepared by the indirect method of 
acylation of a thiazolidine and treatment of the 
aeyl thiazolidine with mercuric chloride, the car¬ 
bonyl compound being released and the acyl 
penicillamine regenerated from the mercuric chlo¬ 
ride precipitate by the action of hydrogen sulfide 
(Imperial College, CPS,5, 4; Cook, Elvidge, Hall, 
Heilbron, and Shaw, CPS,270, 2). TsI-Formyl 
penicillamine was also prepared by heating penicill¬ 
amine hydrochloride with formamide (Allen, 
Boon, Carrington, Gaubert, and Levi, CPSM6, 2, 
3). Acylation through the use of the acid azides 
was used in the case of some of the more highly 
substituted derivatives (Mich. Chem., B,8, 3). 
More stringent conditions for direct acylation of 
penicillamine led to formation of the corresponding 
2*thiasoline-4-carboxylic acids. Sodium-Uquid am¬ 
monia reduction of N-acyl-S-benzyl-penicillamines 
also yielded the N-acyl penicillamines. 


successful penicillamine syntheses. One of the 
most promising of these was the preparation of 
/S-benzylmercapto-dimethylpyruvic acid (XVII) 
from the ^-bromo compound (XVI). Although 
the mercapto compound formed an oxime (Squibb, 
S,7, 2; 11, 3) and a phenylhydrazone (Hems, Hol¬ 
land, and Robinson, CPS. 224 , 3, 4; Pfizer, P,8, 9‘, 
9, \0] 11,2\ 12,^), neither of these derivatives could 
be reduced to penicillamine nor would the benzyl- 
mercapto-dimethylpyniv ic acid react in the Strecker 
reaction {CPS, 224 ) although evidence was ob¬ 
tained for a good yield of the cyanhydrin. 

Diethyl /5-1-benzylmercaptoisopropylmalonate 
(XXXIV), prepared from isopropylidene-malonic 
ester (XXXIII) (Abbott, A.6, 8; 7, 1; Heyden, 
H,S, 1, Pfizer, P,8, 11; I1; Winthrop, W.S, 1; 4,1; 
6, 4), did not give the expected reaction products 
with butyl or amyl nitrite {W.6, 4, 17; H.S, 1), with 
benzene diazonium chloride or potassium phenyl 
diazotate {P.8, 11), with bromine {A.5, 4; 6, 8) or 
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with bromine followed by ammonia {WJ), 4), nor 
did the monoethyl ester react with hydrazine to 
give the hydrazide 4), Diethyl a,/5(-di- 

bromoisopropyhnalonate (XXXV), formed readily 
from XXXIII'(Pfizer, P.?, 5; It, 3; Squibb, S,8, 
1 ), did not give satisfactory products with Na 2 S 2 or 
thiourea {S.8, 1, 2), nitrosyl chloride, or amyl 
nitrite (>S.,9, 7). The use of iodine monochloride in 
place of bromine* on dimethylacrylic acid (XXXVII) 
(P..9, 12) was unsuccessful. The use of ethyl 
a-cyano-i3,i3-dimethylacrylate (XXXVI) in place of 
the malonic ester was successful as to the addition of 
benzyl mercaptan (P.<V, 11; Tr.6?, 1, 4) but nofarther. 

The reaction of i9,/5-dimethylacrylic acid (XXXVII) 
with benzyl mercaptan did not proceed (Squibb, 
S.7, 1), nor did the action of nitrosyl chloride or 
amyl nitrite lead to the expected products 7) 
either with the acid or t he ethyl ester. Attempts to 
replace the halogen of a-chloro-zi-hydroxy-iso- 
valcric acid (XXXVIII) by the use of ammonia or 
potassium phthalimide were not successful (Pfizer, 
P./, 22; 7, 5; Squibb, S,8, 2). A sustained attempt 
to derive a penicillamine synthesis from a-bromo 
(or hydroxy)-j!5-sulfo-isovaleric acid by the Pfizer 
group also failed (P.7, 8; 8, 12; 9, 12, 13; H), 5; 
U, 2 ). 

Acetone was found to condense with rhodanine to 
give the isopropylidene compound (XL) by the 
Oxford (Abraham, Baker, Chain, and Robinson, 
CrS.75, 2, 3) and the Merck {MM, 3) groups. 
Hydrolysis of the compound was unsatisfactory 
under most conditions, although with mild treat¬ 
ment a small amount of what appeared to be a 
dimeric form of the sulfur analog of /3,jS-dimcthyl- 
pyruvic acid was isolated. 

5 -lsopropylidene-hydantoin (XLI) was prepared 
by the Imperial Chemical (Boon, Carrington and 
Jones, CPS.20) and the Merck groups {MM, 2; 
S3, 3), and the benzyl mercaptan addition product 
(XLII) was prepared by the former. This product 
could not be hydrolysed to S-bcnzyl-penicillamine. 
The 2-thiohydantoin corresponding to (XLI) was 
prepared by the Glaxo group (Dupre, Hems, and 
Robinson, CPS.38) and converted to the S-benzyl- 
isopropyl-thiohydantoin, but all attempts to con¬ 
vert this to S-benzyl-penicillamine failed. The 
thiohydantoin (XLI) was utilized, however, as a 
starting material for the preparation of valine by 
reduction and hydrolysis (Beer, King, Waley; 
Abraham, Baker, Chain, and Robinson, CPS. 244 ). 

E X P E li 1 M E N T A L 

S-Benzyl-DL-penicillamine (V) and N-Benzoyl-S-benzyl- 
DL-penicillamine (Abraham, Baker, ('haiii, Cornforth, 
Cornforth, and Robinson, PEN. 100). A yield of 86 g. of 
the azlaetone (I) was obtained from 240 g. of hippuric acid 
by tho method of Ramage and Himonsen (J. Chem. Soc., 
1935y 534). Using an excess, 60 moles, of acetone the 
Northern Regional Research Laboratory {C.2, 1) secured 
62.5 % of the theoretical yield. 

The azlaetone (91 g.) in dry benzene (450 co.) was slowly 
added to a solution of benzyl mercaptan (61 cc.) in methan- 


oUc sodium methoxjde (2.25 g. of sodiuin in 450 cc. dry 
methanol) at 5-10°. After twenty-four hours the solution 
was made acid to ('ongo Red and evaporated in vacuo. The 
oily r(‘sidue was dissolved in a hot mixture of acetic acid 
(1,125 cc.), cone, hydrochloric acid (325 cc.), and water 
(625 cc.). The mixture was boiled under reflux until a 
clear solution resulted (?.{ hour) and then concentrated 
hydrochloric ai'id (600 cc.) was added gradually to the 
boiling solution, so that not much oil separated, about three 
hours. Alter a further two hours refluxing* the solution 
was evaporated in vacuo and the n*siduo treated with ether 
and N hydrochloric acid. The whole was filtered. An 
insoluble crystalline residue (4 gm.) upon recrystallization 
from benzene gave leaflets, m.p. 156-159° of derivative IV, 

Calc. Cl,Ha,O,NS: C, 66.5; 11, 6.1 
Round: C’, 67.2; II, 6.2 

I'lie aqueous filtrate was separated from the ether, concen- 
liated m vacuo to 600 cc. and neutralized to litmus with 
ammonia. The total crystalline precipitate (V) amounted 
to 26 g. and was crystallized from water for analysis, 
m p 197-198“ (dec.). 

C’alc CisHirOaNS: C, 60.3; H, 7.1 
Found: (\ 60.7; II, 7.1 

N-Formyl-S-benzyl-UL-penicillamine (IV, R « II) 
{PEN.100, 3). The above acid ^25 g.) was dissolved in 
absolute formic acid (200 cc.), and stirred at 60°, a tem¬ 
perature maintained by the gradual addition of acetic 
anhydride (70 cc.). The solution was cooled, water (70 cc.) 
was added, and after twenty minutes tlu* whole was evapo¬ 
rated in vacuo from a bath at 60°. 'I’lie residue was re- 
crystallized from acetone-benzene. The yield of N-formyl 
derivative was 23.6 g., ni.p. 155-156°; a portion after 
recrystallization from alcohol had m.p. 158-159°. 

Calc. C„HnO,NS: C, 58.4. 11, 6.4; N, 5 2 
Found: C, 58.2, H, 6.3; N, 5 2 

Resolution and Hydrolysis of S-Benzyl-N-formyl-DL- 
penicillamine {PEN. 100, 3). The formyl derivative (21 g.) 
w^as dissolved in n-butyl alcohol (160 cc.) and anhydrous 
brucine (31 g.) was added. The solution was warmed, 
treated with charcoal, and filtered. An extra 20-25 cc. of 
butanol was used in these operations. Vater (10 cc.) was 
then added (no brucine salt separated until this was done). 
After twelve hours at room temperature and twenty-four 
hours at 0° the crystals were collected, washed with a little 
butanol and dried in the air (27.4 g.). The colorless prisms 
(callr*d fraction A) melted at 99-100° and had —13.5° 

(c « 1 % in 60 % ethyl alcohol). 

The filtrate from A was concentrated in vacuo to 113 cc., 
and 10 cc. water was then added. After six hours at 0° the 
crystals (called fraction H) were collected as before (16.0 g.); 
[aW^ -16.0°. 

The filtrate from B was concentrated to 50 cc. in vacuo, 
and water (10 cc.) was added. After twenty-four hours at 
0° fraction V (1 g.) was collected, [qcId*® —19.5°. 

Fraction A was recrystallized repeatedly from 95 % 
butanol and fraction B from water. The rotation fell 
progressively in each case, the lowest recorded being [«)d*® 
— 11.25°. For conversion into the amino acid, material of 
la)D lower than —12° was suitable. The purest specimen 
was analyzed. 

Calc. C,«H 4307 N,S 4 H 20 : C, 68.9; H, 7.0; S, 4.7 
Found: C, 58.5; H, 6.9; S, 4.1 

The mother liquors from fraction C were united with the 
mother liquors from the crystallizations of A and B. The 
last crops of crystals which separated from these mother 

• Grow {CP8.87) found a hydrolysis time of twenty-four hours using 
2.3 N IICI in 60 % aoetio acid to give about 67 % S-beusyl-penicillamine 
and 20 % recovery of N-bensoyl-B-bensyl-ponioillamine, 
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liquors have specific rotations of —16.0° and —17.5° 
respectively. I'hc* combined solutions were evaporated in 
vacuOi mixed with N ammonia (100 cc.) and chloroform 
(50 00 .). After shaking, the chloroform was separated, and 
the a(}ucou8 layer washed twice with 20 cc. portions of 
chloroform. It was passed through a wet filter and concen¬ 
trated 'in vacuo to 75 cc., when an acid reaction to litmus 
was oba(*rved. The solution was made N with respect to 
hydrochloric acid and refluxed (oil bath) for seventy-five 
minutes. The cooled solution was carefully treated with 
ammonia until a precipitate appcari'd. This was collected 
(0.75 g.); it consisted largely of the racemic S-benzylpcnicill- 
amine (V) which is much less soluble than the optically 
active isomers. The filtrate was neutralized with ammonia, 
the crystalline product collected, the mother liq\iors evapo¬ 
rated and the residue collected and washed with water. In 
tins way a total of 5.0 g. of the levorotatory acid (V) w^as 
obtained. It had [ajo*® —87.6° (c « 1 % in A NaOH). It 
W'as crystallized from water to constant optical rotation, 
being finally obtained in large rt'ctangular plates, m.p. 
197-198° (dec.), [aW'^ -90°. 

Calc. (haHirOaNS: C, 60.3; H, 7.1 
Found: C, 60.5; H, 7.2 

The dextrorotatory acid, obtained in the same way, formed 
rectangular plates, 4-90°. 

Found: C, 60.0; H, 7.1 

Useful modifications of this resolution reported by the 
roruell group (i>.iV, 2, 10, 11; 14, 3) were as follows: A 285 g. 
lot of twice recrystallized brucine salt of S-benzyl-N-formyl- 
n-penicillamine from the butanol separation above was 
freed of brucine and hydrolysed with N hydrochloric acid. 
Cooling the solution after concentration to 1,200 cc. gave 
100.5 g. of S-benzyl-L-penicillamine hydrochloride mono- 
hydralt*, (ah)*^ 4-75°. A second crop, .21 g., obtained after 
further (joncciitration of the mother liquor had [cr]p** 4-42°. 
Final traces of the dl mat(Tial were removed by dissolving 
the 100.5 g. of crystals in six volumes of 80% ethanol, adjust¬ 
ing the /)U to 6, heating to boiling and filtering rapidly while 
hot. I'hc n‘sidue w^as 1.2 g. of the dl mixture. The filtrate 
was chilled and filtered to give a total of 64.2 g. of pure 
S-benzyl-L-penicillamine, [alD** 4“85°. 

Resolution of S-Benzyl-N-formyl-uL-penicillamine with 
Thebaine (Pfizer, P.lSy 7). A hot solution of 13.5 g. of the 
racemic compound and 156 g. of thebaine in 660 cc. of 
isopropanol was allowed to cool and stand overnight at 
room temperature. The solid that had formed was pulver- 
izi'd and the mixture allowed to stand tw^eiity-four hours 
longer. The product wras centrifuged, washed with 450 cc. 
portions of isopropanol and recrystallized from 5(X) cc. 
of iaopropanol. Tlu; thebaine salt, obtained in 95-100% of 
the theoretical yield, was decomposed with N ammonium 
hydroxide and the aqueous solution concentrated to 160 cc. 
This was then treated with 45 cc. of coiiceuCrated hydro¬ 
chloric acid, heated to boiling under reflux and refluxed 
for five hours after the oil had gone into solution. The 
mixture was cooled to 60°, neutralized with ammonium 
hydroxide, and cooled. The crystalline product w^as 
collected, washed with icc water and dried. The overall 
yield of S-beuzyl-D-peiiicillamine was 75-80 % of the theoreti¬ 
cal amount; Hd®* ~*85 to —90° (c «= 4 in AT NaOH). 

Fractional Separation of d and dl S-Benzyl-N-formyl- 
penicillamine (Parke-Davis, PDJ?^ 3). The separation of 
the optically active and racemic forms of S-benzyl-N-formyl- 
penieillamine was effected by crystallization from 96% 
ethanol. A mixture (481 g.), containing 68% of the d 
variety, was dissolved in 950 cc, of hot ethanol and allowed 
to cool to 20° overnight. The crystals which separated 
(230 g.), m.p. 155-167°, consisted of the dl compound. 
Evaporation of the mother liquor yielded 236 g. of essentially 
pure D compound, m.p. 118; —27.5°. 

Similar results were obtained with crystals in which the l 
form preponderated. 


N-Formyl-D-penicillamine (Uorncll Bio(‘h., 1).14, 4j. To 
simplify the isolation of the u-penicillaniine isomer the 
(Cornell group combined the mother liquors from the crys- 
tallization of the /-brucine salt, freed them of brucine and 
evaporated the solution to dryness. Thi' dried residue, 
33.5 g. was dissolved in 500 cc, of liquid nmirionin and 
reduced by the slow addition of 9.5 g. (0.41 atom) of metallic 
sodium. 4'he mixture was neutrahzod by slow addition t)f 
25 g. (0.47 mole) of ammonia chloride to the solution. The 
ammonia was allowed to evaporate, finally in vacuo, and 
the nssidue dissolved in 100 cc. of water. Svibsiupumt 
steps were earried out under nitrogtm. The water solution 
was extracted with 50 ee of ether, cooled to 10°, and acidified 
to (''ongo Red with cold 6 N hydrochloric acid. Filtration 
yielded IH g. of formed derivative. Extraction of the water 
layer with two 50-cc. portions of ethyl acetate yield(‘d an 
additional 0.5 g. The rotation of the product was 
4-48.5° (1 % in pyridine) corresponding to 75% d and 25% 
DL-N-formyI-penicillamin(\ The pure o isomer was 
isolated through its brucine salt by th(‘ Merck 5, 6) 

procedure (p. 467) and bad a rotation of +62° (1 % in 

pyridine). 

Racemization of S-Benzyl-N-formyl-L-penicillamine 
(CJornell Bioch., 1) IH, 1). Since the d isomer of penicill¬ 
amine was the compound desired for most synthetic work, a 
procedure for racemizing the l isomer was worked out by the 
Cornell team 13). On the basis of optical rotation 

the S-benzyl N-formyl-penicillaminc recovered from two 
cr>"stallizations of th(‘ brucine salt from 95butanol was 
50% L, 50 Vo DL (substitution of an equal amount of methanol 
for 95 Vo butanol gave about 85% l, 15%) dl in one crys¬ 
tallization). From such a mixture the l isomer was jirefer- 
entially dissolved by treatment with an amount of N NaOH 
equivalent to l isonuT. A slightly alkaline solution of 35 g 
of this isomer in about 135 ee. of N sodium hydroxide solu¬ 
tion was treated with 35 ee. of acetic anhydride and the 
solution stirred at 50°. A preeijiitafe of S-ben/yl-\-formyl- 
DL-penicillamint‘ began to form in a few minut<‘s Addi¬ 
tional 15 cc. portions of aeelic anhydride were added after 
2, 4, 5, and 6 hours. After 7 hours the mixture was filtered 
and the solid washed with 50 ee. of water; weight, 10.5 g.; 
m.p. 167 158°; rotation zero. The combined filtrate and 
washings were chilled in ice, acidified to Congo Red with 
cold cone. Il("l and a second crop of crystals collected and 
washed with 50 cc. of water. This weighed 5.5 g.; m.p. 153- 
155°; rotation zero. A third crop was obtained after addi¬ 
tion of 1(X) cc. of water and standing overnight, 5.5 g.; m.p. 
116-118°; [a]i)2* +24°. 

Reductive Removal of S-Benzyl Group; Isopropylidene- 
penicillamine (Abraham, Baker, Chain, (kirnforth, Corn- 
forth and Robinson, PKN.IOO, 4). I'he levorotatory acid 
(1.2 g.) was dissolved in liquid ammonia (30 cc.) and treated 
with small pieces of sodium until a blue color persisted in the 
solution (about 0.33 g. required). Sufficient aramuniiiin 
chloride was added to discharge the color. More ammonium 
chloride (0.55 g.) was then added, and the ammonia removed, 
finally in vacuo. The residue was treated with concentrated 
hydrochloric acid (1 cc.) and triturated with ether (50 cc.). 
After being washed by decantation with ether, the residue 
was extracted with hot acetone (50 cc.) and filtered at 
once. The filtrate was concentrated rapidly to 15 cc. when 
crystals appeared. These were collected after hour^s 
standing at 0°; yield 0.8 g, A further 0,1 g. was obtained 
from the mother liquors. This substance, the thiazoRdine 
Vni, crystallized in colorless prisms and decomposed between 
191° and 200°, the point of decomposition being quite sharp, 
but dependent on the size of particles and rate of heating. 
The decomposition point of the corresponding isopropyl- 
idene-penicillamiiie hydrochloride was 194° (Abraham, 
Baker, Chain, and Rnbinsoii, PEN.97), The tliiazolidine 
VIII had [a]D^^° +94° (c *= 1 % in w^ater). It was found 
that addition of a trace of ammonia caused the rotation to 
rise. On rccrystallization from acetone there was obtaineil, 
together with the prisms, a substance crystallizing in fluffy 
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needles. A sample of these crystals bad [a]r>** +108®. 
This was evidently due to ])artial formation of the free 
thiazolidine of which VIII is the hydrochlorhle. The 
recrystalhzed prisms still had +04®. Isopropylidenc- 

penicillamine hydrochloride was reported (PENMi) to have 
+10tr. This value is sli)<htly hif»her than that of the 
synthetic compounds, probably because of partial decompo¬ 
sition of the hydrochloride into the fre(‘ base. The racemic 
form of VIII was prepared in a similar manner. 

Calc, (ViuO.NS lK'l: (\ 42.6; TI, 7.1; (4, 16.7 
Found: C, 42.8; 11, 7.1; Cl, 16.8 

The optically active thiazolifline hydrochloride V w^as 
submitted for crystallographic examination. It was found 
to be identical with isopropylidene-penicillamine hydro¬ 
chloride (Crowfoot and Low, PEN JOl). 

Calc. C\II,602NS IICh^<jlL(): C, 40.9; II, 7.2 
Found: C, 40.9; H, 7,3 

un-Penicillamine Hydrochloride {PEINAOO, 5). Isoprop- 
ylidene-DL-penicillamine hydroehloride was dissolved in a 
little water, a few drops of hydrochloric acid were added, 
the solution h(»ated to boiling, cooled at once, and poured 
into a crystallizing dish. This was left in a vacuum desic¬ 
cator until dry. 

Calc. CJIiaO^NSCl: C, 32.3; H, 6.5 

Found: C, 33.7; H, 6.1; C—CUs, 1.84 

The bad analysis is attributable to a alight degree of decom¬ 
position which is also observed with the penicillamine hydro¬ 
chloride from penicillin. The low C—(’11s content also 
corresponds to that found in the natural product. 

The D compound was prepared in a similar manner. 

D-Pcnicillaminic Acid (XII) (PEN.IOO, 5). D-Ponicill- 
arairie hydrochloride in aiiueous solution was treated with 
bromine water until a faint yellow color persisted. The 
solution was evaporated to dryness in vacuo at 50®. The 
residue was crystallized twice by dissolv'ing in water and 
adding acetone. 

Calc. CiHiiOsNS: C, 30.5; H, 5.6; S, 16,2 
Found: C, 30.2; H, 5.5; S, J5.0 

Addition of Hydrogen Sulfide to 2-Phenyl-4-isopropyl* 
idene-oxazolone (B.D.H., CPSMO). Triethylamine (36 cc.) 
was added to a solution of the azlactone (54 g.) in benzene 
(150 cc.) and a slow stream of dried (CaCL) hydrogen sulfide 
passed in for twelve hours. The resulting solution was 
extracted thoroughly with water and the aqueous layer 
acidified with hydrochloric acid. The oil which separated 
set to a hard mass, yield 65 g. Recrystallized from chloro¬ 
form-light petroleum the product gave leaflets m.p. 86-87®. 

Calc. CiaHuOaNS*: N, 6.20; S, 23,8 
Found: N, 6.25; S, 22.16 

Treatment of the crude product with solvents yielded 
three other products (a) m.p. 99-100® (N, 6.3; S, 9.0), (6) 
m.p. 124® (N, 5.7; S, 13.5) and (c) m.p. 142® (N, 5.76; S, 
13.8). 

Calc. CiaHijOaNS: N, 5.95; S, 13.6 
Calc. CijHnONS: N, 6.5; S, 14.7 

The product m.p. 87® when boiled with potassium carbon¬ 
ate yielded hydrogen sulfide and a-benzoj^lamino-/S,i5-di- 
methylacrylic acid m.p. 210-213®. It reduced 1.01 molar 
proportions of iodine, in contrast to cysteine (0.476 mol.) 
and to thioacetamide, which reacted much more slowly. 
The compound is therefore most probably ^-thiol-<*-ben*yl- 
amino-tluol-isovaleric acid. Under the same reaction 
conditions <x-benzoylamino-i^,/3-dimethylacrylic acid and its 
methyl ester did not combine with hydrogen sulfide. 

Addition of Sodium S-Benzylthiosulfate (Bradley and 
Davis, CPS.6J ; Bailey, Bradley, Davis, Evans, and Mac- ’ 
Lean, CPS.4^8). Sodium S-benzylthiosulfate (2.26 g.) 


(prepared by reaction of benzyl chloride with aqueous 
sodium thiosulfate) was dissolved in 15 cc, of glacial acetic 
aciti with 1.0 g. of 4-iHopropylidene-2-phenyl-5(4)-oxazolone 
and 3 g. of anbydrous oxalic acid. After three days at 
room temperature the solution wu.m evaporated and the 
rasidue (A) extracted by means of ether. The ether ex¬ 
tract was washed with water and then evaporated. The 
yellow residue was extracted with benzene and gave an 
insoluble portion (0.2 g.), m p. 110 130®, which upon recrys¬ 
tallization from ethyl acetate melted at 150”!56® and did 
not depress the melting point of an authentic sample of 
N-)>enzovl-S-benzyl-OL-j)enicilIaniine, The other insoluble 
residue (A) was extraiiecl with boiling ethyl acetate. The 
extract yielded 0 2 g. of «-b('iizoylamino-/3,^l-dimethylacrylic 
aeid, m.p. 210-214®, and, on further concentration, 0.15 g. of 
N-benzoyl-S-l)eiizyI-peiiicillamine m j). 166 160®. Hydro¬ 
gen chloride could be substituted for the oxalic acid and a 
similar yield of product obtained. Similar conditions ap¬ 
plied to the 2-methyI-oxazolonp yielded 0.65 g. of the 
N-acetyl-S-henzyl-poiiicillamine from 2.0 g. of oxazolone. 

Synthesis through 4-Isopropylidene-2-methyl-6(4)-ox- 
azoloned, R CHa). i>i.*-Valink (Mich, (iiein., R.6‘, 2). 
In a 5-liter thrc(‘ necked all-glass apparatus equipped 
with condenser, stirrer, and droj^ping funnel 530 g. (10.3 
moles) of 95% sodium cyanide and 650 g. (12 moles) of 
ammonium chloride wer(‘ dissolved in 2,500 c(*. of water. 
Over IJ-^' hours 720 g. (936 cc.; 10 moles) of fre.shly distilled 
isobutyraldohyde was addl'd dropwisc witli stirring. The 
temperature rose to 60®; it w'as kept at this point for an 
additional hours with stirring. 

The flask was cooled and the layer of aminonitrile was 
separated. The water layer w^as extracted twice w ith 150 cc. 
portions of ether. 'Fhe aminonitrile and ether extracts 
were x>laced in a 5-liter flask and 3 liters of concentrated 
H(U W'as added cautiously with swirling. The flask was 
heated on a steam bath for one hour to remove ether and a 
volatile side-product that tends to promote foaming. The 
contents were then refluxed for ten hours. 

The solvent was remov(*d under reduced pressure on a 
steam bath, and an additional 500 cc. of water was added 
and again removed. A further 600 cc. of water was added 
and then 670 cc, of concentrated NII4OH was introduced 
cautiously. The flask was swirled on a steam bath to 
insure complete reaction and then the excess of ammonia and 
water was removed under reduced pressure. The residue 
was dissolved in 3 liters of boiling water and decolorized 
with Norite. To the colorless water solution was added 

3 liters of 95 % ethanol and the flask was cooled to 0® for a 
day. The yield of valine was 486 g. 

An additional 222 g. was recovered from the filtrate by the 
procedure reported by the Cornell group (Z).5, 3); the 
filtrate was acidified with concentrated HCl and evaporated 
to dryness. The residue was refluxed with liters of 
95% ethanol and chilled at 0® for twelve hours. After 
filtering off the ammonium chloride, 400 cc. of aniline was 
added, the reaction chilled for twelve hours at 0®, the valine 
filtered off and washed with absolute ethanol, 

Chloroacetyl-ul-valtne (X) (Cx)rnell Bioch., D,8f 4). 
A solution of 250 g. (2.12 moles) of DL-valine in 540 cc.^of 

4 N sodium hydroxide was prepared in a 5-liter three necked 
flask equipped with a stirrer and two dropping funnels. 
While the solution was stirred vigorously in a salt-ioe bath, 
1,830 cc. of 4 A^ sodium hydroxide and 607 g. (4.5 moles) 
of chloroacetyl chloride werfe added dropwise over a period^of 
two to three hours, keeping the solution just alkaline to 
phenolphthalein. After the reaction was complete, the 
reaction mixture was stirred vigorously for thirty minutes. 
While the solution was stirred in the ice bath, it was made 
strongly acid by the slow addition of 450 co. of 6 JV” hydro¬ 
chloric acid. The mixture was stored overnight at 6-6®, 
and then the precipitate of chloroaoetylvaline collected and 
washed with 300 co. of ice cold water. The product, dried 
at 60®, weighed 800-832 g., 72-80 % of theory, and melted at 
126-129®. 
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ot-AcETAMiDO-jSj^-DiMBTHYLACRYUC AcTD (XV) (Abraham, 
Baker, (-hain, and Robinson, CJ*S,7dy 3). Acetamide, 
1.0 g., and 2.0 g. of dimetbylpyruvic acid (Ilamage and 
Simonsen, J Chem. Soc.y U)S5, 534) wore hoat<‘d at 120°/ 
60 min, for five hours to give 1.33 g. of «“aeeta!iudo-/i,^- 
dim<‘.thylacryli(; acid, m.p. about 200° after n'crystailization 
from ethanol-ethyl acetate. 

Calc. (\HuO,N: 53.3; II, 7,0 
Found: C, 53.3; II, 6.7 

The corresponding a-plumylacetainido acid, form(‘d and 
crystallized in the same manner, meltc'd at 172-174° and 
analyzed correctly. 

4-Isopropylii)Enio-2-methyl-5(4)-oxazoloni<:. A . From 
Chloroacetylvaline (Cornell Biocli., 7>./, 5). A mixture of 
30 g. of chloroacetylvaline and 60 cc. of acetic anhydride 
was heated at 60° (water ])ath) in a 200 cc. flask protected 
by a (’’ad? tube for two hours with occasional shaking. At 
the end of this time the solid had disappeared and the solu¬ 
tion was dark brown. The acetic anhydride was removed in 
vacuo at 40 45°, and then the azlactone was distilled into an 
ice-cooled receiver (b.p, 50-60°/0.05-0.1 mm.). The product 
crystallized in the receiver, yield 16 g., 75%. A similar 
yield was obtained using 500 g, of chloroacetylvaline and 
this procedure {D.8j 5). 

Alternatively (Merck, 4), after removal of the 

acetic anhydride, the residual syrup was extracted with 
30-60° petroleum ether, the e.xtracts treated with (dinrcoal, 
and the solv(*nt removed, to give crystals m.p. 36-37° in 
70-80 % yield. 

B. From (i-M ethoxy valine (Merck, 4). A mixture 

of 73.5 g. of tt-amino-/i-raethoxy-i 80 valeric acid (XIV), 180cc. 
of acetic anhydride and 1 cc. of triethylamine was warmed 
on a steam bath for half an hour. After n^moval of solvents 
under reduced pressure the residue crystallized. Although 
the product was suitable for further use without purification, 
recrystallization from 30*-60° petroleum etIuT yielded 
63.5 g. (95%), m.p. 37-38°., 

Calc. ihlhOiN: C, 60,42, H, 6 52; N, 10.1 
Found: C, 60.34, H, 6.21 

C. From ct^Acetamido^fi^^HiunethylacryUc Acid (Hems, 

Holland, and Robinson, 4). a-Acetamido-/3,/3- 

dimethylacrylic acid (XV) (10 g.) was refluxed for two 
hours with acetic anhydride (20 cc.). The mixture was 
fractionated at 12 mm,, the azlactone di.stilling at 90° and 
solidifying to colorless needles, m.p. 34-36°, yudd 8.6 g. 
(97%). 

Found: C, 60.2; II, 6.55; N, 10.3 

AimiTroN OF Benzyl Mercaptan to the Azlac’tone 
(Cornell Bioch., D.Wy 6), To 100 cc. of methyl alcohol were 
added 1.2 cc. of 2.18 A sodium methylate and 13.4 g. (0,108 
mole) of benzyl mercaptan. A solution of 15 g. (0.108 mole) 
of the azlactone (4-isopropylidene-2-mothyl-5H)-uxazolone) 
and 13.4 g. (0.108 mole) of benzyl mercaptan in 30 cc. of 
toluene was added to the methyl alcohol solution at room 
temperature. The alkaline solution stood for eighteen 
hours at room temperature and was then concentrated in 
vacuo to a thick syrup. The syrup was made acid to Ckmgo 
Red by addition of concentrated hydrochloric acid and the 
mixture extracted tw ice witli 100-cc. portions of hot pentane. 
The residue was roHuxed for 1 ‘ i hours wuth 500 cc. of 90 % 
formic acid and 500 cc. of 48% hydrobromic acid. The 
hydrolysate was concentrated to dryness in vacuo^ 50 cc. of 
concentrated hydrochloric acid w^as added and the mixture 
again evaporated to dryness. The* residue was suspended 
in 200 cc. of N hydrochloric acid and 400 cc. of ether. The 
ether layer was separated and the aqueous mixture made 
neutral to litmus by the addition of concentrated am¬ 
monia water. The precipitate of S-benzyl-PL-pemeillamine 
weighed 10.4 g. (40% of theory) and melted at 190-195° 
(micro-block). 


A somewhat simpler method (D.8, 6) involved addition of 
100 g. of azlactone (0.72 mole) in 200 cc. of toluene to a solu¬ 
tion of 10 g. of sodium (0.13) in 1,500 cc. of absolute methan¬ 
ol. After tw'o hours 95 g. (0.77 mole) of benzyl mereaptan 
wm added and the mixture allowed to stand for twenty 
hours. Further proe(‘Ksing w'as as above. The yield was 
35%, til g. of S-benzyl-i>L-penieillainine. 

Audition ok Hyiukkikn Sulfide to the Aziaotone. A . 
IJamy Sodium Methyinie (Merek, 4), A solution 

of the crude azlaefoiu' from 73.5 g. of /^-metluixyvaline 
in 85 cc. of nudhanol was added in Pjj hours to a solution of 

l. 77 g. of sodium in 292 cc. of methanol saturated at 0° 
wdth hydrogen sulfide. A stream of hydrogen suiruU* was 
allowed to pass tlirough the solution during the addition 
and for sixU'en hours thereafter, the temperature giadually 
being incrc*as(‘(l tf» 25°. After neutralization with <» 3 cc. 
of methanol containing 0.43 g. of hydrogen chloride per cc. 
the solvent was rciaov(*d under reduced pressure. The am¬ 
ber syrup was w^armed (90°) with 200 ee. ol water for ten 
minutes, then chilled and filtered. 4'he yield of N*ncetyl- 
penieillamim* was 75 5 g., 80% overall, m.p. 175-177 ' (<lec.). 
Recrystallization fioin hot wattT gavt* 66.3 g. of u(‘edles, 

m. p. 183° (dee.). 

(^alc. for CM1,3()*NS: C, 43.91; H, 6.55; N, 7.33 
Found: (43.97; H, 6.98; N, 7.06 

B. ('Sing Triethylamine (B.D.ll., CPS,488, 2, 3). A 
solution of 11.0 g. of azlactone in 50 cc. of dry benzenew^as 
saturated with dry hydrogen sulfide, 11.7 g. of dry triethyl- 
amine w^as added and hydrogen sulfide passed through the 
solution for six to seven hours. 4'he yellow solution was 
washed with w'ater and the aqiK'Ous solution acidified wdth 
dilute hydrochloric acid giving an oily precipitate which was 
taken up in chloroform, the solution dried and evaporated. 
The crude product melted at 84-86° and tended to decom¬ 
pose m hot solvents. Recrj^stallization from benzene gave 
m.p. 98 100°. 

(ale. (bHijOaNSs: C, 40.5; H, 6.3; N, 6.7; S, 30.9 
Found: (\ 41.6; H. 6.3, N, 6.7; S, 30.0 

Treated wnth aniline at room tcunperature, tlu‘ product 
eliminated some hydrogen sulfide and formed a product m.p. 
115°, N-aeetyl-thio-penicillamine anilide or K-thioacetyl- 
penicillamine anilide. 

(^alc, (hsHigONsS.: C\ 51.1; H, 6.1, N, 9.9; S, 22.7 
Found: 52.2; II, 6.6; N, 9.6, 8, 21.1. 

Ethylamine gave a similar product, m.p. 184-186°, some- 
wdiat less pure. 

(Wc, CgH,gON2S2; N, 11.95; S, 27.3 
Found: N, 11.3; S, 25.8 

Treatment with aniline at 50-60° gave crystals, m.p. 195°, 
probably the anilide of N-acetyl-penicilJamine. 

(’ale. (hsIIigOaNaS: (\ 58.6; H, 6.8; N, 10.5 
Found: (’, 58.5; H, 6.6; N, 10.3 

When the thiolthio acid was refluxed with water (15 min.) or 
ethanol (3^^ hrs ), hydrogen .sulfide was eliminated and 
N-acetyl-DL-pcnicillamine m.i). 184° was isolated. 

(\ (isifig Ao Catalyst (Allen, Boon, rarrington, Gau- 
bert, and Levi, CPS.uJo, 2). Methanol (2,000 cc.) W'as 
saturated at 0° with hydrogen sulfide in a pressure bottle 
(solution varies from 2.3 3.0 fl/), and 200 g. (1.45 mole) of 
freshly distilled azlactone was added. After standing, 
stoppered, overnight at room temperature the solution was 
evaporated in vacuo and the residual gum heated at 90° for 
fifteen minutes with 800 cc of wate r. Upon cooling and 
filtering, 220 g. (80%) of i\-acetyl-DL-penicillamine (m.p. 
180°) w'as obtained. 

Mechanism ok Hydrogen Siu.kide Addition. The Im¬ 
perial Chemical Industries group (Boon, C^arrington, Davies, 
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Oaubert, Jones, damage, and Waring, CPS.6S4) found that 
in procedure C\ above, the residue from removal of the 
methanol crystallized. Trituration of the product from 
30 g. of azlaotone with cold benzeue-pctroleurn ether gave 
14 g. of crystals m p. 122-125° (dec.). W'itli ethereal 
diazomethane these gave a methyl ester, b.p. 120°/15 mm., 
which formed a picrate, m.p. 150°. Similarly, 10 g. of the 
2-plienyl-4-isopropylidene-oxazolone after a week in a 
stoppered bottle containing 100 cc. of 4% methanolic 
hydrogen stilfidc* gave a glass which crystalliz(»d from benzene 
and from metlianol to give 2-phenyl-5,5-diniethylthiazoline- 
4>carbox>lie acid, m.p. 124-126°. This reaction took place 
in otluT solvents such as acetic acid, ethanol, and ethyl 
acetate l)ut not in toluene or chloroform or ^\ith the molten 
oxazolone. 

The 2-phenvl-5,5-dimethylthia2oline-4-carboxylic acid 
had previously been prepared (Boon, Carrington, Davies, 
Jones, and Karnage, CPS.J7 i) from the substituted acrylic 
acid and by the Merck group from the acyl penicill¬ 

amine (see below). A suspension of 40 g. of methyl cr- 
benzoylamino-/3,/3-dimethylacrylate, 40 g. of phoapliorus 
pentasulfide and 75 g. of potassium polysulfide in 500 cc. of 
toluene was refluxed with stirring for six hours. The mix¬ 
ture was filtered hot and washed with 50 cc. of hot toluene. 
After removal of toluene in vacuo the residue was dissolved 
in 200 cc. methanol, filtered, evaporated in vacuoy and the 
residue distilled, b.p. 114-117V0.05 mm., 23.3 g. The oily 
ester formed a picrate, m.p. 109°, from methanol. 

(ale. Ciani80.N4S: C, 47.7; H, 3.75; N, 11.7; S, 6.7 
Found: (’, 47.55; H, 3.75; N, 11 95, S, 6.3 

Tfvdrolvsis of a sample of the ester with 17 volumes of 20 % 
hydrochloric acid (ton hours reflux) or witli 6 volumes of 
95 % ethanol 0.5 N with sodium hydroxide (twenty hours at 
room temperature) gave 2-phenyl-5,5-dimethylthiazoline-4- 
earboxj'lic acid, isolated by ether extraction and rccrystal- 
lized from aqueous methanol and chloroform-petroleum 
ether (100-120°), rn.p. 127°. 

(^alc. CiallnOaNS: (^ 61.3, H, 5.5; N, 5.95; S, 13.0 
Found: (\61.15; H, 5.4, N, 0.1; S, 13.6 

On treatment with ethereal hydrogen chloride the acid 
formed a hydrochloride, m.p. 171^180° (of. Merck, MM). 

Similarly {CPS.6H4), methyl a-acetylamino-/3,0-dimethyl- 
acrylate with the same conditions and reactants yielded 
methyl 2,5,5-trimethylthiazolmc-4-carboxylate b.p. 120°/ 
25 mm.; picratc m.p. 159°. 

Calc. CuHieO.N^S: C, 40.4; H, 3.85; N, 13.5 
Found: C, 40.55; H, 3.75; N, 13.3 

The ester, 1 g. in 3 cc. methanol, was hydrolyzed at room 
temperature with aqueous sodium hydroxide for hour; 
10 cc. of water was added and the solution was extracted 
with ether. Acidification of the aqueous layer to C^ongo Red 
gave a cloudiness but no crystalline acid nor did seeding 
with N-acetyl-penicillamine induce crystallization, WheA 
the solution was boiled five minutes and cooled, 0.9 g. of 
N-acetyl-penicillamine (m.p. 186°) was isolated. 

Hydrolysis of N-AcetyDpenicillaznine (Merck, 6), 

A mixture of 20 g. of recrystallized N-acetyl-penicillamine, 
210 cc. of 2.5 N hydrochloric acid, and 106 cc, of water was 
refluxed for sixteen hours under nitrogen. A trace of hydro¬ 
gen sulfide was evolved. After concentration under reduced 
pressure the syrup was dried by flushing twice with absolute 
alcohol and once with benzene under reduced pressure. The 
residue crystallized readily on trituration with dry ether, 
weight 19.6 g. (100%); m.p. 146-148°; purity (iodine 
titration) 96-98%. 

DL^Penicillamine (Merck, Af.M, 6). A solution of 18,6 g. 
of DL-penicillaminc hydrochloride in 28 cc. of absolute alco¬ 
hol was clarified by centrifuging. After the addition of 
16 cc. of pyridine and cooling to 0®, Dn-penicillaminewas 
filtered off, weight 9.7 g. (66%); m.p. 201-202° (dec.), un¬ 


depressed with an authentic sample of DL-penicillamiiie, 
The filtrate was concentrated to a syrup, dissolved in 16 cc. 
of water and made alkaline with 30% sodium hydroxide. 
After concentration under reduced pressure, the last traces 
of pyridine were removed with ether. The mixture was 
acidified with hydrochloric acid, concentrated to dryness, 
flushed with absolute alcohol, and dissolved in absolute 
alcohol. Subsequent removal of sodium chloride and 
neutralization as before with pyridine afforded an additional 
1.66 g. of penicillamine m.p. 201° (dec.), total, 77 %. In the 
case of the optically active L or d isomers it i« preferable to 
substitute eollosolve for i^thanol in this procedure for com¬ 
parable yields 2). 

Synthesis through 4-Carboxy-6,6-dimethyl-2-thiothiazol- 
idone (XXI). nrj-4-()AiiBOXY-5,5-DiMKTHYL-2-TnioTHiAZOL- 
inoNB (XXI). A. From Penicillamine Ethyl Ester (Bentley, 
Catch, C'ook Heilbroii, and Shaw, CPl:^M7^ 6). DL-Penicill- 
ainine ethyl ester liydrochlonde (1.2 g.) in a little water was 
treated with a small excess of sodium bicarbonate and the 
free ester extracted with chloroform. After drying and 
removing the solvent, the ester was treated with 7 cc. of 
carlion disulfide in 20 ce. of ethanol at 60° for two hours; 
hydrogen sulfide w^as evolved freely. 1’he solution was 
concentrated in vacuo and the solid residue crystallized from 
the minimum of hot water, yield 1.2 g., m.p. 101-102° after 
roerystallization from methanol-water 

CslIq. C^Hu02NS2: (', 43.8; H, 6.0; N, 6.4 

Found: (43.8; 11, 5.9; N, 6.5 

It was converted to an acetyl derivative, m.p. 89°, pale yel¬ 
low prisms. 

(’ale. (’loHifiOsNS: N, 5.4 
Found: N, 5.7 

B. From Ethyl a-Amino-fty(i-dimcthylacrylate (('ook, Heil- 
bron and Shaw, CPSMlif 3). Ethyl a-amiTio-0,0-dimethyl- 
acrylate, 0.2 g., with 1 cc. of carbon disulfide in 2 ec. of 
ethanol was refluxed for ?2 hour. Excess disulfide was 
allowed to distill off and the solution diluted with water, 
5 ee. On cooling 0.27 g. of needles, rn.p. 93-94°, were col¬ 
lected. Recrvstalliztttion from ethanol-water gave needles, 
m.p. 100-101°, which did not depress when mixed with a 
sample prepared as in A. 

When a sample, 0.5 g., of the ester XX prepared by cither 
method was refluxed with 20 cc. oi 2 N hydrochloric acid for 
one hour and the solution concentrated to 5 cc., 0.3 g. of 
the crystalline acid XXI was obtained, m p. 144°. After 
crystallization from chloroform-petroleum ether the sample 
melted at 144-145°. 

Calc. (\ 37.65; H, 4.75; N, 7.3 

Found: C, 37.45; H, 5.3; N, 7.5 

C. From N-Dithiocarhethoxyglycine (Catch, Cook, Harris, 
and Heilbron, CPS.678y 2). N-Dithiocarbethoxyglycine 
(XXIII), 10 g., acetone, 26 g., acetic anhydride, 20 g., and 
anhydrous sodium acetate, 5 g., were heated together for 
3.5-4 hours. The cold product was shaken with ether, 
100 cc., and saturated sodium bicarbonate solution until 
the solution was permanently alkaline, and the dried ethereal 
solution evaporated and distilled in vacuo, 2-Ethylmer- 
capto-4-isopropylidenethiazolone (XXIII), an oil, distilled at 
110°/2 mm., yield 5.6 g., 49%. 

Calc. CsIIiiONSa: N, 7.0 
Found: N, 6.5 

The thiazolone, 4.7 g., in 60 cc. of ice-cold methanol con¬ 
taining 2.3 g. of triethylamine, was saturated with hydrogen 
sulfide for twenty hours when ethyl mercaptan was evolved. 
Methanol was removed in vacuo and ether added to give a 
crystalline product which was recrystallized from chloro¬ 
form-ether to give the triethylamine salt of XXIV, m.p, 113* 
(dec.). 



PENICILLAMINE 


407 


Calc. CuIT^ONaS,: 0, 46.7; H, 7.8; N, 9.1 
Found: (\ 46.9; H, 7.9; N, 8.7 

One gram of the triethylamine salt was heated (sealed tube) 
with 5 cc. of concentrated hydrochlorio arid at 80“ for twenty 
hours. On cooling, 0.5 g. of the previously described {B 
above) acid (XXI) separated, m.p. 145'146®. 

DL-PBNiriLLAMiNE Hydroohloridk (('ook, Heilbroii, and 
Shaw, CPS.iSllf 3, 4). 4-('arboxy-5,5-dimcthyl-2-t)tio- 
thiazolidonc, 0.7 g., aluminum foil, 0.3 g., and 20 ee. of 
2 N hydrochloric acid were warmed briefly and the reduction 
allowed to proceed spontaneously, llydrogeo sulfide was 
vigorously evolved and aft(T boiling twenty minutes the 
solution was made basic with N ammonia, the aluminum 
hydroxide filtered and the filtrate evaporated to dryness after 
acidification with hydrocldori(‘ acid. The residue was 
extracted with a hot mixture of acetone, 10 cc., and ethanol, 
5 cc. The extract, evaporated to dryness, gave crude 
isopro])ylidene penicillamine hydrochloride (VIII). 

The acid from 0.8 g. of tlie ester XX was similarly 
reduced, the aluminum hydroxide precipitated by ammonia 
to pH 7-8 and separated by centrifuging, lOvaporation 
of the acidified supcTiiatant liquid and treatment of the 
residue with acetone gave 0.13 g of isopropylidene penicill¬ 
amine hydrochloride (VIII), m p. 195®. The mother liquor 
gave evidence of containing considerable penicillamine 
disulfide (XI) (see below). 

A similar product, secured by reduction of th(‘ acid from 
0.6 g. of ester XX, was treated with mercuric chloride. 
The precipitated mercuric chloride-penicillamine liydro- 
chloride compound W'as lilt (Ted out, suspended in water, and 
the riKTcury removed as the sulfide by jiassing hydrogen 
sulfide through the suspension and filtering. Kvaporation 
of the filtrate yielded 0.35 g. of pure nn-penicillamine hydro¬ 
chloride (VI), 70% of theory. 

Synthesis through the Strecker Reaction (Figure 4) 
(Catch, Cook, Harris, and TIeilliron, CPB.OVS). Kefrac- 
tioiuited commercial isobutyraldehyde was converted to the 
di(dliyl acetal (65% yield) using ethanol and calinum chlor¬ 
ide Tli(' bronio-acelal, b.p. 71-72“/15 mm,, was prepared 
in 48% yield of the method of Ilamor and Kalhlmne (J. 
Chem. Soc,, 191^5^ 679); dinjct brominatioii of the aldcdiyde 
w^as unsatisfactory. The bromo-acetal, 100 g., was hydro¬ 
lysed by shaking for sixteen hours with 100 ec. water and 
100 cc. of concentrated hydrochloric acid. The layers were 
separated and the aqueous layer extracted with ether. The 
combined ethereal solution was evaporated and the residue 
fractionated to give 40 g., 65% of a-bromoisobntyraldehyde 
b.p. 116-120® (twenty-five hours shaking gave 45 g.). 

Sodium, 6.0 g., in 80 cc. of methanol was treated with 33 cc. 
of benzyl mercaptan and the solvent removed in vacuo. The 
sodium comj)ound was covered with ether and a mixture of 
40 g. of the bromoaldehyde and 40 cc. of ether was added 
dropwise. The reaction was completed on the steam-bath 
(15 min.); the product was washed thoroughly with water 
and the etlier solution distilled, eventually m vacuo. a-Benz- 
ylmercaptoisobutyraldehyde (XXV), 52 g., was collected as 
an oil, b.p. 144-147®/14 mm., 1.5450. 

Calc. CnHuOS; C, 68.0; H, 7.3; S, 16.5 
Found: C, 67.6; H, 7.6; S, 16.1 

The mercaptoaldehyde, 20 g., and 7.6 cc. of anhydrous 
hydrocyanic acid were mixed at 0®, and 2 drops of piperidine 
were added. After thirty minutes at room temperature a 
slight excess of ethereal hydrogen chloride was added and 
excess reagents and ether removed in vacuo. The cyano¬ 
hydrin (XXVI) solidified to a crystalline mass, m.p. 6^57®, 
after recrystallization from ether-petroleum ether, m.p. 64®. 

Calc. CnUieONS: C, 66.1; H, 6.8; N, 6.3 
Found: C, 64.9; H, 6.7; N, 6.3 

S<*Benzyl«*OL*penicillamine {CPS.678). jS-Benzylmer- 
capto-a-hydroxy-isovaleronitrile (XXVI), 0 5 g., and satu¬ 


rated alcoholic ammonia (2 cc. containing 260 mg. of Nlij) 
were heated together in a sealed tube for 1hours at 100®. 
On removing solvent m vacuo and adding ethereal hydrogen 
chloride 0.59 g. of S-benzyl-DL-penicillamine nitrile hydro¬ 
chloride (XXVII. ll('l) m.p. 148 149® was obtained. This 
was riTTystallized from water by addition of concentrated 
hydrochloric acid; m.p. 151‘-152®. 

Calc. (bsHirN/'lS: (\ 56.1; H, 6.7; N, 10.9 
Found: C, 56.1; H, 6.7; N, 10.6 

3 'he ainino-iiitiile from 1.23 g. of cyanohydrin by this same 
proceduri^ was lu'iiloii for twenty liours with 4 cc. of con¬ 
centrated li> drochloric acid in a sealed tube at 100°, A 
small amount of neutral oil w^as removed with ether; the 
aqueous solution, neutralized to pll 7 and filtered, yielded 
490 mg. of S-bcnzyl-DL-penicillamine (V, B *« CHjCoHt)^ 
m.p. 177®. Becrystallized from aqueous ethanol (charcoal), 
the crystals mcltc'd at 198-200®. 

S-Benzyl-N-methyl-DL-penicillamine (CPS 878). A 0.5 
g. (sample of the cj^anohydrin XXVI was licated in a sealed 
tube for two hours with 2 cc. of 20% luctliaiiolic methyl- 
amine. The product, /t-benzylmercapto-a-methylamino- 
isovaleronitrile (XXVIII), w'as worked up as above to 
yield 0.63 g., m p. 161-165® after crystallization from 
ethanol-ether. 

C ale. (b 3 Hu,N 2 ClS: (\ 57.0; H, 7.1; N, 10.35 
Found: (\ 57.8; H, 7.0; N, 10.1 

Alternative Resolution and Racemization Procedures. 

N-FoitMVL-DL-J^ENKTLLAMINK (Mtirck, M.28f 5). A Bolu- 
tion of 20 g. of i>L-p(‘nicillamin(* in 159 cc. of 85% formic 
acid was tr('ated at 60° witli 64 cc. of acAJtic anhydride. 
After fifteen minutes at 60®, 64 cc. of water was added and 
the mixture was concentrated to dryness. The residue was 
slurried with (dher and filbTcd; w^eight of crude formyl 
coinpoiind 21.7 g. (91.5%). llecrystallization from water 
gave crystals of m.p. 157-158® (dec.). 

Rksolution of N-Fohmyl-i)l-penicillamine (Merck, 
M.i'tJf 5, 6). A solution of 10 g. of the crude formyl com¬ 
pound in 100 cc. of hot methanol was added to a warm 
solution of 26.4 g. of brucine in 100 cc. of methanol. After 
sixteen hours in a refrigerator, the colorless brucine salt of 
N-formyl-i>-p(irucillamine w^as filtered off; [a]i>*‘’ -“17.6®, 
weight 13.7 g. (75.4%,). The brucine was removed by 
extraction from an aqueous ammonia solution of the salt, 
and the formyl group was removed by hydrolysis wfith 
mineral acid. 

N-Fokmyl-isopropylidenb-dl-penicillamine (IX, K ~ 
11) (Copp, Duffin, Smith, and Wilkinson, CPS.W8). lo 
a solution of 136 g. of isopropylidone-nL-penicillamine in 
1,020 cc. of 98% formic acid was added, with continuous 
stirring, 408 cc. of acetic anhydride over a period of four 
hours, the vessel being cooled in a cold water bath. Stirring 
was continued for three hours after addition of the anhydride 
was complete, 408 cc. of water was then added during a 
period of one hour and the mixture allowed to stand one 
hour. The solution was concentrated in vacuo and the 
residue crystallizcjd from benzene-light petroleum (80-100°). 
The yield of product was 141 g., 90 %, m.p. 140-141®. 

Calc. CJiifiOjNS: C, 49.8; H, 6.9; N, 6.5; S, 14.7 
Found: 0, 49.9; H, 7.0; N, 6.3; S, 14.4 

Resolution of N-FORMyi/-isoPROPYLiDKNB-DL-pBNiciLL- 
AMINB (CPS.W8). A 14.6 g. sample of the N-formyl 
compound and 33.4 g. of brucine were warmed with 700 cc. 
of water until dissolved, filtered, and allowed to stand for 
forty-eight hours. After removing one crop of crystals, two 
further crops were obtained by concentration. The third 
crop was a mixture of the salts, which was separated by 
stirring with water. The throe crops and the mother 
liquor were separately acidified with hydrochloric acid, the 
precipitates filtered off and the filtrates thoroughly extracted 
with ether. The water-washed other extracts were evapo- 



468 


PENICILLAMINE 


rated and oombined with their respective solid crops. The 
dextrorotatory fractions weighed a total of 7.8 g. and the 
varied from 4*05° to 4 55"’. From the mother 
liquor 5.r) g. was obtained with -55° rotation and 1.5 g. 
with —10°. Kccrystallization from winter or benzene- 
pctroltnirn ether gave for both isomers m.p. 179-180°, 
[ab” ±54°, ±60 ' (c - 0.8 in alcohol). 

D-PKNiriLLAMIXE 11 YD RO(’IILC)Rl I>K {CPS. 108), N- 
Formybisopropylidene-D-penieillamine, 1 g., was heated on 
the hteam bath with 50 ee. of 2 N hydrochloric acid, a stream 
of carbon dioxide lieing passed through the mix tun* continu¬ 
ously. After one hour the solution was cooled, extracted 
three times wuth ether and the aqu(*ous solution concen¬ 
trated in tmeun. The yield of D-p(‘nicillamine hydrocliloride 
was 0.8 g. (93%). 

RaCEMIZATION OF N-FORMYL-ISOPTIOI*Y LIDENK-L-PENiriLL- 
AMiNE (Oopp, Duflin, Smith, and Wilkinson, CPS.SI9), 
A 1.0 g. sample of the n isomer was heated on the steam 
bath with 25 cc. of acetic anhydride for one hour with a 
stream of nitrogen passing through the solution. '^Phe solu¬ 
tion w'as concentrated wi vacuo and the residue crystallized 
from water and identified by mixed m.p. as N-formyl-iso- 
propyliden(*-nL-penicillamine. The crystals were optically 
inactive. An extended study of racemization conditions in 
various inert solvents indicated that catalytic amounts of 
acetic anhydride were elTective if the rolluxing temperature 
were above 60°. Acetyl chloride, propionic anliydride, 
phosphorus trichloride, and thionyl chloride w^(‘re also 
effective in benzene or ligroin. In tlie case of thion>l chlo¬ 
ride the thiazolidine acid chloride was formed as indicated 
by conversion to the amide, m.p. 164°. 

Racemization ok the Brucine Salt or N-formvi/- 18 o- 
PBOPTLiDENi>i>L-pENiciLLAMiNE ((V)pp, Duflin, Smith, and 
Wilkinson, CPS. 585). N-Formyl-isopropylidi’iie-n^penicill- 
amine brucine salt, 2.2 g., was reHuxed on the steam bath 
with a solution of acetic anhydride, 0.1 cc., in 100 cc. of dry 
benzene for seven hours, at which time the optical rotation 
of the solution was constant. The solvent was removed tn 
vacuo and the residue dissolved in chloroform. The chloro¬ 
form solution was extracted wdth N ammonia solution until 
the extracts were faintly alkaline. The ammoniacal solution 
was washed several times with chloroform and then acidified 
to Oongo Red with hydrochloric acid. 4)n standing, N-form- 
yl-isopropyIidone-i)L-penicilIamine crystallized, m.p. 139.5- 
140°, 450 mg,, 0° rotation. Pure brucine was recov<*red from 
the chloroform. 

A similar sample, 2.2 g., of the brucine salt of the d isomer 
was isoraerized in the same manner, the solvent removed in 
vacuo and the residue dissolved in 10 cc. of warm water. 
After removing a little insoluble oil with charcoal from 
the hot solution, the filtrate crystallized rapidly to give 0.5 g. 
of salt. The salt was decomposed wuth hydrochloric acid 
and 0.1 g. of pure N-forrayl-isopropylidene-D-penicillamine 
filtered off. 

Similarly, the mother liqiiors from the resolution of the 
DL compound containing chiefly l with some dl present 
were evaporated to a thick sludge in vacuo to give an 
amorphous solid which was dried by addition and distillation 
of 500 cc. of benzene. The residue was redissolved in 500 cc. 
of benzene, 6 cc. of acetic anhydride was added and the 
solution refluxed for seven hours. The solvent was evapo¬ 
rated in vacuo^ the nssiduc dissolved iu 140 cc. of warm w^atcr, 
treated wdth clmrcoal and crystallized After acidification 
the first crop, 5.0 g., had Wmci” +51°, the second crop, 
6.0 g., almost no rotation, and the material from the mother 
liquor, 0 g,, laj54ei** —28°. The recovery of material was 
essentially complete. 

Penicillamine Analogs and Homologs. N-Methyl-l- 
penicillamine (Upjohn, U.18, 4). To approximately 
150 cc. of liquid ammonia 3.8 g. of 5,5-dimethyl-jj-thiaz- 
oUdine-4-carfjoxyIic acid and 1.24 g. of sodium wore added 
alternately in small amounts with stirring. Sodium was 
added to a permanent blue color which was discharged with 
a small lump of dry ice. The ammonia was allowed to 


evaporate, finally in vacuoy and the residue was taken up in 
75 cc. of water and acidified with concentrated hydrochloric 
acid. After evaporation to dryness in vacuo fresh water was 
added and the product again distilled to dryness in vacuoy 
removing most of the excess hydrochloric aeid. The residue 
was extracted witli 35()-cc. portions of absolute ethanol, and 
the coinbin(‘(l filtered extracts were evaporated to dryness 
in vacuo. 'Fhe residue w'as redissolved in 50 cc. of 
absolute ethanol, filtered, and evaporated slowdy in a stream 
of nitrogen. (Vystallization occurred slowly on drying the 
remaining syrup in vacuo, yield 3.7 g., m.p. 80-120°. 

Calc. CcHuO.NSri: 

r, 36.08; 11, 7.07; N, 7.01; S, 16.05; Cl, 17.76; NCIL, 7.53 
Found: 

Cy 35.93; H, 7.38; N, 7.28; S, 15.15; Cl, 17.88; NClI,, 7.63 

The free penicillamine was prepared by precipitation from 
a iiiethanolic solution of the hydrochloride with concentrated 
aiiiieous anirnorua, m.p. 208- 210°. Treatment of an aqueous 
solution of the hydrochloride with forinaldehyde solution 
yielded N-methyl-5,5“dimethyl-L-thiazo]idine-4-carboxylic 
acid hydrochloride, m.p. 191-192°, after crystallization from 
absolute ethanol-ether, laju*’ —74.5° (c « 0.2 in water). 

N-MKTHYL-I)-PENiriLLAMINE If YUROCHLOKIDE (U.Wy 1). 
The n isomt'r, prepared in the same manner from the n-tlii- 
azolidine, was obtained in 57% yield, m.p. 160-170°. 

N-M ETHYL-L-('YSTEiNE {-11.18, 6). This compound was 
prepared in this same way from L-tlnazolidine-4-carboxylic 
aeid in 78% yield, rn.p. 119-123°. It formed N-methyl-L- 
thiazolidine-4-carboxvlic acid w4th formaldehyde, m.p. 
180-181°, Hd*’ -123.2° (c « 0.2 in water). 

N-Isopropyl-l-cystkine {U.19y 1). This was similarly 
obtained from 2,2-dimethyl-L-thiazolidirie-4-carboxylic acid 
in 68% yield. It was an extremely hygroscopic solid which 
gave fair analytical values for the expected compound. 

a-AMiNO-i3-THiOL-7?-VALERir AciD (Lilly, L.S, 1-6). Equi- 
molocular amounts of bippuric acid and sodium acetate in 
5 moles of acetic anhydride w*cre kept at 30° during the 
addition of 9 moles of propionaldehyde with stirring, the 
reaction warmed at 60° until almost clear, poured onto ice 
and the precipitated solid washed with ice water and finally 
70% alcohol. The crude oxazolone, m.p. 79-81°, was 
obtained in about 40 % yield. Addition of benzyl mercaptan 
to the oxazolone in the presence of sodium methylate in 
methanol as for penicillamine above, followed by mild acid 
hydrolysis (HCl-aeetie acid), gave a-benzoylamino-/3- 
benzylmercapto-n-valeric acid m.p. 103-105° after crystal¬ 
lization from benzene-Jigroin, yield of crude acid, 60 g. from 
60 g. of oxazolone. 

Calc. (\9ll2i08NS: N, 4.08 
Found: N, 3.84 

Debenzoylation of 30 g. of this product by refluxing for 
twelve hours with 4 N IlCfl in 30 % formic acid gave 16 g. 
starting material and 7.6 g. of a-amino-j8-benzylmercapto-n- 
valeric acid, m.p. 177-179° after rccrystallizaiion from water. 

Calc.; N, 5.87 
Found; N, 5.98 

Reduction of this compound with sodium in liquid 
ammonia yielded the desired a-amino-/^-thiol-n-valeric acid 
hydrochloride (processed with ethanol to remove salts) which 
melted at 163.5° after three crystallizations from ethanol- 
ether. The material gave a strong nitroprusside test. 

Calc.: CftHuOaNS^HCl; N, 7.54 
Found: N, 7.32 

The isopropylidene-thiazolidinc hydrochloride, m.p. 183- 
184° ((/Opp, Duffin, Smith and Wilkinson, CP.,S,672y 6), 
was prepared from this amino-thiol acid and acetone. 

Calc. CiHuOaNSCl; C, 42.6; H, 7.1; N, 6.6 
Found: C, 42.8; H, 7.1; N, 6.3 
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/3-Mkrca.pto-lbitoinb (('ornell Bioch., DA, 8). (^hloro- 
acetyl-I(‘ucine was converted to the unsaturated oxazolone 
in 52% yield (method of Doherty, Tiotzmann, and Bcrg- 
mann, J. Biol. Chem., 147, 617 (U)43)). The oxazolone was 
added to a methanol solution of benzyl mercaptan contain¬ 
ing sodium methylate, llpon working up the product two 
isomeric methyl esters (homologous with III) wore obtained 
in approximately 1:4 proportion, m.p. 128-138® and m.p. 
70-74®, total yield 62% of theory. The products were 
hydrolyzed separately. The former gave a bonzylmercapto- 
Icucine, m.p. 197®, as well as a small amount of the parent 
a-acetyWi-benzylmercapto-leucine, m.]). 146-158°. The 

second ester upon hydrolysis gave 70-80 % yield of a benzyl- 
raeTcapto-Icucine, m p. 162-167®. A sample of the latter 
acid was reduced with sodium and liquid ammonia and the 
/[i-mercapto-leucine finally crystallized by adjusting a 
solution of the hydrochloride in 95% ethanol to pH 4-6, 
m.p. 197-199®. 

Calc. (MI, 302 NS: N, 8.60, S, 19.6 
Found: N, 8.94, S, 19.9 

/£^-Mkrcapto-isolkucinb IIydiiochloride (Abbott, A AS, 
2). ('hloroacctyl-i)L-isoleucine, m j). 96.5-98.5°, was warmed 
with twice its weight of ac-<*tic anhydride at 70® for one hour. 
The product was concentrated vacuo and the residue 
distilh^l. The oxazolone distilled at 50-52®/0.1 mni.; 
1.4970 in 74 % yield. A methanol solution of the oxazolone 
was added to a solution of .sodium methylate in methanol 
which liad been saturated with H 2 S at 0®. The addition 
took jilace at 0® and this Uunperature was maintaineil for 
fourU‘(*n hours, then allow'ed to reach 25® in an additional 
ten hours, hydrogen sulfide being bubbled through the solu¬ 
tion during the entire nwlioii. Aft(‘r nc'utralization with 
hydrogen chloride in methanol and evaporation of the solvent 
in vacuo, the residue was treated with w'at(T and gave crys¬ 
tals, m.p. 139-140®, in about 70% of the theoretical yield. 
A small sample, recrystalhzed five times from water melted 
at 150-150.5® (dec.) and probably represented a relatively 
pure form of one of the racemic motlifications of N-acetyl-^- 
mercapto-isoleucine. 

(Vdc. rgHuTs’OaS: C, 46.80; II, 7.36; N, 6.82 
Found: C, 46.95; H, 6.83; N, 6.62 

Acid hydrolysis of the acc'tyl derivative yielded a practi¬ 
cally theoretical amount of hydrochloride which was very 
hygroscopic and had an indefinite melting point, finally 
clearing at 100®. 

Calc, for C,nt 40 jNSCl: N, 7.0 
Found: N, 7.0 

A sample of this mixture of the isomeric /!l-mercapto-iso- 
leucine hydrochloride.s was treated with acetone and yielded 
the presumed 5-ethyl-2,2,5-trirnethylthiazolidine-4-carb- 
oxylic acid hydrochloride, m.p. 209-210®, after crystallization 
from an alcohol-aceUmc-ether mixture. 

a-AMiNO-/l-THTOL-i 80 BUTANK (Amsteiu, Cook, and ileil- 
bron, CPSM40, 2). To a solution of 59 g. of a-nitroiso- 
butene in 1 liter of methanol containing 37 g. of sodium 
methoxide was added 72 g. of benzyl mercaptan over a 
l}i hour period. After standing overnight, the acidified 
solution w^as concentrated in vacuo and the residue taken up 
in water and extracted with ether. After refractionation of 
the crude addition product, 89 g. (60%), the material had 
b.p. 137-138®/3 mm. and no*® 1.5540. 

Calc. C„Hu02 NS: C, 68.6, H, 6.7; N, 6.2 
Found: C, 58.8; H, 6.7; N, 6.4 

A 20.5 g. sample of this compound was reduced witli 11 g. 
of aluminum amalgam under moist ether. The material 
from tho filtered ether sohition was purified by distillation, 
18.8g., and when redietilled gave pure amine, b.p. 95^/1 mm. 


Calc. (bjHuNS: C, 67.7; 11, 8.8 
Found: C, 68 . 0 ; II, 9.1 

This formed a phenylthioureido derivative m.p. 130®, a 
hydrochloride m.p. 116-117®, and a picrate m.p. 207®. 

Reduction of the a-amino-z^-benzylmercapto-isoluitane 
wuth sodium in liquid ammonia gave a*amino-/ 5 ^-thiol-iso- 
butane, isolated as the hydrochloride ( 2.1 g. from 9.8 g. of 
benzyl compound) m.p 202-203®. 

(^alc. CJdnNSCn: C, 33.9; H, 8.5; \, 9 9 
Found: (\ 33.75; IT, 8.5; N, 10.0 

When treated w’ith benzaldeliyde the compound formed a 
raercaptal, rn.p. 195®, and the expected thiazolidine hydro¬ 
chloride, m.p. 152-154". 

Type Reactions of Penicillamine. n-PwNirtLLAMiNfE Di- 
8 ULFIDK (Merck, M.fil), 18; cf. 15c, 13). Air was bubbled 
through a soliition of 3.0 g. of o-pcnicillamine in 20 cc. of 
water containing ammonia (pH 9) and a trace of ferric 
chloride. Aft(T tw enty-four hours of aeration the color had 
disappeared; the mixture was then filtercnl and concentrated 
in vacuo to a small volume. An excess of alcohol was 
added and the mixture allowed to stand overnight in the 
refrigerator. The crystalline product, m.p. 209-213® (dec.), 
weighing 1.80 g., was twice recrystallized from aqueous 
acetone and finally from aqueous ethanol, 'rhe product 
weighed 1.10 g.; m.p. 204-205® (dee.). -f27® (c - 

1.46 in N lid), -82® (c = 1.49 in N NaOIl). 

Calc. CnoH 204 N?S 2 : C, 40.55; H, G.79; N, 9.45 
Found: C, 40.95; 11, 7.04; N, 9.30 

The specific rotation in water w^as found (Squibb, S.S6, 26) 
to be [a]D« 4-118® (r « 0.8 in IlaO). 

l-Penkuixaminb Disulfide (CWnell Bioch,, DAT, 1). 
A solution of 2.0 g. of L-ponicillamine, +63“ (c 0,5 

in AT NaOH), in 150 cc. of water with a trace of P'eCli was 
aerated with oxygen (previously bubbled through N 
NH 4 OH) for eleven hours; solution pH 8-9. The solution 
was filtered, concentrated in vacuo and the residue dissolved 
in 70 cc. of water. The hot solution was diluted with 4.6 
volumes of 05 % alcohol and held for two days at 0-5®. The 
washed precipitate weighed 1.7 g. (85 % of theory). Hecrys- 
tallized from aqueous alcohol the material decomposed at 
207® and had a rotation [«]»” -26® (c « 1.0 in N HCl), 
+76® (c « 1.0 in N NaOH). 

Calc, C,oH 2 o 04 N 2 S 2 : (^ 40.55; H, 0.79; N, 9.45; S, 21.58 
Found: C, 40.27; II, 7.02; N, 9.60; S, 21.78 

A sample of L-penicillamine hydrochloride similarly 
oxidized after neutralization had —28® (r =* 1.0 in N 

HC1) and +77® (c « 1.0 in N NaOH). 

Reduction (DA7). Powdered L-penicillarainc disulfide 
(75 mg.) was added to an excess of sodium in 200 cc. liquid 
ammonia. The excess sodium was barely neutralized with 
NH 4 (" 1 , and 0.06 cc. of benzyl chloride was added. After 
complete evaporation of the ammonia and extraction with 
ether the residue w'as crystallized from ddute acetic acid. 
Recrystallizatiou from 80% alcohol gave 31 mg. S-benzyl- 
pemeillamine, m.p. 199 201 ®, laju” + 86 . 5 ® (c 0.3 in JV 
NaOH). 

DIFORMyL-L-^ENI^ILl.^MTNI: Disulfide {DA7) A solu¬ 
tion of %500 rng. of the above L^disulfide in 6 cc. of 90 % formic 
acid at 50® was treated with 2 cc. of acetic anhydride. After 
one hour at 55-60®, 1 cc. of water was added, the solution 
concentrated in vacuo to an oil, dried by distillation of 
benzene, and the residue crystallized from acetone-benzene. 
Yield 261 mg., m.p. 187® (dec.), -29® ( 1 % in 

pyridine). 

Calc. CijHgoOeNsS*: S, 18.20 
Found: S, 18.57 

Hydrolysis with N HCl yielded 86 % of the theory of L-peni- 
cillamine disulfide Wd** 4-73® (c « 0.8 in N NaOH)* 
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Disulfides fhom dl-Pentuillamine (Merck, MAiOy 19, 
cf. 15c, 13). The procedure for the oxidation of D-penicill- 
amine was applied to uicpenicillamine. The filtrate was 
evaporated in vacuo until ci^^stals appeared, and then was 
allowed to stand at room timiperature ovcrniKht. As the 
crvstalhne product, weiglit 0.30 g., rn.p. 200-201*^ (dec.), was 
too sparingly soluble for rccrystallization from water, 
157 mg AVaa dissolved in 1.0 cc. of 1.0 A sodium hydroxide, 
filtered, neutralized with 1.0 cc. of 1.0 N hydrochloric acid 
find held in the refrigerator for nine days. Tlie crystals were 
collected and w^ashed with a little water and then with 
acetone; m.p. 20()°. 

('ale ('ioH.,o04N«S2: C, 40.55, H, ().9; N, 9.45 
Found: (\ 40.39; H, 6.99; N, 9.61 

The filtrate from the above crude product was evaporated 
to dryness m vacuo; the residue was freed of soluble salts 
by repeated extraction with alcohol and dissolved in a small 
amount of w’arm water. Acetone was added to the solution 
at 50'’ until a turbidity appeared. After several hours 
0.25 g. of needles, m.p. 180-181*^ (dec.), were collected, dis¬ 
solved in 3.5 cc. of water and the solution treated at 80° with 
16 cc. of hot absolute ('thanol. The solution was allowed 
to cool slowly, filtered to remove a trace of flocculent 
precipitate, and refrigerated for five days The crystals 
w’hich formed weighed 0.17 g. and melted at 181 183° (dec.). 

Found: 40.51; H, 6.90; N, 9.13 

D-pENiriLLAMiNic AriD, Benzylammonutm Salt (Squibb, 
^,5, 2). A solution of 96 mg. of the benzylammonnim salt 
of benzylpenicilloic benzylamide (prepared by the method of 
Cbghill and Stodola) in 3 cc. of glacial acetic acid and 1 cc. of 
33 % hydrogen peroxide was allowed to stand for sixty-hve 
hours at room temperature and then evaporated m vacuo. 
The residue was extracted with absolute alcohol and the 
filtered solution concentrated to 1 cc. The alcohol was 
diluted to 80% with water and 1:1 ether-isopropyl ether 
added to turbidity. The resulting rosettes of needles 
(69 mg.) were recrystallized in the same manner to yield 
13.2 mg. of crystals m.p. 203-208° (dec.). 

Calc. C,jHj,O.NsS: C, 44.09; H, 0.88; 8.70; 8, 9.95 

Found: C, 44.17; H, 6.74; N. 8.89; 8, 9.54 

Methyl d-Pknicillaminatr Sulfinic Acid (aS.5, 5). 
'Fhe free benzylpenicilliiiic acid from 400 mg of sodiuip salt 
was converted to the ester in ether with diazomethane. To 
the solution of this ester in 50 ec. of ether was added 25 ce. 
of a 5 % ethereal solution of mercuric chloride. A gummy 
precipitate formed in a few minutes and was separated by 
filtration, treated with ethyl acetate (about 20% remained 
undissolved), and the supernatant ester freed of mercury 
with HsS, filtered, and concentrated. A crystalline precipi¬ 
tate, 60 mg., was recrystallized to constant m.p. 185-186° 
(dec.). This contained sulfur, but sulfhydryl tests were 
negative. It was water soluble (strongly acidic) and gave a 
positive ninhydrin reaction. 

Calc. CeHjsOiNS: C, 36.8; H, 6.66; N, 7.17; C^H.O, 15.9 
Found: C, 35.49; 11, 6.76; N, 7.60; CH 3 O, 16.54 

DL-PENICILL AMINE MeTHYL EsTER HYDROriJLORlUB 
(Mich. Cheni., /I. 4 ,2). The salts from a sodium reduction of 
S-benzyl-penicillamine were extracted with two 125 cc. 
portions of hot dry methanol containing a little dry HCl. 
After saturating the solution at 0° with dry hydrogen chlo¬ 
ride, the mixture w^as allowed to stand for forty-eight hours 
at nx>m temperature protected by calcium chloride tube. 
The precipitated ammonium chloride was removed by 
filtration and the clear solution refluxed for two hours on a 
steam cone. The alcohol was distilled to a small volume, 
ether was added, and the mixture cooled in the refrigerator. 
Several crops were obtained by subsequent evaporation 


and fur;ther atlditious of ether. The combined crops w'ere 
recrystalhzed from <er<.-butyl alcohol to give fine needles; 
m.p. 173-175°; yield, 14.5 g. from 25 g. of S-benzyl-DL- 
ponicillamine. 

N-Acyl-d-penicillamine. a. By Schotten-Baumann 
Techmque (Merck, MM, 27). A solution of n-pcnicillamine 
hydrochloride in w’ater was mixed with two equivalents of 
sodium hydroxide solution. The solution was cooled and 
treated with one equivalent of acetic anhydride. The prod¬ 
uct crystallized from the solution; m.p. 173-174°. After 
one recrystallization from water the melting point was 
186-187° (dt‘c.); -|-18° (c = 1 in 50% ethanol). Five 

further recrystallizations raised the nudiing point to 189-100° 
(dec.). 

B. From Acyl Thiazolidine (Imperial College, CPS.5, 4; 
f'ook, Klvidge, TTall, Ileilbron, ami Hhavv, CPS.270, 2). 
n-Caproyl-isopropylidene-i>L-penicillamine was prepared 
from the thiazolidine with caproyl chlorid(‘ in pyridine. A 
solution of 2.1 g. of the acyl thiazolidine was allowed to 
stand overnight with a solution of 10% mercuric chloride in 
nu'thanol, 20 cc. After warming for forty-five minutes on 
the steam bath the solution w^as diluted wnth 100 cc. of 
watei The 2.45 g. of the resulting precipitate* was sus¬ 
pended in water and treated with hydrogen sulfide. After 
filtermg off the mc'rcuric sulfide the filtrate was evaporated 
to dryness in vacuo and the residue crystallized from chl</ro- 
forrn-light petroleum to give 0.6 g. of plates m.p. 132.5-133°. 

C. From N-Acyl-S^bemyl~penicilla7nin( (Elliott, Hems, and 
Robinson, CPi^.52, 6). ve grams of S-benzyl-N-caproyl- 
ponicillamine in 150 cc. of liquid ammonia was treated with 
0.7 g. of sodium in small pieces to a permanent blue color. 
After addition of 0.9 g. of ammonium chloride the ammonia 
was evaporated, the residue taken up in water, and the 
solution acidified. The white precipitate, 3.3 g., 90%, was 
filtered, dried at 60°, and crystallized from benzene, 2.6 g. 
m.p. 133-134°. 

I). By Action of an Acid Azide (Mich. C3)em , B.8, 3). 
The azide from 1.03 g. of phenaceturylhydrazide (m 20 c(^ of 
water containing 0.9 cc. of concentrated hydrochloric acid, 
treated with 380 mg. of sodium nitrite in w ater) was added to 
a solution which had been prepared by mixing 0.91 g. of 
DL-pcnicillamitie hydrochloride and 0.62 g. of sodium carb¬ 
onate monobydrate in 6 cc.fof water and then adding 0.42 g. 
of sodium bicarbonate. After fifteen minutes of stirring, 
the resulting clear solution was allowed to stand for one hour, 
filtered, and acidified. The oil which precipitated soon 
solidified; yield 1.12 g., m.p. 136-138°. The product was 
recrystallized by dissolving it in warm aqueous methanol; 
as the solution cooled, sufficient m(*thanol was added to 
redissolve any oil which precipitated. When the solution 
temperature had reached about 40° the solution was placed 
in the refrigerator. The product was filtered off and washed 
with aqueous methanol, ether, and petroleum ether; m.p. 
137-140°. 

E, Formylation by Means of Forrmmide (Allen, Boon, 
Carrington, Gaubert, and Levi, CPS,526), The DL-penicill- 
aminc hydroeWoride obtained from hydrolysis and con¬ 
centration of 6(X) g. of N-acetyl-i)r-.-penirillamine was 
heated with 200 cc. of formamide with shaking to 100°. 
After thirty minutes a solid started to separate from the 
clear solution. After a further half hour at this temperature 
the product was crystallized from water after treatment 
with carbon. Yield 300 gm., m.p. 154-158°. 

Conversion to a Thiazolinb (Merck, M.36, 1). 2,5,6* 
Trimethyl-4-<^Thoxy*ihiazoline. A solution of 6 g. of 
N-aeetyl-DL-penicillamine in 40 cc. of dry ether was satu¬ 
rated with hydrogen ciiloride at 0° and allowcid to stand 
overnight at room temperature. The crystals thus obtained 
weighed 3.95 g., m.p. 169-170°. Slightly less pure material 
isolated by concentration brought the total yield to 96 %. A 
4.19 g. sample of this hydrochloride was added to a solu¬ 
tion of 0.46 g. of sodium in 20 ml. of methanol with cooling. 
Alter removal of the methanol in vacuo the residue wi^ tifken 
up in\ether, filtered, and concentrated, weight* 2.51 g. 
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(73%), m.p. 128-130®. Recrystallized from benzene- 
petroleum ether, needles, m.p. 130-132® (dec.). 

Calc. C7H11O2NS: C, 48.53; H, 6.40; N, 8.07 
Found: C, 48.81; H, 6.10; N, 7.91 

^•-Phenyl-4^carhoxy-6y6-diinethyl-thiazoline. N-Benzoyl- 
penioillaminc, refluxed with 1 ml. of 2.6 N hydrochloric 
acid and 10 ml. of water for sixteen hours under nitrogen 
evolved no hydrogen sulfide. Digestion of the residue from 
vacuum concentration with ether gave 0.97 g. (91 %), m.p. 
175-178®. Recrystallized from methanol-ether, m.p. 178- 
179°, (dec.). 

Calc. CuHhOjNSCI: C, 53.03; H, 5.19; N, 6.15 
Found: C, 52.93; H, 5.44; N, 6.65 

4-Carhoxy^dyi)-dimeihyUhiazoline Hydrochloride from N- 
forrayl-penicillamine with ethereal hydrogen chloride had 
m.p. 162-163° (dec.) after crystallization from ethanol-cther. 

Calc. CeHio02NSCl: C, 36.83; II, 6.15; N, 7.16 
Found: C, 37.13; H, 4.99; N, 7.40 

Formation of Thiazoline Esters (Boon, Carrington, Davies, 
Gaubert, Jones, Ramage, and Waring, CVS.624, 16). 
2,5,5-TmMETHYIi-4-CAIlBOMETHOXY-THl AZOLIN E, N - Acctyl- 
pcnicillamine (10 g.) and 50 cc. of methanol saturated at 
room temperature with hydrogen chloride were heated for 
two hours on the steam batli and the solvent removed in 
vacuo. The residue was shaken with ether, made alkaline 
with aqueous sodium carbonate and again extracted with 
ether. Evaporation of the second extract gave 6.5 g. of 
an oil b.p. 115®/18 mm. 

Calc. CeHjjOaNS: C, 51.3; 11, 7.0 
Found: C, 51.2; II, 7.0 


The picrate melted at 159\ 

Calc. C,4H,e09N4S: 40.4; H, 3.85; N, 13.5 

Found: C, 40.55; PI, 3.75; N, 13.3 

The picrolonate melted at 154®. 

Calc. ChgTIoiOjNfiS: C, 47.9; H, 4.7 
Found: C, 47.9; H, 4.3 

2,5,5-T RI M BTH Y L-4-C ARB OB K N Z Y LOX Y -TH 1 AZ O IJ \ K. A 
mixture of 5 g. of acetyl-penicillamiiie and 25 cc. of benzyl 
alcohol was saturated with hydrogen chloride at 0° and heated 
for four hours on the water bath. Volatile material was 
removed by distillation in vacuo and then by shaking with 
ether. Excess of aqueous sodium carbonate was added, the 
benzyl ester taken up in ether, and the extract distilled. 
The yield was 1.0 g., b.p. 180-190®/16 mm. 

The picrate, m.p 134®, was rccrystallized from ethanol. 

Calc. C2 oH 2 oO»N 4S: C, 48.8; H, 4.1; N, 11.4 
Found: C, 48.7; H, 4.3; N, 11.1 

2-Piibnyl-4-carbomkthoxy-5,5-dimkthyltiiiazoltne. 
Treatment of 2 g. of benzoyl-penicillamine with meihanolic 
hydrogen chloride gave 1.2 g. of the thiazoline methyl ester, 
b.p. 150-154®/0.5 mm. 

The picrate, m.p. 109®, was identical with a preparation 
(Boon, Carrington, Davies, Jones, and Ramage, CP 1^.274) 
secured by the action of phosphorus pentasulfide upon 
m ethyl «-V>enzoy lamin o-jf#, /3-dim cthylacrylate. 

Calc. Ch9lli802N4S: C, 47.7; H, 3.75, N, 11.7; S, 6.7 
Found: 47.55; H, 3.75; N, 11.95; S, 6.3 


Derivatives of Penicillamine 



Isomer 

m.p. 

[«]i> 

Reference 

Penicillamine. . 

DL 

201 ® (dec.) 


M.m, 5 

Penicillamine. . 

L 

190-194® 

4-63® {N NaOH) 

D.H, 4 

Penicillamine hydrochloride . 

DL 

145-148° (dKC.) 


Wellcome, CPS. 108^ 2 

Penicillamine hydrochloride . 

i> 

160-165® 


U.lSb, 25 




+ 1° (H,0) 

CPS.IOS, 2 




-55° (A NaOH) 

D. 14 , 6 

Ester hydrochlorides (free* bases are oils) 





Methyl. 

Dll 

173-176° 


lU, 2 


D 

180 -182° 

-7.4° (HjO) 

M.llSa, 2 

Ethyl. . 

DL 

150-151® 


M.16c, 13 


D 

161-162® 


M.lga, 2 

n-Propyl. 

DL 

137-138® 


Wellcome, CPS.67t, 3 

Isopropyl. 

DL 

162-163® 


Wellcome, CPS.671, 3. 

n-Butyl. 

DL 

125® 


Wellcome, CPS.S 4 I, 1 

Isobutyl . 

DL 

131-132® 


Wellcome, CPS.671, 3 

Isoamyl. 

DL 

130-131® 


Welleome, CPS.671, 3 

n-Hexyl. 

DL 

95-100® 


Wellcome, CPS.688, 4 

Isohexyl. 

DL 

141-143® 


Wellcome, CPS.671, 3 

Benzyl. 

DL 

159-160® 


CPS.479, 9 

N-methyl. ... 

L 

208-210® 


U.18, 5 

N-methyl hydrochloride . 

D 

160-170® 


U.1.9, 1 

N-methyl hydrochloride. 

L 

80-120® 


U.IS, 4 

N-benzyl. 

DL 

194-196® 


Boots, CPS. 417, 11 

N-benzyl hydrochloride. 

DL 

182-184° 


Boots, CPS.417, 11 

N-fomiyl. 

DL 

157-158° 


M.e6, 5 

N-formyl. 

D 


4"62® (pyridine) 

D.14, 5 

N-formyl. 

L 


—62® (pyridine) 

D.14, 6 

N-forrayl, methyl ester. 

D 

61-65° 


M.60, 30 

N-formyl, 2,4-dinitrophenyl. 

DL 

167-169° 


S.38, 4 

N-acetyl. 

DL 

183° 


M.m, 4 

N-acetyl. 

D 

189-190° 

4-18® (50% EiOH) 

M.es, 27 

N^acetyl thio acid. 

DL 

98-100° 


B.D.H., CPS.4S8, 1, 2 

N-acetyl thioethylamide. 

DL 

184-186® 


B.D.H., CPS.4S8, 1, 2 

N-aoetyl thio anilide. 

DL 

116® 


B.D.H., CPS.468, 1, 2 








































Derivatives of Penicillamine.— {Continued) 



Isomer 

m.p. 

[«ii> 

Reference 

N-chloroacctyl. 

1 DL 

10‘)-“U3" 


May and Baker, 
cps.esj,, 10 

N-caproyl. 

! on 

132.5-133° 


I.C.8., CFS.270, 2 

N'benzoyl . 

i DL 

135-130° 


LC.8., CPS.27(), 2 

K-benzoyl thio acid. 

i DL 

87° 


B.D.Il., CPS.60, 2 

M-pbenyla(*,t‘tyl. 

j DL 

125-127° 


L.i?0, 5 

N-phenylacetyl. . 

D 

139-140° 

-f40" 

MM, 28 

N,S-di“phonylacctyl. 

DL 

132-134° 


L.IS, 20 

N-thio-phenylaceiyL . 

DL 

134° 


l.(;.S., CFS,328, 4 

N-thio*plienylacctyl. 

D 

132-133° 


LMJi, 20 

N-thio-phcuylacetyl.... . 

L 

133-134° 


20 

N-(5arbobenzyloxy. 

1> 

142-143° 


MJ,^, 3 

N-liippnryl. 

DL 

159-162° 


li.to, 1 

N-phenaceturyl. 

DL 

137-140° 


H.S, 3 

N-phenacetur>’l. 

D 

156° 


M.66, 11 

di-phenylisocyanat(^ derivative. 

D 

185-187° 


M4, 13 

N,S-di-2,4-dinitropheiiy 1. 

DL 

70° 


.s'.ss;, 4 

S-Benzyl-penicillamine. 

DL 

202“ 


3 

S-Benzyl“penicillamiiie. 

D 

197-198° 

-90° {N NaOH) 

Oxford, PEN.100 

S-Bcnzvl-penicillamino. 



4 90° {N NaOH) 

FEN.WO 

Ily droeh loride, 112O . 

D 


-75° {N 11(3) 

l).J4, 3 

Hydrochloride, H2O . 

L 


4-75° {N HOI) 

D.U, 3 

M(‘thvl ester hydrochloride . . 

D 

147-148° 


AI.S3, 15 

Kthyl ester hydrochloride . 

D 

145-146° 

-102° 

11 

N-bcnzvi. 

Dl. 

100-161° 


BootK, V.P.S. 417 , 10; 
21 

N-formy^. 

DL 

158-159° 


PEN.100 

N-foriiiyl. 

L 

118-120° 

4 28° (50% KtOII) 

1).18, 2 

N-fonnyl, methyl ester. 

DL 

45-46° 


Wi'il(!onic, CPS.688, 3 

N-acotyl. 

DI. 

177-178° 


/>./, 8 

N-acetyl. 

L 

183° 

4-14° (95% Eton) 

l).15, 8 

N-acetyl, benzylthioester . 

DL 

92-94° 


J).tO, 4 

N-carboxym ethyl . 

DL 

200-202° 


Glaxo, CPS.610, 6 

N-chloroacetyl . 

DL 

171-173° 


Glaxo, CPS.BIO, 6 

N-caproyl . 

DL 

128-131° 


Glaxo, CPS.S2, 6 

N-caproyl, methyl ester . j 

DL 

59-60° 


Wellcome, CPS.688, 3 

N-benzoy 1 .. 

DL 

156-159° 


PEN.KHI 

N-bcnzoyl, methyl ester . 1 

DL 

67.5-68.5° 


c.m, 2 

N-toluenesulfonyl . | 

DL 

176-177° 


D. IS, 9 

E. W, 21 

N-toluenesulfonyl, methyl ester .j 

DL 

67-68° 


N-phenyi acetyl. • . 1 

DL 

66-68° 


L.30, 5 

N-phenylacctyl. I 

D 

141-142° 

-7.5° 

L.SO, 8 

N-phenylacetyl. | 

L 

141-142° 

4-7.5° 

L.}!0, 8 

N-phenvlacetyl, methyl ester. 1 

DL 

93° 


Wellcome, CPS 688, 3 

N-carbobenzyloxy-. 

Malonyl-bis-N,N'-S-benzylpenicillamine methyl 

DL 

76-78° 


L.8, 3 

ester. 

D 

117-119° 


M.66, 11 

Penicillamine disulfide. 

DL 

206° 


Af.69, 19 

Penicillamine disulfide. 

DL 

181° 


M.eo, 19 

Penicillamine disulfide. 

D 

204-205° 

4-27° {N HCl) 

-82° {N NaOH) 

M.69, 18 

AI.69, 18 

penicillamine disulfide. 

L , 

207° 

-28° (N HCl) 

4-77° (N NaOH) 

D.17, 2 

D.17, 2 

Penicillamine disulfide, di-N-formyl. 

L 

187° 

—29° (pyridine) 

1).17, 2 

Penicillaminic acid, benzylamine salt. 

D 

203-208° 


S.S, 2 

Penicillaminic acid, methyl ester. 

DL 

215-219° 


S.38, 6 

Penicillaminic acid, methyl ester. 

D 

220-240° 


S.14, 6 

Penicillamine sulfinic acid, methyl ester. 

D 

185-186° 


S.6, 5 
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PENILLOALDEHYDES 

Isolation and Characterization. The name “ pcn- 
ilhmldehyde ” has been generally applied to the 
acylaminoacetaldehyde formed on the degradation 
of penicillin with acid or with aqueous mercuric 
chloride. The first recorded isolation of 2-peritcnyl- 
penilloaldehyde was by etlu^r extraction of a solution 
of 2-pentenylpenioillin (Abraham, Chain, Baker, 
and Robinson, Pen. 79^ 5 ) which had been Inac.ti- 
vated by allowing it to stand in solution for six 
hours with 0.2 N hydrochloric acid. Reaction 
with 2,4-dinitrophenylhydrazine gave small amounts 
of a yellow hydrazone wiiich melted at 185 - 186 ®. 
But the elementary analysis at this time indicated 
the formula C 6 H 10 O 2 , and in view' of the small yield 
obtained, its significance for the penicillin molecule 
was very unclear. A little later 2-pentenylpenil- 
loaldehyde (Abraham, Baker, Chain, and Robinson, 
Pen. 91 y 3) w'as obtained in yields of 10% by 
hydrolysis of 2-pcntenylpenillic acid with hot dilute 
mineral acid. The penicillamine was removed by 
adding mercuric chloride solution to this reaction 
mixture, and the resulting solution was heated with 
2,4-dinitrophenylhydrazine to give a yellow dini- 
trophenylhydrazone which melted at 187®. Al¬ 
though the previously suggested formula C 6 H 10 O 2 
was not disproved, the further possibility of a 
formula along the lines of CqH 15O3N was dis¬ 
cussed. It was then found that by alkaline 
hydrolysis of penicillin (Abraham, Chain, Baker, 
and Robinson, Pen. 97^ 2) followed by treatment 
with mercuric chloride solution the yield of 2-pen- 
tcnylpcnilloaldehyde dinitrophenylhydrazone was 
considerably improved. A dimedone derivative 
was also prepared at room temperature with great 
ease and it crystallized beautifully from aqueous 
alcohol. This derivative melted at 161 *-162® and 
gave further evidence of the aldchydic nature 
of the degradation product. The formula for the 
free aldehyde was calculated as C«Hi 802 N from the 
molecular weight (423 ± 9) (Crowfoot and Low, 
Pen. 98y 1) and analytical values of the dimedone. 
2-Pentenyipenilloaldehyde can be extracted from 


water solutions by continuous ether extraction and 
is soluble in alcohol, acetone, chloroform, and 
benzene. At about the same time the production 
of isopenilloaldehyde (Bentley, Catch, Cook, Ileil- 
bron, Hall, and Elvidge, Pen. 102 y 1 (Oct. 19, 1943)), 
now known as n-amylpenilloaldehyde, was re¬ 
ported from the decomposition of n-amylpenillic 
add. These investigators wore able to establish 
only tentatively the non-identity of the hydro¬ 
genated and unhydrogenat ed ponilloaldehydes. 
They did, however, find that upon warming 
2-pontonylpenilloaldehyde dinitrophenylhydrazone 
wdth excess 2,4-dinitrophenylhydrazine in 2 A* sul¬ 
furic acid, the solid derivative did not dissolve but 
th(‘ color rapidly changed from yellow to scarlet, 
the melting point rose, the compound became 
practically insoluble in ethanol, glyoxal dinitro- 
phenylosazone was recovered and a compound with 
a characteristic odor volatilized from the hot acid 
solution. They concluded that this behavior is 
not inconsistent with a partial formula of the type 
CftHixCONHCIlaClK). 

2 -Pcntcnylpenilloaldehyde was oxidized to an 
acid of the formula CsIljsOsN (Abraham, Chain, 
Baker, and Robinson, Pen, lOSy 1 (Oct. 23,1943)) as 
determined by an analysis of the barium salt. This 
salt rapidly takes up one mole of hydrogen on 
catalytic hydrogenation with palladium-charcoal. 
The acid CgHisOsN gave no nitrogen with nitrous 
acid in the Van Slyke apparatus even after an hour. 
A clue to the possible nature of the aldehyde 
C 8 II 13 O 2 N was obtained from the consideration 
that the penicillin prodiiced by the submerged 
process yielded phcnylacetic acid on acid hydrolysis 
(this fact had been communicated to the British 
workers in August 1943 by Merck & Co,, Inc.). 
Since it was believed that the aldehyde from the 
submerged penicillin would have the composition 
C 10 II 11 O 2 N as compared with the formula C 8 H 13 O 2 N 
for the aldehyde from the surfac(‘ penicillin, the first, 
aldehyde should contain the group C 6 H 5 CH 2 CO— 
and hence ought to be C 6 H 5 CH 2 CONHCH 2 CHO 
while analogously the aldehyde C 8 H 18 O 2 N should 
be CftHgCONHClIaCIlO. 

In a subsequent communication (Bentley, Catch, 
Cook, Elvidge, Hall, and Heilbron, Pen. 106, 3) 
the presence of a five carbon residue which appears 
as a fatty acid amide grouping in n-amylpcnil- 
loaldehyde was verified and the constitution of the 
five-rcarbon chain was elucidated; the aldehyde on 
hydrolysis with boiling dilute sulfuric acid yielded 
an acid fission product in the steam distillate. The 
acid from unhydrogonated penicillin was unsatu- 
rated and required approximately 1 mole of hydro¬ 
gen for saturation, whereas the product from 
n-amylpcnilloaldehyde was saturated. The p- 
bromophenacyl ester of the saturated acid was ob¬ 
tained in pure condition with the same melting 
point as the p-bromophenacyl ester of n-caproic 
acid and a mixture showed no depression in melt- 
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ing point. It therefore became apparent that 
n-amylpenilloaldehyde was CH 8 CH 2 Cil 2 CIl 2 CH 2 
CONHCH 2 CHO and that 2-pentenylpenilloalde- 
hyde was similar except for a double bond in the 
five carbon chain. 

Further confirmation was forthcoming when the 
amino acid obtained by the oxidation of penil- 
loaldehyde, followed by hydrolysis, was identified 
as glycine (Abraham, Chain, Baker, and Robinson, 
Pen. lOOy 1). In addition, //-amylpenilloaldohyde 
dinitrophenylhydrazone was synthesized and proved 
by X-ray crystallographical examination to be 
identical with a specimen of the 2,4-dinitr()i)henyl- 
hydrazonc of ^-arnylpenilloaldehyde (Catch, Cook, 
Elvidge, Hall, and Heilbron, Pen. 09. 4). A 
synthesis of the acid obtained by the oxidation of 
n-amylpenilloaldchyde was also accomplished by 
condensing ri-caproyl chloride with glycine in 
alkaline solution. The 7i-caproylgIyciiie so pre¬ 
pared melted at 93 -91°, and the X-ray powder 
photograph of its barium salt proved its complete 
identity with the barium salt of the acid obtained 
from natural sources. 

In a report of the same dat(^ (Bentley, Catch, 
Cook, Elvidge, Hall, and Heilbron, Pen. HO, 1) 
the synthesis of 7i-caproylaminoacetal from bromo- 
acetal and A?-caproamide was described. The 
dinitrophenylhydrazones and dimedone derivatives 
of the synthetic product and /j-amylpenilloaldehyde 
were compared and found to be identical. 

In the paper mentioned previously (Abraham, 
Cliain, Baker, and Robinson, Pen. 100. 2), the 
position of the double bond in 2-pentenylpenillo- 
aldehyde was proved by the following exi)erimcnt 
to be /S, 7 - with respect to the carbonyl group. 
Oxidation by boiling dilute potassium permanganate 
in a current of air which was then drawn through a 
solution of 2,4-dinitrophenyIhydrazine in dilute 
hydrochloric acid precipitated a 2,4-dinit rophenyl- 
hydrazorie which, after crystallization from alco¬ 
hol, formed orange needles melting at 154-155° 
indistinguishable from those of authentic* propional- 
dehyde 2,4-dinitrophenylhydrazone melting at 155- 
166°; a mixed melting point showed no depression. 

Subsequently the same investigators (Abraham, 
Chain, Baker, and Robinson, Pen. 111, 1) reported 
the synthesis of A^-n-hexenoylaminoacetaldchyde 
2,4-dinitrophenyIhydrazone and showed that it 
gave no depression in melting point with the 2,4-di- 
nitrophenylhydrazone of 2-pentenylpenilloaldehydc. 
X-ray powder photographs were again called into 
use and demonstrated the identity of the s 3 mthetic 
and natural aldehydes (Crowfoot and Low, Pe?i. 
lie, 1 ). 

During October and November of 1943 while the 
above experiments were being conducted by the 
British workers, the problem of * the structure of 
2-peutenylpenilloaldehyde had been studied by 
some of the American workers. After the isolation 
and structure proof of phenylacetylaminoacetalde- 


hyde from benzylpenicillin, it was evident that 
the corresponding aldehyde from 2-pentenylpenicil- 
lin should be CsHdCDNHCTLCHO. Believing 
a double bond very likely, since hydrogenation of a 
2-peiitenylpenicillin concentrate (C 'atch, (^ook, 
Hall, and Heilbron, Pc7i. 8S) had increased the 
activity, although the investigators were not certain 
of the inter])retation of the hydrogen absorption, 
the s^mthetic preparation of a number of new 
unsatunded eight cnrboii alii)hatic acylaminoaeetal- 
dehydes was begun (Merck, M.2, 2). 

The thr(*e Ti-hexeiioic acids were prepared and 
converted into the dinitrophenylhydrazones of the 
acylaminoacetald(4iydes. 44ie melting points for 
the A“, A^ and A*^ unsaturated compounds were 
respectively 195.5-196°, 185-185.5° and 183.5- 
184°. Ill addition, n-caproylaminoacetaldehyde 
was synthesized and its dinitrophenylhydrazone 
melted at 187.5-188°. On the basis of melting 
points either the A^ or A'^ unsaturated structure 
appeared possible for 2-pentenylpenilloaldehyde, 
but no further identification was possible since 
experiments showed that mixed melting points in 
this series were unreliable. 

Later it was sliuwm that mercuric chloride in 
neutral aqueous solution would decompose penicil¬ 
lin to give penilloaldchj^dc (Boon, Carrington, and 
Freeman, CPSJS, 2). 

Isolation and Characterization of Benzylpenillo- 
aldehyde. At about the time that the structure 
of 2-pentenylp(Uiilloaldehyde was becoming clear 
to the British workers, benzylpenilloaldehyde was 
isolated and characterized in America. Benzyl- 
penicillin, after hydrolysis with O.l N sulfuric 
acid under reflux for 2‘^ hours, w^as treated with 
mercuric chloride solution (Dutcher, MacPhillamy, 
Stavely, and Wintersteiner, S.S, 6) and the super¬ 
natant solution after centrifuging contained com¬ 
paratively large amounts of an aldehyde as shown 
l)y a strong fuel) sin-aldehyde test and by the 
immediate formation of a yellow dinitrophenyl¬ 
hydrazone. A yield of 55% of the theory was 
obtained and the product after several rccrystal- 
lizations melted at 193-194°. The analytical data 
corn*sponded to an aldehyde with the formula 
CioHii 02N. When the pure dinitrophenylhydra¬ 
zone was heated for a few minutes in concentrated 
sulfuric acid, a strong odor of phenylacetic acid 
was noticeable. It, therefore, seemed probable that 
the aldeh^'de was phenylacetylaminoac'ctaldehyde. 
The dinitrophenylhydrazone of this substance was 
prepared synthetically and melted at 194-195°. 
The melting point of a mixture witli the dinitro- 
phen 3 dhydrazonc of benzylpenilloaldehyde was 
193-195°. A portion of the aldeh 3 ^de from benzyl- 
penicillin was oxidized by means of silver oxide 
to give phenylacetylglycine melting at 145° which 
vras shown to be identical with the synthetic 
product. 

Benzylpenilloaldehyde was also obtained from 
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benzylpenilloic acid by treatment with mercuric 
chloride solution (Merck, Report for Oct, 194$^ p. 6) 
and yields as high as 74% were possible. By means 
of the polarograph it has been shown that benzyl- 
penilloaldehyde is rather unstable in aqueous acid 
solution even at room temperature, since several 
hours standing sufficed to bring about its complete 
destruction. Glyoxal 2,1-dinitrophcnylosazone was 
obtained from the oxidation of benzylpenilloalde- 
hyde dinitrophenylhydrazone just as it had previ¬ 
ously been obtained from the 2-pcntenylpenilloalde- 
hyde derivative (Upjohn, U.4, 34). The isolaticm 
of benzylpenilloaldchyde from benzylpenicillin ex¬ 
posed to enzymatic degradation has been reported 
(Squibb, S,9, 5). 

The Penilloaldehyde from “Flavacidin.” The 

penilloaldehyde from ‘^fiavacidin*’ (a penicillin 
from Aspergillae flavus) was investigated by the 
Squibb group {S,19y 12). A solution of the crystal¬ 
line penicillin was decomposed by refluxing with 
0.1 sulfuric acid and then degraded with merctiric 
chloride. Subsequent treatment with 2,4-dinitro- 
phenylhydrazine solution yielded a crude dinitro¬ 
phenylhydrazone which after five recrystallizations 
from absolute alcohol melted at 180-180.5°. A 
consideration of the analytical figur(‘s for this 
derivative indicated the composition for the alde¬ 
hyde of CgHiaOiN, which is therefore isomeric with 
2-pentenylpenilloaldehyde. In order to obtain 
further information on the nature of tlie aldehyde, 
the melting point of mixtures wit,h the corresponding 
derivatives from 2-pentenylpenicillin produced by 
Perdcillium noiatum^ of A‘*'-hexenoylaminoacetalde- 
hyde and of AMiexenoylaminoacetaldehyde were 
determined. 


TABLE 1 (Squibb, S.19, 12) 

Melting 

Dinitrophenylhydrazone of Point 

(1) CH-aldehyde from A spergillus flavus . 180-180.5° 

(2) 2-Pcntenylpenilloaldehyde ixomPenicillium 

notaturn . 178-178.5® 

(3) Syn. A'^-hextmoylaminoacetaldchydc .. 178.5-179°* 

(4) Syn. A^-hexenoylaminoacetaldehydo ... 189°* 

Mixture of 1 and 2 . 175° 

Mixture of 1 and 3 . 179-180° 

Mixture of 1 and 4 . 180-182° 

Mixture of 2 and 3. 173-174° 

Mixture of 2 and 4. 183-186° 

'^'Prepared in the Merck Laboratories. 


As showm in the table, the mixture of the two 
'^naturaU^ compounds melts at a considerably 
lower temperature than the components, as does 
the derivative from 2-pentenylpenicillin mixed with 
synthetic A'^-isomer. On the other hand, the latter 
does not depress the melting point of the derivative 
from ‘^flavacidin.’^ Nearly identical readings were 
obtained on several specimens of each mixture. 
These results suggest that the penilloaldehyde from 
'‘flavacidin^' contains a A'*'-hexenoic acid moiety. 
X-ray diffraction patterns of the four penilloalde¬ 
hyde dinitrophenylhydrazones compared in Table I 
were obtained by Schieltz at the Northern Regional 


Reseanth Laboratory (Reported by Squibb, S.^l^ 
14). The two patterns for the dinitrophenylhydra¬ 
zones of the penilloaldehyde from ‘‘flavacidin'^ and 
the synthetic A'^-7i-hexenoylaminoacetaldehyde were 
essentially identical, although some of the weaker 
lines showed slight differences in intensity, indi¬ 
cating the existence of a small amount of impurity 
in one or both of the samples. At first glance the 
patterns for the synthetic A^- and A'*'-n-hexenoyl- 
aminoacetaldehyde dinitrophenylhydrazones ap¬ 
peared very similar. However, on careful checking 
there was found to be no general agreement as 
far as ring diamet^ers W(‘re concerned, so the crystal 
structures were definitely different. 

The patterns for synthetic A^-??-hexenoylamino- 
acetaldehyde and 2-pentonylpenilloaldehyde dini¬ 
trophenylhydrazones differed somewhat in the inner 
rings but the agreement in the outer rings Vas good. 
It appeared that there was a constituent present 
that was common to both, but that at least one 
(or possibly both) was a mixture with appreciable 
impurity. Finally, the dinitrophenylhydrazones of 
2 -pentenyIpenilloaldehyde and the penilloaldehyde 
from ‘‘flavacidin^’ showed quite different patterns. 
These concliusions check well with those drawn from 
the melting point behavior of mixtures of the 
dinitrophenylhydrazones and lend further sup¬ 
port to Hie belief that the penilloaldehyde de¬ 
rived from the penicillin of Aspergillus flavus is 
A‘^-n-hexenoylaminoa(;ctaldehyde. 

p-Hydroxybenzylpenilloaldehyde. p-IIydroxy- 
benzylpenilloaldehyde was isolated from acid 
inactivated p-hydroxybenzylpenicillin after mer¬ 
curic chloride treatment (Catch, Cook, and Ileil- 
bron, CFS.23^ 2). The dinitrophenylhydrazone 
melted at 195° and analysis showed it to differ 
from benzylpenilloaldehyde by one oxygen atom. 
The isolation of an acid wdiich was shown by mixed 
melting point to be p-hydroxyphenylacetic acid 
proved that this compound was p-hydroxyphcnyl- 
acetylaminoacetaldehyde. 

n-Heptylpenilloaldehyde. When dissolved in 
wnter, treated with mercuric chloride and then with 
an acid solution of 2,4-dinitrophenylhydrazine, 
n-heptylpenicillin gave a crystalline dinitrophenyl¬ 
hydrazone (Abbott, A,20, 6; 21, 1). This deriva¬ 
tive melted as high as 180-181.5° with a rate of 
temperature rise of about 3 degrees per minute. 
The analysis agreed moderately well for an octanoyl- 
aminoacetaldehyde dinitrophenylhydrazone. The 
melting point of synthetic n-octanoylaminoacetal- 
dehyde 2,4-dinitrophenylhydrazone w^as found to 
be 182-184° using the same rate of heating. The 
mixed melting point of the natural and synthetic 
products was 181-^182.6°. n-Heptylpenilloaldehyde 
was proved to be n-caprylylaminoacetaldehyde (Ab¬ 
bott, A,26, 1) by* comparison of the melting point 
data, solubility data, and X-ray powder patterns 
with those of the synthetic product. Additional 
proof of the presence of the caprylic acid residue 
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was obtained by complete hydrolysis of n-heptyl- 
penicillin with hydrochloric acid and preparation of 
the p-toluidide of the acid formed. The p-toluidide 
was found to be identical with the synthetic p-tolu- 
idide of n-caprylic acid. 

Syntheses of Penilloaldehydes. A number of 
synthetic methods for the various penilloaldehydes 
have been reported. Probably the most common 
method is the condensation of the corresponding 
acid chloride with aminoacetal in the presence of a 
base. This method was used in the preparation of 
2-pentenylpenilloaldchyde (Abraham, CUiain, leaker, 
and Robinson, Pen, Illy 2), In this case 
hexenoyl chloride was added to aminoacetal in dry 
pyridine and the product was isolated as the 2,4«di- 
nitrophenylhydrazonc melting at 191°. By the 
same method n-amylpenilloaldehyde was prepared 
from ??-caproyl chloride (Abraliarn, Chain, Baker, 
and Robinson, Pen. 109y 1) and aminoacetal; the 
dinitrophenylhydrazone melted at about 185“18()°. 
These investigators also prepared isocaproylamino- 
acetaldehyde whose dinitrophenylhydrazone melted 
at about 165°. 

Several groups have report('d the syiithesis of 
benzylpenilloaldehyde from aminoacetal, but no 
directions were included in these reports (Merck, 
M.ly (>; Squibb, S.SOy 6 ; 8y 3; Imperial (k>llege, 
CPS.Oy 4). In later papers directions were given 
for the preparation of benzylpenilloaldehyde in 
excellent yield (Harvard, 6; Cook, Klvidge, 

Hall, Ileilbron, and Shaw, CPS.JTO, 3). 

Another very satisfactory method for the 
preparation of penilloaldehydes w'as the condensa¬ 
tion of haloacetaldehydc diethylacetal and the 
potassium salt of the proper amide. By this means 
n-amylpenilloaldcliydc was obtained in 50% yield 
from bromacetal and the potassium salt of /i-capro- 
amide. The 2,4-dini trophenylhydrazone melted 
at 187° (Bentley, Catcli, Cook, Elvidge, Hall, and 
Heilbron, Pen.llOy 1 ). Benzylpenilloaldehyde was 
prepared from potassium phen 3 dacetamide in 38% 
yield with chloroacetal (Upjohn, U.4, 13; Pfizer, 
P.7, 9) and in 51% yield with bromoacetal (Pfizer, 
P.7, 10; 8y 6; 11, 4). 

It has been shown that penilloaldehydes can be 
prepared by the decomposition of the proper oxazol- 
ones. Benzylpenilloaldehyde dinitro[)hen 3 dhydra- 
zone has been isolated (Upjohn, U.ll, 2S) from the 
decomposition of the benz^damine derivative of 
2-benzyl-4-methoxymethylene-5-oxazolono with an 
acid solution of 2,4-dinitrophenylhydrazine. A 
similar reaction yielded /i-amylpenilloaldeh.yde from 
2-n-amyl-4-hydroxymethylene-5-oxazolone (Atten- 
burrow, Elliott, Hems, and Robinson, CPS.388, 1). 

Phenylthioacetylaminodiethylacetal (Abra¬ 
ham, Chain, Baker, and Robinson, CPS,4S, 
3) has been prepared by the action of dithio- 
phenylacetic acid on aminoacetal in the presence 
of sodium carbonate. An attempt to prepare 
thiocaproylaluinoacetal by the action of methyl 


dithio-n-caproate on aminoacetal (Cook, Elvidge, 
and Ileilbron, CPS.87Sy 4) gave mostly 2-n- 
amyl-4-ethoxyoxazoline which could then be con¬ 
verted to n-caproylaminoacetaldehyde. 

By the reaction of aminoacetal with the appro¬ 
priate acid chlorides there liave been prepared 
several additional acylarninoa(*etals, i.e. benzoyl- 
aminoacetal (Fischer, Ber., ^6, 405 (1893)); 
carbobenzy loxyaminoacetab carbetliox^’^aininoa cetal 
(Imperial College, CPS.5y 5) ; carbornethoxyamino- 
acetal (Harvard, Wo.C, 3); />-(oli](*nesulfonylamino- 
aeetal (Cook, Elvidge, Hall, Heilbron and Shaw, 
CPS.270, i) and 7Hcaprylylaminoacetal (Abbott, 
A,21, 2). Of th(*s(\ the last named was converted 
to the 2,4-dini1n)phenylliydrazone of 7i-heptyl- 
penilloaldehyde melting at 182-184°. 

A modified penilloaldehyde was prepared by tlu^ 
reaction of chloroacetal with benzylamine (Todd, 
CPS.37, 1). I'he product, bciizylaminoacetalde- 
hyde diethylacetal, on hydrogenation gave amino¬ 
acetal. The dinitrophenylhydrazone of sorbyl- 
aminoacetaldeliyde was prepared (Merck, M.2, 3) 
and found to melt at 206.5-207°. Botli iso- and 
sec.-(*aproylammoacetaldeh 3 'des have been prepared 
b 3 ^ these workers and their 2,4-dinitrophenylh3air- 
azones melted at 161-165° and 178.5-179° respec¬ 
tively. 

p-Hydroxybeiiz 3 dpenilloaldehyde was synthe¬ 
sized by two groups of investigators at about the 
same time. The first and more direct synthesis 
w'as by the alkaline hydrol 3 ’'sis of p-acetox 3 ’^phenyl- 
acetylaTninoacetaldeh 3 ^de dieth3dacetal. The prod¬ 
uct was isolated as the 2,4-dinitrophen.vlh3^drazone 
melting at 196° (Cook, Heilbron, and (Iraham, 
CPS.314, 2). The p-acetoxyphenylacetylamino- 
acetaldeliyde diethylacetal was prepared from 
p-acetoxyphenylacetyl chloride and aminoacetal; 
its dinitrophenylhydrazone w^as prepared in a 
mixture of ethanol and benzene and melted at 207°. 

The Upjohn group {U.lSb, 21) condensed p-acet- 
oxyphenylacetyl chloride with formylgl 3 "cine di¬ 
ethylacetal; when the gummy reaction product was 
treated with 2,4-dmitrophenylhydrazine, decarb¬ 
oxylation took place giving p-hydroxybeiizyl- 
penilloaldeh 3 Mle dinitrophcn 3 ’’lli 3 ^di'azonc which 
melted at 214-215°. 

Somewhat later, the Oxford workers (Felton, 
King; Abraham, Chain, Baker, and Robinson, 
CPS.685, 4) made use of the h 3 ^drogenation of 
p-benzyloxyphenylacetylaminoacetaldeh 3 ?'de di¬ 
ethylacetal to prepare p-hydroxybenz 3 dpenilloalde- 
hyde W'^hicli was isolated as the 2,4-dinitrophenyl- 
hydrazone. They found that the same result could 
be obtained by the action of hydrogen chloride in 
chloroform instead of hydrogenation. The inter¬ 
mediate p-benzyloxyphenylacetylaminoacetalde- 
hyde diethylacetal was prepared 1 ) 3 ’* condensing 
p-benzyloxyphenylacetyl chloride and aminoacetal 
in the presence of sodium bicarbonate. l"his acetal 
on treatment with an acid solution of dinitrophenyl- 
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hydrazine yielded the 2,4-dinitrophcnylhydra2one 
of p-benzyloxyphenylacotylaminoacetaldehyde 
melting at 202°. 

Reactions of Penilloaldehydes. One of the most 
important reactions of penilloaldehydes is their 
condensation with d-thio-a-ainino compounds to 
give the corresponding thiazolidines. Probably 
the first synthesis of benzylponilloic acid (2-phenyl- 
acetylaminometh3i-5,5“dimethylthiazolidine-4- 
carboxylic acid) was performed by the Merck group 
{MM, 4). Although no details were given, it is 
probable that the reaction took place between the 
diethylacetal and the penicillamine hydrochloride 
in an aqueous medium. Somewhat later the same 
group 3) reported the preparation of 

crystalline benz 3 ipenilloic acid by the reaction of 
benz 3 ipenilloaldehyde dibut 3 iacetal with penicill¬ 
amine. The corresponding reactions between 
benzylpenilloaldehyde and L-penicillamine (Upjohn, 
U.5, 10) took place by coupling the diethylacetal 
and the penicillamine in 50 aqueous methanol 
solution. Tlie same group {UJO, 5j reported the 
condensation of DU-penicillamine with benzyl¬ 
penilloaldehyde diethylacetal to give the DU-benz- 
ylpenilloic acid. The formation of L-desdimethyl- 
benzylpenilloic acid by the reaction of L-cyateine 
with benz 3 dpenilloaldchyde dicth 3 dacelal w^as men¬ 
tioned without experimental details in an early 
Merck report (October 1943, p. 10). The details 
of this condensation using the diethylacetal and 
L-cysteine hydrochloride in weak ethanolic solution 
were described in later reports b 3 '' other w^orkers 
(Ilpjohn, U.4, 13; Pfizer, P.8, 7; Squibb, S.ll, 7). 
The corresponding reaction of the acetal with 
D-cysteine was reported by the Oornell group 
(Cornell Bioch., D.5, 3). Considerably later the 
reaction of benzylpenilloaldehyde diethylacetal 
with both cysteine and penicillamine hydroclilorides 
in the anhydrous (umdition w^as reported simul¬ 
taneously by the Imperial College workers (Cook, 
HeiJbron, and Levy, CPS.3JS, 3) and the Pfizer 
group {PJ9y 1). This reaction proceeds with the 
splitting out of ethyl alcohol to give good yields 
of the corresponding thiazolidines. 

A number of other acylaminoacetaldehyde acetals 
have been condensed with penicillamine to give the 
corresponding 2-acylaniinomethyl-5,5-dimethyl- 
thia2olidine-4-carboxylic acids. These are 7t-amyl- 
penilloaldch 3 'de diethylacetal (Cook, Elvidge, and 
Heilbron, CPS.273, 4), benzoylaminoacetaldehydc 
dieth 3 dacetal (New'ber 3 " and Raphael, CPS.206, 5), 
p-benzyloxyphenylacetylaminoacetaldehyde di¬ 
ethylacetal (Felton, King; Abraham, Chain, Baker, 
and Robinson, CPS.686, 5), carbobenzyloxyamino- 
acetaldehyde diethylacetal (Abraham, ('hain, Baker, 
and Robinson, CPS.235, 3) and carbethoxyamino- 
acetaldehyde diethylacetal (("ook, Elvidge, Hall, 
Heilbron, and Shaw, CPS.270, 3). 

Similar reactions between unacylated amino- 
acetal and penicillamine or its methyl ester were 


reported to give 2-aminomethyl-6,5-dimethylthia2- 
olidine-4-carboxylic acid and its methyl ester 
respectively (Abraham, Chain, Baker, and Robin¬ 
son, CPS.71, 2; Ck)pp, DufFin, Smith, and Wilkin¬ 
son, CPS.72, 2). 

The condensation of carbethoxyaminoacetai with 
L-cysteine was reported by the Winthrop group 
(ir.5, 18) and the reaction of unacylated arnino- 
acetiil with cysteine ethyl ester w^as outlined by the 
Squibb wwkers {S.27, 8). 

The condeiusaliou of benz34pcnilloaldeh3ale di- 
eth3dacetal with amino acids other than jS-thioI-o:- 
amino acids has been reported, c.g., with glycine 
(Merck, M.23, 15) and with valine (Winthrop, 

ir.4,2). 

Another very important reaction is the coupling 
of D-penicillamine w'ith phenylthioacetylamino- 
acetal (C'ook, Heilbron, and Levy, CPS.313, 2) to 
give decarbox 3 ^benz 3 dpenillic acid w^hich wuth 
morcuric chloride formed D-benzylpenillamine 
h 3 ^drochloride (I). This reaction had been pre¬ 
viously accomplished using DL-penicillamino by 
Abraham, Chain, Baker, and Robinson {CPS.7J, 1). 

CH SH 

/ v I 

N (il (’(C1]3)2 

II I I 

C.HsCH*—('-N-CHC’OoH 

I 

The oxidation of i)enzylpenilloaldehyde to phcnyl- 
acetylglycine was a reaction that contributed 
considerably to the early work on the structure of 
this aldehyde (Merck, Report for October 1943, 2; 
Squibb, S.S, (5). 

The action (jf various aldehydes, such as bcnzal- 
dehyde, furfuraldohyde, vcratric aldehyde and 
glyoxylic acid on benzylpenilloaldehyde has been 
reported (Harvard, Wo.4, 3). The compound 
formed in the ease of benzaldehyde and benzyl¬ 
penilloaldehyde was 5-benzylidene-3-phenyl-A®-p3T- 
rolinone-2 (II). The hemimercaptals prepared by 

CH---CC,H5 

I I 

CeH5CH=-C C--0 

\/ 

N 

H 

II 

the action of thiophenol and ethyl mercaptan on 
benzylpenilloaldehyde have also been described 
(Harvard, Wo.6, 4). The infrared absorption spec¬ 
trum of phenylacetylaminoacetaldehyde has been 
described (Mich. Pbys., RM, chart 24). 

EXPERIMENTAL 

Isolation of 2-Pentenylp6nilloaldehyde (Abraham, Chain, 
Baker, and IlobinBon, Fen. 97, 2). One hundred and sixty* 
nine mg. of bariuiv penicillin was kept in 5 cc. 0.2 N barium 
hydroxide solution for 1 hr. at 37®. The solution was then 
brought to pH 2 with sulfuric acid and, after the removW of 
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the barium sulfate, was extracted three times with >3 volume 
of ether. The pH of the water solution was then adjusted 
to 5-6. It gave no reaction with 2,4-dinitrophenylhydrazme. 
Mercuric* chloride was then added until no further precipitate 
was formed and the pH was adjusted to 5-6. The precipi¬ 
tate was suspended in watcT and d(»composed with hydrogen 
sulfide in the usual way. On evaporation of the solution 
to dryness, after removal of mercTinc sulfide, a homogeneous 
mass of needles was obtained which was identifi(*d crystal- 
lographically as penicillamine (Crowfoot and Low, private 
communication). The supernatant solution from the 
mercury precipitate gave an abundant ])recipitat(‘ on addi¬ 
tion of 2,4-clinitrophenylhydrazine iclc'ntical with that 
previously obtained by acid h 3 *drolysis. A \deld of 45 mg. 
was obtained, m.p. 187® after recrystallization from alcohol. 
Abraham, Baker, Chain, and Robinson, in a previous 
report {PvJt ,9/), had considered it probable* that the car¬ 
bonyl compound giving the 2 , 4 -dinitrophenylh 3 ^drazone 
was an aldehyde because of its strorig reilucing properties 
and because of the vellow color of its 2,4-dinitrophenyl- 
hydrazorn*. It readily formed, at room temijcrature, a 
crystalline dimedone derivative*, m p. 161-162®. Its 
molecular weight, deterrnin(*d by the crystallographic 
X-ray m(‘thod, is 423 ± 9 (Crowfoot and Low, private 
communication). 

Calc, for (% 4 H, 60 #N: C 69.1; H 8 7, N 3 4 
Found: C 69.0; 11 8 5; N 4.0 

n-Caproylaminoacetaldehyde Diethylacetal (Bentlev, 
Catch, Cook, Elvidge, Hall, and lleilbron. Pen fpf, 2 ). 
Caproic amide (12.4 g.) was boiled in xylene (200 ce.) with 
potassium (4.3 g.) until all the medal had disappeared 
(20 mins,). Brornoacetal (22 g.) was added and boiling 
contmu(‘d for 15 mins., wli(*n the potassium bromide was 
wasb(‘d out with water and the xylene layer distilled, finally 
in vacuum, (’aproylaminoacc'taldehyde diethylacetal (6 g.) 
was obtained as an oil b.p. 127-129*74 mm. 

Calc, for CisflaeOfiN: C 62.3, 11 10.8 
Found: C 62.1; 11 10.7 

The dinitrophtmylhydrazone was prepared by adding the 
acetal to dinitrophenylhydrazine in cold 5 N HCl, the com¬ 
pound separated in sulfur-yellow needles in a few seconds 
and rccrystallized very readily from ethanol when it had 
m.p. 187^ . 

Calc, for CuHuOfcN#: C 49.8; H 5.6; N 20.8 
Found: C 49.8; H 6 . 6 ; N 20.9 

This product was identical in every respect with ri-amyl- 
penilloaldehyde dinitrophenylhydrazone. 

Aminoacetal (15 g.) in ether (100 cc.) w^as treated with 
n-caproyl chloride. After vigorous reaction the crystalline 
hydrochloride was filtered, the filtrate washed with potas¬ 
sium carbonate and distilled, finally in vacuum. The 
caproylaminoacetald(*hyde diethylacetal (3.5 g.) b.p. 155- 
160®/20 mm. so obtained gave the same dinitrophenyl¬ 
hydrazone as described above. 

The dimedone derivative, prepared in the usual way, 
formed snuill stout tablets m.p. 143-145® on slow heating. 
The “natural'* compound was obtained in the same crystal¬ 
line form, crystallizing from aqueous ethanol in tablets, 
m.p. 142®, and giving no depression with the synthetic 
compound. 

Calc, for CaiHjzOiN; C 68.7; H 8.8; N 3.3 
Found; C 68.4; II 8.8; N 3.5 

Double Bond of 2-Pentenylpenilloaldehyde (Abraham, 
Chain, Baker, and Robinson, Pen. 109, 2). 2-Pentenyl- 
penilliq acid and 2-pentenylpenilloic acid were separately 
oxidized by boiling dilute potassium permanganate in a 
current of air which was then drawn through a solution of 
244 -dimtrophenylhydrasme in dilute hydrochlorie acid. In 


each case a 2,4-dinitrophenylhydrazone was precipitated 
which formed orange needles, m.p. 154-155®, after erj'stalliz- 
ation from alcohol. The crystals were indistinguishable 
from those of authentic propionaldehyde 2,4-dinitrophenyl- 
hydrazone, m.p. 155-156®, and a mixed m p was 154 *155®. 
A depre.ssion of the m.p. occurred when tiu‘y wen* mixed 
with the yellow 2,4-dinitrophcnylhydrazone of acetaldehyde, 
m.p. 166®. 

Synthesis of 2 -Pentenylpenilloaldehyde (Abraham, Chain, 
Baker, and Robinson, Pen. Ill, 2). A^-t?-Hexeno.vJ chloride 
(1 mol ) was added at 0 ® to a solution of amino-diethylacetal 
(J mol ) in dry pyridine. After ^ 2 hour at room temperature 
the mixture was diluted with wat<*r, extracted with ether, 
the extracts shaken 4 times with water and then shaken for 
^2 hour with an excess of 2,4-dinitrophenylhydrazme in 
hydrochloric acid. The yellow precipitate was colh*rtod, 
washed, crystallized several tini(‘s from acpieous acetic acid 
and from alcohol and fornu*d thin, yellow prisms, m.p. 191® 
(dec.). Wlien mixed with autlientic 2-pentenyJpenilloalde- 
hvde 2,4-dinitrophenvlhydrazone, m.p. 188°, the m.p. was 
189-100®. 

Isolation of Benzylpenilloaldehyde (Dutcher, MacPhil- 
lamy, Stavely, and VVintersteiner, S.Sa, 0 ). Sodium benzyl- 
penicillinate (295 mg.) was refluxed for 2^^ hours in 25 cc. 
0.1 y H>S 04 . Nitrogen was bubhl(‘d through the solution 
and the gas(‘s evolved were passed through barium hydroxide. 
The barium carbonate formed corresponded to 30.3 mg. of 
(X)^ or 0.83 of a mole. An aliquot of the hydrolysate was 
analyzed by the method of Cavett (/. Btol. Chfm., 95, 335 
(1932)) and was found to contain less than 10 % of the NHi 
calculated for 1 mole. The fuchsin-aldehyde test was faint. 
Addition of HgCL to the hydrolysate gave an immediate 
pre(‘ipitate and the supernatant solution, after centrifuging, 
c*ontain(*d comparatively large amounts of an aldehyde as 
shown by a strong fuchsin-aldehyde test and by the imrae* 
diate formation of a yellow dinitrophenylhydrazone. The 
latter compound was then prepared from an aliquot of the 
supernatant (yield 559c> of theory). After several reerystal- 
lizatiouB from aqueous ethanol the m.p. was 193-194®. 

(*alc. for CuHuOftNfi (corresponding to an aldehyde 
CioHnOaN): C 53.78; II 4.23; N 19.60 
Found: C 53.79; H 4.31; N 19.66 

When the pure dinitrophenylhydrazone was heated for a few 
minutes in concentrated sulfuric acid a strong odor of 
phenjdacetic acid was noticeable. It, therefore, seemed 
probable that the aldehyde was phenylacetylaminoacctalde- 
hyde. The dinitrophenylhydrazone of this substance was 
prepared synthetically (m.p. 194-195® decomp.). The 
melting point of a mixture with the dinitrophenylhydrazone 
from benzylpenicillin was 193-195®. 

Oxidation of Benzylpenilloaldehyde Dinitrophenylhydraz¬ 
one (Upjohn, IJ.J,, 34). A solution of 1.78 g. (0.005 mole) 
of phenylacetylaminoacetaldehyde 2,4-tlinitrophenylhy(lraz- 
one and 2.97 g. (0 015 mole) of 2,4-dinitrophcnylhydrazine 
in 50 cc. of glacial acelic acid was heated at approximately 
80® for eighteen hours. From the reaction mixture there 
was obtained unchanged 2,4-diiiitrophenylhydrazine and 
deep red ery.stals melting at approximately 315® (uncorr.). 
The melting point was essentially unchanged after crystal¬ 
lization from nitrobenzene The properties of the com¬ 
pound corresponded with those* of glyoxal bis- 2 , 4 -dinitro- 
phen.vlhydrazorie. 

Calc, for CuHioOgNs: N 26.8 
Found: N 26,3 

Isolation of the Penilloaldehyde from **Flavacidin*^ 

(Squibb, S.19, 12). A solution of 190 mg. of crystalline 
flavacidin (obtained by n'crystallization of intermediate 
fractions) in 10 cc. of 0.1 N II 2 BO 4 was refluxed for 2 hours 
under Ng. The COa liberated during this period cor¬ 
responded to 0.91 mole equivalents (computed on MW 334). 
Subsequent degradation with HgCL in the usual manner 
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yielded 55 of crude dinitrophenylhydrazone, which after 
five recrystallizations from absolute alcohol molted at 180- 
180.5®. 

Calc, for CuHitOsNr: C 50.14; IT 5.11; N 20.88 
Found: C 50.55; H 5.31; N 20.58 

The analysis left little doubt that the corresponding aldehyde 
had the composition CglluOaN, and that it was derived from 
a penicullin of the pentenyl type (Ci 4 Hao 04 NaS). 

Isolation of n-Heptylpenilloaldehyde (Abbott, A.SO^ 6; 
Bl, 1). Seventy-five mg. of a saiuple of sodium n-heptyl- 
penicillinate was dissolvtul in 1.0 cc. of water and a solution of 
HgCb in 3.7 cc. of water was add(‘d. In a few seconds a 
turbidity appeared which increased more rapidly than is 
usually the case with ])eni5ylpenieillin. After a few minutes, 
5 cc. of an acidic 50% ethyl alcohol solution containing 
50 mg. of 2,4-dinitrophcnylhydrazine was added. Im¬ 
mediately, a large amount of a yellow solid precipitated. 
After standing a few hours at room temperature, the preci¬ 
pitate became gummy and was iloatiiig at the top of the 
solution, filled with gas bubbles. 

The mixture was h('ated to 55-65® for 30 minutes with 
frequent trituration of the gum. Gradually the insoluble 
material became more friable. After cooling, it was col¬ 
lected by centrifugation, washed with 3 N HCl and then 
several times with water. The dry solid (117.3 mg.) was 
dissolved in a mixture of ethyl acetate, ethyl alcohol, and 
chloroform and treated with II 2 S. After removal of the 
HgS and evaporation to dryness, the solid weighed 87.1 mg. 
This was dissolved in 2 cc. of chloroform and washed with 
3 N HCl, H 2 O, dil. K 2 CO 8 solution and repeatedly with 
water. The K 2 COJ solution removed a fair amount of 
color, indicating an acidic impurity. The chloroform was 
evaporated and the dry solid (50.0 mg.) was rccrystallizcd 
from a mixture of chloroform and Skellysolve B. The weight 
of the first crop of needle-like crystals was 13.3 mg., m.p. 
171-173®. and that of the second crop was 5.8 mg., m.p. 
145-155®. 

The first crop on recrystallization from 2.5 cc. of hot 
ethanol yielded 9.6 mg. of crystals (m.p. 171-173®) which 
appeared to consist of 71 -octanoylaminoacetaldehyde 2,4- 
dinitrophenylhydrazone corresponding to n-heptylpenicillin. 

Calc, for CuHjsOfcN*: C 52.57; H 6.36; N 19.17 
Calc, for C 16 H 21 O 6 N 4 : C 51.3; H 6.06; N 19.94 
Found: C 52.80; H 6.07; N 19.74 

The above melting point was observed when the rate of tem¬ 
perature rise of the hot stage was less than 1 degree per 
minute. When the rate of rise in temperature was much 
faster (3 to 4 degrees per minute) the melting point was 
higher; 180-181.5® and 176-178® were found in two dif¬ 
ferent determinations. The melting point of synthetic n- 
octanoylaminoacetaldehyde 2,4-dinitrophenylhydrazone 
was found to be 179-180.6® on slow heating and 182-184® 
with the faster heating. The mixed melting point of the 
natural and 83 ntithetic 2,4-dinitrophenylhydrazone8 was 
181-182.5® and 178-181® on two different occasions. When¬ 
ever a mixed melting point was determined, the melting 
point of the pure natural compound and of the pure syn¬ 
thetic compound were determined at the same time. No 
depression of the melting point of the mixture was found. 

The Isolation of p-Hydroxybenzylpenilloaldehyde (Catch, 
Cook, and lleilbron, CPSM, 3). A solution of hydroxy- 
beiizylpenillic acid (69 mg.) as sodium salt in water (10 cc.) 

+2.82®) was acidified with 2 N H 2 SO 4 (3 cc.), 
heated for 1 yi hour with frequent shaking and brought to 
pH 5; +0.277®. No positive reaction was ob¬ 

tained with dinitrophenylhydrazine reagent. The cold 
solution was treated with excess of mercuric chloride for 
15 minutes, filtered and the filtrate treated with 2,4-dmi- 
trophenylhydrazone (36 mg.) in cold hydrochloric acid. 
The copious precipitate (24 mg.) was rectystallized from 
ethanol to fotm small needles m.p. 195® (decomp.), quite 


different in appearance from the dinitrophenylhydrazone of 
phenylacetylamin oacetaldehyde. 

Calc, for CuHibOcN^: C 51.4; H 4.0; N 18.8 
Calc, for CxcHnOoNe: C 51.2; II 4.6; N 18.7 
Calc, for CibHuObNb: C 53.4; H 4.2; N 19.6 
Found: O 51.2; H 4.1; N 19.2 

These formulations correspond to carbonyl compounds 
CioIIiiO»N, CioHiaOaN, and CioHuOaN orphcnylacetylam- 
inoacetaldchyde, respectively/ 

Synthesis of 77-Amylpenilloaldehyde (Abraham, Chain, 
Baker, and Robinson, Pen. t09j 1). The 2,4-dmitrophenyl- 
hydrazone of n-eaproyIaminoact‘taldehyde was synthesized 
by condensing n-caproyl chloride with aminoacetal in pyri¬ 
dine solution. The product was hydrolysed and condensed 
with 2,4-dmitrophcnylhydrazine. Yellow needles from 
alcohol, m.p. about 185-186® (dec.). 

Calc, for CmIIibObNb: C 50.0; II 5.7; N 20.8 
Found: C 50.2; H 5.8; N 20.4 

Thf' compound was proved by X-ray crystallographical ex¬ 
amination ((’rowfoot and Low) to be identical with a speci¬ 
men of the 2,4-diniirophcnylhydrazone of n-amylpenil- 
loaldehyde prepared by Catch, Cook, Elvidge, Hall, and 
Heilbron (Pen. 90^ 7). 

The 2,4-dinitrophenylhydrazone of isocaproylamino- 
acetaldchyde was pn^pared in a similar manner. Yellow, 
prismatic needles, m.p. about 165° (darkening), crystallo- 
graphically different from the n-caproyl derivative. 

Calc, for CuIIiftOaNa: C 50.0; H 5.7; N 20.8 
Found: C 50.1; H 5.9; N 20.1 

Sjmthesis of Benzylpenilloaldehyde (Harvard, Wo.^^ 6). 
Aminoacetal (72.6 g., 0.65 mole) was cooled in an ice-salt 
bath with mechanical stirring. A solution of 91 g. of potas¬ 
sium hydroxide (3 equivalents) in 125 cc. of water was intro¬ 
duced dropwisc and, after about 25 cc. had been added, 101 g. 
(0.66 mole) of phenylacetyl chloride was added at about the 
same rate by means of another dropping ftxnnel. After one 
hour, 20 cc. of ether was added to break the emulsion, loosen 
the reaction mixture, and facilitate lieat transfer. The 
addition of both reagents was complete in one hour and 
twenty minutes, and stirring was continued fifteen minutes 
longer. The product was extracted with ether and distilled 
in vacuo; b.p. 165-166®/1.0 mm., m.p. 36.4-37.7® (corr.). 
The yield was 126 g. (92%). 

Calc, for CuHaiOaN: C 66.90; H 8.42 
Found: C 67.23; II 8.23 

Phenylacetylaminoacetal (25 g.) was dissolved in 75 cc. of 
ether. This solution was stirred vigorously with a mixture of 
60 cc. of saturated sodium chloride solution and 8.3 cc. cone, 
hydrochloric acid (sp. gr. 1.18) diluted to 75 cc. (a total of 
126 cc. soln. 0.8 N in HCl). Stirring was continued at room 
temperature for four hours, then the reaction mixture was 
neutralized with solid sodium carbonate. Solid carbon 
dioxide was added to chill the solution and drive off the 
remaining ether. The reaction mixture was kept in an ice- 
salt bath one hour, filtered, washed with water and then 
with ether. After being dried in vacuo the product formed 
white glistening fiakes melting at 108-111®, insoluble in 
acetone and chloroform. The yield was 16.2 g. (86%). 
Analysis indicated that it was the hemihydrate. 

Calc, for CioHiiOsN-MHiO: C 64.6; H 6.5 
Found: C 64.6; H 6.3 

This compound was smoothly converted to the known 
phenylacctylaminoacetaldehyde of m.p. 111-114® by reflux-^ 
ing witli benzene (26 cc./g.) till completely in solution, filter¬ 
ing, and adding petroleum ether (30-60®) to saturation! 
Recrystallization from chloroform-ether gave a product 9 ^ 
m.p..ll3.5-X15.6® (corr.). , 
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Calc, for C 10 H 11 O 2 N: C 67.8; H 6.12 
Found: C 68.3; II 6.3 

Synthesis of BenzylpeniUoaldehyde (Pfizer, 4). 

Forty and one-half (40.5) gms. of phenylacetamide and 
11.7 gruB. of potassium were added to 300 ml. of dry xylene, 
heated on a steam bath ovcniight, and then refluxed in an 
oil bath until all of the potassium had reacted. The mixture 
was cooled, 69.1 gm. of bromoacetal was added and the mix¬ 
ture refluxed in an oil bath until it was neutral. After cool¬ 
ing, the potassium bromide was filtered and the xylene was 
removed under reduced pressure. The residue wa.s taken 
up in benzene and cooled in a refrigerator overnight. The 
phenyl acetamide was filtered, the filtrate concentrated under 
reduced pressure and fractionated at 1 mm. into two 
fractions: (1) up to 160“ at 1 mm., and (2) 160-165“ at 1 mm. 
These were then recrystallized from b(‘nz(*ne-potroleum 
ether mixture. The crystalline phenylacetylaminoacetalde- 
hyde diethylacetal melted at 37-“38“ and weighed 38.5 gms. 
(51.5% of the theoretical amount). The melting point of 
phenylacetylamiiioacet aldehyde diethylacetal after several 
recrystallizations was 40-41°. 

Calc, for Ci 4 n 2 i 03 N: C 66.93; H 8.36; N 5.58 
Found: C 67.46; TI 8.43; N 5.56 

It gives a 2,4-dinitrophcnylhydrazone melting at 198°. 

Phenylthioacetylaminodiethylacetal (Abraham, Cliain, 
Baker, and Hobmson, 3). Dithiophenylacetic acid 

(6.3 g. as obtained by ether extraction after acidification of 
its solution in alkali) was treated wit-h a warm solution of 
sodium carbonate (4 g.) in water (60 ec ), filtered, and 
aminoaeetal (3 ec ) added. A turbidity soon appeart*d and 
after 12 hours the solution was (‘xtracted with ether; the 
extracts were shaken with aitueous sodium carbonate, dried, 
and distilled. Yield, 2.4 g.; b.p. 155-158°/0.07 mm. 

Calc for CuHnOaNS: C 62.8; II 7.9; N 5.2; S 12.0 
Found: C 62.6; 11 8.1; N 5.7; S 12.0 

Preparation of Benzoylaminoacetal (Harvard, Wo.6^ 2), 
A solution of 16.5 g. (0.124 mole) aminoaeetal in 80 cc. 
ether was cooled with mechanical stirring in an ice-salt 
bath. One-quarter of a solution of KOII (21 g. (3 equiva¬ 
lents) in 35 ec II 2 O) was added at once, and then both the 
benzoyl chloride (17.4 g.—1 equivalent) and the remainder 
of the KOH solution were added dropwisc over a p(‘riod of 
half an hour. The reaction mixture was stirred for half an 
hour longer, when it no longer smelled of benzovl chloride. 
The ether solution was separated and washed with five 20 cc. 
portions of saturated NaCl solution. It was then dried 
over CaSOi and evaporated, finally under vacuum. There 
remained a very viscous, nearly colorless oil which solidified 
on being cooled and serntehed The yield was 28.5 g. 
(97^0- A sample of this material, after being washed with 
petroleum ether (20-40°), melted at 36.0-39.5°. 

This material gave a dinitrophenylhydrazone which, after 
recrystaliization from alcohol, melted at 209-210° (dec.). 

Calc, for Ci JIisNfcOe: C 52.6; H 3.82 
Found: C 63.2; H 4.06 

The hydrolysis of the benzoylaminoacetal was performed 
in the following manner. A solution of 23.5 g. (0.1 mole) 
benzoylaminoacetal, prepared as above, in 75 cc. ether, 10 cc. 
of concentrated HCl, 65 cc. water and 60 cc. saturated 
NaC’l solution was stirred at room temperature for 9 hours. 
At the end of this time the acid was neutralized with 
NaHCOt and another 80 cc. of ether was added. A white 
crystalline solid gradually separated. This was filtered from 
the combined ether and aqueous layers, which were then 
separated. The white solid was washed with ether and dried 
in vaetto, m.p. 85.6-86.6° (corr.). 

The ether layer, separated from the aqueous layer, dei>os- 
ited morS white needles on standing overnight, m.p. 89.0- 
01.0° (corr.). This material gave a dinitrophenylhydrazone 


of m.p. 209-210° (dec.) (corr.) and a mixed m.p. with that 
prepared from benzoylaminoacetal showed no depression 

Calc, for CJT»N02-Kn20: C 62.8; 11 5.8 
Found: C 62.50; II 5.7 

Attempts to hydrolyze the acetal and to eondenm' the re¬ 
sulting benzoylaminoacetaldehyde in solution with bimzalde- 
hyde and we-nitrobenzaldehyde resulted only in tarry 
products. 

Preparation of Carbomethoxyaminoacetal (Harvard, 
WoMt 3). A solution of 50 g. (0 375 moles) of aminoaeetal 
in 150 ec. etlier w^as cooled to —5° in a 500 ee. three-necked 
flask fitted with a ineclianical stirrer and two dropping fun¬ 
nels Then 35.3 g. (1 c‘quiv.) of methyl ehloroearlionate and 
a solution of 21 g. (1 cijuiv.) KOH in 35 ce. waiiT were 
simultaneously added at such a rate that tin* temperature 
did not rise above 0°. The addition required 75 minutes 
and the redaction was stirred 5 minutes longer. The ether 
layer w^as separated from the aqueous layer which was 
w'ashed with tw^o 50 ee. portions of ether. The combined 
ether solution w^as dried over Na 2 S 04 , evaporated and the 
product distilled at 145-147*738 mm. The jdeld w^as 57 g. 
(80%). 

S 3 mthesis of n-Octanoylaminoacetal (Abbott, 2). 

A solution of 40.2 g. of n-octanoic acid and 70 cc. of thionyl 
chloride was allowed to stand at room temperature then 
finally heated to remove excess reagent. Distillation of the 
residual oil gave 95.5% of caprylyl chloride, b.p. 73- 
74*78 mm.; ni>“, 1.4338. 

P^ourteen and one-tenth grams of the acid chloride was 
added to a stirred solution of 20 g. of aminoaeetal in 100 cc. 
of benzene. The addition temperature was 10-15°. After 
washing with wat(*r the benzene layer was separated and 
subjected to distillation whereby 17.4 g. or 74% of theory of 
the acetal was obtained, b.p. 100-161°/2 mm.; nt>*’ 1.4484. 

Calc, for CuHaoNOi*. N 5.40 
P’ound: N 5.52 

A small amount (0.2 ce.) of the fii(»thyl acetal of oetanoyl- 
aminoaectaldehyde was treated with an equivalent amount 
of 2,4-dinitrophenylhydrazme in acidic 50% alcohol. The 
2,4-dmitrophenylhydrazone derivative slowly formed; after 
recrystaliization from hot 95% alcohol it melted at 182- 
184°, the melting point being observed with a 3 to 4 degree 
per minute rate of rise in temperature of the hot stage. 

rule, for Cien2806N6: N 19.17 
Found: (Dumas) N 19.10 

Synthesis of Benzylaminoacetal (Topham and Todd, 
CPS.SJf 1). Chloroacetal (120 g.) and benzylamine (180 g.) 
were heated together at 150-160° for 2.5 hours. Water 
(120 cc.) and sodium hydroxide solution (180 cc. of 40%) 
were added to the cooled mixture. The upper layer was 
separated, dried over sodium sulfate and distilled. The 
product was collected at 145-160°/12 mm. (mainly at 
150-154°/12mm.). 

A solution of benzylaminoacetaldehyde diethylacetal 
(20.3 g.) in methanol (25 ee.) was hydrogenated at 100°/100 
atmospheres during 5 hours in presence of palladized char¬ 
coal (5 g. of 10% Fd), The catalyst was removed by filtra¬ 
tion, the solution evaporated, and the residue distilled. 
Aminoaeetal (5.1 g. “ 42%) was obtained (b.p. 54°/l2mm.) 
while unchanged bonzylamiaoacetal (5 g. «*» 25%) was 
recovered. 

Several experiments were carried out successfully with 
larger amounts of material. The yields were between 40% 
and 50% and the reaction appeared to stop before complete 
conversion was attained. The amount of catalyst ’S not 
critical and can probably be much reduced. 

Synthesis of p*Acetoxyphenylacetylamlnoacetaldehyde 
(Cook, Ileilbron, and Graham, CPS.314^ 2). p-IIydroxy- 
phenylacetic acid (4.5 g.) was dissolved in acetic anhydride 
(16 cc.) and treated with sulfuric acid (3 drops). On cooling. 
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diluting, and standing, the act'toxy rompound separated. 
The yield (about 4 g.) was variable. p-Acetoxyfdienylacetic 
acid crystallized from water in small plates, m.p. 108’’. 

Gale, for C 10 TI 10 O 4 : C 01 . 8 ; H 5.2 
Found: C 63.6; II 4.9 

The acetoxy acid (1.5 g.) was allowed to stand with 
thionyl chloride (1 g.) for 24 hours. On removing excess 
reagent, the acid chloride was distilled as a colorless liquid 
(b.p. IIO'',^ mm.) which solidified, and p-acetoxypheiiyl- 
acetyl chloride separated from light petroleum in needles, 
m.p. 42” (yield, 1 g.). 

Calc, for CioIT.OaCl: 56.5; II 4.3 
Found; C 56.6, II 4.2 

An ice-cold solution of aiiiinoacetal (2.7 g.’) in water 
(100 cc.) containing sodium bicarbonate was stirred with 
dropwiae addition of the above acid chloride (4 g.) in ether 
(20 cc.) for 1 hour. The ether layer was removed and the 
aqueous solution extracted with more ethiT. Concentration 
of the ethereal solution to small bulk gave the acetal in pure 
white crystalline form. The yield was 3.5 g. and the p-acet- 
oxyphonylaci'tylaniinoacetal was recrystallized from ether in 
long needles, m.p. 76”. 

Calc, for C,eIl 230 *N: C 62.1; H 7.4; N 4.5 
Found: C 62.0; H 7.4; N 4.5 

The acetoxy acetal gave a dinitrophenylhydrazone which 
separated from a mixture of ethanol and ('thyl acetate, or 
better from a mixture of methanol and benzene, in masses 
of small lemon-yellow needles, m.p. 207” (slight decomp.). 

Calc, for CiJlnO,N 6 :N 16.9 
Found: N 17.1 

The acetoxy acetal (1 g.) was shaken with water (60 ec.) 
and sodium liydroxicle (0.3 g.) for 2 hours when a clear solu¬ 
tion was obtained. Treatment with carbon dioxide caused 
the precipitation of oily crude p-hydroxyphenylacetylamino- 
dhdhylacetal which was extracted with ethcT. The product 
could not be distilled at 1 mm. pressure without decomposi¬ 
tion and was converted directly into the diniirophenyl- 
hydrazone of p-hydroxybenzylpenilloaid(»hyde, which crys¬ 
tallized from ethanol in orange needles or plates, m.p. 196”. 

Calc, for CuHuOoNj: N 18.75 
Found: N 18.8 

It w'as identical with the dinitrophenylhydrazone of natural 
origin (Catch, Cook, and Heilbron, CPS.'23) and the m.p. 
of a mixture was undepressed.* 

Synthesis of p-Acetoxyphenylacetylaminoacetaldehyde 
(flpjohn, U.lSbf 21). The crude acid chloride from 1.94 g. 
( 0,01 mole) of p-acetoxyphenylacetic acid and about 2 ml. of 
approximately 4 N sodium hydroxide solution were added 
alternately in portions to a solution of 1.48 g. of formyl- 
glycine diethylacetal in 2.2 ml. of approximately 4 N sodium 
hydroxide with continuous shaking. Addition of the rea¬ 
gents required approximately one hour. The reaction 
mixture was transferred to a separatory funnel, covered with 
cold ether and acidified with 1 N hydrochloric acid. The 
mixture was shaken \ugorously, the organic layer separated 
and the aqueous solution extracted with more ether. The 
combined ethereal extracts w^re w ashed once w ith w ater and 
dried over anhydrous magm^sium sulfate. The ether was 
removed from the filtered solution—first on the steam-bath 
and then in a current of nitrogen. 

The gummy residue was taken up in 16 ml. of dioxane, 
0.491 g. of 2,4-dinitrophenylhydrazine was added and the 
mixture warmed until solution was complete, Addition of 

< In this fieries depresaionA in m.p. of diasimilar dinitrophenylhydr- 
aaonos aoem to be easily observed; the above acetoxy- and hydroxy- 
derivatives depressed the m.p,'a of one another and also of the derivative 
of phenylacetylaminoaoetaldehyde. 


4 ml. of hydrochloric acid (1:1) produced a yellow color and 
gas was evolved. Warming was continued briefly, the solu¬ 
tion was diluted wdth water, the precipitated material was 
collected and air-dried. The yield was about 600 mg. 
Upon dilution with water the mother liquor gave an addi¬ 
tional 300 mg. of material. The product from the first 
crop was digested with hot 95% ethanol, and after separa¬ 
tion the residue was triturated wdth boiling ethyl acetate. 
The filtered ethyl acetate solution was then heated with 
charcoal, filtered, and the warm filtrate diluted with hexane. 
Upon (‘hilling, the brilliantly yellow dinitrophenylhydrazone 
cryslalliz(Ml; m.p. 214-215”. 

Calc, for OirIJitOtNg: C 52.05; H 4.13; N 36.86 
Found: C 52.63; 11 3.98; N 36.99 

Synthesis of p-Hydroxyphenylacetylaminoacetaldehyde 

(A3>raham, Chain, Baker, and Robinsem, CPS.686^ 4). A 
solution of aminoacetaldc^hyde diethyl acetal ( 5.7 g., 
1 3 mol.) in water (470 cc.) containing sodium bicarbonate 
(20 g.) was cooled to 0 ” and e.ontinuously stirred during the 
addition of p-bcnzyloxyphenylacctyl chloride (10 g., 1 mol.) 
dissolved in ether (200 cc.). When this operation was com¬ 
plete (1 hour) and the mixture had been stirred for a further 
half hour, the ethereal layer, together with three more 100 cc. 
ether extracts of the aqueous solution, was quickly washed 
with dilute hydrochloric acid and drier! over sodium sulfate. 
Evaporation left a pale yellow oil (8.5 g. —62%) which 
rapidly solidified. By the addit ion of boiling light petroleum 
and separation from a small gummy residue, p-benzyloxy- 
phenylacetylaminoacctuldehyde dit^thylaoetal was olitained 
as eolorl(‘ 8 H cTystals, m.p. (after 2 further crystallizations) 
75 76”. 

Calc, for C’nHsyOiN: C 70.0; H 7.6; N 3.9 
Found: C 70.4; H 7.4; N 4.3 

When the acetal ( 0.1 g.) dissolved in ethanol (10 cc.) 
was mixed wdth a saturated solution of 2,4-dinitrophenyl- 
hydrazine, a hydrazone separated, which after 2 crystal¬ 
lizations from ethyl acetal formed yellow feathery m^edles, 
m.p. 202 ” (dec.). 

Calc, for C 59.6; H 4.5 

Found: C 59.1; H 4.4 

The diethyl acetal (0.5 g.) dissolved in methanol (30 cc.) 
w'as hydrogenated at room temperature and pressure over 
palladized charcoal ( 0.2 g. containing 0.012 g. Pd). After 
absorption of the theoretical amount of hydrogen, reaction 
ceased and the filtered solution was then treated with a slight 
excess of 2,4-dinitrophcnylhydrazine in 2 acid. The 
yellow precipitate, which was insoluble in ethyl acetate, 
was dissolved in ethanol from which the p-hydroxyphenyl- 
acetamidoacetaldehyde 2,4-dinitrophenylhydrazone crystal¬ 
lized in yellow-orange needles, m.p. 198” (dec.), depressed 
by the corresponding derivative of the benzyl ether, m.p, 
202” to about 190”. 

Calc, for Ci^HuOaNfi; C 51,6; H 4.0; N 18.75 
Found: C 50.4; H 3.9; N 18.7 

The p-hydroxybonzylpcnilloaldehyde derivative, m.p. 198® 
(dec.), w^as also obtained when a suspension of the benzyl- 
oxyphenylacetylaminoacetaldehyde 2 ,4-dinitrophenyIhydr- 
azone (0.2 g.) in chloroform (40 cc.) saturated with hydrogen 
chloride was left at room temperature for 24 hours. The 
chloroform-insoluble product, crystallized from ethanol, 
showed no m.p. depression on fusion with the corresponding 
p-hydroxybenzylpenilloaldehyde derivative, m.p. lOS*^ (dec.). 

Preparation of n-Beiuylpenilloic Acid (Upjohn, 17). 
A mixture of 1.35 g. (0.00637 mole) of phcnylaoetylamino- 
acetaldehyde diethylacetal (m.p. 86-37®), 1.0 g* (0.00538 
mole) of D-peniciUamine, 5 ml, of alcohol, 2.6 ml, of 1 JV 
hydrochloric acid and 7«5 ml. of water was heated on the 
steam bath for ten minutes. Potassium acetate (0,80 g.) 
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was then added and the mixture allowed to cool slowly. 
When it had cooled to room temperature it was seeded with 
crystals of i^benzylpenilloic acid. Well-formed white 
crystals began to separate at once from the solution. After 
standing overnight in the refrigerator the crystals w’ere 
collected^ washed carefully with water, and dried in vnevo at 
60'*. The yield was 0 70 g. of material (42%) which melted 
at 87-97'*. An additional 0.31 g. of .somewhat gummy 
crystals was obtained from the mother liquors. 

The first crop was recrystallized from alcohol, using 5 ml. 
of solvent per gram. The recrystallized product nudted at 
102-104® after sintering at 1)8°.^ 

Oalc. for C 16 H 20 O 3 -N jS! 

C 58.42; H 6.54; N 0,09; S 10.40 
Calc for (^ 6 H 2 o 08 N 2 ‘ 12 H 20 ; 

C 56.76; H 6.67; N 8.83; S 10.10 

Found: 

C 56.62, 55.80, 56.05; 11 6 05, 6.07, (*. 78; N 8.90; S 9.31 

After further drying at 60® in vacuo, the sample no longer 
melted at 102-104°, but irndted gradually at 90- 105°; 
[otId*^* 8 * -f80° (in methanol). 

From the mother liquor of the alcohol cry.stallization of the 
above product, a second compound w as secured. This melts 
partially at 102 105°, but for the most part at 145- 148° 
with decomposition. Itecrystallization from water did not 
ohango th(» melting point. 

Fsing the procedure (h'seribed for the n isomer, except that 
the solution was heated for five minutes on tlie steam bath 
after addition of the potassium acetate, the preparation was 
repeat(‘(l with i/-penicillamme to give i..-benzylpenilloic acid. 
The yield of crude product was 53%. On rccrystallization 
from alcohol (5 ml./gram), a f(*w’ of the previou.sly obtained 
transparent ne(*dles .sejjarated on standing at room teinpi'ra- 
ture, and when placed in the refrigerator white opaque 
clumps separated 'Fhis material mclt<‘d partially at 97- 
100° but chiefly at 142 147° (dec ). The 102'-104° melting 
needles melted without apparent decomposition. The 
higher melting product wa.s not idcntilied. 

2-Phenylacetylaminomethylthiazolidine-4-carboxylic Acid 
(Squibb, S.llj 7). Two g of jihcnylacetylaminoacctal w^as 
added to 1.4 g. of cysteine hydrochloride in 6 cc. of water. 
The mixture was shaken for one day and allow <‘d to stand 
overnight. One and one-tenth gram of sodium acetate in 
3 cc. of water was added. The precipitate which formed w as 
filtered and washed with wuiter. It weighed 1.4 g. and 
melted at 154-155.5° (uncorr.). A second crop of 500 mg, 
was obtained from the filtrate, in.p. 154-155 5° (uncorr.). 
The total yield was 1.9 g. ( 86 %). 

Oalc. for CbijHi* 03 ^ 2^1 

N 10.00; S 11.50; neutral equivalent, 280 
Found: N 10.04; S 11,37; neutral equivalent, 270 

2-Amitiomethyl-6,6-dimethylthiazolidine-4-carboxylic 
Acid Dihydrochloride (Abraham, Chain, Baker, and Robin¬ 
son, CPS,71^ 2). Penicillamine hydrochloride (1.48 g.) and 
aminoacetaJdohyde diethylacetal (1.08 g.) were dissolved in 
N hydrochloric acid (16 cc.) and the mixture kept at 37° for 
15 hours. After concentrating the solution tn vacuo the 
residual syrup set to a crystalline mass. The product w^as 
dissolved in the minimum amount of 95% methyl alcohol 
and treated with an equal volume of glacial acetic acid 
containing a drop of concentrat(*d hydrochloric acid. On 
addition of ether the dihydrochloride of the thiazolidine 
crystallized in long prisms (720 mg.). It melted with 
decomposition at 194°. 

Calc, for C7H,40aN2S-2HCl: C 31.9; H 6.1 
Found; C 31.5; H 6.1 


(0.0016 mole) in 15.1 cc. of 0.1056 N' hydrochloric acid 
(0.0016 molo), 0.50 g. of the dibutyl acctal of phcnylacctyl- 
aminoacctaldehyde (0.0016 mole) in 15 cc. of ethanol was 
added. An oil precipitated, but heating on the st(‘am cone 
for fifteen minutes gave a clear solution. After cooling to 
room temperature the solvent was removed undt>r r(*duced 
pressure until an oil again began to si'parate, and then the 
mixture w^as extracted w ith chloroform Kvaporntion of the 
chloroform gave 0.28 g of a crystalline product It was 
recrystallized from chloroform-ctlier, m.p. 112-113° 

Oalc. for C,oHiiO«N: 67.78; II 6.26; N 7 91 
Found: C 68.05; H 6.51; N 8.26 

Synthesis of n-Benzylpenillamine (Ibnlbron, Cook, and 
Levy, CPS SJ3, 2). i>-]’ciiicillamine hydrochloride ( 12 g.) 
and phenylthioacelylaminoacetal (1.75 g ) were refhix(‘d in 
butanol (10 cc.) for 40 mins when hydrogen sulfide was 
evolved. 3'hc solution was tre^atod with ctlier (*2 vol.) and 
freed from penicillamine wdtb small quantities of water. 
The organic solvent was removed in vacuo and the residue 
taken up in chloroform and extracted w'jth aqueous sodium 
bicarbonate. The major part of the color remained in the 
chloroform, most of the remainder being precipitated with 
crude dccarboxybenzyipcnillic acid as a brown powder on 
acidifying the extract, i'hc filtrate* on standing gave well- 
formcnl crystals w'hi(‘h separated from cbloroform in laths 
which softened on heating and hnally melted at 195° (dec.). 
This material gave no immediate thiol reactions but gave a 
heavy precipitate with mercuric chloride and w'as itself a 
hydrochloride. It is thought to be one form of i)-benzyl- 
thiopenilloic acid hydrochloride. 

Calc, for CuILiOjNzS.Cl: C 49.9; II 5.8 
Found: C 40.8; H 6.9 

The crude decarboxypcnillic acid and residues present in the 
filtrate from the thiazolidine were precipitated w ith mercuric 
chloride and unchanged pcnillamine w^ns precipitated from 
aqueous solution w’lth saturated aipieous picric acid. 
i)-Benzylpenillamitic picrate separated from hot water in 
firm laths or needle clusters, m.p. 156-167° after softening 
at 146°. 

Calc, for C 21 II 21 O 9 N 6 S: C 48 55, 11 4.05; N 13.5 
Found: C 48.45; H 3.8; N 13 4 

The yield of recrystallized piernto was about 18 mg. For 
the sjmthesis of Dj.,-benzylpenicillamine see Abraham, Chain^ 
Bak(‘r, and Robinson (( 7 ^ 8 . 7 /, 1 ). 

Mercaptals of Benzylpenilloaldehyde (Harvard, Wo.O, 4). 
To a suspension of 3 g. phenylaceiylaininoaectaldehyde in 
7 cc. benzene w'as add(‘d 1.9 g. thiophcnol. The mixture 
w^as h<»ated to effect solution and while still hot w^as saturated 
w'ith ligroin (70-90°) aiul allow^ed to cool. After two hours 
the whole mass had crystallized. It was filtered, w^ashed 
with 4:1 ligroin-benzene and dried in vacuo at 40°. The 
yield w'as 4.7 g. (96% ), m.p 86-87°. After recrystallization 
from chloroform-ligruin (70-90°) it m(*lted at 85.6-86.8° 
(corr.). 

Calc, for CiellirOiXS: C 66 9; H 5.95 
Found: C 67.26, 11 5 98 

One gram of phenylacetylaminoacetaldehydc was treated 
W’ith 10 cc. of ethyl mercaptan. The solution became clear 
after five hours and it was allow (*d to stand oveniight. 
Colorless plates had deposited by the following morning. 
They w’ere filtered and recrystallized from chloroform- 
petroleum ether. 

Calc, for C 12 H 17 O 2 NS: C 60.25; H 7.14 
Found; C 60.46; II 6.75 


The Reaction of Glycine with Benzylpenilloaldehyde 
(Merck, 15). To a solution of 0.12 g. of glycine 


•The molting point of this compound has been reported (Merck, 
Af./a, 12 ) as 86-88®. 


PENALDIC ACIDS 

Isolation and Proof of Structure. Benzylpeni- 
cillin when treated with sodium hydroxide solution 
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gives the sodium salt of a penieilloic acid which is a 
dicarboxylic acid having the formula of benzyl- 
penicillin plus the elements of water that have been 
added to th(' active linkage. When this penieilloic 
acid is treated with mercuric chloride solution, peni¬ 
cillamine is preci])itated as a mercury compound 
and, if precautions an* taken to avoid decarboxyla¬ 
tion, the remaining portion of th(* molecule is 
benzylpenaldic acid. 

From the structure of benzylpcmilloaldehyde 
vvdiich had been prexiously elucidated it became ap- 
pan^nt that benzylpc'iialdic acid was phenylacetyl- 
arninoacetaldc'hyde with an attach('d carboxyl 
group (Merck, M /, 7; /.^, 2). The two most prol)a- 
ble structures were eithei* phenvlacetylamino- 
malonaldehydic acid or phenylacetylaminopyruvic 
acid. Hie problem at hand was to distinguish 
between these two structures. Because of the 
lability of the carboxyl group, it Avas evident that a 
penaldic acid derivative must be used rather than 
the free acid. The benzviaminc* derivative of 
Stodola and Wachtel (NBRL, CMR report iW, 4) 
having the formula C\ 3 nH 36 N 4 () 4 S-ll 2 (), appeared 
ideal for this purpose if it be assumed that the 
benzylaniine molecule had redacted with the active 
linkage to give a stable —CONHCHiC^IIa group. 
Degradation with mercuric chloride solution of 
this jienicilloic acid benzylamide gave the benzyl- 
amide of jienaldic acid and penicillamine (Merck, 
M.l, 8; JS, 1). For isolation purposes, the 2,4-di- 
nitrophenylhydrazonc w^as prepared and its com¬ 
position agreed well with the theoretical values. 
During the manipulation of the free cleavage 
product, in the presence of methanol and hydrogen 
chloride, a new product containing twro methoxyl 
groups was obtained. Since these conditions wTre 
those for acetal and not ketal formation, this 
reaction strengthened the belief in the malonaldc- 
hydic acid structure. Proof of this structure for the 
benzylamide of penaldic acid was obtained by 
catalytic hydrogenation of the aldehyde in the 
presence of hydrochloric acid and Adams catalyst. 
The compound took up fourteen atoms of hydrogen 
to give a product which was shown by analysis and 
mixed melting point to be identical with the product 
from the hydrogenation of the benzylamide of 
N-phenylace tyl-DL-serine. 

The term ^‘penaldic acid” can now be defined as 
an acylaminomalonic scmialdehyde.^ Further evi¬ 
dence for the malonaldehydic acid structure for 
benzylpenaldic acid resulted from a study of the 
a-methyl penieilloic acid formed by the methanol 
inactivation of sodium benzylpenicillinate. When 
this penieilloic derivative was treated with mercuric 
chloride and the newly formed aldehyde isolated 
as its dinitrophenylhydrazone, it was found that the 
hydrazone had an analysis in agreement with that 

* The simplefit member of the eeries, formvlaminomslonio semi¬ 
aldehyde, or N-formyl*a-formylglyoine, will be referred to as **nor- 
penaldio acid*'; the hichor members are designated by the name of the 
group R of the aeyl radical. 


for methyl benzylpenaldate. When the free alde¬ 
hyde in solution was hydrogenated under the condi¬ 
tions previously mentioned, followed by hydrolysis 
of the esier, there was obtained a compound which 
was shown to lie identical with the hydrogenation 
product of phenylacetyl-a-alaninc. Thus the jS- 
hydroxyl group produced by tlie reduction of the 
aldehyde group underwent hydrogenolysis to give 
the alanine derivative. 

The methanol inactivation of 2-pentenylpenicillin 
followed by the reaction with mercuric chloride was 
found to give methyl 2-pentenylpenaldate (Boon, 
Calain, Carrington, and Freeman, CPS.4^f 3) which 
w^as isolated as its 2,l-(linitrophenylhydrazono melt¬ 
ing at 146°. 

The oxidation of benzylpenicillin by ammoniacal 
silver oxide solution was found to give, in addition 
to pheriylacetarnide, a compound wdiicli was 
isolated as the 2,4-dinit rophenylhydrazone melting 
at 218-220° (Merck, 1). This product was 
shown to be the dinitrophenylhydrazone of benzyl- 
penaldamide. The same compound could be 
prepared by the action of concentrated aqueous 
ammonia on sodium benzylpenicillinate followed 
by degradation with mercuric chloride. 

At a much later date, the compound from the 
benzylation of the benzylpenicillin-i^-thioethyl- 
amine reaction product on treatment with mercuric 
chloride (Squibb, S.3b\ 4) yielded a dinitrophenyl¬ 
hydrazone melting at 171-173° which analyzed 
satisfactorily for C 26 n 26 C 6 N 6 S. The composition 
of the parent aldehyde is therefore r 2 oIl 2208 N 2 S, 
which is correct for the /S-benzylthiof'thylamide of 
benzylpenaldic acid. The corresponding inactiva¬ 
tion product from benzylpenicillin and cysteine 
methyl ester gave an analogous reaction. 

When methyl benzylpenicillin sulfone was treated 
with benzylamine (Merck, M.5P, 15) the active 
linkage was attacked and the degradation product 
has been postulated as the benzylamide of a-phenyl- 
acetamido-iS-benzylaminoacrylic acid because on 
treatment with Brady's reagent the 2,4-dmitro- 
phenylhydrazone of benzylpenaldic acid benzyl¬ 
amide melting at 249-250° was formed. 

Sjmthesis of Benzylpenaldic Acid and Deriva¬ 
tives. The original and for some time the most 
important synthesis of ethyl benzylpenaldate was 
accomplished by the formylation of ethyl phenacet- 
urate wdth ethyl formate and sodium cthoxide. 
This synthesis was patterned after the work of 
Erlenmeyer and Stoop (Ann. 337, 236 (1904)), who 
had prepared ethyl phenylpenaldate by this 
method. The first reports of success were recorded 
by the Merck, Parke-Davis, and Cornell groups 
(MJO, 6;PD.5, 1;D.S, 1). 

No details were given in the Merck report, which 
merely indicated a completed synthesis of methyl 
benzylpenaldate using methyl phenaceturate, 
methyl formate and sodium methylate. This same 
report also mentioned the preparation of the 2,4- 
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dinitrophcnylhydrazono of methyl benzylpenaldate, 
the diincthylacetal methyl cRtcr, the dirnethylacetal 
of bcnzylpenaldic acid and its conversion to the 
oxazolonc. The Parkc-Davis group prepared ethyl 
benzylpenaldate by the formylation of ethyl 
phcnaceturate. In a slightly later report (PD.8, 1) 
they discuss the preparation of methyl benzyl- 
penaldatc by the same method. Using the method 
of Erlenmeycr and Stoop, the ('’ornell group pre¬ 
pared ethyl benzylpenaldate in low yield from 
ethyl phcnaceturate. Subseciuently, the Pfizer 
group (P.Oy 16; 10, 8) modified the preparation of 
ethyl benzylpenaldate as described by the I’arke- 
Davis group and was able to report an overall yield 
as high as 50% of crude ethyl benzylpenaldate of 
70-80% purity as dctermiiK^d by reaction with 
2,4-dinitrophenylhydrazine. 

1"he Upjohn group D isolated phenylacetal- 
(lehyde from the pyrolysis of crude methyl benzyl¬ 
penaldate and felt that this indicated the formation 
of N-(Q:-formylphenylacetyl)glycm(‘ ethyl ester in 
the formylation of ethyl phenaceturate. 

Ethyl benzylpenaldnte seems to polymerize 
readily and after several days at room tempera¬ 
ture the solubility of the product in warm ether 
decreases and the material liecomes more viscous. 
At the same time, the yield of 2,4-dinitrophenyl- 
hydrazone obtainable from the crude ethyl benzyl¬ 
penaldate diminishes. Tlie free aldehyde of the 
penaldic acid and its derivatives exist to some extent 
in the enolic state as shown by the fact that they 
give an intense violet color with ferric chloride 
solution (Upjohn, IJ.S, 2). 

In the benzene layer containing the neutral 
fractions from the condensation of ethyl formate 
and ethyl phenaceturate (Pfizer, PA2, 7; l/j, 15) 
there was found, besides unreacted ethyl phcnacet¬ 
urate, some ethyl phenylacetate (about 0.25 mole 
for a one mole run). The ethyl phenylacetate no 
doubt was formed by the alcoholysis of ethyl 
phenaceturate in the reaction mixture. It was 
found that although the alcoholysis seemed to be 
quite rapid, it apparently took place after the 
Claisen condensation; and in preparations which 
were worked up two hours after the reaction mixture 
became clear, the ethyl phenaceturate recovered 
was twice that obtained when the reaction mixture 
was allowed to stand overnight, and at the same 
time the amount of ethyl phenylacetate obtained 
was less. 

It is of interest that formylation of ethyl phenacet¬ 
urate (Upjohn, UAO, 5) in anhydrous benzene or 
anhydrous ether, using powdered sodium as the 
condensing agent, appeared to give a homogeneous 
compound (ethyl benzylpenaldate); on the other 
hand, when the formylation was conducted in a 
mixed solvent of dry benzene and ether a higher 
yield of crude formylation products was obtained, 
but several points of evidence indicate that the 


crude product is heterogeneous mth an undesirable 
formylation product predominating. 

When ethyl benzylpenaldate is hydrolyzed with 
sodium lij^droxide it loses a formyl grouy) rather 
than a carboxyl group because the main ]>roduct 
is phenaccturic acid along with some plienylacetic 
acid. 

A large number of derivatives of bcnzylpcuialdic 
acid have been prepared among which an* sov'eral 
prepared l)y tlie Merck group (M.IO, 6). They 
reacted the methyl benzylpenaldate from the form¬ 
ylation of methyl phenaceturate with I^rady\s 
reagent to give the 2,4-dinitroi)henylhydrazone of 
methyl benzylpenaldate which melted at 174-175'^ 
and was identical with the 2,4-dinitrophenylhydr- 
azone obtained by degradation of the methanol 
inactivation product of benzylpenicillin (Merck, 
M1, 9). The dinitrophenylhydrazone ot ethyl 
benzvipenaldate (Lilly, L.S, 1) melted at 193-195® 
and its semicarbiizone at 227-228®. The dimethyl- 
acetal of methyl b(*nzylpenaldat(' prepared by the 
action of dry methanol and hydrogen chloride on the 
ester was reported at the same time. This acetal 
ester was saponified to the dirnethylacetal acid 

Ethyl and methyl benzyliienaldate dimethyl- 
acetals were isolated from the reaction mixture after 
the formylation of ethyl and methyl phenaceturate 
and useii in further synthetic work by the Merck 
group (M.26, 3). Later these esters were prepared 
(Merck, M.^7, 4) by the esterification of benz- 
ylpenaldic acid dirnethylacetal using hydro¬ 
gen chloride and the corresponding anhydrous 
alcohol. The preparation of ethyl and methyl 
benzylpenaldate diethylacetals has been reported. 
Ethyl benzylpenaldate diethylacetal, a low melling 
soUd, was synthesized by the Upjohn group (11.5, 2) 
and methyl benzylpenaldate diethylacetal melt¬ 
ing at 77-79® was prepared by the Pfizer group 
(P.20, 8) with the aid of diazomethane. Benzyl- 
penaldic acid diethylacetal was prepared by the 
saponification of the ethyl ester and melted at 107.5- 
110® (Mich. Chem., B.2, 6). Barium hydroxide was 
used by the Upjohn workers (UAl, 18) in saponify¬ 
ing methyl benzylpenaldate dirnethylacetal. 

Bcnzylpenaldic acid di-n-butylacetal (Pfizer, 
P.25, 13) was prepared by the action of phenylacetyl 
chloride on formylglycine ethyl ester di-n-butyl- 
acetal in the presence of sodium bicarbonate. 
From this acid by the action of diazomethane there 
was obtained methyl benzylpenaldate di-w-butyl- 
acetal which melted at 28-30®. 

The ethyl mercaptal of bcnzylpenaldic acid melt¬ 
ing at 131-132® (Cornell Bioch., D.4, 5) was 
prepared by the action of ethyl mercaptan on ethyl 
benzylpenaldate followed by saponification of the 
ester. 

Bcnzylpenaldic acid esters can be prepared by 
refluxing 2-benzyl-4-hydroxymethylene-5-oxazolone 
with the proper alcohol for a short period. One 
interesting development from this reaction was the 
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preparation of benzyl benzylpenaldate (Merck, 
M.29, 9). The product was an oil and was isolated 
as the 2,4-dinitropheTiylhydrazone melting at 182°. 

This work was repc'att'd by the Upjohn group 
32) and subsequently the benzyl benzyl- 
penaldatt^ was obtained crystalline by the Upjohn 
and NRRL groups, {U.ll, 20; C,S, 3) at about the 
same time. Tliis (*rystalline ester melU‘d at 96-97°, 
its dinitrophenylhydrazone at 179-180° and the 
benzylarnine <lerivative at 131-132°. The proce¬ 
dure was subseciuently modified (Upjohn, UJ3y 2) 
to obtain a 90% yield of crystalline ester. 

Benzyl benzylpenaldate has also been preparerl 
(Upjohn, UJ/j, 10) in about 30% yield by the 
formylation of l)enzyl phenaceturate. Its di- 
methylacetal was produced (Upjohn, U 33, 3) by 
th(» action of methanolic hydrogen chloride. 

Benzylpenaldarnide has been prepared (Lilly, 

3 ) from pheriaceturic amide in lienzene by formyla¬ 
tion with ethyl formate using sodium ethylati' a.s the 
condensing agent. The action of bcmzoyl chloride 
(NRRL, C.5y 4) on the sodium derivative of 
benzylpenaldarnide gave benzoyl-benzylpenaldam- 
ide. The 2,4-dinitrophenylhydrazone of benzyl- 
penaldamide (Merck, AfJ5by 4) was isolated from 
the products of mercuric chloride degradation of 
benzylpcnicilloic acid amide. Ammonolysis of the 
diethylacetal of etliyl benzylpenaldate (Upjohn, 
8 ) has yielded the diethylacetal of benzyl- 
penaldamide melting at 170-171°. The corre¬ 
sponding dimethylacetal was prf^pared in the same 
manner (Squibb, S.44f 17). 

The benzylamide of benzylpenaldic acid has 
been the subject of considerable study since it was 
isolated by merciu’ic chloride degradation of the 
benzylarnine inactivation product of benzylpenicil- 
lin. The dimethylacetal of methyl benzylpenaldate 
has been converted to the benzylamide melting at 
163-105° (Merck, MJOy 6 ) which was found to be 
identical with the benzylamide of benzylptmaldic 
acid dimethylacetal obtained in the degradation of 
benzyl penicillin (Merck, MJy 8 ). The action of 
benzylarnine on methyl benzylpenaldate diethyl- 
ac(*tal gave the corresponding benzylamide melting 
at 165° (NRRL, C.7, 2; Sy 14). Hydrolysis of the 
acetal afforded the benzylamide of benzylpenaldic 
acid whicli melted at 119-122° with evolution i>f gas. 
This compound was also obtained by reacting 
2-benzyl-4-hydroxymcthylene-5-oxazolone hyilro- 
bromide (thought for a time to be the aqid bromide 
of a-phenyla(jetylamino-/3-ethoxyacrylic acid) with 
benzylarnine and treating the product thus obtained 
with a hot, dilute alcoholic solution of hydrochloric 
acid (Merck, MAoc, 3). Another method which 
was successfully used to obtain the benzylamide of 
benzylpenaldic acid (Upjohn, [7.7, 20) was the 
mercuric cliloride degradation of 2-phenylacet- 
amidocarbobcnzylamid omethyl thiazolidine-4- 
^arboxylic acid, which was prepared by the action 
of benzylarnine on methyl desdimethylbenzyl- 


penicilloate. The product gave a 2,4-dinitrophenyl¬ 
hydrazone melting at 234-235° and a scmicarbazone 
melting at 215-216°. The anilide of benzylpenaldic 
acid dimethylacetal was prepared from benzyl¬ 
penaldic acid dimethylacetal by the action of 
benzoyl chloride followed by aniline (Squibb, SA5y 
2 )- ‘ 

AlthoTigh the preparation of benzylpenaldonitrile 
from glyoxal semiiliethylacetal by a Strecker syn¬ 
thesis was described in early M(^rck n'ports (il/.iOo, 
1 ; 12ay 5), a much later report {M.53y 19) indicates 
that numerous attempts to formylate phenylacetyl- 
aminoacetonitrile W(*re unsucc(‘ssful and at most a 
very small yield of tlu* formylated product was 
of)tained. In attempts to prepare bcnzylpenaldoni- 
tnl(^ it was found (Mich. (Miem., BA5y 4; 17, 8) that 
ph(‘nylacetylaminoacetonitrile could be formyl¬ 
ated without cleavage of th(‘ firnide group by 
the use of sodium isopropovide and isopropyl 
formate. Conversion of the* product to the ester 
and saponification to the acid with subsequent 
decarbo\>4ation gave products which were not 
identi(‘al with ethyl benzylpenaldate or phenyl- 
acetylaminoacetaldehyde. These observations sup¬ 
ported the contention that tlu^ formylation product 
was not benzylpenaldonitrile but was probably 
a-formylphenylacetylaminoacetonitrile. 

The Merck group {M.44y 15) attempted to 
prepare the hydrazide ol benzylpenaldic acid but 
the product was an oil. The Michigan workers 
(B.Sy 8; IS, 1) prepared th(‘ hydrazide of benzyl¬ 
penaldic acid diethylacetal melting at 161-165° 
and the Merck group {M.53y 21) prepared the 
hydrazide of benzylpenaldic acid dimethylacetal 
melting at 180°. Botli compounds resulted from the 
action of 85% aqueous hydrazine on the correspond¬ 
ing ester. By the action of benzylmercaptan on 
2-benzyl-4-hydroxymethylene-5-oxazolone the Up¬ 
john group (U.lty 30) obtained a product which was 
probably benzyl benzylthiolpenaldate and which 
formed a 2,4-dinitrophenvlhydrazone. Somewhat 
later, benzyl benzylthiolpenaldate was obtained 
in crystalline form (Merck, MMo, 7) and molted at 
113-114°. 

One of the most important derivatives of ethyl 
benzylpenaldate is the benzylarnine derivative. 
This compound, in which the benzylarnine has 
reacted with the aldehyde group, was reported at 
about the same time by two groups (Abbott, A.4, 4; 
Cornell Bioch., D4y 4). The benzylarnine deriva¬ 
tives of the benzylpenaldic acid methyl ester and 
ethyl ester melt at 98° and 105-106° respectively. 
The correspondir^ benzyl ester, prepared by the 
Upjohn group (U.ii, 21), melted at 131-132°. 
Since these derivatives react in dilute mineral 
acids just as the free aldehydes do, are well crystal¬ 
line and quite stable, they have found a wide use. 
Attempts to saponify the ester group in the benzyl- 
amine derivative have met with no success (Cornell 
Bioch., D.7, 3). The anils of methyl and ethyl 
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ponaldate have also been prepared (Upjohn, 
(7.5, 0; Abbott, A.4, 4) by the treatment of the 
esters with aniline in alcohol solution. The methyl 
benzylpenaldate anil melts at 162-103® and the 
corresponding ethyl compound melts at 160®. 
The Upjohn workers ((/.5, 9) also prepared the 
o-nitroanil of ethyl benzylpenaldate. Ttu' Cornell 
group prepared an N-methylaniline derivative of 
ethyl benzylpenaldate 7), 

A series of aroyl derivatives of methyl benzyl¬ 
penaldate were prepared by the NRRL group (C.5, 
2) by treating the sodium derivative of methyl 
benzylpenaldate with an equivalent of the proper 
acid chloride. The benzoyl, p-nitrobenzoyl, o-nitro- 
benzoyl, p-ehlorobenzoyl and yMoluenesulfonyl 
derivatives were prepared and melted at 102-U)5®, 
169.5-170°, 119.3-119.8®, 166,5 167® and 147 148® 
respectively. All derivatives e\c(‘pt the 7 >-toluen<‘- 
Bulfonyl were unstable to alkali at pll 12.5 but all 
were stable to 0.1 iV hydrochloric acid at 50®. The 
acetyl derivativi^ of the ethyl ester was pr<q)ar<‘d in 
the same manner as th(' aroyl compounds and 
m(‘lted at 96-97® (Squibb, <8.^7, 6). 

One method for purifying ethyl benzylpcuialdate 
is to convert the (‘rud(‘ ('ster to monoethyl d(\sdi- 
methylpenicilloate (Cornell Bioch., D.7, 5; 6) 

and then sjdit the tliiazolidine with menairic 
chloride. This treatmimt precipitates tlie cysteine 
as the mercaptide and leav(‘s a solutimi of essentially 
pure ethyl benzylpenaldate*. Another purification 
method involves prei)aring and recrystallizing the 
benzylamine derivative. The ethyl benzylpen- 
aldatc is then regenerated from this derivative by 
the action of hydrochloric acid in dioxane or glacial 
acetic acid. The product so obtained (Cornell 
Bioch., D,12, 10) is a clear mobile oil w’hich may bo 
reacted readily to give further compoimds. By this 
means the Cornell group {DJ2y 11) prepared several 
pure derivatives of ethyl benzylpenaldate. The 
phenyl hydrazone melted at 119-119.5® and 
the semicarbazom* melted at 138-138.5®. In 
addition, the d- and /-a-phenylethylarninc deriva¬ 
tives were prepared in crystalline form. The 
optical rotations of these are opposite in sign and 
approximately ecjual in numerical value. These 
derivatives were used for the preparation of the 
semicarbazone and phenylhydrazone of ethyl 
benzylpenaldate and the corresponding thiazolidine 
from DL-cysteinc. However, none showed any 
optical activity. 

The Squibb group {S,28y 6) investigated the 
formylation of thiophenylglycine ethyl ester with¬ 
out success. However, Cook, Elvidge, and Heil- 
bron {CPSJ99f 3) prepared benzylthiopenaldic 
acid diethylacetal by the action of ditliiophenyl- 
acetic acid on formylglycine diethylacetal in sodium 
bicarbonate solution. This acid (m.p. 70®) was 
converted to the methyl ester using diazomethano 
but the product was not obtained in crystalline 
form. The benzyl ester has been prepared (Brod- 


rick, Peak, Whitmont, and Wilson, 1) 

using phenyldiazomethane but it w\‘is not (’rystal- 
lized. Somewhat later, the Lilly group (L./4, 2(1) 
prepared the same compound in 81% yield using 
methyl dithiophenyla(*.etatp and forrn>4glycine di- 
(*thylacelal and reported the benzylthiopenaldic 
acid diethylacetal as nndting at 68-69®. 

'J'he Sejuibb group (S.23y 6) found that benzyl- 
penaldic acid dimeth>lacetal (‘ould be at least 
partially resolved through the fractional crystal¬ 
lization of the brucine salt of this acid. Organic 
solv(*nts were found to be unsatisfactory fer this 
resolution; therefore* wat(*r was used in spite of the 
fact that hydrolysis of the salt in aepic'ous solution 
made the* resolution more difficult. The d(*xtro- 
rotatory penaldic acid dirncthylacetal m(4ted at 
136® and had [a]i>"'‘ +31.7® (c = 1.1 in chloroform). 
TIk* l(‘vor()tatory optically impure isome*!* riu'lted 
at 130® and had —17.6® (c = 1.4 in eliloro- 

forni; By r(‘converting the* dextrorotatory acid 
(>S.^o, 6) into th(‘ brucine salt and subje(‘ting it to 
iurth(‘r fractional crystallization the* optical activity 
w^as not changeel, w liich inelicated tliat a pure* com- 
pounel had been e)btaiiu*d. De*xtron>tatory medhyl 
be'iizylpenaldate* dim(‘t}iylac(*tal was prepareel by 
the* action of diazomedhane* 6) on the dextre)- 

re)tate)ry aeiei; it melteel at 49-50® and hael [a]n-® 
+20® (c = 1 in chloroform) and —10® (c = 1.3 in 
ethanol). 

A number of other syntlieses for pen.aldic acid 
derivatives, in aeldition to the* fe)rmylatie)n e)f phen- 
aceturie acid deri\ atives, have been consid(‘red and 
a number e)f these have been successfully accom¬ 
plished. Glye)xal semiacetal has been converted to 
ethyl benzylpenaldate diethylacetal by the Streckcr 
synth(*sis althemgh ne) details were given of this 
wwk by the Merck group (il/.fO, 9), who later 
(il/.i7, 1) prepared the dict.hylacetal of bcnzyl- 
penaklic acid from ethyl cliloroacetate by formyla¬ 
tion, amiiiation, and phenylacetylation. Tliis par¬ 
ticular s(*ri(*s has be*en studi(*d by a number of other 
investigators. The Upjohn group (U.5,2()) reported 
the araination of a-chh)ro-/?,itl-diethoxypropionic 
acid to give a crude a-amino-0,i3-diethoxypropionic 
acid which, upon treatment wdth phenylacotyl 
chloride then with 2,4-dinitrophenylhydrazine, gave 
the dinitrophenylhydrazone of phenylacetylamino- 
acetaUk'hyde indicating that the acid had been 
decarboxylated by this treatment. The Pfizer 
group {P.12y 6) aminated ethyl a-bromo-iS,|fif-di- 
ethoxypropionate and reacted tlu* product with 
phenylacotyl chloride to form benzylpenaldarnido 
diethylacetal mt'lting at 168-169®. Formylglycine 
diethylac(‘tal was treated with phenylacotyl chlor¬ 
ide (Cook, Elvidge, and Heilbron, CPSA99y 3) in 
acetone to give a good yield of benzylpenaldic acid 
diethylacetal melting at 110® with evolution of car¬ 
bon dioxide. 

The alcoholysis of 2-benzyl-4-hy(lroxymcthylene- 
6-oxazolone has been previously mentioned as a 
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method of preparing benzylpenaldic esters (Merck, 
MA2a, 3) and is very practical where the oxazolone 
is obtained by methods other than the cyclization 
of benzylpenaldic acid. 

Attempts have been made to obtain benzyl¬ 
penaldic acid by the oxidation of N-i)henylacetyl- 
DL-serine. A mixture of chromic oxide and acetic 
acid (Scpiibb, *S.7, 2) gave a x>roduct which was 
thought to be ()-acetyl-N-phcnyIglyoxylyl-DLrserinc. 
When the llosemund-ZetsclK^ method using coj)per 
powder, nitrobenzene, and (luinoline (Cornell 
Bioch., D,Sj 1 ) was tri(*d on N-phenylacetylserine, 
the main product was copper pbeiiylacetate and 
none of the aldehyde was obtained. 

Th(‘ Stephens reduction on phcnylacetylamino- 
cyanoacetic ester has been proposed (Ujojohn, (7.^, 
3 ) but the work was discontinued wlien reduction 
of the oximinocyanoacetate to the amine' was un¬ 
successful by the met hods tried. 1 ^ater, the llvy( len 

group {ILO, 2 ) was able to prepare ethyl pli('nyl- 
acetylaminocyanoacctate, but when subjected to 
the conditions of tlie Stephens reduction no ethyl 
benzylpenaldate was obtained. 

A novel method for the preparation of ethyl 
benzjdpc'iialdate was reported by the Parke-Davis 
group {PDA2, 3). 1,4-Uiphenylacetyldiketopipcr- 
azine was formylated in benzene with ethyl formate 
and sodium ethylate to give a sodium (lerivative 
wiiich, upon treatment with 2,4-dinitrophenylhydr- 
azine in acetic acid and subsequent crystallization 
from ethanol, yielded the 2,4-dinitrophenylhydr- 
azone of ethyl benzylpenaldate. 

Another serh's of reactions for the preparation of 
ethyl benzylpenaldate involved the condensation of 
N-potassiuin phenylacet amide and ethyl formyl- 
chloroacctate (Murphy, Bogert, and Brown, P.Jf, 
27). However, it was found necessary to convert 
the free aldehyde to the diethylacetal. The con¬ 
densation of ethyl a-bromo-ifi^,/3-diethoxypropionate 
(Pfizer, P..9, 14) with potassium phenylacetamide 
was successfully accomplished by shaking in ether 
overnight. The product on addition of 2,4-dinitro- 
phenylhydrazine hydrochloride gave the well known 
hydrazone of ethyl benzylpenaldate. 

The best method of preparing ethyl benzylpenal¬ 
date diethylacetal was proposed by the NRRL 
group (C.7, 10) and involves four steps. Glycine is 
converted to glycine ester hydrochloride, the amino 
group of which is then formylated to give formyl- 
glycine ethyl ester. The alpha carbon atom is then 
formylated in the usual manner to give a sodium 
derivative of N-formylformylglycine ethyl ester. 
In the final step the formyl group is removed from 
the nitrogen and at the same time the aldehyde 
group is converted to the diethylacetal and the 
ester saponified, after which, treatment with 
phenylacetyl chloride gives benzylpenaldic acid 
diethylacetal. The yields in the four steps are 
respectively 95%, 93%, 95% and 15% or an overall 
yield of 1 ^ 6 % of the theory. The fourth step 


has been improved by the Pfizer group (l\2Sf 18) 
to give yields in the neighborhood of 40% of ethyl 
benzylpenaldate diethylacetal which brings the 
overall yield to 35% of the theory. This amounts 
to about 150 grams of ethyl benzylpenaldate di¬ 
ethylacetal from 100 grams of glycine. 

Synthesis of 2 -Pentenylpenaldic Acid and Re¬ 
lated Compounds. The synthesis of 2 -pentenyl- 
penaldic acid diethylacetal (Mer<*k, MA5c, 14) 
by the reaction of 3 -hexcnoyl chloride with formyl- 
glycine diethylacetal was reported with no details 
except that the product melted at 58°. The Pfizer 
group {PA7j 11) formylated 3-hexenoylglycine 
ethyl ester to give ethyl 2 -peiitciiylpenaldate and 
found that the product was an oil which gave a 
2,4-dinitrophenyihydrazone melting at 159-160°. 
The crude ester was convi'rted to the diethyla(‘etal 
ester by means of ethyl orthoformate. This 
product also was an oil which was saijoniiied to 
2 -pentenyipenal(lic acid diethylacetal melting at 
79°, slightly higher than that previously reported 
by the Merck group. Sorru'what later, the same 
workers (Pfizer, 9) tn'ated S-hexenoyl chloride 
with formylglycine diethylacx'tal ethyl c'ster and 
obtained the crude et hyl 2 -pent(*nyli)enaldate 
diethylacetal which was saponifi(*d to giv(‘ 2 -pen- 
tenylpenaldi(‘ acid diethylacetal melting at 79°. 
This therefore seems to be the (*orrect melting point 
for this compoFUid. 

The Imperial (Chemical Industries group {CPS, 
479j 8 ) prepared benzyl l-pentenyli)enaldat(' Irom 2 - 
(A“-pentenyl)-4-hydro\ymethylen('-5-o\azolone 
and found that it melted at 88 ° and its beuzylamine 
derivative melted at 101 °. The Pfizer group (P.f 7, 
14; 18y 11) formylated 2-hexenoylglycine ethyl 
ester to obtain a crude ethyl 1 -pentenylpenaldate 
whi(‘h gave a 2,4-dinitrophenylhydrazone. Con¬ 
version to the acetal in the usual manner gave ethyl 
l-pent('nylpenaldatc diethylacetal as a liquid prod¬ 
uct wliich was sapi>nified to give 1 -pentenylpenaldic 
acid diethylacetal melting at 86^87°. However, 
when 2 -hexenoyl chloride was reacted with formyl¬ 
glycine diethylacetal ethyl ester (Pfizer, P£3^ 20 ) 
the ethyl 1 -pentenylpenaldate diethylacetal was 
obtained in crystalline form and melted at 53-54°. 
Saponification of this ester gave 1-pentcnylpenaldic 
acid diethylacetal which after crystallization from 
CCI 4 melted at 86-87° as previously observed. 
This crystalline product has been found to consist 
of two moles of the acid with 1 mole of carbon 
tetrachloride. It is unstable and decomposes on 
standing in the open or in a tightly stoppered bottle 
within a few days. 

3-Pentenyl- and 4-pentenylpenaldic acid ethyl 
esters were prepared by the action of the correspond¬ 
ing acid chloride on formylglycine ethyl ester 
diethylacetal (Pfizer, P.;8»9, 11 ; 26^ 9) and both 
products were oils. Upon saponification of the 
proper ester, there was obtained 3-pentenylpenaldic 
acid diethylacetal which formed a 2,4-dinitrophenyl- 
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hydrazone. From the latter ester, 4-penteiiyl- 
penaldic acid diethylacetal was prepared melting 
at 03-64® and having one molecule of watei* of 
crystallization. 

The saturated member of this series is w-amyl- 
penaldic acid. Formylatioii of w-caproylglycine 
ethyl ester gave ethyl M-arnylpenaldate (Rimtley, 
Catch, Cook, Elvidge, Hall, and Ileilbron, Peii, 114i 
4) while formylation of ^-caproylglycine methyl 
ester gave methyl n-amylpenaldate (Upjohn, ?/.4, 
30). Ethyl 2~amyloxazole-4-carboxylate on treat¬ 
ment with a warm acid solution of 2,4-dinitro- 
phenylhydrazine (Coriiforth, Cornforth; Abraham, 
Chain, Baker, and Robinson, CPt!^f}7, 4) gave the 
hydrazone of ethyl w-amylpenaldate. Tlie ester 
on standing a few days with aqueous ammonia 
formed crystals of the amide. The anil and benzyl- 
amine derivative of ethyl ?<-amylpenaldate were 
prepared and melted at 14r)“'14()° and 71-72® 
respectively (Brodrick, Peak, Short, Whitmont, and 
Wilson, CPS,fi0f)j 5). The diethylacetal of the acid 
was synthesized from w-caproyl chloride and 
diethoxyalanine (Merck, MAO, 10). No details 
were given in this report, but details were given 
for this synthesis by Cook, Elvidge, and H(‘ilbron 
(CPSJ99y 3) who toat(‘d ^/-caproyl chloride with 
/3,jtl-dietlioxyalanine to pn^pan' Ai-amylpenaldic acid 
diethylacetal. Formylation of /i-caproylglycine 
ethyl ester (Pfizer PA5, 5) gave ethyl a-amylpen- 
aldate, an oily product which formed a 2,4-dinitro- 
phenylhydrazone. Tnaitment of the crude <\ster 
with ethyl orthoformate in the usual way gave 
ethyl //-amylpenaldate diethylacetal which was not 
crystallized, but saponification gave the a-arnyl- 
penaldic acul diethylacetal ])revi()usly mentioned. 
?i-Arnylpenaldonitrile was prepared by formylation 
of caproylarninoacetonitrih* and the beiizylamine 
derivative of this product melted at 120® (Corn¬ 
forth, Fawaz; Abraham, Chain, Baker, and Robin¬ 
son, CPSMS/f., 2). 

Synthesis of p-Hydxoxybenzylpenaldic Acid and 
Derivatives. Stimulated by the reports of in¬ 
creased stability for p-hydroxybenzylpenicillin 
(NRRL, C,9) both the Upjohn and Pfizer groups 
undertook the syntheses of p-hydroxybenzylpcn- 
aldates. The Upjohn workers {UASby 11) treated 
p-acetoxyphenylacetyl chloride with /?,i(3-diethoxy- 
alanine and obtained a gum, probably />-acetoxy- 
benzylpenaldic acid diethylacetal. This product, 
on treatment with 2,4-dinitrophcnylhydrazine in 
acid solution, yielded the hydrazone of p-acctoxy- 
phenylacetylaminoacetaldehyde. Methyl p-acet- 
oxyphenaceturato was forinylated in the usual 
manner and the crude product converted to the 
2,4-dinitrophcnylhydrazone melting at 223-224®. 
The formylation of ethyl p-acetoxyphenaccturate 
was also performed but no details were given. The 
first attempt by the Pfizer workers (PA9, 11) to 
condense p-acetoxyphenylacetyl chloride with 0,0- 
diethoxyalanine gave a crude product which 


was saponified to what was probably p-hydroxy- 
benzylpcnaldic acid diethylacetal melting at 70-75® 
in the crude state. This redaction was subs(i- 
quently improved to yi(4d p-ac(4()xybenzylpenal(lic 
acid diethylac('tal melting at 118-119®. (PfizcT, 
P,^Jy 5). Saponification of the acetyl group gave an 
amorphous product whicli analyzed fairly well 
for p-hydr()xybenzyl]>enaldic a(*id di(‘thylacetal. 
Methyl p-ac(4oxybenzylpenaldato diethylac(‘tal was 
formed by the action of diazomethane on the cor¬ 
responding acid. 

When p-methoxyp)ieriylac(‘tyl chloride was 
treated with /i,/3-uiethoxyalanine (Pfizer, PA9, 12) 
the chief product was the non-crystalline p-m(»thoxy- 
benzylpcnaldic acid (li(‘thylact4;al as shown by its 
conversion to 2-p-rnethoxyb(‘nzyl-4-formyl-5-ox- 
azolone. This oxazolone on r(‘flu\ing with benzyl 
alcohol gave the oily ester which with Ixmzylamine 
formed a crystallnu^ chTivative. Tiiis ])roduct was 
the benzylamine (l(M-i\ativ(‘ of benzyl p-m(‘thoxy- 
benzyli)enal(la1e and melted at 12(i 127®. 

Synthesis of Phenylpenaldic Acid and Deriva¬ 
tives. The phenylpenaldic acid derivative'^ are of 
particular intc'rest as models for penaldic reactions. 
Th(' UoriU'll group (D.IS, 2) condensed ('thyl formate 
and ethyl hippurate by the method of Erh'nnuyer 
and Sloop {Ann. SA7, 230 (1904)) to give the crude 
ethyl phenylpenaldate whi(*li gave a 2, t-diriitro- 
phenylhydrazone. By adding four moles of ethyl 
formate, it was foutid that the' yield of ethyl phenyl- 
penaldate was mu(‘h increased (Mich. Chem., BA, 
1 ). The diethylacetal was prc'pared from the ester 
by treatment with hydrogen chloride-absolute ethan¬ 
ol and was converted by saponilicatiou to phenyl¬ 
penaldic acid diet;hylacetal. 'Fhe pn'paratioii of 
methyl phenylpenaldate by degradation of the 
corresponding penicilloate was mentioned by the 
Merck workers {MA2ay 17). The dinitroplienyl- 
hydrazone of ethyl phenylpenaldate was prepared 
from 2-pheiiyl-4-benzylaminoraethylene-5-oxazol- 
one by the a(*,tion of dinitrophenylhydrazin(‘ in acid 
solution (Barber, Gregory, Slack, Stickings, and 
Woolman, CP8.234, 8 ). The same workers con¬ 
verted 2-phenyl-4-ethoxymethylene oxazolone to 
ethyl plnmylpenaldate diethylacetal by the action of 
alcoholic hydrogen chloride and also hydrolyzed 
this ester to the corresponding acid. 

The action of sodium ethoxide on 2-phcnyl-4- 
ethoxymethylene-5-oxazolone (Beer, King; Abra¬ 
ham, Baker, Chain, and Robinson, CP8.26S, 1 ) 
gave ethyl phenylpenaldate diethylacetal which 
melts at about 50® with previous softening. The 
2 ,4-dinitrophenylhydrazone was obtained in acid 
solution and melted at 176-178®. Sai)ouification of 
ester gave phenylpenaldic acid diethylacetal melting 
at 94~9()®. The action of hydrazine on the ester 
gave the hydrazide of phenylpenaldic acid diethyl¬ 
acetal which melted at 158-159® and was readily 
soluble in dilute acid or alkali. The formylation 
of benzyl hippurate (Carrington, Davi(‘s, Jones, 
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and Ramage, €1*8,274, 3) afforded benzyl phenyl- 
penaldate which melted at 112-113° and whoso 
2 ,4-dinitrophenylhydrazone melted at 184°. The 
same product could alst) be prepannl from the reac¬ 
tion of 2-phenyl-4-liydi-oxymethylene-5-oxazolone 
with benzyl alcohol. Penzyl phenylpenaldate di- 
ethylacetal was prepared in the usual way (I.C.I., 
€1*8.422, 5) from the free aldehyde and melted at 
50 51°. The S(|uibb and Michigan workers {8,41 1 
4; B.I5, 4) about the same time formylated hip- 
puronitrih' to obtain a crude sodium salt of phenyl- 
penaldonitrih' which was conviTted by r(‘a(‘tion 
wWli benzoyl chloride to th(‘ enol benzoate melting 
at 181-182°. Th(' action of ammonium hydroxide 
on plienylpenaldic est(‘r diethylacetal gave a 
quantitative yield of phenylpenaldamide diethyl¬ 
acetal melting at 108 l()9° (N(‘wbery and Raphael, 
C1*8M74j 5). The /i-phenylethylamine derivative 
of ethyl phenylpenaldate^ was prepared (Barber, 
Gregory, Slack, and Stickiiigs, CP8.f)f)t, 8 ) and 
m(*ll(‘d at 170-171°. N -(^-CarlxM hoxy-jti-benz- 
amidoeth 3 didene)glycine ethyl ester was formed 
by th(' action of glycine ester hydrochloride' on the 
sodium salt of ethyl phenylpeiialdat.e (Brodrick, 
Peak, and Wilson, CP8,4t7] 9). 

Benzyl plicnylthiopenaldate w^as prc'pared in 
quantitative yield (Copp, Duflin, Smith, and Wilkin¬ 
son, € 1 * 8 . 542 , 8) from 2-phenyl-4-hydroxymethyl- 
ene-5-{)xazolone and benzyl mercaptan; ethyl 
phenylthiopenaldate was prepared similarly. Ethyl 
phenylthiopenaldate diethylthioacetal w as produced 
by the action of ethyl mercaptan on 2-phenyl-4- 
ethylthiomethylene-5-oxazolone and, from the same 
starting material, the action of benzylmercaptan 
gave benzyl phenylthiopenaldate dibenzylthioacetal. 

Preparation of Norpenaldic Acid and Derivatives. 
In consequence of the easy removal of the N-formyl 
group from norpenaldic acid and its derivatives to 
form the free amino compounds (NRRL, €.6, 3), 
norpenaldic acid has been of great importance in the 
synthesis of various penaldic derivatives. Ethyl 
norpenaldate was prepared by formylating formyl- 
glycine ethyl ester (Squibb, 8.12, 2) and the 
crude product was converted to the 2,4-dinitro- 
phenylhydrazone. The NRRL group {€.5, 8; 
6, 6) found that norpenaldic acid was the main 
product from the attempted formylation of carbo- 
benzyloxyglycine ethyl ester. Consequently, the 
formylation of formylglycine ethyl ester was the 
logical step. It was found (NRRL, €.6, 3) that 
the formylation proceeded in 95.5% yield to give a 
crude sodium salt which with benzoyl chloride gave 
the enol benzoate melting at 131-132°. The 2,4- 
dinitrophenylhydrazone was also prepared. The 
action of aniline on ethyl norpenaldate (Merck, 
Af.S7, 8 ) gave the anil which melted at 139-140° 
while with Ixmzylamine the corresponding derivative 
melted at 70-78°. The melting point of the benzyl- 
amine derivative w^as subsequently raised (Squibb, 
8.27, 9) to 80-82°. The Lilly group (L.20, 17) 


prepan'd methyl norpenaldate by the method of 
the NRRL group (€.5, 3) and obtained it in 87% 
yield. Formylation of /?,i3-dif‘thoxyalanine (Lilly, 
L.22, 12) gave the norpenaldic acid diethylacetal 
melting at 121°. The corresponding methyl ester 
dirnetliylacetal and ethyl ester diethylacetal 
(Stjuibb, 8.35, 8; Lilly, L.22, 13) were prepared in 
the same manner. The Pfizer group (P.23, 18) 
improved the conversion of the crude ethyl nor- 
pc'iialdate to the ac('tal and obtained yields of 45% 
of the product. The Lilly wx^rkers (L.25, 9) have 
convt'i-ted the crude sodium salt of ethyl nor¬ 
penaldate to the free ester in ciystalline form wiiich 
melted at 08-09°. The c'ster se(‘ms to be stable 
(‘\(‘n on long exposure to the air. 

Synthesis of a-Formylglycine and Derivatives. 
Aminomalonic semialdehyde and its derivatives 
ar(‘ not, in a strict senst', p<*ruLldi(* acid derivatives 
since they lack a - CO-R grou]) attai'hed to the 
nitrog('n atom, but they are exeellent starting com¬ 
pounds for a w^id(' variety of p('nal(lat(‘s. 
(‘thoxyalanine and th(' corn'sponding nitrile wen' 
obtained by the M('rck group {M.IO, 9) from 
glyoxal semidiethylacetal throiigli th(' Strecker syn¬ 
thesis but no details w'('re given, Tlu' Upjohn 
group {U.5, 20) pre])are(l i^^,/^-diethoxyalanine by tlie 
action of alcoholic ammonia on a-chloro-^l,/?- 
diethoxypropionic acid in an aut()(*lav(' at 110° 
and the pn)duct formed white crystals meeting at 
189-190°. The same compound was obtained 
from a-bromo-i9,^^-diethoxypropioni(* a(*id and am¬ 
monia by the Squibb group [8.15, 5). By the 
same procedure a-bromo-i3,/3-diethoxypropionamid(' 
was converted to th(" amide of ^,j3-diethoxyalanine 
(Pfizer, P. 10 , 8; 12 , 5). The product was not 
isolated as such but was ph(*nylacetylated and 
identified as benzylpenaldamide diethylacetal. 
The formylation of formylglycine ethyl ester 
(NRRlv, €.7, 11) followed by acetal formation and 
hydrolysis of both the ester and N-formyl groups 
gave /5,/3-diethoxyalanine identical wdth that de¬ 
scribed above. Isolation of the ethyl ester w^as 
also possible but the yields were poor due to diketo- 
piperazine formation. The Merck group {M. 42 , 5) 
esterified the acid with ethanolic hydrogen chloride; 
the resulting ethyl ester of i8,/3-diethoxyalanine was 
a liquid. The methyl ester of i8,/3-dimethoxyalanine 
was prepared in low yield (Lilly, L.22, 11) from the 
sodium derivative of methyl norpenaldate by the 
action of methanolic hydrogen chloride. Nor* 
penaldic acid diethylacetal was esterified (Lilly, 
L. 2 Sy 7) and the N-formyl group removed to give 
i8,/8-diethoxyalanine methyl ester. In the same 
manner, the Pfizer group {P.25, 13) converted crude 
ethyl norpenaldate by means of butanol and hydro¬ 
gen chloride to its di-n-butylacetal. 

Preparation of Miscellaneous Penaldic Acids. 
A number of miscellaneous penaldic acid derivatives 
have been prepared as models or to accomplish 
specific investigations. One of these is methyl 
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benzyloxypenaldato which was prepared by the 
NRRL and Upjohn groups (C.5, 4; 20) from 

carbobenzyloxyglycine methyl ester and methyl 
formate, but few details were reported. The Lilly 
group {L.il, 5) treated benzyl chlorocarbonat<^ with 
formylglycine ethyl ester diethylacetal to form an 
oily product which was probably ethyl benzyloxy- 
penaldate diethylacetal. The Squibb group 
9) formylated N-carbobenzyloxyglycinc ethyl ester 
and isolated the product as the 2,4-dinitropheiiyl- 
hydrazone melting at 117.5-118°. The eiiol benz¬ 
oate, prepared by adding benzoyl chloride io tlie 
oily product in aqueous potassium bicarbonate, 
melted at 102.5-103.5°. The amide was also 
prepared from the ester (Squibb, S.33, 9; Abraham, 
Baker, Chain, and Robinson, CPS.S4f^y 2), A 
crystalline benzyldithiopenaldic acid di(4hylac(‘tal 
melting at 79° was obtained by treating (iji-di- 
ethoxyalanine first with carbon disulfide and alkali 
and then with benzyl chloride (('ook, Harris, Heil- 
bron, and Shaw, CJ^S. 440 , 4). 

Kthoxypenaldic acid diethylacetal (Lilly, L.///, 10) 
was prepared by the action of ethyl chlorocarbonate 
on i3,/^^-dietll()xyalanine but was not crystallized. 
The m(»thyl ester was pnq^ared trom the acid by the 
use of diazomethane (billy, L.20, 17). Tlu‘ ethyl 
ester was prepared from /j,/j-diethoxyalanine ethyl 
ester and ethyl chlorocarbonat(\ 

Forrnylation of methyl hexahydrohippurate (Lilly, 
L,6y 12) giiw an oily product wliicli w^as probably 
methyl cyclohexylpenaldat<*. CondcTisation of the 
ethyl ester of /:l,it^-diethoxyalaninc with cyclohexyl- 
acetyl chloride yielded ethyl cyclohexylrnethyl- 
penaldate diethyl acetal (Pfizer, P£9, \2; S2y 11) 
wdiicli melted at (>1-02°. Saponification of this 
ester gave cyclohexylmethylpenaldic acid diethyl¬ 
acetal which melted at 121 125° and form(*d a 2,1- 
dinitrophenylhydrazone. 

Sorbyl chloride was condensed with /3,/3-diethoxy- 
alanin(‘ (PIiz(*r, P.^P 8 ) to give 1,3-pentadienyl- 
pcnaldic acid diethylacetal melting at 124-125°. 
Ethyl 1,3-pentadicnyl penaldate diethylacetal (Pfi¬ 
zer, P£Sy 18) was similarly prepared in a somewhat 
impure form melting at 78-80°. Saponification of 
this ester gave a good yield of the acid previously 
mentioned. The acid is somewhat unstable; the 
melting point dropped 10° in three weeks standing 
at room temperature in a tightly stoppered bottle. 

The Michigan chemical group (R.i^, 2) formyl- 
atod diphenylacetylglycinc ethyl ester to give crude 
ethyl benzhydrylpcnaldate which gave a 2,4-dini- 
trophenylhydrazone and a benzylamine derivative 
melting at 118-120°. This penaldate was converted 
by hydrogen chloride and dry ethanol to ethyl 
benzhydrylpcnaldate diethylacetal melting at 82- 
84° which, on saponification, gave benzhydryl- 
penaldic acid diethylacetal monohydrate melting at 
107-110°^ Forrnylation of diphenylacetylamino- 
acetonitrile (B.7J, 5) gave a crude product which 
did not give a satisfactory 2,4-dinitrophenylhydr- 


azone but did form a ciystallino benzylamine deriva¬ 
tive of benzhydrylpeiialdonitrile diethylacetal 
melting at 171-172°. 

Both styryl- and pluuiylelhylpeiialdic acid di- 
ethylacetals were prepared (Merck, 11) 

from (Syff-dwthoxyiihuiiiw and the appropriate a(‘id 
chlorides; these incdterl at 12f) 130° and 99-100° 
respectively. At a eoiisiderably later date' this 
work was repe'ated by Re>l)inson, Abraham, Baker, 
Chain, anel Re)binse)n {CPSM49^ 1) wdio re'ported 
melting points e)f 113° and 107-108° resjx'etivedy lor 
the same* ce>inpo inds. 

Mf'thylpe'iialelic acid diethylacetal was prepared 
first by ac(*tylation of jt:?,ir:l-dictlie>\yalaninei ((\>rn(‘ll 
lhe>ch., I).J9, 13) and late*!* by forrnylatiem e)f ethyl 
aee'turate* with sul)se'eiue'nt aevtalatiem and alkaline* 
hyelre>lysis {D,3S\ 1). l^thyl methylpemaldate was a 
pale yellow syrup which formed an anil melting at 
151 150°. Tre‘atinent e>f the fn*e aldehyde* with 
hydrogen eliku’ide and ethane>l folle)W(*(l by saponifi¬ 
cation e>f t he cst(*r gave me'thylpenaldie* acid elie*thyl- 
ace*tal. This e*oiupound showed a transition in 
e*r\stallinc form at 07 -08° and a rnicro-melting point 
e>f 8<S -89°. 

Atte‘mpts to pre'pare phthaliinidornalonaldehydic 
esters, either by le'actions of potassium phthalimidc 
with bre)momale)nalde*hyelic esters (NRRL, C.Sy 5; 
Merck, il/.e57, 10) or by forrnylation e)f phthalimido- 
aeetie esters (NRRL, C./J, 3; Merck, 717.57,10), we're* 
unsuccessful. 

The ethyl ester of /?,/if-dieth()xyalamnc was treated 
with a-naphthylacetyl (‘hloiidc (Merck, 71/.<S'7, 3) 
to obtain a compound which was probably ethyl 
a-naphthylmethjdpenaldate* diethylacetal. 

Ethyl 7i-heptylpenal(iat(' diethylacetal (Pfizer, 
P,^9y 13) was prepared by the action of 7/-octanoyl 
chloride e>n i3,i£l-diethoxyalanine ethyl ester. The* 
crude product \vas saponified to give ?i-heptyl- 
pcnaldie acid diethylacetal. 

a-Chlorobenzylpenaldic a(‘id diethylacetal w'as 
prepared by the Merck group (Merck, M,4^y 4) 
from phenylchloroacetyl chloride and formylglycine 
diethylacetal and formed a benzylamine salt melting 
at 147-148°. Somewiiat later, Copp, Duffin, 
Smith and Wilkinson (CPH.SBly 7) condensed 
phenylchloroacetyl chloridr* with the ethyl ester of 
/5,i5-diethyoxyalamne to give ethyl a-chlorobenzyl- 
penaldate diethylacetal melting at 45—47°. The 
methyl ester, prepared in the same way by New- 
bery and Raphael {CPS,378j 4), melted at 72-74°, 
but when this preparation was repeated by the 
Pfizer group (P.5/, 2), a melting point of 98° was 
found. A crude preparation of a!-bromobenzyl- 
penaldicaeid diethylacetal (King, Waley; Abraham, 
Baker, Chain, and Robinson CPS.272y 2 ) w^as 
treated with 2,4-dinitrophenylhydrazinc in acid 
solution. The hydrazone of a-bromophenylacetyl- 
aminoacetaldehyde was formed, indicating that 
decarboxylation had taken place. 
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Some Reactions of Benzylpenaldic Acid Deriva¬ 
tives. The important position of penaldic acid and 
its derivatives as a major portion of the penicillin 
molecule has aroused considerable scientific curi¬ 
osity. One of the earliest reactions involving 
benzylpenaldic acid was the hydrogenation to 
N-cyclohexylacetyl-DL-scrine (Merck, il/.i, 9) and 
the reduction of benzylp(‘naldic acid dicthylacetal 
to cyclohexylacetyl-a-alanine which has been 
previously mentioned. The Lilly group {L,4f ib) 
studied the hydrogenation of both the anil and the 
benzylaminc* derivative of (dhyl benzylpimaldate 
using Adams platinum oxide catalyst in glacial 
acetic acid and found that th(' hydrogen absorption 
indi(*ated reduction of both benzen(‘ rings and ap¬ 
parently most ot the —C—N— l)ond of the Schiff 
base, but no products were isolated from these 
(experiments. In further work they found (L.18, 9) 
that methyl biMizylpcmaldate took up four moh's 
of hydrogen, which is the correct amount for the 
benzene ring and the aldehyde group. Th(‘ hydro¬ 
genations of the anil and benzylaminc* derivative 
of ethyl benzylpenaldate were repeatcxl and in 
addition the SchitT base formed by ethyl benzyl- 
pcnaldate and glycine ethyl ester was hydrogenated. 
In all three cases, sufficient hydrogen to saturate 
all the double bonds was absorbed, but no products 
were isolated. The anil of ethyl benzylpenaldate 
was hydrogenated in alcohol with Haney nickel 
catalyst (Merck, M.5S, 8) and the product isolaUnl 
as the hydrochloride. The compound so prepared 
was a-phenylacetamido-j^^-phcnylaminopropionic 
acid hydrochloride which melted at 132-133°. The 
benzylamine derivative of ethyl benzylpenaldate 
was hydrogenated (Parke-Davis, 2 ) using 

Adams platinum oxide catalyst in hydrochloric 
acid. The product was ethyl a-phenylacetamido- 
^-benzylaminopropionate hydrochloride which 
melted at 127-131°. The anil of benzyl biuizyl- 
penaldatc (Merck, JV/.J7, 4) resisted attempts to 
hydrogenate it. 

As a starting material in the preparation of 
desthiobenzylpenicillin it was desired to have a 
desthiopcnicilloate wliich theoretically could be 
prepared by the condensation of benzylpenaldic 
aci(l or a derivative with valine or its esters fol¬ 
lowed by hydrogenation. Numerous attempts to 
prepare this type of compound have been reported. 
The Merck gnmp {M,53y 10; 57, 5) condensed the 
methyl esUu* of n-valine with ethyl benzylpenaldate 
aj\d, without isolating a product, submitted the 
reaction mixture to hydrogenation. From the final 
reaction i)roduct no crystalline compound could be 
isolated either as the free base or as the hydro¬ 
chloride. 1 n another attempt (M,55,4) made along 
similar lines except that benzyl benzylpenaldate 
was used instead of the ethyl ester, the only product 
isolated after hydrogenation was N-(phenylacetyl- 
amidoethyl) valine methyl ester. This indicated 
that a carbobenzyloxy group had been eliminated. 


The l^fizor group (P.33,7) prepared a crystalline 
condensation product from DL-valine methyl ester 
and ethyl benzylpenaldate. This Schiff base 
could be recrystallized from ethanol and melted at 
97-98°. The purified substance absorbed hydrogen 
much more readily than did the crude. Upon 
hydrogenation with Adams platinum oxide cata¬ 
lyst, the purified condensation product absorbed 
4 moles of hydrog(m (Pfizer, P.3,% 12; 34, 8) and 
gave a product melting at 68-70° which was ap¬ 
parent ly N- (2-carbethoxy-2-cy clohexylacet amido- 
ethyl) valine methyl ester. In subsequent runs the 
product could not be crystallized and probably 
was a difficultly separable mixture. 

Ethyl benzylpenaldate was also condensed with 
DL-S-benzylpenicillarnine in acetic acid (Mich. 
Chem., P.5, 5; 6', 1) and in pyridine (Squibb, 

IJ) to give the Schiff base which melted at 123- 
121°. About the sam(* time the (/ornell group 
(/>./?, 7) carricnl out a similar reaction except that 
li-S-benzylpenicillamine and the benzylamine deriv¬ 
ative of ethyl benzylpenaldate were used. The 
product could not be crystallized but was lyophilized 
from benzene to give a powder. Whem dj.-S- 
benzylpcnicillamine ethyl ester was condensed with 
ethyl benzylpenaldate the diethyl est-er of the 
Schiff base (Pfizer, P.33, 12) was obtained as a 
thick oil which gave a satisfactory analysis. 
Glycine ethyl est('r was treated with ethyl Ixmzyl- 
penaldate (Abbott, A.5, 5) to give a compound 
melting at 99-100° for which an antibiotic activity 
of }'20 uidt per milligram was reported. 

Benzylpenaldic hydrazide diethylac(4al (Mich. 
Chem., B.8, 9) was treated with nitrous acid to 
form the crystalline azide. Without isolation the 
azide was combined with cysteine. The product 
was the diethylacetal of N-(phenylacetyl-a-formyl- 
glycyl)-cy8teinp which melted at 158-100° and 
formed a 2,4-(Iinitrophenylhydrazone in acid solu¬ 
tion In a Bubsecjuent experiment (Mich. Chem., 
B.13, 6), DL-penicillamine was substituted for the 
cysteine in the above reaction to give DL-N-b(3nzyl- 
penaldylpenieillamine diethylacetal which was not 
obtained in crystalline form but was lyophilized 
to a white powder. It gave a dinitrophenylhydr- 
azone when warmed with aqueous acidic dinitro- 
phenylhydrazine, was soluble in alkali and gave a 
nitroprusside test. Copp, Duffin, Smith, and 
Wilkinson (CPS.388, 7) reported a melting point of 
67° for N-benzylpenaldylpenicillamine diethylacetal 
as prepared from DL-penicillamine. Benzylpenaldic 
acid azide dimethylacetal reacted with D-penicill- 
amine methyl ester to give D-N-benzylpenaldyl- 
penicillamine methyl ester dimethylacetal which 
melted at 122-123® and had —27° (c = 1.0 in 
methanol) (Merck, M.65, 12). When this experi¬ 
ment was performed with D-penicillamine instead 
of the methyl ester (Merck, M.63, 22) the product 
melted at 115-116° and had -b24° (c «= 1.0 in 
methanol). The treatment of methyl benzyl- 
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penaldale diethylacetal with hydrazine hydrate 
(Merck, 4) at room temperature gave 

4-pheiiylacetamido-5-pyrazoIone. 

(Jlilorination of the enol benzoate of ethyl benzyl- 
penaldate (NRRL, C.7, 5) gave ethyl 2,3-dichloro-2- 
phenylacetamido-3-benzoxypropionate which was 
a white crystalline solid melting at 75.5® and was 
extremely reactive. In the report mention was made 
of the bromination of the sodium salt of ethyl 
benzylpenaldate to give a halogen containing reac¬ 
tion product which yielded the phenjdosazone of the 
ethyl ester of ketoinalonaldehydic acid when 
treated with phenylhydrazine. This was con¬ 
sidered evidence for the formation of ethyl a-brom- 
obonzylpciialdate in the initial reaction. The 
Squibb group {S,20j 0) was also interested in obtain¬ 
ing this compound and brorninated the enol acetate 
of ethyl benzylpenaldate. 

The preparation of azlactonc‘S or 5-oxazoloncs 
from various penaldic derivatives was a natural 
outcome of the early interest in the thiazolidine- 
azlactone structure for penicillin. Considerable 
work on azlactonization has been done with a view 
to using this work as a model for the synthesis of 
penicillin. The formation of 2-benzyl-4-methoxy- 
methylene-5-oxazolone iiom benzyl penaldic acid 
dimethylacetal was mentioned in early Merck 
reports (3/./0, 7; 2j, but no details were given. 

The possible preparation of 2-benzyl-4-ethoxy- 
methyl(‘ue-5-oxazolone from benzylpenaldic acid 
diethylacetal using acetic anhydride and pyridine 
was indicated (Mich. Chern., R.i, 5) but the com¬ 
pound was not compl(‘tety characterized. Later 
the Michigan group (J5.d, 1) obtained a ciystalline 
2-benzyl-4-hy(lroxymethylerie-5-oxazolone melting 
at 130 132®. However, since considerable loss 
attended the crystallization, the crude product was 
usually employed. The 2-bcnzyl-4-hydroxymeth- 
ylene-5-oxazolone is a fairly strong acid and is not 
precipitated from its salts by acetic acid. From 
benzylpenaldic acid ethylmercaptal and acetic 
anhydride (Cornell Bioch., Z).4, 5), a compound was 
obtained as a thick oil, boiling at 180-18r)®/0.05 mm., 
which was probably 4-ethylmercaptomethylene-2- 
benzyl-5-oxazolonc. The Merck and Squibb work¬ 
ers 23; 8,15f 2) developed a method of 

azlactonizing benzylpenaldic acid diethylacetal 
at low temperature with benzoyl chloride and deter¬ 
mined the amount of reaction taking place by con¬ 
verting the oxazolone to the anilide of benzylpenaldic 
acid diethylacetal. When benzylpenaldic acid 
dimethylacetal was treated with phosphorus oxy¬ 
chloride and pyridine (Squibb, 8 ,20j 5) the product 
was 2-benzyl-4-methoxymethylene-6-oxazolone as 
indicated by melting point and mixed melting point 
determinations. When thionyl chloride was sub¬ 
stituted for the phosphorus oxycUoride extensive 
decomposition took place and no product could be 
isolated. 

The Merck group (M.SS, 16 ) studied a number of 


azlactonizing agents. They found that phosphorus 
tribromide in pyridine would form a compound 
which was apparently an azlactone since with 
amines Ihe corresponding amides of benzylpenaldic 
acid diethylacetal were formed. They were, how¬ 
ever, unsucc(\ssful in attempts to isolate the product 
as it existed before addition of the amines. They 
used phosphorus pentoxide as an azlactonizing agent 
and found a small amount of 2-benzyl-l-methoxy- 
methylene-5-oxazolone could be obtained. With 
copper sulfate, magnesium sulfate, and boiling 
cymene the results were unsatisfactory. 'Lhe 
Upjohn workers {U.IO, 5) found that by using a 
high grade of benzylpenaldic* acid dimethylacetal, 
white (‘rystalliru* 2-l)(‘nzyl-l-methoxymethylen('-5- 
oxazolone could lx* obtained vvhicli on saponifica¬ 
tion yield(‘d the (‘orresponding 4-hydr()xym(*thylene 
compound, but no details w(‘re disclosed. 

A procedure for the preparation oi 2-benzyl-4- 
hydroxymethylene-5-()xazolone was developed by 
the NRKL group {(\S, 5) aJid gave 81-80% yield of 
the azlactone starting with benzylpenaldit* acid 
diethylacetal. In order to obtain a white (*rystal- 
line product they found it n(*cessary first to isolate 
the potassium salt by adding the azlactone to potas¬ 
sium hydroxide in absolute ethanol. Another 
purilication method involved dissolving the crudt^ 
azlactone in liquid ammonia, evaporating tlu' 
ammonia, dissolving in watei, decolorizing with 
carbon and repredpitating at 0® with hydrochloric 
acid whereupon the azlactone separated as white 
microscopic needles. Complete details of th(‘ 
preparation of 2-benzyl-4-meth()xymethylem^-5-ox- 
azolone and 2-l)enzyl-4-hydroxymethylene-5-oxaz- 
olone were sul)se(iuently rej)orted by the lipjohii 
group (U.llf 19). The conditions necessary for the 
preparation of 2-benzyl-4-diethoxymethyl-5-oxaz- 
olone from benzylpenaldic acid diethylacetal were 
studied (Merck, M, 40 y 1). Since one ethoxy group 
was cleaved so easily during the preparation to give 
2-benzyl-4-cthoxymetliylene-5-oxazolone, very mild 
conditions were employed. Phosphorus tribromidc* 
and pyridine at 0® were used and the product when 
freshly prepared reacted with primary amines as if 
it contained the desired oxazolone or the anhydride. 
After standing at 0® for 24 hours or after the solvents 
had been removed in vacuo, it gave the reactions of 
2-benzyl-4-ethoxymethyl(uie-5-oxazolone, and 
therefore it appeared tliat the desired oxazolone 
was so unstable that it decomposed to the more 
stable unsaturated oxazolone under even such mild 
conditions as standing foi* 24 hours at 0®. The 
benzylamine derivative of ethyl benzylpenaldate 
was converted by means of phosphorus tribromide 
(I.C.I., CPS,422, 4) to 2-benzyl-4-benzylamino- 
mcthylene-5-oxazolone. 

The benzylamine derivative of methyl benzyl¬ 
penaldate was found (Upjohn, U,23y 5) to form 
2-benzyl-4-carbomethoxythiazole on heating with 
phosphorus pentasulfide in benzene. 2-Benzyl-4- 
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hydrnxympthylene-5-thiazolonp was prepared by 
the formylation of thioplienylacetyljflycine methyl 
ester (Squibb, 5). 'Hie same compound was 
obtained (Merck, .1/.47. 5) by the action of acetic 
anhydride on l>enzylthiopenaldic acid dietliylaeetal 
followed by treatment with aniline, then sodium 
hydroxide, and finally releasing the compound from 
the sodium salt with acid. The action of oxalyl 
chloride on the benzoyl de^i^•ative of the enolic 
form of metlijl benz>)penaldate (Merck, M 60, 14) 
Kave an oxazolidine-4,5-diotie (I). In extemling this 

CclIbC'OOf’lI ('- t'O-CHs 

I 

X-C'-O 

I I 

('olb.(Tl -C -O—C -O 

I 

work (Merck, M.65, 2) it was found that oxalyl 
chloride converted methyl benzylpcnaldate dimeth- 
ylacetal and midhyl «-phenylacefamido-i;f-mothoxy- 
acrylateto (II) and (III) respectively. 'I’he Cornell 

(CHsOl.f’lI—CTl --CO2CH3 

I 

N -(’--() 

I I 

C.HbCH—C—O—C-- 0 

II 

cn,ocH-=-(f—CO2CI1, 

I 

N-C--() 

I I 

C6lltCH--C~0—C=0 

III 

group (Cornell Bioch., D,82, i\) repeated some of this 
work and also condensed oxalyl chloride with benz- 
ylpenaldic acid dimetliylacetaL Under various 
conditions the isolation of a-phenylacetamido“/5- 
methoxyacrylic acid and what may be two forms of 
Q:>-methoxymethylene-3-(2-benzal-'4,5-oxazolidine- 
dione) acetic acid was accomplished, but a-dirneth- 
oxymethyl“3’'(2“benzal-4,5-oxazolidincdione) acetic 
acid was not obtained. When the benzylamine 
derivative of ethyl benzylpcnaldate was treated with 
oxalyl chloride the only product isolated was the 
monobenzylamide of oxalic acid. 

Since phenylacetamidc was the main product in 
the oxidation of benzylpenicillin with ammoniacal 
silver oxide and since this reaction received con¬ 
siderable attention, the Upjohn group (U4, 35; 6 , 
30; 6*, 11) studied the oxidation of methyl benzyl- 
pcnaldate. They found that eithc'r with potassium 
permanganate in acetone or alkaline silver oxide the 
main products were phenylacetamidc and phenyl- 
acetic acid. 

Ethyl benzylpcnaldate on treatment with phenyl- 
hydrazine (Parke-Davis, PD.5j 2; Pfizer, 14) 
yielded the corresponding pyrazolone, 1-phenyl- 
4-phenylacetamidopyrazolone-5 which melted at 


173°. Refluxing the 2,4-dinitrophenylhydrazone of 
methyl benzylpcnaldate in alcohol with concentrat¬ 
ed h 3 "dr()chloric acid gave a red crystalline solid, 
melting above 300°, which was i bought to be 1 -(2',4'- 
dinitrophenyl )-')-aminopyrazolone-5 (NRRL, C.7, 
6 ). Thioun^a reacted with ethyl benzylpcnaldate to 
give 5-phenylacetamido-2-thiouracil (Squibb, 

()) which melted at 319-322°, Ethyl bcnzylpenald- 
ate was decomposed by sodium ethoxide in abso¬ 
lute ethanol to ethyl phcuiylacetate in good yield 
(Mich Uhem., 7f.?, 2). Methyl benzylthiopenald- 
ate when heaU^d in acetic a(*id solution cyclized 
to give methyl 2 -b(mzylthiazole-l-carbox 3 date hy¬ 
drochloride (Uilty, LJ4f 15). 

WIhui treated with iodine in phosphate buffer so¬ 
lutions near neutrality, the free aldehyde groups of 
b(*nz 3 di)enaldate esten’s consume I wo equivalents of 
iodine per mole (Lilly, L.10, 0). Amine derivatives 
of the bcnzydpr'naldates, sucJi as the benzylamine 
derivative, also tak(^ up two eciuivaicnts of iodine. 

A number of ])enaldie derivatives have been 
added to fermentation media with the object of 
increasing the production of penicillin (Lilly, L.6, 
IG; 1()\ 1; 20 ^ 1). No stimulation was noted with 
methyl benzylpcnaldate, benzylpenaldic acid dicth- 
ylacetal, or benzyltbiopenaldie acid diethylacetal. 

Some Reactions of Other Penaldic Acid De¬ 
rivatives. Acetic anhydride and heat converted 
7 z-amylpenaldic acid diethylacetal (Plizer, 1\15, 8) 
into 2-i/-am3d-l-forrnyl-5-oxazolone which crystal¬ 
lized in white plates melting at 145-140°, In the 
same manner 1-pentenylpeualdic a(*id diethylacetal 
was converted to 2-(l'-pentenyl)-4-f()rniyl-5-Ow\azol- 
one which melted with decomposition at 122°. 
The anil of ethyl ri-amylpenaldate when treated 
with phosphorus pentacliloride (Brodrick, Peak, 
Short, Whitmoiit, and Wilson, CPU.305, 5) gave, 
not the desired anil of 2-amyl-5-etlioxy-oxazole-4- 
aldehyde, but two other products which probably 
are the hydrochloride of 2-amyl-4-anilinomcthylene- 
5-oxazolone and a chi oro derivative of ethyl 
l-phenyl-2-amylglyoxaline-4-carboxylate. 

3 -Pentenylpenaldic acid diethylacetal w^as con¬ 
verted in the usual manner to 2-(3'-pentenyl)-4- 
formyl-5-oxazolone which melted at 135-136° 
(Pfizer, P.31, 9). Ethyl n-amylpenaldate in a 
freshly prepared state was treated with methyl sul¬ 
fate to form ethyl /J-methoxy-a-caproamidoacrylate 
(Cornforth, Cornforth; Abraham, Chain, Baker, 
and Robinson, CPS.647, 3). In a similar man¬ 
ner using ethyl sulfate, they obtained ethyl jS-eth- 
oxy-a-caproylamidoacrylate melting at 61-62°. 
This ester on treatment with alcoholic solution of 
2,4-dinitrophenylhydrazine and sulfuric acid gave 
the hydrazone of ethyl n-amylpenaldate. 

p-Hydroxybenzylpenaldic acid diethylacetal on 
treatment with acetic anhydride gave a rather crude 
dark precipitate of 2-p-hydroxybenzyl-4-formyl-5- 
oxazolone (Pfizer, PJ9, 11). However, prepara¬ 
tion of the p-methoxy compound from p-methoxy- 
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benzylpcnaldic acid diethylacetal was more success¬ 
ful. The 2-p-methoxybenzyl-4-formyI-5-oxazolone 
melted at 117° and treatment with benzyl alcohol 
followed by bonzylamine gave tlie btmzylamine de¬ 
rivative of benzyl p-methoxybenzylpenaklate which 
melted at 12(5-'127°. p-Acetoxybenzylpenaldic acid 
diethylacetal on treatment with acetic anhydride 
(Pfizer, P.21, 0) gave a crude product, melting over 
the range which w^as probably 2 -( 7 >-acetoxy- 

benzyl)- l-cthoxymethylene-5-oxazolone. This prod¬ 
uct hydrolyzed on standing to a-p-acetoxyphenyl- 
acetamido-/3-ethoxyacrylic acid. 

Phenylpenaldic acid diethylacetal on treatment 
with acetic anhydride (Mich. Chem., B.l, 3) yielded 
2-phenyl-4-ethoxymethylene-5-oxazolone which 
formed nearly colorless needles melting at 95.5- 
96.5°. A similar reaction earned out with the 
dimethylacetal (Merck, M.19, 2) yielded 2-phenyI- 
4-metht)xymothylene-5-o\azolone which after 
recrystallization melted at 110-111°. The 4- 
mcthoxymethyleno derivative was hydrolyzed to 
2-phenyl- l-formyl-5-oxazolone. Using the same 
reagent, the Cornell group {D.Jf., 3) converted phen¬ 
ylpenaldic acid diethylmercaptal to 2-phenyl-4- 
ethylmercaptomethylene-5-oxazolone which formed 
yellow needles melting at 107-108°. Phosphorus 
tribromide effected the conversion of phcnyl- 
penaldic acid diethylacetal to 2-phen3d-l-('thoxy- 
mcthylene-5-oxazolone (Barber, G regory, Slack, 
Stickings, and VVoolman, CPS.2S4t 15). 

The action of phosphorus oxychloride on eth>l 
phenylpenaldate diethylacetal was found (Brodrick, 
Peak, and Wilson, CPS,417, 7) to yield 2-phenyl- 
4-ethoxymethylene-5-o\azolone; benzenesulfonyl 
chloride reacted with ethyl phenylpenaldate di¬ 
ethylacetal in pyridine to gi\e a (‘ompound which 
was probably ethyl /C^-ethoxy-a-benzamidoacrylate. 
On the other hand, phosphorus tribroniide acting on 
ethyl phenylpenaldate diethylacetal (I.C.L, CPS. 
422 , 4) produced a material which, on treatment 
with ammonium hydroxide, left needles of 2-plienyl- 
oxazole-4-carbo.xyamide. Treatment of <‘thyl phen- 
ylpenaldatc with aniline (Merck, M.81, 7) yielded 
ethyl /3-anilino-a-benzamidoacrylate. When 2- 
amino-1-chlorothiophenol was treated with ethyl 
phenylpenaldate, a compound with a variable 
melting point was formed (Barber, Gregory, Slack, 
and Stickings, CPS.591, 9) which analyzed for a 
combination of the starting materials less a molecule 
of water. Phosgene was found to be capable of 
azlactonizing phenylpenaldic acid diethylacetal 
(Merck, MJ5c, 23) and the previously descril)ed 
ethoxymethylcne-oxazolone was isolated. I4eer, 
King; Abraham, Baker, Chain, and Robinson 
(CPS.268, 2) found that when the hydrazide of 
phenylpenaldic acid diethylacetal was warmed in 
acid solution, it was converted to 4-benzamido- 
pyrazol-6-one. Treatment of the hydrazide with 
acetic anhydride gave phenylpenaldic acethydrazide 
diethylacetal. Phenylpenaldic acid azide diethyl¬ 


acetal and penicillamine reached to form N-phen}^- 
penaldylpenicillamine dii'thvlaci'tal (Ck^pp, Duflin, 
Smith, and Wilkinson, CPS.8//), 3). 

When the benzylamine derivative of ('thyl 
phenylpenaldate was treated with phosphorus 
pentacliloride, oxychloride, or tribromide (l.t^.L, 
CPS.2 46 , 3) the product w^as 2-i)henyl-4-b(‘nzyl- 
aminornet hylene-5-o\azolone. The Schiff base 
from ethyl phenylpenaldate and glycinc' ethyl ester 
W'as hydrogentated tind hydrolyzed to N-(carbo\y- 
iS-benzamidoethyl)gly(‘ine (Wilson, Peak, and Bro¬ 
drick, CPS.4t7i\P. ^ 

Among the reactions studied on a number of mis¬ 
cellaneous pt^naldat(»s w as the convt‘rsion of the (4hyl 
ester of /if,d-diethoxyalanine to wdiat was thought to 
be 5}s-3,()-diethoxymethyl-2,5-diketopiperazine 
which was isolated as a heavy oil (Parke-1 )avis, 
PD. 14 , 2). This oil gave two unkhmtified 2,4- 
dinitrophenylhydrazones melting at 131° and 207°. 

Ethyl nor])enaldate in tin* form of its crude 
sodium enolate reacted wdth acetic anhydride to give 
ethyl a-forrnylamino-i^-acetoxyacrylatc (NRRL, 

C. 6\ 2). The Plizer group {J\23, 16) coiiv(Tted 
norpenaldic acid diethyla(*etal by the action of 
acetic anhydride to an oily product whi(‘h w^as 
probably 4-etho\ymethyh‘ne-5-oxazolone. They 
were unsuccessful in isolating l-formyl-5-oxazolone 
from the saponih(‘ation of the* ethoxy compound 
probably because of its instability. The condensa¬ 
tion of ethyl norpenaldate with DL-valine ethyl 
(‘ster gave a product which was ]>robably the Schiff 
base but remained as a viscous oil and would not 
crystallize' (CoriK'll Bioch., D 30, 5). 

Methylpenaldic acid diethyia(*('tal with acetic 
anhydride gave 4-ethoxymethyleni'-2-methy 1-5-ox- 
azolone which was obtained as an oil (Gornell Bioch., 

D. S2, 5). /:f,/3-Diethoxyalanine reacted with di- 
thiophenylacetic acid with the formation of a 
compound which w^as probably 2-benzyl-4-thiazole- 
carboxylic acid (Merck, M. 40 , 5), The action of 
pheiiylacetiinino methyl ether on dietho\>alanine 
(Merck, M. 40 , 7) yii'ldc'd a compound oi the 
st rue lure 

(C2ll5())2Gn cii roji 
I 

2-w-Hcptyl-t-foriiiyl-5-o\azolone w as prepart'd 
(Pfizer, P.Sl, 10 ) by the action of acetic anhydride 
on 7<-hcptylpcnaldic acid diethylacetal. By the 
same method 1,3-pentadienylpcualdic acid diethyl¬ 
acetal was converted to 2-(l',3'-pcntadienyl)-4- 
cthoxymethylcn(‘-5-o\azolone (Pfizer, P.SS, 9). In 
a similar manner the C'ornell group {D.30, 10 ; 3) 

prepared 2-p-nitrophenyl- and 2-p-nitrobenzyl-4- 
ethoxymethylcne-5-oxazolon('s from p-nitrophenyl- 
and p-nitrobenzylpenaldic acid diethylacetals 
respectively. The reaction of a-bromobenzylpen- 
aldic acid diethylacetal with acetic anhydride has 
been shown to yield 4-diothoxymethyi-2-benzyl- 
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idenepseudooxazolone which was isolated as an oily 
product (Kin^, Waley; Abraham, Baker, Chain, and 
Robinson, CPS,272^2 ). a,/3-i?^s-benzylaminoeth- 
ane condensed with methyl a-chlorobcnzylponaldate 
diethylacetal (Baddiley, Kilby, and Todd, CPS,544, 
4) to give a compound which probably had the 
structure: 

CIULWU CH(OC2Tl6)2 

I I 

CHa—NCH(C6TK)CONIlCnCOOCIl3 

I 

(Tlo~N‘CIHCfln5)(H)Nn-(TI(^0()CH3 

! I 

vihvdh cm(0C2H6)2 

Preparation of Thiazolidines from Benzylpenaldic 
Acid and Derivatives. Methyl bcnzyipcnaldate 
when condensed with i>L-penicillamine (Parke- 
Davis, PD,8y 1) gave an amorphous penicilloate 
(2-(phenylacetamidocarbomelhoxymethyl)-5,5-di- 
methylthiazolidine-4-carboxylic acid). I'he Michi¬ 
gan group {BJy 7) reported the cond(‘nsation of 
ethyl benzylpenuldate with both cysteine and nn- 
penicillamine. In the hi-st cas(» the 2-phenylacet- 
amidocarbethoxymethylthiazolidinc-4-carboxylic 
acid (a-ethyl dcsdimethylpenicilloate) formed crys¬ 
tals melting at 159 16(P and in the second case an 
oily product w^as obtained. The Merck group 
4) performed essentially the same reactions 
and found that the expected thiazolidine ester 
from the reaction with cysteine melted at 165-1G7®. 
and had an initial [a]u —39® in pH 8 buffer. In 
another experiment the diethylacetal of benzyl¬ 
penaldic acid was condensed with cysteine (Mich, 
("hem., B.ly 5); decarboxylation took place and the 
ethyl ester of the corresponding penilloic acid 
(ethyl 2-phenylacetamidomethylthiazolidine-4-carb- 
oxylate) was recovered. 

When ethyl benzylpenaldate w^as condensed with 
D-penicillamine (Merck, MJOy 1) the penicilloate 
(2-phenylacetamidocarbethoxymethyl-5,5-dimethyl- 
thiazolidine-4-carboxylic acid) formed fine needles 
melting at 150® and having an initial [ajD +171® in 
pH 8 buffer. An amorphous condensation product 
was prepared (NRRL, C\Sy 6) from methyl benzyl- 
pcnaldate and DL-penieillamine. The benzoyl de¬ 
rivative of the enolic form of ethyl benzylpenaldate 
was condensed (NRRL, C,5, 2) with cysteine to give 
the previously described desdimethylpenicilloate. 
The benzylamide of benzylpenaldic acid when con¬ 
densed with D-penicillamine (Merck, MA6c, 4) 
yielded an a-benzylamide of the corresponding 
penicilloic acid whiidi was isolated as the benzyl- 
amine salt wluch melted at 180-181® and had 

+ 78® in ethanol. When benzylpenaldonitrile 
diethylacetal was condensed with penicillamine 
hydrochloride (Merck, M,16Cy 6) the supposed 
penicilloic acid nitrile was obtained as a glassy 
solid. The Michigan group (R.S, 5) condensed 
ethyl benzylpenaldate with both cysteine and 
DL-penieillamine methyl esters to form the penicil¬ 


loate methyl ethyl esters as oils in both cases. 
The Cornell group (Z>.7, 4) found that the benzyl- 
amine derivative of ethyl benzylpenaldate was 
as effective as the free aldehyde in the formation of 
penicilloates with both cysteine and DL-penicill- 
amine. When benzylpenaldamide diethylacetal 
was treated at 70® with iv-cysteine hydrochloride 
(Pfizer, PJOy G) the product w^as the corresponding 
amide of benzyldesdimethylpenicilloic acid. 

The reaction betvvecui ethyl benzylpenaldate and 
jS-thiothreonine (Upjohn, U.O, 7) yielded the 
corresponding homolog of tlie ethyl penicilloate. 
The Cornell group (D./.9, 9) repeated this wT)rk, 
employing the two isomers of thiothreonine indi- 
\idually, and isolated tw’^o isomeric thiazolidines 
which melted respectively at 134-137® and 180- 
182®. DL-Cysteine on condensation with ethyl 
benzylpenaldate (Merck, if/.29, 7) gave the ethyl 
DL-desdimethylptuiicilloate melting at 188®. The 
same investigators (M.29, 10) condense<l benzyl 
benzylpenaldate with D-penicillamine; the result¬ 
ing benzyl benzylpenicilloate was a brittle glass Init 
formed a crystalline benzylamine salt. Ph(*nyl 
benzylpenaldate and cysteine methyl ester (il/.29, 
1 J) reacted to give a small yield of a product melt¬ 
ing at 1()5® which w^as probably the corresponding 
a-phenyl j5-methyl desdimethylpenicilloate. Benz¬ 
ylpenaldic acid benzylamide was condensed wdth 
L-penicillamine (Upjohn, t/.7, 21) to give the cor¬ 
responding penicilloate. The condensation of benz¬ 
yl benzylpenaldate with i.-cysteine (Upjohn, U,7, 
32) yielded the benzyl ester of the desdimethyl¬ 
penicilloate. 

Tlie benzylamin(‘ derivative of ethyl benzyl¬ 
penaldate was condensed with D-penicillamine 
(Cornell Bioch., D./2, 4) to give the previously 
described penicilloate. L-Cysteine ethyl ester and 
ethyl benzylpenaldate (Pfizer, J\14y 7) gave a 
diethyl desdimethylpenicilloate melting at 108-110® 
and having —97®. The reaction between 

methyl benzylthiopenaldate diethylacetal and dl- 
penicillamine hydrochloride (Cook, Elvidge, and 
Heilbron, CPS. 199, 4) yielded the corresponding 
methyl DL-penillate melting at 165®. The Merck 
group {M.37, 21) condensed methyl benzylpenaldate 
with D-penicillamine methyl ester to give a dimethyl 
penicilloate which was isolated as the hydrochloride 
melting at 102® and had [ajo®® +G3.8®. The cnol 
acetate of ethyl benzylpenaldate on condensation 
with cysteine (Mich. Chem., 3.7, 1) gave the same 
penicilloate as when the free aldehyde was used. 
The Upjohn group (U.ll, 15) converted the 
benzylamine derivative of methyl benzylpenaldate 
to the corresponding methyl d- and L-penicilloates 
by condensation with d- and L-penicillamines. 
They also condensed benzyl benzylpenaldate with 
L-cysteine (U.ll, 21) to obtain the benzyl ester of 
the desdimethylpenicilloate melting at 168-169®. 
The same workers (UJl, 23) repeated the reaction 
of benzyl benzylpenaldate with D-penicillamine as 



PENJLLOALDKHYDES AND PENALDIC ACIDS 


499 


previously performed by the Merck group {M£9j 
10) with the same results. However, when the 
benzylamine derivative of bimzyl benzylpenaldate 
was used the benzyl D-penieilloate was obtained in 
crystalline form, melting at 159-1()()° (UJSby 5). 
L-Penicillamino witli benzyl benzylpenaldate gave 
the benzyl L-penioilloale which melted at 146-147® 
(f/.//, 24). 

Th(‘ use of hydrogen fluoride as a condensing 
agent for D-penieillaminc and methyl b(‘nzyli)enald- 
ate was investigated by the Merck group 2) 

and found to give a small yield of the usual methyl 
penicilloate. 

The Upjohn group (UJShy 0) condenscMl d- and 
L-penicillamine methyl esters and the benzylamine 
derivative of benzyl benzylpenaldate to give the 
benzyl methyl d- an<l L-pemicilloates; both melted at 
96-98®. Methyl benzylpenaldate dimethylaeetal 
was condensed with D-p(*nicillamin(‘ hydrochloride 
(Merck, 19) to gi\e the pre\i()usly described 

methyl penicilloate. Jt was found ])ossible (Pfizer, 
PJ9y 1; Wy 1 I) to condense ethyl benzylpenaldate 
diethylacetal and either cysteine ethyl (‘ster hydro¬ 
chloride or cystedne in the absence of solvent by 
means of heat to the corresponding penicilloates. 

The Squibb group (^ d/, 11) condensed dextro- 
rotatoiT methyl l)onzylp(Mialdat(‘ dimethylaeetal 
with nrv-penicillamine but lound that the product 
had no optical activity show mg that an intermediate 
had been formed which allowed racemizatioii. In 
the same way D-penicillamine was condensed with 
the optically active penaldate and only the know’n 
methyl n-penicilloate was obtained. When the 
technique of penicilloate iormation in the absence 
of a solvent was employed, some evidence of 
optical activity in the product was obtained using 
active penaldate and inactive penicillamine (Squibb, 
S.SSy 5). But when both reactants were optically 
active, the usual isomer was obtained showing 
racemizalion of the penaldate. 

Condensation of the benzylamine derivative of 
benzyl benzylpenaldate with Ij- and D-penicillamine 
methyl esters gave a methyl benzyl n-penicilloate 
melting at 93.5-94.5® and a methyl benzyl D-penicil- 
loate melting at 92-90®. Methyl a-chlorobenzyl- 
penaldate diethylacetal was condensed wdth DL-pen- 
icillaminc hydrochloride (Newbery and Raphael, 
CPS.S78y 4) to give the corresponding methyl 
DL-chlorobenzylpenicilloate. 

The Merck group {M.65y 15) condensed benzyl 
benzylpenaldate with D-penicillamine to obtain a 
benzyl penicilloate which melted at 164-105® and 
had +116®. This product is probably in the 
7 -series and similar to the product obtained by 
Upjohn workers {U.16, 17) but different from the 
one reported by the Merck group {M.29, 9). 
Benzylpenaldonitrile diethylacetal w’^as condensed 
with D-penicillamine hydrochloride (Merck, M.56, 
16) to give a small yield of what was presumed to be 
the corresponding penicilloic nitrile. 


A report by the Upjohn group {U.J8y 6) men¬ 
tioned the condensation of the benzylamine deriva¬ 
tives of methyl and ethyl benzylpenaldates with 
N-methyl-L-penicillamine to give the respective 
N-4-methylpenicilloates, but no details w'ere given. 
In a later report {JJJOy 2) N-methylc> steine and the 
benz>damine derivati\e of methyl benzylpenaldate 
were condensed to yield a methyl N-t-methyl- 
desdirnethyl])eniciIloate melting at 165-167 5®, In 
a similar manner benzyl benzylpenaldate gave the 
benzyl ester melting at 180®. N-Metliylpenicill- 
amine and the benzylamine derivative of ethyl 
penaldate condensed to give the reiiuired N-1- 
methylpenicilloate which wras not crystallized. 
Similarly, the benzylamine derivative of Ix^nzyl 
benzylpenaldate gi\ es the benzyl ester of the ])roper 
N-4-me1hylp(‘nicilloa1e wfliich was obtained as an 
amorphous solid 'i'hen^ w^as some doubt throwm 
on th( structur(‘ of the condensation products of 
the p(‘naldates with N-rnethyl cysteine and penicill¬ 
amine, but this work needs furth(‘r investigation. 
These compounds could have th(‘ open disulfide 
structure (Upjohn, I ^ 6; 23, 4). 

L-Peni(*illamiiie nudliyl ester hydrochloride w^as 
condensed with lienzylpenaldamide dietliylacetal 
(Pfizei, P.23y 8) to give thc^ reejuired L-i)enicilloic 
estei amide which melted at 191-192® The 
D-isomei, similailv prepanxl Iroin D-penicilIamine 
methyl ester hydrochloride^, had the sam(‘ imdting 
point Ethyl homobenzvlpenaldate (ethyl a-pheii- 
lacetamidosucemate stumaldehyde) was condeiKsed 
with D-peiiicillamine (Cornell Bioch., D.33, 5) to 
gi\e the corresponding a-ethyl homoi>enicilloate 
which was an amorphous product. Methyl a-chlo- 
robenzylpenaldate diethylacetal was condensed 
with D-penicillamine methyl ester (Pfizer, P.32y 10) 
to give the dimethyl ester of the required chloro- 
penicilloate w+ich was a ciystalline product melting 
at 126-127®. Ethyl lienzylpenaldate reacted with 
2-aminothiophenol (Merck, M,Sly 9) to give ethyl 
a-phenylacetamido-2-bonzothiazoline-acetat e melt¬ 
ing at 112-114®. When 4-chloro-2-aminothiophenol 
was used in this reaction ethyl 5-chloro-a-phenyl- 
acetamido-2-benzothiazoline-acetatemeltmgatl05- 
115® was obtained. 

Preparation of Thiazolidines from Other Penaldic 
Acid Derivatives. Ethyl n-amylpenaldate reacted 
with penicillamine to form the expected thiazolidine 
(Bentley, Catch, Cook, Elvidge, Hall, and lleil- 
bron, Pen, 4). Methyl n-amylpenaldat(' was 
condensed with D-penicillamine methyl est(T (Merck, 
MJ2ay 18) to give the dimethyl ester of the 7i-amyl- 
penicilloate which was a viscous semi-crystalline oil. 
Methyl 7i-amylpenaldate was treated with Dii- 
cysteine (Upjohh, 30) to give the corresponding 
penicilloate. The use of DL-penicillamine in this 
reaction gave a water soluble oil which was not 
further characterized. The Merck group {M,15c, 
9) were able to obtain a crystalline hydrochloride of 
the expected penicilloate which melted at 159-161® 
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when they treated methyl Af-amylpcnaldatc with 
T)-penicillamine. 

The condensation of a phenylpenaldate to give a 
thiazolidine hydrochloride which melted at 130® 
was mentioned by tlie linpi*rial College workers 
{CPS,5f 3) but no details were included. The 
Cornell group {D. 3J treated ethyl phenylpenaldate 
with cysteine to prepare 2-b(mzamidocarb<'thoxy- 
methylthiazolidiue-4-«carboxyli(‘ acid whi(*h melted 
at 1()5“1G7®. The Michigan group (/?./, G) con¬ 
densed phenylpenaldic acid diethylai^etal with 
cysteine and found that decarboxylation had taken 
place as the product was the tliiazolidine from the 
corresponding pcnilloaldehyde. A similar reac¬ 
tion occurred (Merck, AfJ5c, 11; 2) in the 

condensation of phenylpenaldic acid diethylacetal 
with DTi-penicillamine. From the njaction of ethyl 
phenylpenaldate and DL-penicillamin(‘ (Mich. 
Chein,, BJy G) a white powder was isolated which 
was probably the expected pcnicilloate. Cyst(‘ine 
methyl ester reacted with ethyl phenylpenaldate 
(Mich. Chein., B.S, 4) to produce the methyl 
ethyl ester of the corresponding pcnicilloate. 
When ethyl phenylpenaldate was condensed with 
i>L-cysteine (Merck, MJO, S) the corre^sponding 
thiazolidine melted at 155.«5~15G®. The Merck 
group (M.33t 9; 57, 12j cinnbined methyl phenyl¬ 
penaldate with D-penicillamine metliyl ester to 
give the expected dimethyl penicilloate whose 
hydrochloride melted at 193"-J 94® and had 
4-44.2® (c ~ 3.1 in 1% hydrochloric acid). 
Ethyl phenylpenaldate diethylacetal and penicill¬ 
amine hydrochloride on h(*ating in glacial acetic 
acid (Newbery and Raphael, CPS.20()y 1) gave the 
corresponding penicilloate hydrocbloi ide. 

Benzyl phenylpenaldate wlu»n condensed with 
DL-penicillamine (l.C.I. CPS,346, 2) gave a non¬ 
crystalline product having a reasonably good 
analysis for the corresponding penicilloate; with 
DL-penicillamin(‘ methyl and benzyl estiTS it yielded 
crystalline penicilloic esters (l.C.I. CPS.479, 7; 
634y 15). Ethyl phenylpenaldate diethylacetal 
reacted with penicillamine ethyl ester hydrocliloridc 
(Newbery and Raphael, CPS,378, 3) to give the 
diethyl ester of the required peni(*illoate which 
was isolated as its hydrochloride midting at 1G5- 
IGG®. /3-Methylaminoethyl mercaptan when con¬ 
densed with ethyl phenylpenaldate (Brodrick, 
Peak, and Wilson, CPS.417, 8) afforded 3-methyl-2- 
benzamidocarbcthoxymethylthiazolidine. 

D-Penicillamine Iwdrochloride and the benzyl- 
amine derivative of phenylpenaldonitrile (Squibb, 
S. 43 , 3) reacted to form what was probably the 
corresponding pcnicillonitrile although the solid 
product had a rather poor analysis. Benzyl and 
ethyl phenylthiopenaldates were condensed with 
D and DL-penicillamine respectively (Copp, Duffin, 
Smith, and Wilkinson, CPS.5 42 , 8). In the first 
case no product was isolated while in the second 
case hydrolysis and decarboxylation occurred so 


that the product was the corresponding penilloic 
acid hydrochloride. L-Cysteine methyl ester com¬ 
bined with ethyl phenylpenaldate gave a mixed 
ester of the penicilloate type (Shell, Sli.13, 182). 

2-Amino-(4hanethiol and ethyl phcmylpenaldate 
reacted to giv(^ ethyl a-bcnzamido-2-thiazolidine- 
acetate (Shell, Sh.l4^ 209). 

Methyl p-rniahoxybenzylpenaldate reacted with 
D-pcmicillamiiie (Piizer, P.3(), 9) to give an amor¬ 
phous product, probably the corresponding methyl 
penicilloate. Tlie same reaction with L-cysteino 
produced <‘rystalliiu‘ 2-p-methoxyphenyIacetamido- 
carbomethoxymethylthiazoUdine-4-carboxylic acid 

which mclb'ci at 1G5-1GG® (P.19, 14). 

ICthyl norpeualdate was condensed with n-cys- 
tmne iiydrochloride (Sejuibb, S.22, 8) to give the 
h,vdrochlorid(* of the expected penicilloate which 
m<4ted at 185® with deiiomposition. Similar con¬ 
densations using L-i)enicillamine (Lilly, L.ll, 5; 
Merck, M.37, 10) gave amorphous products. C^ys- 
teine I'thyl (‘ster (Scpiibb, S.25, 8) reacted with 
ethyl norpenaldate to yi(*ld diethyl desdiinethyl- 
penicilloati' wMch medted at 109®; with nn-peni- 
cillamine (S.27, 8) a w4iitc powder melting at 71-75® 
resulted. Oysteine methyl ester (jondensc'd with 
ethyl norpenaldate (Winthrop, Ha 
ciystalline product melting at 131-135®. 

As a starting material in the synthesis of penillic 
acid the Merck group synthc'sized methyl 2-(amino- 

carbomethoxymethyl )-5,5-dimethyI thiazolidine-4- 
carboxylato by condensing ])enicillamine methyl 
ester with methyl norpcnaldat(‘ (M.47, 28) or with 
its bonzylamine derivative {MM), 1) and removing 
the formyl group with methanol and hydrogen 
chloride. Ethyl norpenaldate^ reacttMl with P-pen- 
icillamine (Parke-Davis, PD. 10, 5) to give a 
crystalline (‘thyl penicilloate melting at 194 194.5®; 
with /^methylaniinoethyl mercaptan (Brodrick, 
Peak, Whitmont, and Wilson, CPS.592, 5) it gave 
a crude thiazolidine which was deformylated to 
2-aminocarbethoxymcthyl-3-methylthiazolidine 
whose dihydrochloride melted at 1G9-170®. Ethyl 
norpenaldate diethylacetal with D-penicillamine 
methyl ester hydrochloride (Squibb, S.35, 8) yielded 
the expected penicilloate as a white non-liygroscopic 
powder. 

ifil, /?-Diethoxyalanine and DL-penicillamine reacted 
(Abraham, Chain, Baker, and Robinson, CPS.235, 
2) to give DL-2-aminomethyl-5,5-dimethylthiazol- 
idine-4-carboxylic acid dihydrochloride. 

Methyl benzyloxypenaldate diethylacetal was 
condensed with D-penicillamine (Merck, M.47, 19; 
60, 21) to yield the corresponding penicilloate which 
was precipitated as a light yellow powder but not 
crystallized. Methyl benzyloxypenaldate diethyl¬ 
acetal was combined with DP-ponicillamine (Abra¬ 
ham, Baker, Chain, and Robinson, CPS.S4S, 2) to 
form the thiazolidine as a brittle wliite solid. In a 
similar manner, benzyloxypenaldamide diethyl¬ 
acetal was reacted with Dn-penicillamine to yipld the 
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corresponding; peiiicilloamido melting at 195® 
(Abraham, Baker, Chain, and Robinson, 

3; Squibb, SJS^ 10). M(4hyl ethoxypenaldate 
(ii(‘thylac*etal was coupled with n-poiiic ill amine 
(Lilly, L.14j 11; 19) and the desired lliiazolidine 

was obtained as the hydrochlol•id(^ 

Ethyl cyclohoxylmethylpc'naldate was condensed 
with T)-peniciIlamine to give the expected peni(‘il- 
loate (Pfiz(M*, 7) vvliich melt(‘d at 182-183® 

and had +01® (in m(‘thanol). DL-Peuicill- 

amine reacted with ethyl benzhydrylpenaldate to 
yield tlu^ corn^sponding thiazolidine melting at 
88-05° (Mich. COiern., /L/^, 3). 

Physical Studies on Penaldic Acid Derivatives. 
The Cornell group (D.*9, 5) studied the ultraviolet 
absorption of ethyl benzylpenaldatc* and (‘oncluded 
that the material showed (aid absorption ])ut no 
characteristic maxima bc^tween 2,250 and ^1,000 A. 
On the other hand, the benzylamine derivath’^e of 
ethyl benzyliienaldate showcsl a maximum (Em 
22,500) at 2,820 A. Tn th(‘ cours(‘ ot an investiga¬ 
tion of the ultraviohd absorption spectra of (dhyl 
benzylpfuialdate (Merck, Af.SO, I) certain large 
absorption bands were observed which suggested 
that this material could exist in two forms. System- 
ati<5 iuv(‘stigatioii sho\\(‘d this to be the case. 
Ethyl penaldate of stru<‘ture: 

0(Tl(TlNH(X)Cll2Coll6 

I 

C'OOC.IK 

shows no strong ultraviolet absorption band in 
alcoholic solution, but on the addition of alkali a 
very large band with Em 15,000 at 2,075 A appears 
at once. Subsequc^nt acidification causes im- 
mc'diate loss ol th(‘ 2,075 A band and r(\storation 
of the original weak absor]ition. If again made 
alkaline, the 2,(>75 A baud reappi^ars Tliis be¬ 
havior sugg(\sts that the following tautomeric 
rearraiigeimait occurs: 

OCHATLNHCTKTlaCelL 

I 

C()()(\IU 


acid 


alkali 


OCHC^N—CCTiaCcIU 

II I 

CJItO COH OH 

Table II presents data showing how the 2,675 A 
band changes as a function of pH. 

The ultraviolet absorption in pH 3 buffer pos¬ 
sesses no prominent band, only a weak end absorp¬ 
tion with small superimposed phenyl bands at 
2,620, 2,580 and 2,640 A. 

It was also concluded that the benzylamine deri¬ 
vative of ethyl benzylpenaldate has the structure: 


cdhcih‘^u=^cn‘cyi--cvuzi 

II I 

OH 

In another report the Mer(*k group ( 1/ JS, 3) dis~ 
cuss(»d th(‘ ultraviolet absorption ol l)«*nzylp(Uialdi(‘ 
acid benzylamide diethylacelal, th(^ anili(l(‘ (»f 
benzylpenaldic acid diethylacelal and the aniline 
derivati\e of (‘thyl lienzylpenaldate 


TVRLK TI 
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12 0 


to 1 
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11,000 

7 0 
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0 0 
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0 
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The ionization constants for the imols of (dhyl 
phcnylpenaldate and methyl benzyljxmaldale u(‘r(* 
determined by the Lilly workers {L.17, 11); the 
pK values fall in the range (>.3 to (>.6. 

The Squibb group 15) studic'd tlu^ azlac- 

tonization of optically actn(‘ benzylpenaldic a(*id 
dim(‘thylacetal. It was (wid(*nt from the rotation 
change's that no optically active azlactone was 
fortru'd. The racemization was probably due to 
rapid elimination of methanol and dou))l<‘-bond 
formation. From the spectrographic data, it may 
be eoueluded that this reaction led initially to 
tt-phenylacetarnido-jS-methoxyacrylie acid which in 
turn was rapidly azlactonizc'd to 2-benzyl-4- 
methoxymethylene-5-oxazolone. 

The ultraviolet absorption spectra of methyl 
N-nitrosobenzylpenaldatc diethylacctal was re- 
porte'd by the Merck wHirkers {Af.79, 3). It 
showed a maximum of Em 5,000 at 2,175 A; the 
corresponding values of N-nitrosocycloliexylaeet- 
amide and ethyl N-nitrosophenaceturat(' were' 
Em 5,600 at 2,450 A and Em 7,750 at 2,380 A, 
respectively. 

The Pfizer group {P.SS^ 3) compared the absorp¬ 
tion spectra of the condensation product of valine 
methyl ester and ethyl benzylpenaldate, the benzyl- 
amine derivative of ethyl benzylpenaldate, the 
aniline derivative of ethyl benzylpenaldate and 
a-phenylacetamido-/?-beiizylaminoaerylic acid. 
From the four carves, it was decided that the first 
three compounds mentioned have the same struc¬ 
ture and that this structure is not typical of the 
fourth, which is the normal acrylic type of absorp¬ 
tion. 

The infrared absorption spectra of a number of 
penaldates and related derivatives have been listed 
by several investigators. The data for methyl 
benzylpenaldate were recorded by the Merck 
{M£l, 14) and Shell {ShJ2^ 7) groups. Similar 
data for methyl benzylpenaldate diethylacetal and 
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diniethylacrtal niay be found in variouH n^ports 
(Shell, ShJJ, 7; Mich. Ph.As., R.ll, Chart 45; 
Merck, Mf)S, 0). lienzylpeiiuldic acid diethyl- and 
diniethvlacetids were n‘poittHl by the same groups 
(.S7/JJ/7; }x\IL Chari 10; d/..7<s\ 9). In addition, 
sped ra of met hyl a-phenylac('tainido-/j-ethoxyacryl- 
at(', (‘thyl (^-ph(Miylacetamido-/i-benzylaininoacryl- 
ate and N-b(‘nzyl-l)enz> Ipenaldic acid diethylacetal 
are recorde<l in Merck n*ports {MMly 14; 64, i). 

Preparation and Reactions of Benzylpenaldic 
Acid Homologs. Jn order to study azlactonization 
and /i-lactam formation of a largcu* and more easily 
forimd ring, a liomolog of benzylp(‘naldic acid was 
d(\sired. 14ie first attempt to ruakt* jt^-formyl-N- 
phenylacfdylalanine was report( hI by the Michigan 
group [RMy 3). w lu) lorrnylated diethylphenylacetyl- 
aspartale but could not obtain any crystalline 
d(‘rivat ives of th(‘ product. Phenyla(‘etamido- 
cyanoethylrnalonic ester was f)r('{)ar(Hl in tin* same 
laboratory, but the nitrile group could not be 
converted to the aldehydf^ by Stephen\s method. 
The C/ornell workers 8) were succi'ssful in 

obtaining N-benzoyl-/:f-formylalaniue ethyl ester 
by decomposing tlie ozonide of (‘thyl allylhip- 
purate. TIk' ])rodu(*t was characteriz(‘d as the 
2,4-dinitrophenylhydrazone (m.p. 155°) and the 
o\im(‘ (ru.p. 114 110°). The frc'c ald(‘hyde was 
cond(‘nsed with n-cyst<‘in(‘ to give 2-(2'-carbethoxy- 
2'-b(‘nzamidoetl)yl)thiazolidine-4-carboxylic acid. 
In a similar manner ethyl allylphenaceturate was 
ozonized and d(x*oinposed to gi\e N-phenylacetyl- 
jtt-formylalanine ethyl ester w'hich was converted 
to the diiiitrophenylliydrazone. On condemsing 
the free aldehyde with L-cysteine there was obtained 
2-(2'-carbethoxy-2'-phenylacctamidoethyl)thiaz- 
olidine-4-carboxylic acid. In a later report (Cor¬ 
nell Bioch., 1),26, 8) the preparation was described 
of the oxime of N-phenylacetyl-/3-formylalanine 
ethyl ester, which melted at 90-93°. The diethyl¬ 
acetal of N-phcnylac.etyl-/[i-formylalanine was pre¬ 
pared from the ethyl ester with cthanolic hydrogen 
chloride followed by saponification to the acid. 
Attempts to crystallize this acid were unsuccessful. 
By the same method N-benzoyl-iS-formylalanine 
diethylacetal w'as prepared as a crude oil. Both of 
these acids were condensed with n-penicillamine 
methyl ester to give 4-carbomethoxy-6,5-dimethyl- 
thiazolidine-2-(a-phenylacetaniido)propionic acid 
hydrochloride melting at 92-98° and the corre¬ 
sponding benzamido compound melting at about 
80-90°. 

Preparation of a-Methylpenaldic Acids and De¬ 
rivatives. In order to form a stable 4-formyI-5- 
oxazolone it w as desirable to have a group other 
than a hydrogen atom attached at the 4-position so 
as to avoid enolization. The oxazolone having the 
free aldehyde structure would then possibly react 
with penicillamine to form a substituted ‘‘penicil¬ 
lin'^ of the oxazolone-thiazolidine structure. One 
particularly useful group to have in the 4-position 


would b(‘ the methyl group. As starting material 
for such oxazolones a number of a-methylpenaldates 
were prepared. 

Th(‘ formylafion of /z-caproylalanine (Oatch, 
Cook, and lleilbron, CPH.lOf), 4) gave a compound 
which w'as thought to be «-(*aproylarnino-<y-me<hyl- 
maloriakl(4iydic acid dicthylaccdal, and in a similar 
manner the N-phenylacetyl analog w'as pr(‘})ar('d. 
Tlie Michigan group (/i.7, 5) <‘\plored two rout(‘S 
to Ihc i)r(‘paration of ethyl r^f-methylbenzyl- 
penaldatc'. ()n(‘ was the Tn(‘thylati()n of the sodio 
derivative of the diethylacetal of (‘thyl benzyl- 
penaldate and the other was the formylation of 
ethyl a-ph(‘nylac(‘tamid()i)iopionate. Neither of 
th<‘s<‘ ai)proa(*hes wais successful in pre^paring the 
desiK'd compound. The C'orn(‘ll group (D./.7, 6) 
forniylatcHl N-phenylacetylalanine (‘thyl (*ster and 
isolated the product as tlie 2,4-(linitroph(‘nylhydr- 
azone melting at 154-155°. Sonu'what hiter, the 
same works’s (1),2S, 2) pr(‘par(‘(l benzyl a-m(‘thyl- 
benzylpenaldate dim(‘tliylac(‘tal by azlactonizing 
the acid and treating tlu' pi'oduet with sodium 
benzylate. M(‘th>l a-inethyJb(‘nzylpenal(late di- 
ethyiacetal w^as prepar(‘(J (S(juibl), 8) by the 

action of diazom(‘thane on the (‘oriTstxmchng acid 
and melted at 100°. Both a-m(‘tliyll)(‘nz.\ Ipenaldic 
acid diethylacetal and a-m(‘thyl-//-amylp(*naldic 
acid diethylacetal w^enr con\ (*rti‘(l to tin* C()rr(‘s})ond- 
ing oxaz()lon(‘s by means of acetic anhydri(l(‘ (Catch, 
Cook, and lleilbron, CiV./75, 4) and l)oth of Ui(‘se 
oxazciloiK's werv obtained as oily produ(‘ts. By 
fusion of a mixture of methyl o-nH‘t liylh(*nzyl- 
pcnaldate diethylac(‘tal with i)-p(‘nicillamin(‘ hydro¬ 
chloride, the Scpiibl) group {SM9y 2) was able to 
prepare an amorphous product vvliicli was pi'obably 
the desired homolog of benzylp('nicilloic ester. The 
same reaction wdth D-pcmicillamine medhyl ester 
gave the amorphous (lim(‘thyl ester (Scpiibb, 

N-Alkylated Penaldic Acid Derivatives. Some 
interest developed in the N-methyl analog of 
penicillin at the time the azlactoiu^-thiazolidine 
formula was in greatest favor and c()nse(iuently a 
number of N-mcthylpenaldates wore prepared. 
By the formylation of N-formylsarcosine methyl 
ester followed by removal of the N-formyl group 
with simultaneous acetal formation and saponifica¬ 
tion, there was obtained N-methyl-^,/3-diethoxyal- 
anine melting at 198-200° (Lilly, L.lSy 13; 14 , 8). 
The corresponding methyl esters were also pr('parcd 
in a similar manner {L.20y 12) or by the action of 
diazomethane. Reaction of the methyl ester of 
N-methyl-^i,i(3-dimethoxyaIanine with penicillamine 
led to a hygroscopic product which was not com¬ 
pletely investigated. Methyl N-methylnorpenald- 
ate was prepared 3) by formylation in the 

usual manner and the product was obtained as the 
sodium salt of the enol form with the correct 
analysis. From this sodium salt, the benzylamine 
derivative melting at 91-94° was formed. This 
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compound was then condensed with D«penicillainine 
metliyl ester hydroclilorid(» but the desired N-meth- 
yIp(‘nicilloate was not obtained. Somewhat later 
(L.^5, 7) the methyl ester of N-metliylnorpenaldic 
acid dimethylae('tal was condensed in g;lacial acetic 
acid with D-penicillamine hydrochloride to give 
2-(N-formylmethylaniinocarb()methoxymethyl)- 
5,5-dimethylthiazoli<iine-4-carb()xylic acid. This 
reaction was rep(‘ated with the free aldehyde instead 
of the dimethylacetal and in one case the above 
mentioned thiazolidine melted at 160-1()7°. 

The f ormylation of N-phenylacct ylsarcosine 
methyl ester was performed by the Upjohn group 
{U.19, 9; 3) and the m(‘thyl N-m(‘thylbenzyl“ 

penaldate was obtaiiuHl in poor yi(‘ld as th(‘ 2,4- 
dinitrophenylhydrazon(\ Th(‘ main product was a 
pyrrolidone formed by intramolecular condensation. 
N-Benzoylsarcosine methyl was succt‘ssfully 

formylated by the Merck group {MM3, 1); the 
methyl N-methylphenylpenaldate melted at 111- 
140®. Keaction with aiiiliiu' conver t(*d this product 
into meth}^ Q'-(N-b(‘nzoyl“N-raethylajninoj-/:^-ani- 
linoacrjdate melting at 201 205®; on condensation 
with D-penicillamine and its m(‘thyl ester (Merck, 
M.OSj 2) it yielded methyl D-i-(*arbo\y-5,5-di- 
methylthiazolidine-2-(a:-N-rn(4hyl-N-b(*nzamido)- 
acetate and the corresponding dimethyl ester. At 
the same time, ethyl N-m('thylph('nylp(‘naldate 
was prepared by formvlation ol ethyl N-methylhip- 
purate (Copp, Duffin, Smith, and Wilkinson, 
CPS.404j 2). The anilim^ derivativ(‘ of this alde¬ 
hyde melted at 179® w'hile the b(*nzylamine d(*riva~ 
tivc meltc^d at 154°. Ethyl N-methylph(‘nylpen- 
aldate w^as later condemsed with D-penicillamino 
to give ethyl D-4-carbox3^-5,5-diinethyl-a-(X-meth- 
ylbcnzamido)-2-thiazolidine-ac(4ate (Copp, Duffin, 
Smith, and Wilkinson, CPSM4^, 10). N-Caproyl- 
sarcosine methyl ester was also formylated (Merck, 
MMtf, 12) and the product isolated as the aniline 
derivative wdiich melted at 130 131®. The formyl- 
ation of the corresponding N-acetylsarcosine ethyl 
ester (Copp, Duffin, Smith, and Wilkinson, CPaS. 
64^, 8) gave ethyl N-methylmethylpenaldate. The 
aniline derivative of this compound melted at 141® 
and the benzylamine derivative melted at 106-107®. 

The Michigan chemists {B.2, 10) formylated the 
ester of isobutyrylglycine to give a sodium salt of 
ethyl isopropylpenaldate which formed a 2,4-di- 
nitrophenylhydrazone. The free aldtiiyde w^as 
converted to the dicthylacetal in the usual manner 
and the ester saponified to give isopropylpenaldic 
acid. The ester w^as condensed with cysteine to 
give the tliiazolidine (Mich. Chem., 12). 

There have been prepared a few" members of a 
class of compounds which strictly speaking are not 
penaldates but are very closely related. These are 
the N-alkyl- and aryl-aminomalonaldehydic acids 
and derivatives. N-Benzylglycine ethyl ester was 
formylated by the Winthrop group 7) in the 

usual naanner to give ethyl N-benzylnorpenaldate. 


This product was conv(*rted to the dicthylacetal 
with ethyl orthoformatc. Hjrlrolysis with dry 
ethanolic liydrogen chloride removed th(^ formyl 
group to give N-benzyl-i^^,/?-diethox\yalanin(‘, which 
was also prepared in low yield bj" the redaction 
betw"(»(‘n (*thyl a-chlor()-/i,/^l-diethoxypropionate and 
benzylamiru' The same reactions wer(‘ p(‘rfo]*med 
with N-l)enzylglycin(‘ methyl ester. 

A similar seri(‘s of reactions was follow^ed by Copp, 
Duffin, Smith, ami Wilkinson (rP<S.367, 3), who 
prepar'd tin* acetatf* and benzoate of tli(‘ cmol foi rn 
of N-benzylnorpi'iialdic ethyl (\st(‘r. 'rn'utment of 
the par(*nt ald(4iyd(^ with hydrogen chloride and 
ethanol followed by saponification gave N-himzyl- 
iet hoxy al a nine. 

The Merck group (4f.6T>, 13) (‘omhuiscd 
cthoxyalanine w ith bcnzaldehydt‘ and hydrogenatc'd 
the product. Th(' resulting N-bonzyldicthox}’- 
alanine was treated with phenylac(4yl chloride; the 
product (rn.p. 103 104®) may have been N-b('nzyl- 
benzylp('naldic acid diethylacetal but was not 
further identified. Ethyl N-benzylphenylpfUiald- 
ate was pn'pared by the formylatioir ol ethyl 
N-benzylhippurate (Copp, J4uffin, Smith, and 
Wilkinson, CPS,4^)4^ 3); both the aniline and Ixmzyl- 
amine derivatives melted at 117 -118®. Condensa¬ 
tion of the free aldehyde ester w"ith glycine gave 
the SehifT base Ethyl N-btuizylphenylpenaldate 
w"as also condens(‘d with DL-p(»nicillamin(‘ and 
an amorphous ])roducl was obtained w’hi(‘h was 
probably the desired thiazolidine. 

The Merck group {MM3^ (>) formylated N- 
benzyl-N-formylglycine Ubutyl ester to give the a- 
formylated product. N-J^enzylbenzylpenaldic acid 
diethylacetal was condensed with D-penieillamine to 
form d- 2- (N-benzyIpheny 1 acetamidocarbom o11 loxy- 
methyl)-5,5-diraethylthiazolidine-4-carb()xylic acid 
which w"as obtained as a fluffy solid (Merck, MM3, 
5). The benzylamine salt of this acid was obtained 
in crystalline form melting at 154-156®. 

N-Benzylcaproylglycine ethyl ester was formyl¬ 
ated (Copp, Duffin, Smith, and Wilkinson, CPSM 42 y 
7) and the product isolated as the benzylamine 
derivative which melted at 75®. Condensation 
of the impure free aldehyde with DL-penicillamine 
gave the hydrochloride of a product which w'as. 
probably the desired thiazolidine. The attempted 
form34ation of N-benzyl-AMiexeiioylglycine ethyl 
ester resulted in a shift of the double bond, fol¬ 
lowed by intramole(*ular condensation to give 
N-benzyl-3-A®-buten3"l-2,4-pyrrolidione. The same 
protiuct was obtained by ring closun^ of N-benzyl- 
A^-hexenoylglycine ethyl ester. 

The absorption spectra of eth>l N-methyl- 
phenylpeiialdate, ethyl N-beiizylphenylpenaldate, 
their aniline and benzylamine derivatives W(*re 
des(*rihed by Copp, Duffin, Smith, and Wilkinson, 
{CPSM4'^, 5). 

Acrylic Derivatives Related to the Penaldates. 

As the enol form of benzylpcnaldic acid is idi^ntical 
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with a-phonylacetarni(lo-/:t-hydroxyac*ry]ic acid, a 
discuiSKsioii of the preparation and rc'actiorus of a 
number of «-acylarnido“d-hydroxyacrylic acidvS and 
their derivativen seeing appropriatt\ 

Methyl «-ph(myla(‘('tamido-d-etho\yacrylate was 
obtained by tlu' action of water on 2-benzyl- 
4:-etho\yin(dhylen('-5-o\iizolone hydro])roinide, 
(Merck, 12) followed by treatment of the 

acid product, with diazometliane. In a later 
experinx^nt ( J/ J >, 7 j I Ik* a-])h(*nylac('tamido-d~ 
ethoxyacrylic acid and the corresponding /d-metliox.v 
acid were prepared in a siinilai' manner. The 
reaction of tlx* methoxy acid with diazometham* 
{MJiO, b) K'i^ve methyl a-phenylacetamid()-/i-metli'- 
oxyaerylMt('. Heat inj? met hyl i)-benzyIpenicillenatc 
at 120-125° for tour hours ^ave <^-phen>laeetamido- 
d-metho\yacrylic acid G). This acid has 

also been isolated from the action ot oxalyl chloride 
on the dimethylacetal of benzylpeiuildic acid (Cor¬ 
nell Hioch., D.S2j 0). 

Tlx* r(*action of benzylarnine with ethyl b(*nzyl- 
pcnaldate diethylacetal ^^ave ethyl a-jihenylacet- 
amido-|C?-benzylaminoacrylate (Merck, M A2a, G; 

11). a-Phenylacetamido-d-benzylaruinoacrylic acid 
was prepared from the l)enzylamin(* derivative of 
ethyl benzylpenaldate by hot alkaline hydrolysis 
(Parke-I)avis, PDJl, \). The benzylaniide ot the 
acid was prepared ])y the action of benzylarnine on 
methyl b(*nzylpenicillin sulfono (Merck, M.olJ, 2) 
and on 2-benzyl-4-ethoxymethylene-5-oxazolone 
hydrobromide (Cpjohn, I'Mj 5; Merck, MMOy 5). 
The reaction of ammonia with methyl benzyl¬ 
penaldate (Merck, M.73y 4) gave methyl a-piienyl- 
acctamido-iS-aminoacrylate. 

Ethyl a-(a-ethoxyethylideneaminoj-/3-acetoxy- 
acrylate wm converted by the action of aniline into 
ethyl «-acetamido-i5-anilinoacrylate (Cornforth, 
Cornforth; Abraham, Baker, C'hain, and Robinson, 
CPS,4^3y 8). The starting material for the above 
reaction was prepared by the forinylation of ethyl 
a-ethoxyethylidoneaminoacetal and was isolated 
as the potassium salt. Other homologs of this 
compound were prepared in the same manner. 
Methyl phenylpenaldate on treatment with diazo¬ 
methane yielded methyl a-benzamido-jS-methoxy- 
acrylatc (Copp, Diiffin, Smith, and Wilkinson, 
CPS,688y 2). On distillation, benzyl phenylpenald¬ 
ate diethylacetal was converted to benzyl a-benz- 
amido-iS-ethoxyaciylate (l.C.I,, CPS.4^3y 5). 

The isolation of ethyl norpenaldate as the enol 
benzoate has already been discussed. This (ithyl 
a-formamido-/?-bcnzoyloxyacrylaU^ was reported 
by the NRRL group {C,6y 7). The same workers 
also prepared a-phonyl acetamid o-/3-benzoyloxy- 
acrylic acid from the oxazolone and benzoyl chloride 
(C.Sy 10). 2-p-Acetoxybenzyl-4-ethoxyinetfaylene- 
5-oxazolone on standing exposed to the moisture of 
the air was converted into a-p-acetoxyphenyl- 
acetamido-jtl-ethoxyacrylic acid (Pfizer, PM, 7), 
a-Carbobenzyloxyamino-/3-benzoyloxyacrylic acid 


was formed by th(* benzoylation of the corresponding 
penaldate (Squibb, 9). The action of atmos¬ 
pheric moisture* converted 2-/t-amyl- 1-hydroxy- 
methyl(‘neoxazoloiu* into a-ca])royIamino-/il-ethoxy- 
acrylic acid (Attenburrow, Elliott, Hems, and 
Robinson, CPS.73, 3). The action of ethyl and 
methyl sulfate's on e»thyl N-amylpenaldate gave 
/1-et hoxy- and d-metho\y-a-caproyIamine)acrylates 
re*spe*cti\e*ly (Cemiforth, Cornforth; Abraham, 
Baker, Chain, and Robinson, (PS.t)47, 3). 

It has b(^e*n sliowm that compounds of the* type' of 
a-formamiele)-/3-be*nzoylo\yacrylic acid (‘an be hy- 
(Jre^lyzcd to the (‘orn^sponeling pemaldic acid by 
base's like sodium hydi oxide* or benizylamine (Mich. 
Chem., P.7y 4). Ncillier /:l-m(*thoxy- nor 0-ethyl- 
me*r(iapto-a-phenylac('tami(l(>acryrK‘ acid whe*n coii- 
deMiseni with D-pe'uicillamiiie gave a compound 
having antilnotic activity {(K)rn('ll Bioch., 74.37, 9). 

The ultraviolet; ubs()r[)ti()n data for jtt-methoxy- 
and /3-e'thoxy-e^-ph('n> lacetarnidoacrylic acid w’cre 
reported by the Men'k group (4/.7, 1; V2c, G; 
38, I). The ultraviolet speetra of several Schiff 
liases were compare'd with that oi «-plicnylac(‘t- 
amido-j3-l)('nzylarniiioacrylic acid (Pfizer, 7'*.J.>, 4,5). 

E X P b: R 1 M i: X T 4 L 

Determination of the Structure of Benzylpenaldic Acid 
(Merck, M 13, 2) A saiuph* o1 221 inj; ol tlic hen/v lainino 
salt of the monolK'n/vliiinidc of I)e‘i>/\ Ipoiinalloic 4M id was 
dissolv^e'd in 20 C(* of caihon dio\id(*-fn'(' di^tillcd waU'r 
with the aid of 1 o cc of nudhanol Tiie solution was 
conce*ntrated for ten njinuP's at a pr<‘sMn( n| 2 3 nun. of 
me»rcury. To the solidlein was epncklv addrd 20 ce. ol a 
5% solution of mercuric chloride' in e'aibon dioMde-fre*e 
distill(*d water. The flask containmji: tlie mixture' wa*. e'on- 
nected to an absorption tram for the' d»te]rnination of any 
carbon dioxide hberalc'd in the reaction with inere'unc 
chloride. The reaction w^as allow (‘d to jiroce'cd for .SO niin~ 
utes at room lemperatuie un(h*r a pressure' of 2 mm. of 
rae*rcury The cat bon dioxide lound in tin* abseirption tube 
weighed 2 7 mg. (about 0 1 mol ) The evidence indicated 
that the reaction did not involve decarboxylation. 

Whi'ii the mercuric clilonde was added to the solution of 
benzylarnine salt of tlie monobe'nzylamide of benzylpeni- 
cilloic' acid in this e'xpenrne'nt, a wliite amorphous precipitate 
appeare'd. The pre'cipitalion seemed to be complete in a 
very few minute's After determuiation of carbon dioxide 
evolved, the reaction mixture was filt(*n*d, and to one-half 
of the filtrate was added a solution of 39 mg. of 2,4-clinitro- 
pheiiylhydrazme in a little concentrated sulfuric acid. A 
canary yellow precipitate* of a 2,4-dinitrophenylhydrazone 
was formed which was filtered, washed and dried. It 
weighed 16.1 mg. and melted with decomposition at 215*^ 
(cap.). After three recrystallizations from absolute ethanol, 
the 2,4-dinitrophenyIhydrazone weighed 8.7 mg. and melted 
with de'composition at 231-233*' (cap.). This melting point 
appearc'd to be constant. 

Calc, for CaJIsaNeOa: C 58.77; H 4.52; N 17.14 
Found: C 58.98; 11 4.56; N 16.94 

The substance appeared to be the 2,4-dinitrophenylhydrazone 
of an aldehyde of the empirical formula, CiaHigNjOi. It 
seemed probable that the benzylamide group introduceei 
into benzylpenicillin by reaction with benzylarnine was 
present in this degradation product. The aldehyde was 
subsequently shown to be the benzylamide of benzylpenaldic 
acid. 
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In other experiments a inuch larger yield of the 2,4-dinitro- 
phenylhydrazone of tli(‘ beiizylaniide of benzylpc'naldie aeid 
was obtained, indicating that this substance was one of thcj 
major products of the mercuric chloride reaction with the 
monobenzylamide of benzylpenicilloic acid. 

A semicarbazone was also formed by b(*nzylpenaldic acid 
benzylamide. The preparation w^as obtained as prisms 
melting at 210-217° (cap.) after two recrystalhzations from 
dilute ethanol. 

(^alc. for (^^H 2 lN 6 (>-^: (\ 0*2.11; 11 5 70; N 10 00 
Found: C G2.5H; 11 0.10; N 10.40 

It ne(‘ded additional recrystallizntion. 

In another exixTiment using 000 mg. of crystalline sfidium 
benzylpenicilhiuite, the filtrate obtained after removal of the 
iiUTciiry precipitat(‘ wns lyophilized. The n'sidue, a white 
powder, wuis takisi into ethanol and treated with hydrogen 
sulfide to nuiiove the miTcury. Af1(‘r removal of mercuric 
sulfide, the filtrate was ('vaporated to dryness under reduced 
pressure and yiekhnl a mass of white neiMlles. This crystal¬ 
line product was boiled with im*thanol for a few minutes, 
filtcr(‘d and crystallized by cooling and scratching The 
crystalline product, 00 mg., imdlcd at 137-130'' (cap ) 
After recrystallizalion from methanol it melted at 103-1<)5° 
(eorr.) (micro-block). 

(\llc. for f )2()ll24N204: 

(' 07.30, H 0.79; N 7.S0: (K'Jl, 17 4 
Found: 

(* 07 41; II 0.05; N 8.0!), (X'lls 18.4 (separate jirefiaration) 

This product which was the dimethylaeetal of the mono¬ 
benzylamide of benzylpenaldic acid, wuis optically inactive, 
[aln 0° (c 1.4 in met hanol), and (hdenmnations at other 
wavelengths on a Sidutmii in ti'trachloroethaiie gave con¬ 
firmation of optical iriaeln ity. 

Redu(‘tioii of the monobenzylamide of l>enzylpenaldic 
aeid was aecomplislu'd as follow^s: a solution of 73.7 mg. of 
the benzylamide dimethvlneetal in !) ml. of methyl alcohol 
and 1 ml of 2 N hydrochloric acid w as redii<‘<'d with hydrogen 
using 08 5 mg. of platinum oxide catalyst. The reduction 
w’as earned out for about one hour under one atmosphere of 
pressure; after this time no more hydrogen wuis absorbed. 
The reduction mixture was filt(*red from the catalyst and 
evaporated to dryness yi(*lding a crystalline residue After 
sublimation and recrystallization from dilute methanol a 
eryslalline product was obtaini'd wdiich ni<*lt(*<l at 107° 
(micro-block). 

CVc.for(*2on,oN204: C 60.27; H 8.34; N 7.73; OCIL 17.13 
Calc, for C*aoH,eN 204 : 05.18; H 0.85; S 7.60; OCU, 16.84 
Calc, for ()3 oH 24N204 (original compound): 

C 67.30: H 6.70; N 7.86; OCIT, 17.4 
Found: C 65.27; H 0.70; N 7.80; OCU, 20.63 

The data indicate reduction of the aromatic rmgs, but no 
change in the acetal group. This acetal appears to be rather 
stable. 

Since the acetal w^a.s resistant to hydrolysis and reduction, 
it was decided to reduce the free aldehydi'. Accordingly, 
264 mg, of the benzylamine salt of the monobenzylamide of 
benzylpenicilloic acid (mono-hydrat(*) was dissolved in 36 ce, 
of distilled water and treated with 2.41 ce. of saturated (20%) 
aqueous mercuric chloride solution. A slight exces.s of 
mercuric chloride was present in the supernatant solution and 
precipitation appeared to have bt‘en rapid and complete. 
The entire mixture was treat (‘d with an ecpial volume of 
freshly reduced dioxane which caused re-solution of the 
precipitate. The solution was diluted to 125 ce. with 50% 
dioxane-water mixture and about 200 mg. of Raney nickel 
catdyst added. After stirring the solution, 200 mg. of 
platinum oxide was added and the solution shaken under 
hydrogen for thirty minutes. The nickel and platinum 
were removed by filtration and new^ catalyst added. This 
process was repeated three times. When the fresh catalyst 


was added the last time, 1 ec. of eoneentraled hyilroehloric 
acid w'as also addt‘d. Hydrogen absorption was complete 
in about thirty inimites. 

The n'ductioii mixture was filtert'd jiom catalyst ami 
concent rat (*d to about one-third the original volume A con- 
siderabl(‘ eioj) of crystals which had separated dining the 
eoneimtration w’ere filt(‘r(*d, w’ashed witli water, and dii(‘il 
The melting point of the crude ir>stals was 171 173" i^eap ) 
After recry.stallization five times from metham)!, the crystals 
(fine iic*e<iles) im'lted at 102 101° (mi<To-bloek i. \Mi('n 
this product was mixed with the synthetic evelolu‘\vl- 
mcdhylamifle of N-eyelohe\ylac(‘tylserme (iiultmg point 
102-104° (micro-block)), the melting point W’as found to be 
lt)2-104° (miero-blfx'k; 

(ale. for (kHlIaAi-O.. C 06 03. 11 0.01 
Found: f' 00 27; 11 0.04 

Tlie synthetic samyde was prepared as followrs. a -olulion 
ol 01 ing. of N-phenylacetylserine benzylamide of the 
amide m 00 cc of methanol yilus 10 ee. of 2.5 .V hydro¬ 
chloric acirl w^as shaken w'lth platinum catalyst and hydrogen 
Five to SIX mole^ of h 3 ’drogen were absorbed m to 
hour. The product was rceryslalhzed from methanol, 
ni p. 101°. 

('ale for ('iJL.NsO,: (' 00 01; H 0 04; N 8.03 
Found: (* 00 01; H 10.33; N 8.70 

Isolation of Methyl 2-PeDtenylpenaldate Jloon, ( Vilam, 
C^arrington, and Freeman, CPS.4J, 2). The barium salt ot 
methanol-ina(‘tivati*d 2-pcntenylp(‘nicillin (0 008 g ) dis¬ 
solved ill absolut(‘ imdhanol (7 cc.) was treatiMl with im*rcuiic 
chloride (0.831 g.) in methanol (10 oe.) in a stream oi nitro¬ 
gen and there was an immediate' ereaiii-colon'd preeiyiitate. 
Carbon dioxidi', equivalent to 1.2 ml. of 0.1 barium 
hydroxide, i.e , 3 0% of 1 niol(‘ p<*r mole of barium salt of 
inactivated penicillin, was evolvi'd. A further pn'cijiitato 
of mercuric chloride eomjilex w^as obtaim'd after ri'inoval of 
the methanol from the suiiernatant wdution and addition 
of w^ater (15 oe.). The combined precipitates were re¬ 
suspended in water and the mc'ri’ury removed as mercurie sul¬ 
fide. The supi'rnatant solution was evaiiorated to dryness 
in vacuo at room temperature and gave a small yield of 
colorless m'odh's, arranged in rosettt's. O'his product, which 
was not obtained in sufficient quantity for further purifica¬ 
tion, gave positive thiol reactions wdth feme chloride 
and sodium nitroprussido and appeart'd to be penicillamine 
hytirochloride. 

The aqueous supernatant solution and w^ashings were 
treated wuth an exei'ss of 2,4-dinitrophonylhydrazin(‘ in 2 A 
hydrochloric acid and gave a yt'llow' amorphous jirecijiitate 
of method 2-pentenylpenaidate 2,4-dinitrophenylhydrazone 
(0,273 g.}. The crude hydrazone (m.p. 133°) was reerystal- 
lized from warm absolute ethanol and obtaim'd as long y(*llow 
needles'^, m.p. 140°. 

(*alc. for (kfiHi^NX);: C 48.8; H 4.S3; N 17.8; OClh 7.88 
Found: (* 48.7; H 4,85; N 17.0; OCIL 7.3 

Isolation of the Benzylamide of ^-Phenylacetamido-/3- 
benzylamlnoacrylic Acid (Merck, 4/.56', 7; 14). X solu¬ 

tion of 51 mg. of mi'thyl benzylpeiiicillui siilfone in 2 ml. of 
chloroform containing 20.4 mg. of benzylamine was allow’^ed 
to stand for two hours at room temperature. The reatdion 
proceeded very rapidly and in ti'ii minutes the specific 
rotation dropped from 4*172° to 4-112°. In forty minutes, 
the Rpeeifie rotation was 4-81°, in tw'o hours, 4-73°, The 
residue seeiired upon evaporation was cry.stallizt'd from 
methanol, giving 17 mg. of fine needles melting at (54-05°. 
Aftc'r recrystallization from methanol, the melting point 
was constant at ()()~07°, The product was optically 
inactive. 

The product solvati'd strongl)" and exhibited consid('raf>le 
variation in melting point dept'nding upon the apparatus 
used. By n'crystallization of material (from crystallization 
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in ethanol) melting at 118-119° (cap.) from methanol, a 
product melting at 69-70° (micro-block) was secured which 
showed no depression in melting point on admixtun* with the 
degradation product. The analy 1 ical data support a formula 
containing one molecule of methanol of crystallization. 

Calc, for C^aJl 2 f, 02 N 2 -CIIi()lI: 

r 72:My; H 6.77; N 9.73 
Found: C 72 66 , 72.73; II 6 94, 6.72; N 10.12 

A solution of 6 mg of the lienzylaminc' ilegradatioii prod¬ 
uct in 1.5 ml, of methanol was treated with 1.5 ml. of Brady’s 
reagent and a produet immediately precipitated. After 
several numiU*s thi* precipitate was centrifuged and recrys¬ 
tallized from m(‘thaiiol. The com pound melted at 246-248° 
and did not depre.ss tin* melting point of authentic 2 , 4 -di- 
iiitrophenylhvdrazone of benzylpenaldic achl bi'iizylamide, 
m.p. 249-250°. 

("ale. for (" 24 H 25 O 6 N.: N 17.10 
Found: N 17.32 

These I'xperiments indicate that the lieiizylamint* reaction 
product is tin' benzylamide of «-i)lienylac<‘tamido-^-benzyl- 
aminoacrylic acid with either methanol or ethanol of crystal¬ 
lization depending upon the solvent us(‘d for crystallization 
Ethyl Benzylpenaldate (Parke-Davis, 1 ) Sodium 

ethoxide wa.s prepared from 4.6 g. of sodium and 75 cc. of 
absolute alcohol, h^xcess alcoliol was removed by distilla¬ 
tion at reduc(‘d pn'ssure under nitrogim by means of a wax 
bath heated to 190'200°. Heating was continued for 45 
minute.s after no more solvent couhi be* si’on distilling. The 
white cake was broken up, suspond(‘d in 100 cc. of dry 
benzi'ne, and cooled in ice. A solution of 44.3 gm. (0.2 mole) 
of ethyl pheiiaceturate and 10.3 g. (0.22 mole) of freshly 
distillivi (after drying over Drierite) eth 3 d formate (Eastman) 
in J 50 cc. of benzene was addeil in five portions with thorough 
shaking ("oiitinuod shaking cau^'cd all the* solid to disap¬ 
pear aiul th(‘ clear orange solution, under an atmosphere of 
nitrogen, was kept overnight at room tmnperature. 

The orangi' .solution was diluU'd with 700 cc. of dry ether 
and th(‘ whiti* precipitated salt wa.s collected on a Buchner 
funnel and washed with ether. A portion (H.5 g. 1 of the salt 
wa.s desiccatial. The remainder w as dissolved in cold water, 
covered with ether, cooled in ice, and acidified with 25% 
acetic acid. The ether layer (700 cc.) was washed thrice 
with NaHCOi, once with NaC"l solution, and dried over 
Na 2 S() 4 . Removal of the ether below 40° produced 17.9 gm. 
of yellow oil re.sembling honey. It.s diluti' alcoholic solution 
gave a purple coloration with ferric chloride. The total 
yield of sodium salt plus oily ahlohyde was 51.5%. 

Calc, for C, 3 Hi 504 N: C 62.6; H 6.07 
Found: C 63.24; H 6.38 

In order to rule out the possibility that the condensation of 
the formyl group may have occurred at the methylene carbon 
of tlie phenaeetyl portion of the phenaceturic acid rather 
than where desired (on the methylene of the glycine portion 
of tlic molecule), a portion of the ethyl bimzylpenaldate was 
treated with phen^dhydraziiio in the following maimer: 

To a solution of 2.2 g. (0,0084 mole) of ethyl bcnzyl- 
penaldate in 20 cc. of absolute alcohol was added 2 ec. of 
phenylhydrazirie. 7"he solution was refluxed for 8 hours on 
the steam bath and allowed to stand at room teni|>crature for 
36 hours. About 0.1 g. of orange-red crystals liad separated 
from solution. They were collected by filtration and found 
to melt about 260°. Solvent was removed from the filtrates 
on the steam bath in a current of air, and the residue was 
heated on the .steam bath for two hours, louring this time 
the red oil became semi-solid and lighter in color. Four 
recrystallizations from methanol accompanied by Darco 
treatment yielded fine snow-white crystals, m.p. 173.5- 
174.6° (corr.), which were dried in vacuum over PsOj. 


Calc, for Cj 7 lli 502 N,: C 69.6; H 5,16 
Found: C 09.44; H 6.42 

The analysis shows that the phenylhydrazone has cyclized 
to form the corresponding pyrazolone. Consequently, this 
derivative definitely establishes the constitution of the 
product obtained by th(‘ Erlenmey<‘r synthesis as being ethyl 
benzylpenaldate. 

A more satisfactory procedure (Pfiz(»r, PJO^ 8) for the 
83 uithe.si.s of ethyl benzylpenaldate was developed from an 
earlier method {P.9, 16). By tlie following modification 
crude ethyl benzyliienaldate with a ]>urity of 79-80% (as 
determined by the 2,1-dinitrophenylbs^drazine reaction) 
was secured. 

The sodium idhoxidi' was jirepared 1)3^ powd(»ring 23 g. of 
sodium and suspending it in 750 ml. of drv lienzerie. To this 
suspension, 46 g of ribsolute eth\4 alcohol was added and the 
mixture was heated on an oil bath ov’^ernight at 50°. The 
sodium ethoxide so jirepared was used according to either of 
the two following procedures: (1) The sodium ethoxide and 
benzene were cooled in an ir'C'-salt batli until partiall 3 ’' frozen 
and to this was added a mixtiin* of 221 g. of eth 3 d phenacetur- 
ale, 81.5 g. of ethyl formate, 5(K) ec. of benzene in small por¬ 
tions over a period of f vvo hours. 4'h(‘ mixture was stirred for 
twt'lve hours at 0-5‘ and then allowed to come to room 
temperature. (2) The 221 g of <‘thyl pheiiaceturate, 
81,5 g. of idliN'l formate and 500 ml of benz('n(‘ were cooled 
to 0-5° and the sodium ethoxide was added to this well 
stirred mixture* ove‘i a jierioel of two hours and then stirreel 
for twelve hours at 0 5’ and allowed to warm up to room 
temperature. 

The clear re*action mixture was poured into 750 ml. of ice 
water and the benzeuii* extracted with 250 ml. of water. I’o 
the water layer 500 ml of be'nzenc was added and the mix¬ 
ture acidified to /ill 3 with elduto hydreie’hloru* acid and ex¬ 
tracted twice with 250 ml of benzene*. 'PIk* benzene extracts 
were combined and washed three tiiiK's with 250 ml. of 
5% sodium bicarbonati* solution and once* with 200 ml. of 
sodium chloride* solution. I’he benze*iie* was remov(»el under 
reduct*d pressure* and the (*rud(* ethyl bt'nzylpeuialelate* 
weigheel about 105 grams The purity was 70-80 Vo and the 
yiedel was 42-43% uf the* th(*on'tical amount. 

Methyl Benzylpenaldate Diethylacetal (Plizer, P.JO, 8) 

A solution of 116 g of benzyij)e*naldic acid dieth3'lac(‘tal in 
one liter of ether vas treateal with 1.2 e*e|iiivalents of eliazo- 
methane in eth(*r fe>r one half hour. At the emd of this time* 
the e»xe(‘SwS diazomethane* v\as destroye*(l with ace*tie acid, thej 
ethe‘r .solutiein wa.she*d with potassium bie*arbe)nate solutiem, 
dried ariel evapoiateni to give a crude e*rystnlline proeluet. 
Tliis was re*crysta]lizf*d from aejimems methane)! tei give* 73 g. 
of meth 3 'l }»enzylpe*naldate dii'thylaeetal melting at 77-79°. 

(ale for C 62 13; 11 7.44; N 4.53 

Found: C 62.03; 11 7.40; X 4.59 

Ethyl Benzylpenaldate Diethylacetal (Merck, M. 47 , 4). 
Beijzylpenaleiic acid dimethylacetal (25 g.) was dissolved 
in 400 ml. of absolute ethanol in which was dissolved at 0°, 
122 g. of hydrogen chloride. The solution was allowed to 
stand at room temperature for seventeen hours. The 
solvent and hydrogen chloride were removed under reduced 
pressure. The remaining oil was dissolved in chloroform, 
washed thoroughly with sodium bicarbonate solution and 
then with water. After drying the solution, the chloroform 
was removed to leave a light amber colored oil. After 
evacuation on the oil pump, the material weighed 24.0 g. 
and was not purified further. 

Benzylpenaldic Acid Diethylacetal from Ethyl Chloro- 
acetate (Merck, A/./7, 1). Ethyl chloroaeetate was 

formylated in the usual manner using either sodium ethoxide 
or potassium ethoxide. The a-chloro-^,/3.di ethoxy pro¬ 
pionate was obtained in 25% yield, boiling at 93-95°/3 *mm. 

Ethyl a-chloro-/3,^diethoxypropionate (36 g., 0.16 mole) 
was stirred with 400 cc. of 0.5 AT sodium hydroxide until 
all of the ester had dissolved, 10 to 15 minutes bc'ing required. 
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The roHulting solution was extracted once with (dluT. The 
aqueous solution was then cooled to 5° and slow ly acidified 
with 100 cc. of 2 AT sulfuric acid. 'I'he solution was extracted 
with live 150 cc. portions of ether. The ether extract w’as 
washed twice with 25 cc. portions of water and then dried 
over anhydrous sodium sulfate. Tiie ether w'as distilled at 
reduced pressure and the residue dried in vacuo ov(‘r phos¬ 
phorus pentoxide to give 27 g. (85%) of crude <ir-ehlor(W^,/il- 
diethoxypropionic acid. This product cannot he distilled 
and was used without further purification. 

The crude a-chloro-(t,/^-diethoxypropionic acid (15 g.) 
was heated at 100“ for 15 hours in a glass bomh with 300 ce. 
of eonc. aniinoniurn hydroxide. 'I'lie solvent was removed 
from the dark solution hy reduct‘d pressure distillation. 
The residue was dissolved in 250 ee of hot absolute alcohol, 
the solution tn'ated wutli Norite and filtered. The alcohol 
was removed by rt'duced pressure distillation and the dry 
residue extracted w ith 100 cc. of absolute alcohol (dried over 
Drierite). Most of the ammonium chloride remained un- 
di.ssolved. After filtering, the filtrate w as cooled and allowed 
to stand in the refrigerator for one hour. The product w'as 
filtered and dried to givi' 5 5 g. (10% yield) of product 
which contained a trace of halogen. Ri'crystalligation from 
30 cc. of 80% aqueous ethanol gave pure amino acid; dec. 
p. 170 200“ (depimding on rat(‘ of heating) 

Calc, for C 7 lIu>() 4 N: C’ 47 44; H 8.53; X 7.01 
Found: C 47 05; JI 8 83; X 8 13 

Equiv. wt.: ('ale., 177.2, Found, 175. 

Tn a three-necked flask equipped wuth a stirrer and t\vo 
addition funnels w'ere placed d,/j-diethoxyaIanine (KM) g.) 
water (25 ml.) and 2.5 A' sodium hydroxide (225 ml ). Tin* 
flask wras then surroumh'd ])V ic(\ and with ('flicKuit stirring 
7.5 sodium hydroxide k250 ml ; and ph(*nyla<'etvl cddoride 
(175 g.) w^ere added simultaneously at such a rate that the 
solution ahvavs remained alkaline. The solution was then 
pla<*ed in a separatory funnel, made strongly acidic w itli 0 A" 
hydrochloric acid and e\tract(‘d three* times with 150 ml. 
portions of ether, lienz> Ipiaialdic acid di(‘thylacetal precipi- 
tat<*d when the ether solution was cooled A second crop 
W’as obtained by adding petroleum eth<*r (b.p. 30-00“, 
500 ml ) to the filtrate. Tlu* combim*d product was recrys¬ 
tallized by dissolving in warm (*thylerie dichloride (150 ml.), 
filtering, cooling and grailually adding petroleum ether (b.p. 
30-00", 900 ml.). It was rei’rystallized once more in a 
similar manner, m.j). 108 5 109“ (corr.); yield, 135 g. (81%,)- 
A .smtdl amount w^as n*crvstallized once more; m.p. 112” 
(corr.). A mixed melting point between this material and an 
analytical sample of benzylpenaldic acid cliethylacetal w’as 
112“ (corr.). 

Calc, for CiJl2i06X: C (51.01; II 7.17; X 4.74 
Found: C 01.20; H 7.10; X 4.77 

Methyl Benzylpenaldate Dimethylacetal (M«*rck, 4/.i b 1). 
A solution of 129 g. of methyl benzylpenaldate sodium salt 
in 750 ml. of wuiter was shaken three times with 50 ml. 
portions of cliloroforrn, which were discarded. I'he water 
layer w as made thoroughly acid to Congo paper by additions 
of 50% sulfuric acid and extraction wdtli oiu5 portion of 
chloroform carried on simultani‘oiisly. Four more portions 
were used; the ehloroforin layers wito combined and dried 
over anhydrous sodium sulfate and con centra t(*d under re¬ 
duced pressure. Darkening occurs if tin* temperature of the 
material is lield over 65“. After final removal of the solvent 
under vacuum, the residue (light brown oil) of crude formyl 
ester weighed 34.4 g. 

This oil w^as treated with 150 ml. of dry methanol in which 
approximately 5 g. of dry hydrogen chloride gas had been 
dissolved. After being shaken for a time to put it in solu¬ 
tion, it was allowed to stand at room temperature for one 
hour. The methanol w as then eoncentrated to about one- 
third of the original volum<', 100 ml. of chloroform w^as added 
to the cooled residue, and this solution was shaken with 


500 ml. of w*ater, wdiich was extracted four more times wuth a 
little ehloroforin. Tin* combined chloroform (*xtracts W(‘r(* 
shaken once more with wat(‘r, then w'lth aipieous sodium 
bicarbonate, added as needed to inauitam a basic reaction. 
Much color went into the w^at(*r solution Tlio chlorolorm 
layer was diit*d ovi'r anhydrous sodium sulfati* and coiicfui- 
traled. I'hr rt‘sidu(‘ of crude acetal esUa* was 22 5 g after 
final drying under high vacuum to a viscous brown oil 

This material w'as treated with 88 nil of normal sodium 
hydroxide (I (*qui\alent) and enough methanol added to pul 
the oil into solution This solution was allowtal K) stand 
at room temi>enitiire for 1 5 hours, it was then e()neentrat(‘d 
to about one-third of its original volume, diluteil with 250 ml. 
of water, and the solution extracted three* times with .50 ml, 
portions of elilorolonn, wdiieh were discarded 'TIh' water 
laver w^as acidifual slow4v by addition of 50*^'^ sulfuric a<*id, 
keeping the solution cool anil simultaneously extracting the 
pn*cipitatcd acid with chloroform, until further addition of 
sulfune acid produec'd no piecq)itate in the w’ater lav(*r 

The water layer w as (*xtraeted foui more times w jth 50 ml 
portions of chloroform; t lu* chloroform hiyi'rs w en* combined, 
dried over anh>(Irons sodnim sulfate, and eomamlrated. 
The residual viscous oil, after final drvmg, wM'ighed 12 5 g. 
I’liis crude acid w'as dissolved m a hot 1. I inixtun* of (*thyl 
acetate* and pi‘tr(^leiim (*th(*r and tr(‘ated with 2 3 g of 
“ Dareo (J-fiO” a(*tiMit(*d carbon, wdiich rcmo\c(l some color. 
4*0 the filtered liepior was add(‘d more petroU'um ether unlil 
incipient cloudiru'ss oecurnsi at room temperatun* On 
standing overnight in the* r(*frigeralor, 2 5 g oi acul melting 
at 109-111" (iincorr.) (h'positi'd. More than two tr(‘at- 
meiits with ehaicoal did not seem to reinovi* iurtlu‘r color. 
If the precipitate tended to la* oily, tin* volunn* was inereased 
by addition of botli solvents S('(‘ding was delinit<*lv h«*lpful 

(’ale. for Ci.dli 7 ()^,X: C 58.12, H 0 42. X 5 24 

Found: (' 58 00, 58.11; H t> t5. 0.25; \ 5 15 

Hy (‘xtracting fractional amounts ot tin* total acid matc'rial 
into dilnte* sodium bicarlxinate and rej)r“cipitatmg, extract¬ 
ing, and recrvstallizing, small amounts ol pure acid may 
BOTiK'times b(* had with less diiriculty than by recrystallizing 
the total crude material 

Saponification of Methyl Benzylpenaldate Dimethylacetal 
(Upjohn, (i.llj 18). A mixture of 50.0 g (0.2 nioh*) of 
methyl benzylpenaldate dimethylacetal, 34 3 g. (0.2 mole) 
of barium liydroxide and 780 ml. of distilled w*at(*T was 
stirred vigorously for tw’o liours and the resulting solution 
cooled to 0“ bv the addition of erushed ice. Ohloroforrn 
(150 ml.) was added and the inixtun* shaken. mixture of 
50 ml, ot eoneentrati*d hydroelilorie acid and era(‘ked ice 
was added rapidly. After shaking vigorously the* lay(*rs were 
allowed to K(»parate and the cliloroforrn layi'r r(»Tnoved. 
The atjueoiis lay<*r w'as extracted four turn's witli 75 ml. por¬ 
tions of chloroform. The combined organic I'xtraets were 
w'ashed onee with 75 ml. of w att'r and dru'd over anhydrous 
inagneHium sulfate. Tlie solution w'as iiltcred from the drj^- 
ing agent, wmrmi'd for fifteen miniit(\s with 2 g. of Darco 
(»-(50, and filti'red Removal of the chloroform under 
diminished pri‘ssure yielded a white crystalline* solid. The 
benzylpenaldic acid dimethylacetal was washed with 
atiliydrous ether and dried. The yh'ld wuis 22.5 g. (42%), 
m.p. 110.5-111 5” (dec.). 

("ale. for CtsHnNO,: 0 58.5; H 6.42; N 5.24 
Found: C 58.6; H 6.88; X 5.48 

Benzylpenaldic Acid Di-^i-butylacetal (Ptizer, P.25, 13). 
A mixture of 112 g. of formylglycine ethyl ester di-n-butyl- 
acetal, 215 ml. of water, 1,000 ml. of chloroform and 80 g. 
of sodium bi(^a^bonate was cooled to 5“ and tn'ated slowdy 
wdth ()6 g. of phenylacetyl cldoride. The reaction mixture 
was stirred for two hours at room temperatun*, separuti*d, 
washed wdth w^atcr, and the chloroform removed under re¬ 
duced pressure. The crude ester, which w’^eighed 161.7 g., 
was treated with 8(X) ml. of ethanol containing 17.1 g. of 
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sodiiini liydroxide and allowed to ^taIld at room temperature 
overnij^ht. 'fhe alcohol was removed distillation, the 
residue taken uj) in SOO ml. ol“ wat('r, extracted with ether, 
bone-blacked, filtered, cooled, and acidified with dilute 
hydrochlonc acid. Tht* cru<le Inaizylpenaldic acid di-a- 
butylacidal W(‘ifi:h(*d 1 12 grams and tticIUmI at 100 - 102 '". 
Upon crystallization from dilute ethanol, this substance 
melted at lOO'" (dec.). 

Ciilc for 

(' OPM;, H S 20, \ 3 00; Neut (‘((uiv. 351 
Found: U 05 11, 11 S 35, N 4 00, Xeiit. equiv. 351 

Ethyl Mercaptal of Benzylpenaldic Acid (Cornell Bioch , 
I), b 5) d'o 21 n of an oiI\ ethyl benzylpeiialdate prepara¬ 
tion there was added 20 cc of (*thyl mercaptan Tlie solu¬ 
tion was saturated with diw IK'l and allow'ed to stand at 
room temperature for 3 hours. ]*l\cess mercaptan and HCl 
w'cre removed ni vat no. d'o the residue vvtTC added 2 (M) cc. 
of ether and tlie mixture was shaken twiei* with 50 ee 
portions of 10 % NaOlI solution and then four tirne.s with 
water. 'I’he ether solution was eoncentrab'd in vacuo; 
the residual oil was dissolved in 25 ec. of ethanol and 20 ee 
of 10% NaOll solution added, d'he solution was heated at 
05° for thirty minutes and then diluted with 200 ee of whaler 
and extracted twiei' with ether. On standing, crystals 
formed in this (*thcr extract These w^ere reniovcsi by filtra¬ 
tion and purified by crystallization from 50% tdhanol to 
yield 1 g of (‘olorless needles, m p. 107 108"’. 

Calc, for C 13 II 15 O 3 NS: X 5.24; Xeut. equiv. 205 
p’ound: X 5.2S; Xeut. equiv. 205 

The ether filtrate was concentrated ?>/ vacuo and tin* oil> 
residue was dissolved m 50 cc. of ethanol, treateil with 
charcoal, and filtered, 'riu* filtrate was warmed slightly 
and an (*cpinl volume of wuiter was added. On cooling, 
crystalline material separated and was purified by two 
recrystallizations from 50% ethanol to yield 0.5 g. of color¬ 
less needles, m.p. 131-132". 

Calc, for C 1 JI 21 OJNS 2 : N 4.28; Neut. equiv. 327 
Found: N 4.43; Neut. equiv, 332 

Benzyl Benzylpenaldate (Upjohn, U.'//, 20 ; 7^, 2). A 
mixture of 3.0 g. of 2-b(’nz.yl-4-hydroxym(‘thyl(‘ne-5-oxazol- 
one, 1.6 g. of benzyl alcohol and 20 ml. of dry benzene w as 
heated under reflux for aliout forty-five minutes. The 
benzene w^as removed in a stream of nitrogen and the result¬ 
ing semi-solid residue crystallized from methyl(‘yclohexane 
using Darco (U60. The yield of colorless needles was 3.27 g. 
(71 %), m.p. 96-97°. The crystals (plates from cyclohexane; 
clustered needles from methylcyclohexane) gave a dull 
grayish-purple color with ferric chloride in alcoholic solution. 

Calc, for CUH 17 NO 4 : C 69.44; H 5.50; N 4.50 
Found: C 69.66; H 5.90; N 4.72 

The canary-yellow 2,4-dinitrophenylhydrazone w'as pre¬ 
pared in the usual manner and crystallized once from 
ethanol, m.p. 179-180°. 

Calc, for C 24 H 2 iNft 07 : C 58.70; H 4.31; N 14.26 
Found: C 58.82; H 4.49; N 14.11 

The yield of crystalline benzyl benzylpenaldate has been 
increased from 71^;? to 90% by a slight modification of the 
procedure. After heating the reaction mixture containing 
benzyl ah‘ohol and 2-benzyl-4-hydroxymethyIemv5-oxazol- 
one under reflux, the hot solution was diluted with methyl 
cyclohexane to faint turbidity. On cooling, first to room 
temperature and then in the refrigerator, a yield of about 
90% of nearly colorless crystals was obtained. 

Benzylpenaldamide (NRHL, 4). Phenaceturamide 
was formylatcd by suspending it in benzene with an equiva^ 
lent amount of alcohol-free sodium ethoxide and adding ethyl 
formate. After shaking the mixture overnight, it was 


poun‘d into dry ether and all solids were removed by filtra¬ 
tion. The solids were then treated with w ater and unnaicted 
pheiia(‘eturamid(‘ removed by filtration. Benzoyl chloride 
was added with shaking to the aqueous liltrate. A precipi¬ 
tate of the cnol benzoate formed which iin*lt(‘d at l'9().5-198° 
after recrystallization from ethyl acetat(‘. 

(^alc. for thJI.. 04 X.>: C 66.7; II 1.94 
Found: C' 66.2; II 1.6S 

Benzylpenaldamide Diethylacetal (Upjohn, r.4, 

After standing at room tiMiqiiuatiiM' for twiaity-four liours 
with occasional swirling, a mixture of 3 3 g ot the diethyl¬ 
acetal of ethyl benzylpenaldate, 30 ce. of ab^oluti* etlianol 
and 80 cc. of concentrated ammonium hydnixide di'posited 
long colorless needles, m.p. 170 171 (uneorr ). 

Cldc, for U 15 H 22 O 4 N 2 : X 9 52 

Found: X 9 74 

Anilide of Benzylpenaldic Acid Dimethylacetal (S(pii])b, 
iS. tf\ 2'( \ solution of 5 4 g of peiialdie acid diniet hvlacctal 

in 10 ('(* of pyndiiK* w as cixiled to 0-5" and 2.3 (a*, oi l>enzoyl 
chloride was added dropwise with vigorous stirring over a 
period of five minutes. Aniline (5 ec.) was added and the 
riii.vture was stirred for thirty mm and then poured into ice 
wat(‘r containing sufheient hydro(*hloric acid to make the 
solution acid to Congo. 'Fhe precipitate (1 g ; was filtered 
and recrystalhzed from benzene, m.p. 173 173 5' 

Calc, for ( 1 , 9112204 X 2 : C 06 66; H 6 43; X S.18 

Found: C 66 64; I! 6.63, N 8 27 

Benzylpenaldonitrile Diethylacetal (Merck, l/./Oa, 1). A 
solution of 19 g. of glyoxnl semidietbvlacetal in 40 ml. of 
absolute ether w'as cooled and saturatc'd with gaseous 
ammonia. The ether and exeess ammonia wito then r(‘- 
nioved in vacuo liaiving thi» aldchyd(‘-nmnu>nia conqiound 
as a w’axy solid. Liquid hydroeyaim* acid (12 ml.) was 
added and the resulting bohition stirred tor twenty hours. 
Ether (150 ml.) was added to the brown mixture and a little 
tarry material w^as removed i>y filtration 'Fhe filtrate w^as 
dried over sodium sulfat(‘ and then the ether wuis removed 
in vacuo. The residue w^as dissolved in 7 ml of ethyl alcohol 
and dry hydrogen chloride was passed into tin' solution while 
it was being stirred. The saturated solution solidified upon 
cooling. 

This crude a-amino-/3,^-diethoxyproi)ionitril(' hydro¬ 
chloride W'as dissolved in 100 ml. of wati'r and filtered 
through a charcoal mat. Sodium bicarbonate was added to 
the filtrate until the mixture was sliglitly basic and then the 
mixture was extracted several times with ether. Thi' com¬ 
bined ether extracts w'cre dried over sodium sulfate and 
then cooled while dry hydrogen chloride was introduced. 
The oil that separated crystallized upon scratching or seed¬ 
ing. This solid was removed by filtration, dissolved in 
125 ml. of ethylene dichloride, filtered through a charcoal 
mat, and then diluted with 50 ml. of petroleum ether. The 
pure a-amino-j8,/3-diethoxypropionitrile hydrochloride crys¬ 
tallized upon cooling and weighed 9.4 g., m.p. 126-127°. 
The filtrate was diluted with 200 ml. of petroleum ether to 
yield another crop of 1.3 g., m.p. 12^126°. The total 
yield was 10.7 g., 38%. 

Calc, for CMIuNjOsCl: C 43.19; H 7.76; N 14.39 
Found: C 43.30; H 7.57; N 14.43 

A solution of 7 g. of a-amino-/3,j9-diethoxypropionitrile 
hydrochloride in 35 ml. of water was slowly neutralized with 
sodium bicarbonate. A further 6 g. of sodium bicarbonate 
was then added, followed by 7 ml. of phenylacetyl chloride. 
The mixture was shaken until no more carbon dioxide was 
evolved, and then another 5 g. of sodium bicarbonate and 
another 3 ml. of phenylacetyl chloride were added and the 
mixture shaken. The solid was removed by filtration, 
washed well with a solution of sodium bicarbonate and then 
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with water. The dry product was dissolved in 35 ml. of 
ether, liltered through a charcoal mat and the filtrate was 
diluted with 12“]5 ml. of petroleum ether. When this 
solution was cooled, crystals of benzvlpenaklonitrile diethyl- 
aci’tal separated. The yield was 7.5 g. (759i k ni.p. 09-70". 

Calc, for CifilUoOaNa: C 65.21; H 7 30; xN 10.14 
Found: C 05.28; H 7.57; N 10.43 

Hydrazide of Benzylpenaldic Acid (Mich, ('hem., /?.<!>', 8 ; 
12, 5; 1 ). Suflicieiit alcohol to give a ch^ar solution was 

added to a mixture of 2.8 g. of tlu' diethylaci'tal of ethyl 
benzyliienaldate and 0.0 (m*. of 85';< ai|Ui‘ous hydrazim* 
hydrate (heating should he avoided). The following day 
the crystalline mass (very fine needles) of the hydiazide was 
filtiTcd. 

Th(‘ di(*thylacetal of the hydrazide of benzylpenaldic acid 
has a teiulency to precipitate practically as a gel from warm 
alcoholic solutions. By placing the flask containing the 
warm solution in a Dewar flask so that slow cooling resulted, 
readily filterable crystals were obtained, m.p. 164-165" 
(corr.). 

(\alc. for CUII 23 O 4 N: C 58.23, IT 7.49 
Found: C’ 58.11; H 7.51 

Benzyl Benzylthiopenaldate (Mirck, 7). A mix¬ 

ture of 1.0 g. of 2-benzyl-4-hydroxyinethyleue-5-oxazr>Ione 
and 30 g of benzyl mercaptan was warmed on a steam 
bath for live minutes. The solution w as dilut<‘d wuth ether 
and extracted with 5% sodium bicarbonate solution. Acidi¬ 
fication of th(* bicarbonate solution gave an oil which (juickly 
cry.stallized. Slightly over 1 g. of product wuis secured. 
After recrystallizatum from chloroform-ether, it melted 
('onstantly at 113-114". 'flie compound gives a red color 
with ferric chloride and positive qualitative sulfur tests. 

Oalc. for CiJInOaSN: C 65 97; H 5.23, N 4.27 
Found: C 65 90, H 5.32; N 4.45, 4.26 

Benzylamine Derivative of Ethyl Benzylpenaldate (Cornell 
Bioch., I),7, 3, I). A solution of 7,7 g. of the crude oily 
peiuildale prepared according to the din'ctions of the i^irke- 
])avis workers (j). 506) was dissolved in 20 cc. of ether ami 
3.3 cc. of benzylamine was added. Aftiu- ten minutes the 
solution had biToino a mass of needles. xVfter three* hours 
these were filtered and washed with a little ether. 'Hie 
weight w^as 4.4 g. or 42% of the theoretical yi(*ld on the basis 
of the aldehyde eoiitt*nt. The product w'as best purified by 
erystallizing from dilute* me*thanol. Wlnui this was done 
pure white crystals melting at 105-106" were obtained. 

Calc, for C 20 H 22 O 3 N 2 : C 70.98; H 6.56; N 8.28 
Found: C 70.65; H 0.48; N 8.73 

The derivative reacts in the* colei with the 2,4-dinitrophen- 
ylhydrazino reagent (Shriner and Fuson, Identijkation of 
Organic Compounds^ 2nd od., p. 65), For preparation of a 
sample for analysis, 100 mg. of the* benzylamine derivative* 
and 100 mg. of 2,4-dinitrophcnyIhydrazine w'^ere heated 
in 5 cc. of alcohol for two minutes. Then 0,05 ce. of e*on- 
centrated IICl w^as added and heating under reflux w as con¬ 
tinued for five minutes. The liydrazone* separated from the 
boiling solution and cooling produced nmre crystals. These 
were dried (130 nig.) and recrystallizcel twice from alcohol 
when the melting point was 195-196". 

Calc, for Ci^Hi.OrNft: C 53.14; H 4.46; N 10.31 
Found: C 63.25; H 4.43; N 16.74 

Ethyl Benzylpenaldate Anil (Upjohn, U.S, 8 ). An 
ethereal solution of 48 g. (0,193 mole) crude ethyl benzyl¬ 
penaldate and 19 ml. of aniline was allowed to stand at room 
temperature for approximately forty-eight hours. After 
cooling in the refrigerator overnight, the pale yellow crystals 
(about 38 g*, 60.8%) were collected and recrystallized from 


95% ethanol The* pun* proeluct, colorless fluffy need 1<‘S, 
melted at 160". 

Calc, for Cmll.oO.Nr. N 8.64 
Found: N 8.82 

When an idcoholn* solid ion of the* above* compound was 
treated with a dilute* sulfuric acid seilutjon of 2 , t-eliiiilro- 
phcnylliydnizim*, the* re*siiltiiig 2 , 4 -diiiitropli(‘nylhydrazone' 
melted at 188-189° aleme and \\he*n mixed with an authe‘utic 
Hjiecinien of the* 2 , l-ehndrophe*nylhy<lraze)n(‘ from e‘thyl 
be'nzvlj)e*niilelate* 

Methyl be*nz\Ijie naldate and was pre']iare*d bv the* same* 
re‘a<*tion using rne*tlivl benzylpe'iialdate and after one* 
crystallization from aqueous ale'e>liol me’ltcd at l(>2 163"'. 

Calc. for Cif.Hi 70 s\'r. N 9 8 
Found: N 9.5 

Aroyl Derivatives of Methyl Benzylpenaldate fNRKL, 
C.A, 2). Are)>l dcrix ativi'S e»f methyl benzylpenaldate w’e're 
prepared by shaking an aepie‘e)iis solutiem of sixliuiu methyl 
benzylpe*naidate v\ it h 1 he* e*e|uivalont amount of acid chloride. 
The de*rivatives soparate*d as solids which we*re collex‘ted, 
triturate‘el with dilute* Hodiiim bicarbonate solution, elrie*d, 
and finallv reerystailizcd from alcohol or be*nzene* d'he* fol- 
leiwing tabic contains yie*lds, medtmg points, anel analyse*s of 
the* de*rivative's pn‘pai(*el. T}u*se ele'nvativn's (lissolve*e] in 
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ae'ctone* we»re titrated with alceiheilie potassium hydroxide. 
One* equivalent of alkali was eeinsumeej and correct neutral 
eejuivalents w^ere obtaineel in ea.e*h case* with the excejition of 
the p-toliK*ne‘sulfemyl derivative*, wdiich was found to be 
stable* at pH 12.5. .\cid hydrolysis w'as studieel by means 
of coiiduetometric methods, but each derivative appeared 
to be stable at 50" in 0.1 N hydrochloric acid. 

Acetyl Derivative of Ethyl Benzylpenaldate (Squibb, 
S.27y 6 ). A suspension of 100 g. of thii crude sodium salt of 
ethyl b(*nzylpenaldate in 600 cc. of anhydrous ether wras 
cooled to —10° anei 15.7 g. of acetyl e*hIoride addeel with 
vigorous stirring. The mixture W'as stirrc'd for four hours 
and then allowe‘ei to staiid at room temperature for sixty 
hours. The solid was filtered and the eihen'al solution 
washed with saturated sodium chloride solution. After dry¬ 
ing over anhydrous magnesium sulfate, the ether was 
distilled. When most of the ether had been removed, 
cry.stals began to separate*. These were liltered and 
recrystallized from ether, m.p. 96-97". 

Calc, for CuHitOoN: 0 61.85, H 5.84: N 4.81 
Found: C 61.81; 11 6.08; N 4.91 

Purification of Ethyl Benzylpenaldate (Cornell Bioch., 
/>.?, 5). To a solution of 352 mg. of monoothyl desdirn<*thyl- 
pcnicilloato in 10 cc. of edhanol at 60" was addl'd 2 ce*. of 
approximately 0.25 Af mercuric chloride solution (H(|ueous). 
The pll was adjusted to 3 by the use of sodium bicarbonate. 
On standing overnight the solution deposited the th('oretif*al 
amount (222 mg.) of cysteine mercaptide. 

Calc, for C 6 Hit 04 NaS 2 Hg: S 14.52 
Found: S 14.62 

The mother liquors contained a slight ex(*cs 8 of mercuric 
ion and showed no optical activity. (Tpon evaporation ex- 
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traction of the residue with ether, and evaporation of the 
ether, ethyl })enzylpenaldate was obtained as a nearly color¬ 
less oil. This formed a 2,4-dinitrophenylhydrazone which 
melted at 190.5- 192“ (micro block). 

Recovery of Ethyl Benzylpenaldate from the Benzylamine 
Derivative (Cornell Biocli., 10). The benzylamine 

derivative' (1 ji^.) was stirred in a mixture of 10 cc. of (i^laeial 
acetic acid and I cc. of conceiitraU'd IlCl until a clear solu¬ 
tion was obtaiiH'd. Water was atlded until the solution 
became cloudy. After standing in the refrigi'rator overnight 
the solution was evaporati'd to dryness in vacuo to an oil and 
crystalline residue. Tlie oil wa-^ taken iiji in ether and the 
solution was washi'd with water and dried. It was evapo¬ 
rated to a cli'ar oil which produced the characteristic color 
of the penaldate with ferric chloride. The oil was di.ssolved 
in 5 cc. of ('thcr and 0 5 cc. of aniliiu' was added. After an 
hour crystals had si'parated. 'I'hese were (illen'd and found 
to weigh 590 mg, winch was an o\orall yield of 01%. The 
melting point was 158" after a crystallization from 95% 
ethanol. I'lie anil of ethyl benzylpc'iialdate had bc'en 
reported to melt at 159-100“ (Abbott, A 4). 

A solution of 1 g. of the benzylamine derivative of ethyl 
benzylpenaldate in 5 cc. of dioxane and 0.5 cc. of con¬ 
centrated HCl was allowed to stand for five hours, (lliston- 
ing crystals of lienzvlarnine hydrochloriile separated. 'Flie 
solution w'as filtered and concentrated to dryin'ss ni vacuo 
and the residue was taken up in benzene and ether mixture 
The solution w^as filtered and washed W'lth water and then 
filtered through charcoal. The solution was evaporated 
in vacuo to yield 720 mg. (97of ethyl benzylpenaldate 
in the form of a light oil. A similar preparation was 
analyzed. 

Calc, for CuHuO^N: V 62.03; H 6,00 
Found: C’ 63.10; H 6.66 

When 280 mg. of this oil had been allow^ed to stand over¬ 
night in the refrigerator and brought back to room tem¬ 
perature, it had become quiti* viscous. Treatment wuth 
280 mg. of 2,4-dinitrophenylhydrazine in 10 cc. of ethanol 
yielded only 203 mg. (42%) of the 2,4-dinitrophenylhy¬ 
drazone. 

Phknyuiydrazone. a solution of 338 mg. of the 
benzylamine derivative of ethyl penaldate and 145 ing. of 
phenylhydrazine hydrochloride in 4 cc. of 50^’r ethanol was 
warmed gently for a moment and then set aside. The prod¬ 
uct soon crystallized anil after four recrvstallizations from 
methanol the melting point of the long colorless needles was 
119-119 5“. Tins w’as apparently the phonyIhydrazone and 
not the pyrazolone, in.p. 173“, obtained by the Parke-Davis 
group (PD.ii, 2). 

Calc, for C 67.23; IJ 6.24; N 12,38 

Found: 0 67.18; 11 6.30; N 12,71 

Semicakbazone. mixture of 338 mg. of the benzyl- 
arninc derivative of ethyl penaldate and 111 mg. of semi- 
carbazide hydrochloride was warmed in 4 cc. of 70%; ethanol 
for a rnoniont. x\fter an hour, scratching of the flask brought 
about crystallization and several hours later the product 
was filtered. A second crop was obtained by cooling the 
solution The total amount was 244 mg. and after three 
crystallizations the compound melted at 138-T38.6“. 
The bill}' group {L.li, 1) reported a melting point of 227“ for 
this product. 

Calc, for CuHihO.N^: C 54.90; II 5.92; N 18.29 
Found: C 54.95; H 6.11; N 18.21 

A few cc. of a solution of the crude sodium salt of ethyl 
penaldate in winter was lu'utralized with semicarbazide hy¬ 
drochloride.' After eighteen hours the solution had de¬ 
posited crystalline material which, after three crystallizations 
from dilute alcohol, melted at 134.5‘~135.5“. The melting 
point of this product mixed with the semicarbazide de¬ 
scribed above was not depressed. 


Phenylethylamlne Derivatives of Ethyl Benzylpenaldate 

(Cornell Hioch., 12). An ether solution of 720 mg. of 

ethyl benzylpenaldate, prepared from its benzylamine 
derivative, was treated with 0.39 cc. of /-a-plienylethyl- 
aniine. After four days at room temperature the product 
was partly cryatalline. ''riie crystals wc're filtered and 
washed wuth ether. The product was colorless and weighed 
500 mg. (46%,). 

I'he product was ilissolved in ether, a few drops of 
Hkellysolve H were added and afti'r two days the product 
was collected. The i-rystals had some color which was 
entirely removed by waslung with cold methanol. The 
product had lfv]i>*^ f43" (c = 1^,' in methanol). The 
recry.stallizatioii was attended with coiishlerable loss. 

Several other preparations were made with similar results 
and reervstalhzation was difficult. \ sample, iri.p. 93-94.5°, 
w'as obtained, after two reerystallizations, whieh had (a|i>^* 
f43° and gave the following analysis: 

(ale. for C,,H2403N2: N 7.95 
Found: X 7.81 

'riie absorption spectrum of the pheiiylethylamine de¬ 
rivative closely resembic'd tliat of the benzylamine deriva- 
ti\(* A inaxinmin oJ Km 21,500 at 2,800 \ was observed. 
A few milligrams of the phenylethylamim* <lorivativ(* was 
warmed gently w'lth the 2, l-dinitroplienvlhydrazine reagent. 
After half an hour it depo.sit(‘d the c)iara<*teristic needles 
of the 2,4-dinitrophenylhydrazone of ethyl bcuizylpenakhite. 
In this behavior it sliowunl itsi'lf to lie k'ss reactive than the 
corri'sponding benzylainim' derivative winch produced the 
hydrazone in less than tmi minutes. 

The d-a-phcnylethylamme derivative' of ethyl beuzjl- 
peiiaklate w^as made' m a manne'r similar to the /- 
derivative. Only 800 mg. of proelued wt're obtainable in 
crystalline form from 5 gm. of the' bf'nzylaTnine' de'rivative. 
The melting point was 91 97 anel the* optical rotation was 
f«)D‘‘ -41“ (n’r in mi'thanol). 

Benzylthiopenaldic Acid Diethylacetal B'ook, Klvielge*, 
and Ileilbron, (7kS’ /.W, 3). )ie‘lh(*xyahiTnne (2.3 g.) m 

5%; aqueous soeliurn hydroxide' (23 ec.) was acylated 
W’ltli dithiopht'nylacetie' acid (1.9 g ) in 10% aqueous sodium 
bicarbonate (14.5 ce*.), tlie te'nipeTature beniig allowed to rise 
during reaction After 1 •% hr., acidiheation and extraction 
with chlore)te>rin gave* the* known X-phenyUhioace*tylalaniiie, 
m.p. 140 143°. 

Calc for (\„lInO,\S: C 57 4 ; H 5 3 
Found: C 57.7; H 5 5 

The preparatiein was re‘pe*at<‘d adding the diethoxyalamne 
(27.6 g ) in 6 portions keeping the* ternpe'rature' at room 
temperature* or below. Acidification and e'xtraction of the 
red solution with chloroform gave a reel oil which on dis¬ 
solving in a mixture of ethc'r anel light petroleum and 
chilling crystallized in colorless scintillating ros<*ttes of 
needles, m.p. 65-70°. Sucoe^ssive crops of 3.1 g., 4.6 g. 
and 1.2 g. were colleete*d (total, 10.6 g. or 22%, of theory). 
Re'crystalUzation from a mixture of ether and light petroleum 
or dilute etiianol gave long slender rods or silky needles of 
benzylthiopenaldic acid diethylacetal, m.p. 70°. 

Benzylthiopenaldic Acid Diethylacetal (Lilly, L.I 4 , 20). 
The following proc(*dure has be»*n found very satisfactory for 
the thiophenylacetyJation of amino acids. The amino acid 
is weiglied in a flask and exactly neutralized with the theoret¬ 
ical volume of at,andard 4 N sodium hydroxide solution. To 
the n'Hulting solution is added an ecjual volume of 95% 
alcohol followed by a 10%) excess of methyl dithiophenyl- 
acetato. The mixture is shaken and the reaction appears 
to be finished within a few minutes to an hour or two. 
The mixture is evaporated under vacuum with gentle warm¬ 
ing to about half its original volume and then extracted with 
ether. The ether extract is discarded. The aqueous solu¬ 
tion is acidified with hydrochloric acid and extracted with 
ether. After drying over magnesium sulfate, the ether solu- 
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tion is (‘vaporated to mnall volume aud diluted with petro¬ 
leum ether to pnicipitate the thiopheiiylacctylammo acid 
which in usually obtained in a yield of 84% as a crystalline 
solid, ni.p, 68-69®. 

Resolution of Benzylpenaldic Acid Dimethylacetal ( Squibb, 
6 ; 25^ 6 ). It has been found that at leahL a partial 
resolution of benzylpenaldic acid (lirn(*thylacetal can be 
accornplisluMl through fractional crystallization of the 
brucni(‘ salt of this acid from wat(»r. Organic solvents were 
found to be unsatisfactory for this resolution; ther€‘for(‘ 
water was used in spite of the fact that hydrolysis of the salt 
in aqueous solution makes such a rc'solution mort^ difficult. 

The followinp procedure was used in this process. Eijui- 
molar quantities of benzylpenaldic acitl dimethylacetal and 
brucine wen* mixed and dissolved in v\ a ter (20 25 ec. of water 
per g. of acid) with heatiii^^. TIk* solution was cooled to 
about 50®. (crystallization was started at this j>oint by 
scratehing the side of the container or by seeding with a 
crystal of the salt. Tin* solution was allowed to stand at 
room temperature for s(‘V(‘ral hours. IVinng this tunc about 
one-half to three-fifths of tin* tlu'on'tical amount of salt w as 
deposited as large wyelbformed crystals 44118 material was 
filtered aiul air dried. 44ie melting points of the various 
initial fractions ohtaim'd in this laboratory rangi'd from 80® 
to 87". The specific rotation ranged from — 8 " to —10° 
(c = 2.8 in 95''(, ethanol). The salt w^as recrystallized to 
constant specific rotation from wafiT (10-15 cc. of w'atc*r per 
g. of salt). Two to five rccrystallizations were suflicieiit 
The melting ])oint of the material leveled off at 91" and 
the specific rotation leveled off at — 12 " to —13". 

The salt was then <Us 8 olved in chloroform and stirred for 
one hour wdth a V(*ry slight e\c(‘ss of 1 % sulfuric acid. The 
chloroform lay(*r was ilrawn off, washed with saturated 
sodium ehlornle, and dried over anhydrous sodium sul¬ 
fate*. The dned solution was boiled w'lth activated char¬ 
coal, filtered, and conc(*ntrated in vacuum. After a fair 
quantity of cry.stals had formed, the mixture was placed m 
tin* refrigerator for sevend hours. 44 ie resulting crystals 
of ei-bt‘nzyl[)t'naldic acid diethylacctal were hltered and 
dried in vai-uurn. Thev^ melted at 131 132" and had 
-f29.6" (c -1.2 in chloroform). 'Dus material w^as recrys¬ 
tallized from chloroform and then meltc'd at 131.5-132" with 
-f31.8® (c — 1,3 in chloroform). 

Calc, for (\ 3 Hi 70 i.N; V 58.10; H 6.40; N 5.24 
Found: C 59.33, 11 6,78; N 4.93 

Tlie most jirobable explanation of the analytical dis¬ 
crepancy seemed to he that the acid still contained a minute 
amount of bnicine. 

The material was dissolved in chloroform and this solu¬ 
tion w'as extracted with 1 % sulfuric acid. The chloroform 
solution was drawn off, dried with saturated sodium chloride 
and anhydrous sodium sulfate, boiled with activated ehar- 
coal, and concentrated in vacuum until crystals began to 
form. The mixture was placed in the refrigerator ovyernight. 
The crystals were filtered and dried in vacuum. They 
melted at 134® and had (aln** +31.6® (r = 1.1 in chloroform). 

Found: C 58.79; H 6.42; N 5.15 

The material was recrystallized from chloroform and 
then melted at 136® aruf had («]d »6 + 31 .(r «= 1.1 in 
chloroform). 

Levorotatory optically impure /-benzylpenaldic acid 
dimethylacetal was isolated from the mother liquors of the 
resolution and melted at 128-130® with [erli>*^ —16.7® 
(c «* 1.7 in chloroform). This material was recrystallized 
from chloroform and then the m.p. was 130® with [ctId*^ 
— 17.6® (c « 1.4 in chloroform). 

In order to determine whether complete resolution had 
taken place, the dextrorotatory acid w^as converted to its 
brucine salt and the salt subjected to fractional crystal¬ 
lization. Feather-like needles w^ere obtained, m.p. 80-100® 
after two recrystallizations, having [alo** —20.3® (c « 2 in 


95% ethanol). The acid recovered from this salt melted at 
136° and had [a)D®^ +30.9® ±1® (r ~ 0,6 in chloroform). 
The optical activity of this material was tin* same as that of 
the starting material, indicating that tin* starting material 
w'as optically pure. 

Calc, for ChJlnOiA’: 58.40; 11 6.42; N 5.25 
Found: V 58.31; H 6.38, .\ 5.52 

The peculiar rotations of the brucim* salt obtained in th(* 

re-r(*solutioii” of th<* acid as well as th<* nature of the crys¬ 
tals s(*<‘ined to indicate that the salt was hydrated. Pro¬ 
longed heating of the brucine salt at t(*inp(*ratures uj) to 118" 
at 5 inm. indicated loss of 5^ 2 mols of w ater Analysis of the 
residue indicated that the salt still had 1 mol of water of 
hydration. 

Calc, for Ca,>H 430 ,N,: C 65.4; II 6.56 

Calc, for C 3 oH 4 .iO,N 3 iiaO: C 63.6; H ti 70 
Found: C 63.25; H 6.81 

Therefore, the brucine salt as obtained crystallized with 
6 '2 mols of water of hydration. 

Methyl d-Benzylpenaldate Dimethylacetal (Sriuibb, 
S,27^ .5; d.>’, 6). The methyl ester of the dextrorotatory acid 
was jirepared by tlu* addition of diazomothane in small 
portions to a suspension of the acid in ether. (k)nccutrati()n 
of tlie ether solution gave an oil which solidilii'd upon 
exposure to the air. The solid was recrystallized from 
hexane containing a small amount of (‘thyl acetate, 111 .p. 
49 50®. 

Calc, for CuIIniOoX: C 59.79; II 6.76; N 4.98 
Found: C 59.90; II 6.39; i\ 5.14 

[orju*'^ +20® (c — I in chloroform); —10" (r = 1.3 in 

ethanol) 

Benzylpenaldamide Diethylacetal (Pfizer, iMJ, 6). A 
mixture of 13.5 g. of ethyl a-brorao-)i#,ia-diethoxypropionate 
and 200 ml. of concentratt'd ammonium h>droxide w^as 
shaken overnight. The reaction mixture w'as then trans¬ 
ferred to a staiul(‘ss steel bomb and hi'ated at 100-125® for 
three hours, cook'd to room temperature, treated w ith Darco 
G-60, filtered, and the filtrate concentratexl to dryness. The 
residue w^as taken up in 25 ml. of water, 120 ml. of chloro¬ 
form was added and Ihi* mixture w’as cooled to - 5®. To 
this mixture w^as added 2.3 g. of magnesium oxide and then 
7.7 g. of phcnylaei'tyl chloride was added slow ly so that the 
U'lnperature did not rise above 0". The rt'action mixture 
was allowed to warm to 20", then was cook'd to —5” and 
acidified with hydrochloric acid. Thi* chloroform layer w^as 
washed with 5% sodium bicarbonate solution, then saturated 
sodium chloride solution, and tlu* chloroform removed unck'r 
reduced pressure. The residue after recrystallization from 
ethanol wx'ighed 4.4 g., m.p. 167®. 1+is product was recrys¬ 
tallized from ethanol and then melted at 168-169®. A 
mixed melting point with a sample of benzylpenaldamide 
diethylacetal obtained from ethyl henzylpenaldate diethyl¬ 
acctal gave no dcpn'ssion. 

Calc, for CUH 22 O 4 NS: C 61.22; H 7.48; X 9.52 
Found: C 61.48; H 7.63; N 9.46 

Ethyl Benzylpenaldate (Parkc-Davia, PDJ2, 5). A sus¬ 
pension of 0.1 mole sodium ethylate in 50() cc. of dry 
benzene wdth 0.15 mole (11.1 g.) ethyl formate and 0.05 mole 
(17.5 g.) of l,4-diphenylacetyl-2,5-dik(*topiperazine w'as 
shaken for one hour at room temperature, n'fiuxcd for thirty 
minutes and then allowed to stand overnight. Although the 
solid turned a yellow-brown color, complete* solution did not 
occur. After dilution with an equal volume* eif dry ether, 
the mixture was filtered. The material gave* a strong test 
for enol with ferric chloride. A similar conde'nsation in a 
medium of dioxane gave similar results although a less satis¬ 
factory product. 

The above sodium derivative (2.25 g.) was added to a hot 
solution of 1 g. 2,4-dinitrophe*nylhydrazme in 100 ec. 80% 
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UOAc. r)i\ standing overmght a yc'llow solid forined which 
ainount(‘(i to 30% yit‘ld bast'd on sodium salt. Two rocrys- 
tallizatioiis irom nthanol gji\c noodlt's, iii.p, 187'^. 

t^alc. for (^..UioOvxXs: 53.1:), il 1.10, N 10.32 
Found: C' 52.00, II 4 13; N 10.04 

Tlu^ prodin t gn\(‘ no dt’jiro.ssion in molting point when 
iiu\od with an autfiontK* saniplo of tlio 2,4-dmitrophonyI- 
hydra/ono of lObvl bi'ii/vliionaldato, 

Benzylpenaldic Acid Diethylacetal (\IlRlj, <’ o', 9, /, 9). 
'I'o a mixtiiro (jf ‘1,1 g (.0710 mol) of A-fonnylglytanr tdhyl 
cstrr and 30 ml. of ntliyl formats (0 375 mol) m a 250 ml 
S'lHs-k flask e(iuip[)(‘d with a stirror, ridluv. condensta' and 
dropping fimiu‘1, was slowly add<‘d (15 min.) a susponsion of 
‘1.01 g (lOO'V purlt^ by titrulion, 0.072 mol) of so«liiim 
othovidt* in 45 ml ol btmzt'nc 44)0 tompoiatim' of tin' 
reat'tion mixture was maint.aim'd at ajijiroxunatt'ly 5" by an 
let* bath A elt'ar hghl yi'Ilow sohition ri'sulted vvhieh v\as 
kt'pt at r'oxernighl \ light yellow gummy prt'cipitate had 
then d(‘])ositt‘(l One hundrt'd ml of drv t'ther was addt'tl. 
tin* pieeipitatt* iilt(*rt‘d, washtHl with ether and dried It 
weight'd 12 4 g. or 05 5^; of theory assuming tht' produet 
to be pure Klt'etrometrie titration showed it to be the 
salt ot a wi*ak aeid. 44ie feme chloride tost Avas jiositivt' 
(red). 

4\) 00.0 g (0.5 mol assuming 100% purity) of the crude 
sodium enolate in a liter bottle, w as adtled 725 ml. of absolute 
ethanol containing 10% to 12^4 dry HCl In weight. Tin* 
mixture was shaken for thret' hours, allowed to stand 
overnight, and transferred to a fared 3-neck(*d flask mpiipped 
wdth a separatory funiu'l and a 12 > 1 inch (‘oluinii packed 
w'ltli helices. Approximately 500 ml. was <hstilled (bath 
tempc'raturo approx. IIO'^J while adding 500 ml. of absolute 
ethanol After cooling to room temperature, 0,5 g. aliquots 
WM're litrati'd in 95% c'thanol wdth standard alcoholic alkali 
(phenolphthalein), and the total HC4 ])resent in the w'eighed 
residin' was calculated, 44ie fre<* 1IC4 wuis tln'ii neutralized 
witli a freshly prepared solution of sodium in absolute ethan¬ 
ol. Tin* (juautity of sodium used was calculated by 
subtracting 0.5 mol from the total 11(4 present, so that 
the hydrochloride of the ethyl ester of the diethoxyalanine 
remained in solution. The neutralization was conducted at 
room b'luperature with stirring. The mixture was filtered 
and the salt cake wuished twice wuth 50 ml. of absolute 
ethanol. 4 o the filtrate, 300 ml. of 4 aipicous NaOH was 
added (at once) and the mixture allowed to staml overnight 
at room temperature. A stream of CO 2 was then passed 
into the solution until it w^as acid to phenolphthalein. The 
mixture was filtered (0.5 g. of Norite for decolorizatiori), the 
salt cake washed twice with 35 ml. portions of 95% ethanol, 
and th(‘ filtrate concentrated in vacuo to a volume of about 
125 ml. A solution of 80 g. Na-A'Oa in 200 ml. of water was 
added and the mixture was transferred to a 3-necked flask 
equipped with two dropping funnels and a stirrer. The 
[ihenylacetylation was conducted at 0-5° using 62 g. of 
phenylacetyl chloride (80% of theory) and 150 ml. of 5 AT 
NaOH, added during forty-five minutes. Stirring was con¬ 
tinued for HU additional fifteen minutes and the mixture was 
extracted once with 250 ml. of ether. 4^be aqueous layer 
was cooled to 0° to 5° and 5 N HC4 added from a dropping 
funnel until the solution was strongly acid to Congo (approx. 
235 ml.). The mixture was extracted five times with 
100 ml. portions of ether, the ether solution extracted four 
times with 25 ml. portions of water, dri(»d with Na 2 S 04 (0.2 g. 
of Norite), and filtered. Tlie filtrate was concentrated in 
vacuo to a thin sirup which wras extracted five times with 
Skellysolve-F by heating and d(»canting. On cooling, 
crystallization occurred promptly and was allowed to proceed 
overnight at 4°. Successive crops of crystals were obtained 
from the filtrate by repeating the Skellysolve-F extractions. 
The crystals wore stirred in ether, cooled, and refiltered 
to obtain a white crude product which contained phenylacetic 
and phenaccturic acids as impurities. In a typical experi¬ 


ment, the following weights of crude crystal crops, with 
their neutral equivalents (tht'ory = 295), wi're obtained: 
Crop 1, 16.2 gm., 11 . eq. 292; ("rop 2, 3.5 gin., n. eq. 287; 
(Top 3, 7.2 gm , n. eq. 254; (Top 4, 3.3 gm., n. vq. 236. 
Oil reervstuUization of crops 1 and 2 from ethylene di- 
chlorhh'-Skellysolve-F (Merck, M.J^, 3) an 80S' re<*overy of 
pure bi'iizylpenaldic acid diethyhicetal w^as obtained, m.p. 
111-112", 11 . cq. 295, ethoxyl =« 30.4%, theory ethoxyl « 
30.5%.. By ri'working th(' inollier lupiors and the third 
and fourth crops, the OAcrall yield was 15%; of theory, 
asMimiiig 100^4 purity for tiie crude sodium eiiolate. At- 
lempt.s to iinproie the Mcld of the last step have thus far not 
been siiecessriil /:i,/^-l)jel hoxyalanim' ethy! ester, b.p. 110- 
115"/5 inm. (corri'ct nitrcigen anid>.sis), was isolati'd in low 
yield, presumably due to exteiisne iliketopiperazine forma- 
lion, and lienee was not a suitable inti'rmediate 

Benzylpenaldic Acid Diethylacetal (Pfizer, 17). 4o 

2 5 liters of 15% by wc'ight alcoliolic hydrogen chloride cooled 
to i)\ 329 g. of crutlt' sodium I'thvl norperialdat(‘ w'as added 
with \ igorous stirring and thi' mixtiin* was allow'ed to stand 
at room tenqieratiin* oveinight It was then concent rail'd 
to a heavv svrup undi'i* ieduced pri'ssure and treated with 
two liters of eldorotorm. 44ie chloroform solution w^as 
vigorously agitated while adding 400 g, of sodium bicar¬ 
bonate Afb'r four hours of this treatment, the reaction 
mixture was filtered, washc'd w'lth 500 ml of 54t. sodium 
bicarbonate solution, 500 ml. ol saturated sodium chloride 
solution, and the chlorohirm was removed under reduced 
pre.ssiire. 44»e n'sidiie was distilh'd and thi* traction boiling 
at 78 H5°/0.1 mm. was colle(*ted. Tpon redistillation there 
was obtained 167 g (f 5% ) of /!(,/i-diothoxyalanine ethyl ester 
boiling at 7l°/0.1 mm 

To a Mgorouslv stirred mixture of 350 ml. of water, 
1,700 ml. of chloroform, 144 g. of /:f,^-dietlio\valanine ethyl 
ester and 141 g. of soilium bicarbonate cooli'd to 5°, th(‘r(‘ 
was slowdy added 109 g. ol phenylaci'tyl chloride. The 
mixture wa.s stirri'd for one hour at room temperature, 
filtered, and washed with wati'r. The chloroform was then 
removed under retlueed pressure. The crude ester which 
remained did not crystallize ]>ut was added to 1,800 ml. of 
ethanol containing 28.2 g. of sodium hydroxide. ITu' solu¬ 
tion was allowed to stand for five hours and tht' ethanol 
removeil undt'r reduced pressure. The rt'sidut' w^as dissolved 
in 900 nd. of water, extraeb'd with 400 ml. of ether, bone- 
blaeked and filtered. The aqueous solution was tlien cooled 
to 5°, 400 ml. of benzene was added, the mixture acidified to 
Congo Bed wdth ddutt' hydrochloric acid and filtered. The 
crude acid weighed 188 g (90.7%) and melted at 112-113°. 

2-Pentenylpenaldic Acid Diethylacetal (Pfizer, P./7, 11; 
^4^ 10)‘ 'l^he sodium cthoxide was prepared by treating 
5.8 g. of sodium with 11.5 g. of absolute ethanol in 200 ml. 
of dry benzene and heating on an oil bath at 60-70° over¬ 
night. The sodium ethoxide-benzcnc mixture was cooled 
to 5° in an ice bath and to this a mixture of 49.8 g. of 3-hcx- 
enoylglycine ethyl ester, 21 g. of ethyl formate and 125 ml. of 
benzene was added slowly with vigorous stirring. The reac¬ 
tion mixture was stirred for an hour in an ice bath and then 
allowed to come to room temperature. It was poured into 
100 ml. of ice water and the benzene layer extracted with 
50 ml. of ice water. The water fractions were combined, ice 
and benzene were added and then the solution was acidified 
to pH 3 with dilute hydrochloric acid. The water layer was 
extracted twice with 70 ml, of benzene, the benzene fractions 
were combined, washed threti times with 70 ml. of 5 % sodium 
bicarbonate solution and once with 70 ml. of water. The 
benzene was removed under reduced pressure and an oil re¬ 
mained which gave a positive enol test with ferric chloride 
and reacted with 2,4-dinitrophenylhydrazine in the usual 
manner to give a 2,4-dinitrophenylhydrazonc which melted 
at 169-160° after two crystallizations from ethanol. 

Calc, for CnHnOTN*: C 60.12; H 6T6; N 17.20 
Found: C 60.U; H 6.10; N 17.26 
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A mixturt‘ of 19.3 p;. of ethyl 2-penteiwl|)(»n?il(late, 15 ml. of 
abHoluie ethanol, 17 ml. of (‘thyl orihoforniate and 0 5 am- 
moniinn chloride was refluxed for one and one-half hoiirs on a 
steam cone and tluui rone,eiitrated under reduced y>n‘«sure. 
The residue was taken up in 150 ml. of ether, shiiken with 
10 ml. of sodium hydroxide solut ion, washed w'lth 20 ml. 
of water, <ln(‘d over anhvdroub sodium sulfate, and the ether 
distilled. The ethyl 2-pentenylpenaldate diethylaeetal was 
an oil and weij^hed 14.7^. (57.3^/^ of the theoretical amounts 

The product was dissolved at room temperatnn* in 120 ml. 
of ethanol containing 2 pjm. of sodium hydroxide and allowed 
to stand overniKht. The al(‘ohol was removed under 
r(*duc<*d pr(*Ksur(‘ and the residue taken uy) in 100ml. of water, 
extracted twice with e|jier, hone-blacked, filtered and cooled 
to 0°. Tlie aipieous solution was treated with 100 ml of 
benzen(‘ and acidified to pll 2 with dilute hvdroehlorie aeid. 
The water laver was extraided twiee with 150 ml. of benzmie, 
the benz(‘ne fractions were eombineil and the bmizene re¬ 
moved. A smni-solid mass reinain<*d weip^hiny^ 9.6 y?. which 
was reer> stallized three times from dilute ethanol to give 4 g. 
of acid nielling at 79'". 

Calc, for (\3H,i06N Ho(): 

53.61; II 8.59: N I 81: Neni eipiiv. 291 
Found : C 53 81; H 8.70; \ 4 81 , Neut. equiv. 290 

2-Pentenylpenaldic Acid Diethylaeetal (Pfizer, 9). 

To a vigorously stirred mixture of 450 ml. of water, 2,150ml. 
of chloroform, 184 g. of /y,/:f-diethoxyalanmc ethyl ester and 
180 g. of sodium bicarbonat(, cooled to 5“, tluTc* was slowly 
added 118.5g.of 3-he\enoyl cliloridi* (boilingat 52'^’/17mm.). 
The mixture' w’as stirred for one hour at room temperature, 
filtered, and washed wifh wateu'. The chloroform was then 
removed und(‘r reduce'd pn'ssure, I'he crude ethyl 2-peii- 
tenvlpenaldate' diet hvlacclal which remained did not 
crystallize Init was added to 2,300 ml. of ethanol containing 
30 g of sodium hydroxiele'. The solution was allowed to 
stand for fi\<‘ hours and the e'tiuinol removed uneler reduced 
pressure 'fhe re.sidue vas dissolved in 1,300 mi. ot w'ater, 
extracted with 500 ml. of ethi'r, treated with charcoal, and 
filterc'd. The aqueous solution was then cooled to 5*’, 
500 ml. of benzene was added, acidified to Congo ited wnth 
dilute hMlrocblorie acid and filti'red. Tliv erudi* acid 
weighed 233 g. and melted at 76 -79 It \vas recrvstallized 
from aqueous ethanol and then melted at 79 . The yield 
was 225 g (86.5%). The 2-p<'iiteiiylpcnal<lic acid diethyl- 
aci'tal (Tvslallizes with 1 mole of water. 

Calc, for C^slbiaOfcN lCO: 

C 53.61; II 8.59; N 4.81; Neut. equiv. 291 
Found: C’ 53.81; 11 8.70; N 4.81; Neut. equiv. 290 

Benzyl 1-Pentenylpenaldate (I.C.I., CPS.479j 8). A 
mixture of 2-A"-pentenyl-4-hydroxyin(*thylene-5-oxazolone 
(18.2 g. K dry bi'iizyl alcohol (12.0 g.) and benzene (30 cc.) 
w'as gently warmed for thirty minufes, giving a red solution 
which was filtered and petroleum ether (40 ee., b.p. 40-60“) 
added. ()n cooling crystallization occurred anil the resulting 

lienzyl 1-pentonyIpenaldate (15.9 g.) w^as filtered and crystal¬ 
lized from lierizene-petroleum ether, m.p. 88°. 

Calc, for (\6lIi904N: C 66.4; 11 6.6 
Found: C 66.0; 11 6.5 

The benzylamine derivative prepared in ethereal solution 
from this product (2.9 g.) and benzylamine (1.1 g.) was 
filtered after twenty-four hours and crystallized from 
aqueous methanol in fine needles, m.p. 101°, 

Calc, for CwHaeOsN,: C 73.0; H 6.9 
Found: C 72.7; H 6.7 

l-Pentenylpenaldic Acid Diethylaeetal (Pfizer, P.i7, 14; 
18i 10). 2-Hexenoylglyciue ethyl ester was formyl- 

ated in the same manner as the 3-hexenoylglycine ethyl ester 
(see page 512). But a clear solution was not obtained after 


the addition of the et]i\l formate and the 2-liex(*novlglveine 
etliyl ester. The yield of ethyl l-pentenylpenaldate was 
only J.4 g., the product gave an enol test wnth ferric chloride 
and reacted wnth 2,4-dirutrophenylhydrazino to give a 
derivativi' melting at 165 . 

('ale. for CitHuOtN..: (’ 50 12; II 5 16; N 17.20 
Found: (' .50.65; U 5 36; N 16.93 

The reaction w'as ri'pcati'il, stirring 1h(‘ mixtnn' ovi'rniglit 
after the addition of th(‘ ethyl formate and tht' 2-he\enoyl- 
glyeine (‘thvl ester. \ total of 13.7 g. of a heavv oil was 
obtained which soliditK'd and could be pre.s^ed on a cla\ plate 
to give a product nu'lting at 69 70°. Ilowi'ver, ri'crystal- 
lizatioii was not succe^sfiil. Tlit' 2,4-(bni1rop]ienylhydraz- 
one melted at IfkT, 

A mixture of 12 g. of ethyl l-jicnti'iivlpenaldate, 12 ml. of 
ethyl formate and 0.4 g. of ammonium chloriili' was re¬ 
fluxed on the steam cone for ninetv rinnuti's and then worked 
up in the same manner as the 3-hexeno\l derivative (see 
page 512). The ethyl l-pentenylpenaldati' diethvlaei'tal 
wa'ighed 11.7 g. (73.5^). It was saponified in the same 
manner as the 3-h(‘xen()yl derivative (set* page 513). A 
semi-solid mass was obtained weigliiiig 6.2 g. which was 
crystallized from carbon tetraehloridi* to give a product melt¬ 
ing at 86-87°. 

Calc, for (Ch8ll2/>f>N)2 CT'l4: 

(' 46.30; H 6.54; N 4.00; Neut. equiv. 350 
Found: (' 47.09; II 6.80, N 4.14; Neut. ecpiiv. 347 

Tlie compound apparently crystallizes wuth oni* molecule of 
carbon tetrachloride. It decomposi's at room temin'rature 
ovei a period of three wrecks. 

Ethyl 1-Pentenylpenaldate Diethylaeetal (Pfizf'r, 20). 
This ester was prepared in a 96% yield from 2-hexenoyl 
eliloride and /^,/l-di('thoxyalaniiu‘ ethyl ester hsee page 513) 
and has also been obtained as a (‘rystalline jiroduet melting 
at 53-54°. 

C'alc. for CiftHsvOftN: C 59.80, II 8.97; N 4.65 
Found: C ,59.78; H 8.97; N 4.(>5, 4.55 

4-Pentenylpenaldic Acid Diethylaeetal (Pfizer, P.36y 8). 
A solution of 10.7 g. of ,5-bexenoir aeid and 12 ml. of benzene 
was slowly added to 21 g. of t hinny I chloride and 12 ml, 
of benzene. The mixture was rolluxed for four hours and 
distilled. Tlie 5-hc\enoyl chloride distilled at 56-57°/ 
20 iniii, ami weighed 1 4.6 g. The 5-hcxenoyl chloride was 
slowly added to a mixture of 22.6 g. of /^,/'^-diethox>alanine 
ethjd ester, 55 ml. of water, 260 ml. of chloroform, and 22 g. 
of sodium bicarbonate, cook'd to 5°. Tlio reaction mixture 
was stirred lor two hours at room temperature, separated, 
the chloroform layer washed with wuiter, and the chloroform 
removed under reduced pressure. The crude ester weighed 
33.2 g. 

Calc, for ("uHaiOnN: N 4.65 
Found: N 4.48 

To 140 ml. of ethanol, containing 2.1 g. of sodium hydrox¬ 
ide, 15 g. of ethyl 4-pentenylpenaldate diethylaeetal was 
added and the solution was allowed to stand overnight at 
room temperature. The alcohol w^as removed under reduced 
pressure and the residue w'as dissolved in 100 ml. of water, 
extracted with ether, bone-blacked, filtered, cooled to 10°, 
and acidified to (kingo lied with 1:1 hydrochloric acid. The 
4-peiitcfiylpenaldic acid diethylaeetal formed a mass of 
needles which was filtered. The product (11 g.) was recrys¬ 
tallized from dilute ethanol, m.p. 63-64°. The 4-pentenyl- 
pcnaldic acid diethylaeetal had one molecule of water of 
crystallization. 

Calc, for CuHjaCjN-HaO: 

C 53.61; H 8.59; N 4.81; Neut. equiv. 291 
Found: C 63.77; H 8.79; N 4.78; Neut. equiv. 288 
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3-Pentenylpenaldic Acid Diethylacetai (Pfizer, P.^.9, 10). 
This acid was prepared in a manner similar to ihi* prepara¬ 
tion of 4 -pentenylpenaldie acid diethylacetai (see page 513). 
The yield was 11.2 g , ni.p. 62"’, after recrystallization from 
diluU* ethanol. 

Calc, for C’ull 230 ..N H A): 

C 53.61; n 8 59; N" 4.81; Neut. equiv. 291 
Found: (' 53.72; 11 8 81; N 4.84; Neut. equiv. 293 

The 3 -p(‘ntenvlpenaldie acid diethylacetai and 2,4-dinitro- 
phenylhydrazirje yiehh'd the 2,4-diuitrophenylhydrazone of 
N- 4 -be\enoylaniinoaeetaldehyde which melted at 191-192“. 

Calc, for C 14 H 17 O 5 N 6 : C 50.15; H 5 07; N 20.90 
Found: C' 50.01; 11 5.08; N 21.03 

Methyl //-Amylpenaldate (Upjohn, U.4i 30). Formyl- 
ation of 87 g. of n-caproylglyciue nudhyl ester in the manner 
described (see page 5(KH for the preparation of methyl 
benzylpenaldate ga\<* 16 g. (19of pale yollow' oil. 

Calc, for CioHnO^N: N 6.5 
Found: N 6 8 

A solution of 500 mg. of the crude product and an equal 
waught of 2,4-diniirophenylhvdrazine in a mixture of 20 ce. 
of methanol and 50 cc. of 6 iV sulfuric acid was allowed to 
stand. The resulting crystals were collected and crystal¬ 
lized from methanol. The yh‘ld was 400 mg., rri p. 153-155“ 
(unoorr.h 

Calc, for CbcH^iOyNo: N 17.7 
Found: N 18.0 

n-Amylpenaldamide (Cornforth, Comfort li; Abraham, 
Baker, Chain, and Robinson, CAS^/77, 3;. Potassium 
(0.85 g.) was dissolved in alcohol (2.5 g.) and ether (14 g.). 
The solution was diluted with ether to 50 cc., cooled to —15“ 
and treated with a similarh" cooled mixture (4.85 g.) of ethyl 
caprimidic-N-acetate (Co 11 1 iC(OC 2 lU) —N • (T1 ^CC)()(^ 2 n 5 ) 
and 3.2 g, of ethyl formate. The solution was kept below 
— 10 ° for three hours, crystallization setting in after about 
one hour. The fine colorless needlt*s w'ere quickly collected 
( 2.6 g.) and washed with ether, 'flu' potassium salt was 
very hygroscopic and reddened on exposure to air. It dis¬ 
solved easily in alcohol. The alcoholic solution, cautiously 
treated with dilute alcoholic ferric chloride, gave a deep red- 
violet color which faded rapidly to dull yellow when excess 
ferric chloride w^as added. 

Calc, for (haH, 204 NK: N 4.7 
Found: N 4.5 

The potassium salt (1.3 g.) in alcohol (5 ec.) was treated 
with one equivalent of ethereal hydrogen chloride. The po¬ 
tassium chloride was removed, the solution evaporated and 
the residue distilled, b.p. 99°/0.07 mm. 1'he yield was quan¬ 
titative. The ester formed a colorless oil, soluble in strong 
acid, from wdiich it 8 eparat<*d on dilution. 

Calc, for CnllnOaN: C 62.5; II 8.1 
Found: C 62.1, 62.2; H 8.3, 8.3 

When warmed with 2,4-dinitrophenylhydrazine in 2 iV 
hydrochloric acid, it slowly yielded a pre(‘ipitate which was 
recrystallized from alcohol; small yellow needles, m.p. 
165-166°. 

Calc, for CirllaaOrN,: N 17.1 
Found: N 17.7 

The ester on keeping a few days with aqueous ammonia gave 
crystals of w-amylpenaldamide which crystallized from 5 % 
aqueous alcohol in colorless plates, m.p. 152-153°. 

Calc, for CalluOjNj: C 59.4; 11 7.7 
Found: C 59.4; H 7,7 


The substance evolved ammonia on boiling with aqueous 
alkali. 

Ethyl w-Amylpenaldate (Bentley, Catch, Cook, Elvidge, 
Hall, and lleilbron, Pen. 1/4, 4Y Caproylglycine ethyl 
ester (12 g.) and ethyl formate (4.5 g.) were boiled with 
molecular sodium (1.4 g.) in benzene (80 cc.) for 1.5 hours. 
After standing overnight the sodio-eompound was decom¬ 
posed with wat<T and acetic acid (7 cc.). The benzene 
solution w'as washed with water and aqueous bicarbonate 
and distilh'd, eventually in vacuum. A low-boiling ester 
(ethyl caproate (?), 2.3 g ) and a high boiling fraction 
w'hich solidific'cl were rejected and ethyl r/-aniylpenaldate 
( 3.5 g.) was collected as an oil at 155-160°/4 mm. 

Calc, for CuHibO^N: N 5.9 
Found: N 5.8 

The 2,4-dinitrophcnylhydrazonc was prepared from the 
reagents in cold 6 N TIC^l and formed yellow needles, melting 
at 166-167°, from ethanol. 

Cfilc for (^vlTtiaOrNfi: C 19.8, H 5.6; N 17.1 
Found: C 49.7; H 5 . 8 ; N 16.9 

Derivatives of Ethyl //-Amylpenaldate (Brodrick, Peak, 
8 hort, Whitmont, and Wilson, (7\S'.5f)5, 5). Crude ethyl 
n-amylpenaldate troni caprovlglycine ethyl ester (10 g.) was 
treated with benzylamine (3.2 ee.); heat was evolved but no 
solid separated, even at — 70“. The ether was evaporated 
and the residm* distilled. The fraction b.p. 222-227°/! mm. 
(4.8 g.) slowly solidified, (bulling of its solution in aqueous 
ethanol caused separation of an oil which solidified on 
standing anti n'petition of this treatment gave material 
of constant m.p. 71 72°. 

C^ale. for (’inlLnOiNj: N 8.8 
Found: N 8.9 

l)initroph(*nylhy(lr.*izin(‘ afforded the dinitrophenylliydraz- 
oiie of ethyl i/-am> Ipenaldati* 

The reaction was repeattul using aniline instead of benzyl- 
amin(‘. Aft(‘r standing overnight, Iht* crude anil was col¬ 
lected and washed with ether. Heerystallization from 
ethanol (100 et* ) gave the pure product (20 g.) as small 
needles, m.p. 115-146°. 

Calc, for (b 7 H 2408 N 2 : C' 67.1; H 7.8; N 9.2 
Found: C 67.7; H 7.9; N 9.5 

With dinitropheiiylhydrazine in 5 N hydrochloric acid, the 
anil rapidly gave the diriitrophenylhydrazoiie of ethyl 
n-amylpenaldate crystallizing from ethanol in yellow needles, 
m.p. 170-171°, undepressed by an authentic specimen. 

/i-Amylpenaldic Acid Diethylacetai (Pfizer, P./5, 5). 
Ethyl 71-amylpenaldate wuis prepared by the fonnylaiion of 
a-eaproylglyeine ethyl ester just as in the preparation of 
ethyl 2 -pentenylpenaldate (see page 512). The crude ester 
obtained was an oil and weighed 45 g. (39.3%). It formed 
a 2,4-dinitrophenylliydrazone which melted at 168°. 

Calc, for CnH 2307 N 5 : C 49.88; H 5.62; N 17.12 
Found: C 49.71; H 5.62; N 17.40 

The condensation proceeded in the same manner as the one 
to form ethyl benzylpenaldate. Ethyl n-eaproate wa® 
obtained here as a by-product when'as ethyl phenylacetate 
was obtained from the ethyl benzylpenaldate reaction. 

Crude ethyl n-amylpcmaldate (37.4 g.) was converted 
(by the method described on page 512) to n-amylpenaldate 
diethylacetai (39.5 g.) which was an oil. The saponification 
proceed(‘d in the usual way (see page 513) to give a product 
melting at 64-66° and weighing 27.4 g. Recrystallization of 
the n-amylpenaldic acid diethylacetai from aqueous ethanol 
gave a produc^t melting at 67-68°. 

Calc, for C, 3 HaftO,N II*0: 

C 53.24; H 9.22; N 4.78; Neut. equiv. 29S 
Found: C 53.28; H 9,25; N 4.94; Neut. equiv. 291 
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Methyl p-Hydroxybenzylpenaldate (Upjohn, IJJHh, 22). 
Methyl p-aoetoxyphenacetiirate (5.t{ p;., 0.02 mole) was 
pulverized finely and added to a puspension of 0.5 g. of 
powdered podium in 100 ml of anhydroup ether. Dry 
methyl formate (3 ml.) wap added and the mixture ptirred 
meehanieally. There wap no perceptible reaction after 
nineteen hours even though gentle warming was (uiiployed 
during the first hour. After nineteen hours of stirring, 6 ml. 
of methanol was added. Reaction occurriMi rapully and the 
solids pc'ttled as a pal(‘ ycdlow, extremely viscous material. 
Stirring was continued for an additional four houra. A 
small portion of the gum w^as removial, dissolved in water 
and treated with an acid solution of 2,4-dinitrophenylhydraz- 
me. A low yield of yellow precipitate came down at once. 
The product was collecti'd and dried on a porous plate, m p. 
214-219“. (Vvstallization from ethyl acetate-petroleum 
ether gave a few crystals of a canary yc'llow iiroduct, m.p. 
222-223“. 

The main reaction product was stirred with 50 ml. of 
water until solution of the gum was complete. The mixture 
wap transfern'd to a separatory funnel, acidified with 5 ml. of 
10% sulfuric aci<l, and shaken vigorously. The. organic layer 
wap si'parated and the aqu(‘ous .solution extracted again with 
ether. The combined etluTeal extracts \\(t(‘ washed once* 
with water and dried over anhydrous magiu'sium sulfate. 
The solvent w'as removed in varuo in tin* cold A .sample of 
the residual heavy yi‘llowish oil (400 mg.) ujion tn‘atinent 
with alcoholic ferric chloride gave a rather faint purplish 
color which became more pronounced on standing. 

Tlie remainder of the oil (470 mg.) was taken up in 
methanol and treated with a cold, dilute sulfuric acid .solution 
of 2, t-dinitrophenylhydraziiie. Alter standing overnight 
the precipitate was collected and dried on a porous plate. 
The yield of bright orange-\ ellow product melting at 210- 
217“ was 190 mg. The crude product was triturated with 
boiling methanol, dried and powdered, m p, 223-224“ 

Calc for C^nlTi 909 N 5 : C 50 85, II 4 04; N I 1.83 
Found: V 50 51 , 11 4.10; N 15 98 

A few^ milligrams of the crude product was cry.stalliz(‘d 
from dilute methanol, .st'parated by centrifugation and dried 
first in a stream of nitrogen then in vacuo at 40“, m.p. 221- 
225“. Thi.s product contained 15.20‘^,<, of nitrogen. 

p-Hydroxybenzylpenaldic Acid Diethylacetal (Pfizer, 
P.W, 11) A mixture of 1 9 g. of /i-acetoxvphenvlacetic 
acid, 10 ml. of benzene and 1.3 g. of tbionyl chlornle was 
refluxed for 2 ^ 2 hours and (‘vajiorated in vacuo. The residue 
was treated with a mixture of 1.8 g. of d,/if-dicthoxyalanine, 
20 ml. of A/2 sodium hydroxide and 2 g. of .sodium bicar¬ 
bonate and shaken until a clear solution r(*sulted. The 
reaction mixture was extracted with ether, bone-blacked, 
filtered, cooled to 5°, and acidified with dilute hydrochloric 
acid. An oily product was obtained which w as taken up in 
10 ml. of 10% sodium hydroxide solution and warmed for 
one hour to remove the acetyl group. Upon acidification, a 
heavy oil separated which was induci'd to crystallize. Some 
purification was effected by dissolving in ether and precipi¬ 
tating with benzene. The somewdiat impure product 
melted at 70-75“ with decomposition 

p-Acetoxybenzylpenaldic Acid Diethylacetal (Pfizer, 

4, 5), A solution of 17.9 g. of p-acetoxyphenylacetyl chlor¬ 
ide in 50 ml. of benzene was slowly added to a vigorously 
stirred mixtun* of 14.9 g. of /^,/y-dietboxynlaiiine, 169 ml. of 
0.5 N sodium hydroxide and 14.5 g. of sodium bicarbonate. 
After this addition, the reaction mixture was stirred for an 
additional thn^e-quarters of an hour. Tin* benzene was 
then separated, the aqueous lay(‘r treated with charcoal, 
filtered, cooled to 5°, and acidified with dilute hydrochloric 
acid to Uongo Red in th<^ pn'sence of 100 nil. of benzeiu*. 
The aqueous layer was extracted with an additional 50 ml. of 
benzene, and the benzene fractions w^ere combined. Prior to 
the removal of the solvent, it was possible to crystallize the 
p-aootoxybcnzylpenaldic acid diethylacetal from the benzene 
solution by cooling to 5®. However, the better procedure 


wuis to evaporate the benzene in vacuo. The crudi' m(‘u 1 
then w^eighed 23.4 grams and melted at 112-114“ 'i'his 
upon rc'cryslallization from ethyl alcohol-water, yield(‘d 
20.3 g of /)-a<'etoxvbenzvI])enaldie acid diethvlacetal, m p. 
118-119“ (dec.;. 

Calc, for CnllntbN: 

r 57.79; 11 0 52; N 3.97; Neuf equiv. 353 
Found ; C 58 05; 11 0.75; .N 4 07; N(‘ut. <‘(pav. 354 

'fhe liydrolvfiis of //-ncetoxybenzvlpenaldic ncid diethvl¬ 
acetal to //-hydroxybeuz\ ipenaldic acid dietliylnc(‘tal >icldcd 
only an amorphous product which was not crvstnlbzed. 
rpcui dry ing in a \acuuiTi d(‘siccator over barium oxich*, a 
glass-like solid w as oblain(*d. 

Calc for 57 88; 11 0.75; N 4 50 

Found: (' 59 82, II 7.06; N 4.58 

Methyl p-Acetoxybenzylpenaldate Diethylacetal (Pfizer, 
6 ) solution of 21.7 g. of //-acetoxybenzylperialdic 
acid dietliylaeelal 111 200 ce. of dioxaiu* was treated witli 1.2 
mole t*((ui\alents of diazornetlinne 111 ether solution. The 
excess diazoinelhani* was (l(‘eompos('»l with a few drops of 
acetic acid and the solvent was n*rno\ed under reduced 
pressure The residue w'as crvstalliz(*d from a mixtun* of 
ligroiji and benzene. The ester melted at 02-63“. 

Calc for (\«n,d)7N: 

(\5K.85, H0.81, N3 81 

Found: C 59.14, 59 46; 11 6.81, 6.98, N 3 78, 3.85 

p-Methoxybenzylpenaldic Acid Diethylacetal (Pfizer, 
7.V, 12). This acid was jirepared from forinylglyeine di- 
ethylaeetal and p-methoxypheiiylaeetyl chloride in a similar 
maimer to that previously described (see page 513). The 
l)enz(‘ne was r(*moved in vacuo and the heavy oil remaining 
was chiefly the p-methoxybenzylpenaldic a(‘id diethylacetal 
and weighed 11 g. (67.7%). 

Ethyl Phenylpenaldate (Mieh. ('hem., B.l, 1) The pro¬ 
cedure is a modilication of that of Erie nine v(t and Stoop 
(A 7171 . SS7, 230 (1901)). In the present preparation a four¬ 
fold excess of formvlating agent was used and the time cut 
from nine days to one day. To a solution of sodium ethoxide 
prepared from 0.92 gm. of sodium and 20 ee. of absolute 
alcohol was added 3.3 ee. of ethyl formate. After throe 
hours, 2.07 g. of ethyl hippurate was added and tin* mi.xturo 
wuis shaken to dissolve the ester. After a short time the 
sodium salt of the desired product began to preeipitati*. 
It was filtered after twenty-four hours, stirred with anhy¬ 
drous ether, filtf’red, and the procedure repeat(*d wdth 
30-60“ petroleum ether. The product weighed 2.7 g. 

Wlien 0.25 g. of the salt in water was treat(*d with an acid 
solution of 2,4*dmitropheiiylhydrazine, 0.325 g. of tin* dinitro- 
phcnylhydrazone was obtained, representing an 87% yield 
on the basis of the ethyl hippurate. .\fter om* recrystalliza- 
tioii from methanol, the yellow^ crystals of the dinitro- 
phenylhydrazonc* of ethvl phenylpenaldate melted at 182- 
183“. 

Calc, for (hnHnDTNs: C 52.05; H 4.13 
Found: (' 52.06; 11 4.34 

By dissolving the sodium salt in water, acidifving the 
solution with hydrochloric acid, extracting with ether, and 
evaporating the solution, ethyl phenylpenaldate was isolated 
as a colorless viscous oil. The yield was usually about 50% 
when one mole of formylating agent was emploved. 

Phenylpenaldic Acid Diethylacetal (Mich, (/hem., 7?./, 1). 

A chilled solution of 3.65 g. of ethyl phenylpenaldate in 
8 cc. of absolute ethanol was treat(*d with a chilled solution 
of hydrogen chloride in 8 ec. of absolute i*thanol (satuixated 
at 25°). After the mixture had stood in ice water for threi* 
hours, it was kept at room temperature for twelve hours 
moix* and then poured into a mixture of icc* and sodium 
hydroxide solution (30 cc. of 5% and 5 cc. of 20% aqueous 
sodium hydroxide). Indicator test paper was used to 
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nmkp auro that the solution wna alkaline at all times. The 
mixture was OKtracted with other, the t'ther extract was 
washed with wat<'r, dried over inaKnesiuni sulfate, and the 
ether e\Mporated in a current ol air. T}>e residue of the 
diothvlac(dal of ethvl pheiu iptuialdale as a nearly colorless 
viscous oil It was dri(‘d ni vacuo over concentrated sulfuric 
acid and the yic‘ld was 2 tiS 

\Vh('n a sample was treatcal with 2,4-dinilrophenylhydraz- 
ine in acidic acpieous alcohol solution, the dinitrophenyl- 
liydra?:ont‘ of eth>i phenylpenaldate Ix'jraii to precipitate 
aftei two hours. 

\ solution of 2 2r) of the diethylacetal of ethyl phenyl- 
peualdate in 20 cc of ahsidute ethanol containinp; 0.20 i?. of 
sodium hvdro\idf‘ (1 eijuivalent) was allowed to stand for 
twa*lvc‘ hours at room tein]»erature. Tt was then poured 
into 05 cc of waiter and a shp:ht I'xia ss of .V sulfuric acid over 
one equivah'ut w’as added Tlie mixture w as extracted with 
heiijsene, the henzmie extract was dried over magnesium 
sulfate and the benzene evaporated in a current of air. 
Tht‘ residue crystallized in slii?htlv diseolori'd ro.settes and 
the yield w'aa 1.40 ji; Itecrystallization Irom benzene- 
petroleum ether (30 10") yielded oolorle.ss needle's, m.p. 
93.5-04.5". 

(.'ale. for ('Mni.>()bX; 

(' 59 70; II 0 81 

Kound: (' 50.70; 11 6.09; Neut. ecpiiv.: calc. 281, found: 281 

Ethyl Phenylpenaldate Diethylacetal (Beci, Kiuk; Abra¬ 
ham, Baker, Chain, and Robinson, 1). 4-Ethoxy~ 

metbylcn(‘-2-phenyb5-oxazolonc (10 5 ff.) dissolved in dry 
benze'Tie (100 ec.) wnis added durinj*; ninety minutes to n 
stirred, strongly cooled solution of sodium (1.2 g in dry 
ethanol (50 ee ). The reaction mixture w'as then slowdv 
allowed to attain room temtH'rature an<l left overnight. 
Afti'r three rapiel washings with water, lli<‘ Ix'nzene layer 
W’as (Iru'd over sodium .sulfate and (‘va[)orated. Kthyl 
phenylpenaldate dielhvlaeetal was thus obtained as a ]>ale 
yellow oil (10 g., 67^0 wliich slowdv eryslalliz(*d in large 
colorless tablets. The ester, which is readily soluble in 
ethiinol, (‘ther, and benzene, wais punfic'd by recrystallization 
from light iietroleum (4(>-6()"). It separated as an oil which 
solidified overnight in the refrigerator and had m.p. about 
50" w’ith previous softening. 

Gale, for CboHa^ObN: C 02.1; 11 7,4; N 4.5; OKt 43,7 
Found: 0 64.0; II 7.4; N 5.0; 0¥A 41.5 

A sample purified by distillation at 0.05 mm. wuis also 
analyzed. 

Found: ('62.8; 117.7; OEt 41.7. 

Phenylpenaldic Hydrazide Diethylacetal (Beer, King; 
Abraham, Baker, Ghain, and Robinson, CPS,^68, 2), A 
solution of ethyl phenylpenaldate diethylacetal (1.0 g.) and 
hydrazine hydrate (0.3 g.) in ethanol (1 cc.) was refluxed for 
2 hours and allowed to stand overnight. Water was added 
and the hydrazide (0.82 g.) collected. Two recrystalliza- 
tions from ethanol-light petroleum gav(' colorless needles, 
m.p. 158-159". 

Gale, for G 57.0; H 7.1 

Found: G 56.8; II 7.0 

The hydrazide is readily soluble in dilute acid and in dilute 
alkali. On warming with 2 N hydrochloric acid it is con¬ 
verg'd into 4-ben2amidopyrazol-5-one crystallizing in color¬ 
less needles, m.p. about 2(X)" (dec.). 

Gale, for GioH^OaN,: C 59.1; 11 4.4; N 20.7 
Found: G 58.5; H 4.4; N 20.5 

Treatment with acetic anhydride at 100" gave phenyl¬ 
penaldic acid diethylacetal acethydrazide, which crystal¬ 
lized from ethanol in colorleas needles m.p. 187-188" (dec.). 

Calc, for CiellMOjN,: C 57.0; H 6.8; N 12.6 
Found: G 66.9; H 6.6; N-12.9 


Benzyl Phenylpenaldate (Boon, Carrington, Davies, Jones, 
and Hamage, ('!PS.27Ji^ 3). A solution of sodium (1.2 g.) in 
benzyl alcohol (25 cc.) was stirred at 0" and ethyl formate 
(4 g.) in benzyl alcoliol w’as added during thirty minutes. 
The cooling bath was removed and stirring eontiiiued lor 
twenty hours. Bimzyl hippurate (13.4 g.) in benzyl 
alcohol (15 cc.) w^as added; the mixture was stirred inter¬ 
mittently at room temperulun' for thr(*(‘ days and then 
heated to 50 6()‘' for 2^2 hours wdth stirring. The cooled 
mixture was extracted once wdth wat(*r and then several 
times wriih 8G sodium hydroxide. I'he combined ('xtracts 
W(‘re acidified with hydrochloru' acid and the precipitate 
eolleeted (2 02 g.). Aftc'r crvstnllization from petroleum 
ether (40-60^) it formed colorless glistening needles, m.p. 
112-113". 

Gale, for C, 7 lT.i>() 4 N : G 68.7; 11 5.05; N 4.7 
Found: ('67.7:111.9; N 1.75 

It did not reduce Fehliiig's solution, but gave a silver 
mirror, and a reddish-jnirple coloration with ferric chloride. 
The 2, l-dinitrophenylhydrazone formed small yellow 
rluunbie crystals, m.p. 181" (dec. after softening at 180"). 

Gale, for G 57.7, II 4 0; N 14.7 

Found: (’ 58 25, IT 3 75; N 14.7 

Then' was no increase iii the yield of the formyl derivative 
when a larg<* excess of ethyl formate (23.5 g.) wnis used. 
Formylations were atlempti'd using ethyl formate and 
powdered sodium in benzene or tolueiu' and sodium ethoxide 
m ethyl alcohol, ether or Ix'iizi'ne, Imt uniformly without 
success. 

1''rom 2-r 1110N V i.-4-Hi>in)X ym kth ylk vk-5-oxazolon e. 
The crude oxazolone (3 5 g > was boiled under reflux for one 
hour w'ith dry benzyl alcoliol (2 5 g ) and dry benzene 
(225 ee.). The el(*ar red solution was evaporated at 40-60" 
in vacuo and the solid n'sidiK' wais tnturati'd w’lth petroleum 
ether (40-60") and filU'red (5.3 g.). Alter recrystallization 
from petroleum ether (6()-80‘, 300 ee ) it fornu'd needles, 
m.p. 112-113" (3.7 g.), idi'iitical with the product descrilx'd 
above. 

Phenylpenaldonitrile (Squibb, SJfC 4). A solution of 
2.16 g. of sodium in absolute alcohol w'as concentrated 
in an atmosphere of nitrogen under ri'duced pressure. 
Then, to ri'inove the last traces of alcohol, the solid was 
heated at 200“ for two hours undi'r reduced pressure. To a 
suspension of the sodium ethylate m 100 ee. of benzene there 
W'as added a solution of 15 g. of hippuronitrile in 200 cc. 
of ethyl formate and 100 cc. of benzene, ('oniplete solution 
occurred and the reaction mixture was allowed to stand 
overnight, during which time 9 g. of solid separated. The 
cnide sodium salt contained as impurities some sodium 
benzoate and souk* urireacted starting material (7% of the 
crude salt). 

A benzoate of the enol formed instantly upon the addition 
of benzoyl chloride to an aqueous solution of the crude 
sodium salt. After si'vt'ral recrystallizations from ethanol, 
the benzoate melted at 181-182". 

Calc, for CiTlI^OaNa: G 69.80; 11 4.12; N 9.59 
Found: C 69.80; II 4.04; N 9.85 

Benzyl Phenylthiopenaldate ((>opp, DuflTin, Smith, and 
Wilkinson, CPS.64Sf 6). 2-Phenyl-4-hydroxymethylene-6- 
oxazolone (1 g.) was heated at 100" for half an hour with 
benzyl mercaptan (10 cc.) and a small piece of sodium. The 
solution was concentrated in vacuo and the residue crystal¬ 
lized from ether to give colorless prisms, m.p. 97“99®. The 
yield was quantitative. 

Calc, for CitHuOiNS: N 4.6; S 10.2 
Found: N 4.6; S 10.8 

Benzyl Phenylthiopenaldate Dibenzylthioacetal (CP8,64B, 
9). 2-Phenyl-4-ethylthiomethyiene-6-oxazolone (2 g.) was 
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suspended in benzyl mercaptan (10 cc.), a small jucce of 
sodium added and the mixture heated at 100° for one hour. 
The resulting clear solution was allowed to stand at room 
temperature overnight and then coneentrated m vacxio. 
The resulting pale yellow resin crystallized from ether in 
colorless needles, m.p. 80-91°. 

Calc, for CjilIipOaNS,: C 68.4; H 5.3; N 2.6; S 17.7 
Found; C 68.6; H 5.7; N 2.7; S 17.7 

jS-Phenylethylamine Derivative of Ethyl Phenylpenaldate 

(Barber, Gregory, Slaek, and Stiekings, CPS.591f 8). 
2-Phenyl-4-hydroxymethylene-5-oxazolone (1.89 g.) was 
heat('d under reflux with methanol (25 cc.) for fifteen 
minutes. /^-Phenylethylurniiie (1.5 ec.) was a<lded and 
refluxing continued for one liour. The reaction mixture 
was then poured into iced water, the solid filtered, washed 
with water, crystallized from alcohol from ethyl acetate and 
again from alcohol to give the pure anil m.p. 179-171°. 

Calc, for Ci^IlaoOaNa: N 8.64 
Found: N 8.7 

Anil of Ethyl Norpenaldate (Merck, 8). To a solu¬ 

tion of 20 g. of the crude sodium enolate of ethyl nor¬ 
penaldate (50-60% pure) in 100 ec, of water at 0“, there were 
added coneentrated hydrochloric acid (to pi I 4;, aniline 
(10 cc.), and filially 25 cc. of ethanol to produce a homo¬ 
geneous solution. This was stirred for fifteen minutes 
at room temperature. l'lu‘ solid which separatc'd was 
filtt'red and re crystallized from 50% aqueous ethanol to 
give 12 g. of white solid, m.p. 139-140° (corr.) after being 
dried at 30° in vacuo. 

Calc, for CialluOsNa: C 01.53; II 6.02; N 11.96 
Found: C 61.11; H 6.32; N 12.62, 12.41 

Benzylainine Derivative of Ethyl Norpenaldate (Squibb, 
S.^7y 9). A solution of 14 g. of the crude sodium salt of 
ethyl norpenaldate in 65 ce. of wat(*r at 0° was acidified with 
concentrated hydrochloric acid until barely acid to Congo 
Red paper The addition of 9.0 g. of benzylamme gave no 
observable immediate reaction but a brown oil separated 
from the reaction mixture upon standing overnight. The oil 
was dissolved in cliloroform which was then washed with 
dilute acid and water. The dried chloroform solution was 
conciuilrated leaving 8 g. of oily residue which slowly 
crystallized. In other runs from different batches of crude 
sodium salt, the oil separated more rapidly from the reaction 
mixture and crystallized. Tlu* benzylamine derivative was 
soluble in most organic solvents t'xeept hexane and melted 
at 80-82° after repeated recrystallizations from aqueous 
alcohol and a benzene-hi'xane mixture. 

Calc, for CijHuOaNa: 62.7; 11 6.45; N 11,28 
Found: C 62.90; IT 6.50; N 11.19 

Ethyl Norpenaldate (Idlly, L.25, 9). A solution of 75 g. 
of the dry crude sodium enolate of ethyl norpenaldate in 
200 ml. of water was filtered, cooled to —20° and treated 
with 35 ml. of 12 A hydrochloric acid. The solution was 
extracted with fifteen 100 ml. portions of chloroform. The 
combined extracts were dried over magnesium sulfate and 
chloroform was removed in vacuo leaving 36.5 g. (55%) of 
pure ethyl norpenaldate, m.p. 68-69°. 

Calc, for C*H, 04 N : C 45.27; II 5.70 
Found: C 45.38; 1X6.32 

The compound appeared to bo stable even on long exposure 
to the air. 

/?,^-Diethoxyalanine (Upjohn, 27). Ammonia gas 
was passed into methanol, cooled in a dry-ice-alcohol bath 
until the concentration exceeded 30% by weight, A mix¬ 
ture of 65 ml, of this solution and 10 g. (0.0562 mole) of 
a-chloro-^,^i-diethoxypropionic aci<l was placed in a steel 
bomb of 160 ml. capacity and heated at 110° for sixteen 


hours. The reaction mixture, which eontain<Ml a consider¬ 
able quantity of tar, was wa.shed out with m(‘thanol and 
eoueeiitnitr'd under (imunislied prejssure. Tlie residue, 
which still contained .sinne methanol, w^‘l^ taken up in ether 
and filtered from airiinoniuni chloride. 1’he aiiiino acid 
was extracted from the ether-methaiu>l solution with three 
portions of water; the combined aqueous extnicts w(‘re 
treated wdth d(a*oloriziiig charcoal, filtered, and concentrated 
to a small volume. 'Fhe concentrate w^as dissolved in 
alcohol, again Ireattal with cliarcfial, filtiTial, and evaporated 
nearly to dryness in a desh'cntor. The n'sidue (amsisted 
of a mixture of crystals and brown gum U]>ou washing 
with aetdone the guiu was removed completely, leaving a 
ma.ss of fine pure wliito needles. The yiidd was approxi¬ 
mately 0.95 g. (10,5^Io), m.p. I8t>“190‘’ (dec., Fisher-,Johns 
Block). The compound, which gave a positive nuihydrin 
test, was freely soluble m wati'r and sparingly soluble in 
organic liquids. It crvstallizial from hot alisolute ethanol 
as glistening white' platelets. 

Calc, for C7II15ON: N 7.91 

Found: N 8.01 (Micro-Dumas) 

Esterification of /3,|8-Diethoxyalanine (Merck, 5). 

A solution of 150 gins, of diethoxyalanin(‘ in 1.5 1. of absolute 
alcohol saturated at 0° wdth hydrogen chloride was allowed 
to stand at 25° for t wenty-four hours. Concentration under 
reduced pressure below 45° gave an amber oil which was 
slowly added to a mixture of about 75 gms. of soflium bi¬ 
carbonate, 11. of water and 150 ml. of benzene. The layers 
were separated and the aqueous layer was extracted five 
times with 100 ml. of benzene. The combined benzene 
extracts were dric'd ovi*r sodium sulfate and after conccuitra- 
tion under reduced pressure the residual oil wasevaporntively 
distilled at 50° and 0.002 min. Kedistillation gave 80 g. 
(46%) of a colorless liquid, b.p. 75-77°/0.15 nun. 

Calc, for C,I1,9()4N : C ,52.67; Jl 9.33; N 6 S3 
Found: C 53.06; II 8.53; N 7.22 

Attempted esterification in hot ethanolic hydrogen 
chloride resulted in extensive darkening and decarboxylation. 
Diazoethane in ether ,and mc'thanol failed to give a product 
of good analysis. 

^,/^-Diethoxyalanine Methyl Ester (Billy, L.S2, 11). The 
crude sodium salt of methyl norpenaldate (230 g.) was addi‘d 
to 1 1. of dry methanol containing 1,50 g. of dry hydrogen 
chloride. The mixture was allow’ed to stand at room tem¬ 
perature for twenty hours and was tlicm concentrated in 
vacuo. To the residue w*as added 1 1. of dry methanol fol- 
lowi'd by 336 g. (4 moles) of sodium bicarbonate and the 
mixture was heated on the stt'am bath until no more carbon 
dioxide was evolved. The resulting thick paste was filtered 
and the tilt i ate w^as concentratt'd in vacuo. The residue 
was taken up in a mixture of dry i*tlier and acetone, filtered, 
and the solvents ri'inovial. The remaining dark svnip was 
distilled in vacuo to yield 31 g, of eolorless liipiid boiling at 
95-105° (2 mm.). Tins upon distillation boiled at 86-87°/ 
1 mm. The yield w^as 30 g. (12^f;). 

Calc, for CflH„ 04 N : C 43 55; Jl 8.03 
Found: C 43.52; 118.02 

/3,i8-Di-n-butoxyalanine Ethyl Ester (Pfizer, P.'S,5^ 13). 
To 1.2 liters of w-butanol, cooled to 5° and containing 15‘’<) 
by weight of hydrogen chloride, 166 g. of the sodium salt of 
ethyl norpenaldate w^as added with vigorous stirring and the 
mixture was allowx'd to stand overnight at room temjieraluie. 
The solution, at this point, was almost clear. The ri-butan- 
ol and hydrogen chloride wen' removed und('r redu<;ed 
pressure. One liter of chloroform was added to the residue, 
followed by 200 g. of sodium bicarlionate. The mixture was 
stirred for four hours, filtered, the chloroform rorno\ed in 
vacuOj and the residue distilled. The fraction boiling at 
114-120°/.07 mm. was redistilled, yielding 120 g. of product 
boiling at 98°/.04 mm. 
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Calc, for C 59.77; !I 10.35; N 5.36 

Fouiul; C 59.50; H 10 07; N 5.40 

Ethyl Benzyloxypenaldate Diethylacetal (Lilly, L.//, 5). 
Tho Ho<luun flt'rn'Jit ive of etliyl jn)rp<‘nal(lat(‘ was added to a 
solution oi 36 g of dr\ livdnjgen chloride in 300 oc of cold 
absoluh* alcohol After standing overnight in the refrigera¬ 
tor th(‘ in.'iterial was allowed to wiinn at room teinjDerature 
several hoiiis, lilteied, and evaporated to an oil in vacuo. 
The residue was added to 1 <» g ot niagnesiiiin oxide, 200 ce. of 
chloroform and 100 cc. ot (‘old water Then a 10% excess 
ov(‘r theory of carliohenzyloxv (‘hlond(‘ in toluene was added 
with Stirling and cooling After b(‘ing tiltiTed, the noii- 
acpieous laycT was separated and dried On evaporation of 
the solviml an oil remained. 

(^ilc. for (h 7 ll 2 (,OfiN: N 4 12 
Found: N 4 06 

Ethyl Benzyloxypenaldate (Squibb, 9). C'arbo> 

benzvloxvgl\cin(‘ ('find c‘st(‘r was forniylated b\ the usual 
method (see page 512). The sohent laNer vva.s dried and 
concentrati'd in vacuum to an oil, n*pn‘s(‘nting vields of 6% 
and of 10% of crude jiroduct in the two luns cani<‘d out in 
benzene A fonnylation was attempted m anhydrous ether, 
but no aldehvde fraction was obtaiiu'd. 

CVilc. for (hJlihObN: (%58 86, H 5 66, N 5 28 
Found: C 57.51; H 6 00; x\ 5 08 

A dinitroph(*nvlhydrazone was pn'pared and melted at 
117.5-118’’aft(‘r r(‘crvslalhzation Irom alcohol 

Calc, for C 51.2t; 11 1 28; N 15 73 

Found: C 51.23, II 4.48, N 16.05 

A benzoate was prepared bv adding benzo\ I chloride to a 
solution of the oil in aqueous potassium carbonate. The 
benzoate melted at 102 5- 103.5° aftiT recrystallization from 
alcohol 

(laic, lor %2 „Hi9<)(»N: (> 64.98; 11 5.18 
Found: V 64.82; 11 5.29 

Benzyloxypenaldamide Diethylacetal (Squibb, 9). 

A solution of 17 g. of carbobeiizyloxy chloride in 85 cc. of 
toluene was added to a solution of 20.5 g. of /51,^-diethoxy- 
alanine ethyl ester and 8.7 g. of N-methylmorpholiiie in 
50 cc. of toluene at 0°. A precipitate formed immediately, 
the reaction mixture was allowed to stand overnight at 0“ 
and was then filtered to remove 11.2 g. (91%) of N-inetliyl- 
morpholine hydrochloride*. The filtrate was washed with 
sodium bicarbonate solution and water. The dried solution 
was concentrated under reduced pressure to yield 33 g. 
of a yellow oil (97% yield). 

Calc, for CnHnOfiN: N 4.13 
Found: N 4.15 

The amide was prepared by heating 10 g. of the eater with 
75 cc. of saturated alcoholh* ammonia in a pressure bottle for 
five hours at 100°. Concentration of the resultant solution 
yielded a viscous residui* which slowly crystallized. The 
mixture was diluted with ether and filtered. Hecrystal- 
lization of the solid from an ethyl acetat(*-h(*xanf» mixture 
gave fine needles, m.p. 148-149“. 

Calc, for (\ JUaOfiNo: (' 58.00; H 7.09; N 9 03 
Found: C 57.70; 11 7.29; N 9.15 

Benzylthio-thiopenaldic Acid Diethylacetal (Cook, Harris, 
Heilbron, and Shaw, CPS,440y 4). /3,/3-Diethoxyalanine 
(2.12 g.) in water (7 cc.) containing potassium hydroxide 
(1.4 g.) was shaken with carbon disulfide (1 g.) and the 
clear solution was then shaken with benzyl chloride (1.6 g.) 
overnight. Unchanged reagent was extracted with ether 
and an oil was precipitated from the aqueous phase with 
hydrochloric acid. The oil was taken into benzene and 


light petroleum was added, when benzylthio-thiopenaldic 
acid diethylacetal crystallized. It was rerrystallized from 
chloroform-light petroleum in needles, m.p. 79°; the yield 
was 0.5 g. 

Calc, for C,,H 2 . 04 NSrll'. 0 : C 49 84: H 6 1; N 3.9 
Found: (’ 19 85; 11 6.55; N 4.1 

On one occasion a less soluble uniilentitied bv-product was 
obtained in small quantity which crystalliz(‘d irom luMizene in 
needles, m.p. 160”. 

Found: C 50 8; H 52 

Methyl and Ethyl Ethoxypenaldate Diethyl acetals (Lilly, 
L.JO, 17). A solution ol 59 g. (0 29 moli*) of /i,/“f-di(‘thoxy- 
alaninc (dhyl ester in 100 cc of water was (‘ooled in an ice- 
salt bath and w'cll slim'd whil(‘ 32 g (0 29 mol(') of ethyl 
chlorocarbonati* and 75 cc oi 1 V sodium bydroxidi' w(‘re 
added sirnultaiH'ouslv from si'])arat(‘ diop]’nng iuniu'ls during 
tifti'cn minutes. The mix tun* W‘as stirred for an additional 
ten niiiuiles, tla'ii e\tract(‘d wuth two 150 cc portions of 
('ther 'I'lie other solution was washed with ice-cold sodium 
carbonate solution, then w-itli w'ater, and dried ovi'r inagni'S- 
ium sulfate. I’lie residual liquid afti'i* n'lnoval of the ether 
all distilled at 131-132^ T mm as a colorless viscous oil. 
'riie yield of ethvl ethoxvpi'ualdati' di('tbvlac(*tal was 50 g. 
(63%) 

(\mIc. for ChafssOoN: (' 51.97, II 8.36 
Found: (' 52.10; IT 8.45 

Methyl ethoxypenaldate di(‘thylaeetal, similarly prepared, 
distilled at 127 ’ ^2 mm. or ILL I min. as a eolorh'ss, viscous 
liquid. 

('ale. for C 11 H 21 O 6 N: C 50.18; H 8.05 
Found: (' 50 10; IJ 8.24 

Methyl Cyclohexylpenaldate (Jally, LM^ 12). Methyl 
hexaliydrohippurate was formylated in the usual w%av (s(‘e 
page 512), and the solvent removed m vacuo leaving a clear 
yellow oil. This oil gave a strongly positive f(*rric chloride 
enol test. 

Calc, for Culln() 4 N: N 6.20 
Found: N 6.30 

Cyclohexylmethylpenaldic Acid Diethylacetal (Pfizer, 
12). Cyclohexylacetyl chloride (6.9 g.) was slowdy 
added to a mixture of 8.9 g. of d,/3-diethoxyalanine ethyl 
ester, 105 ml. of chloroform, 8.6 g. of sodium bicarbonate 
and 22 ml. of water cooled to 5°. There was obtained 13.7 g. 
of crude ethyl cyclohexylmethylpenaldate diethylacetal 
which melted at 40-48°. 

Calc, for CnH*iO,N: N 4.26 
Found: N 4.38 

Ten grams of this ester was converted, by the method 
previously outlined (see page 513), to crude cyclohexyl- 
mcthylpenaldic acid diethylacetal which weighc'd 8 grams 
and melted nt 111-113°. This was recrystallized from dilute 
ethanol and melted at 124-125°. 

Calc, for CiJljTOftN: 

C 59.80; H 8.97; N 4.65; Neut. equiv. 301 
Found: C 59.99; II 9.39; N 4.61; Neut. equiv, 3(X) 

The cyclohexylmethylpenaldic a<;id diethylacetal and 
2,4-dinitrophenylhydrazine in acid solution yielded the 2,4- 
dinitrophenylhydrazone of N-cyclohcxylacetylaminoacetal- 
dehyde which melted at 197°. 

Calc, for CuHaiOjNft! C 52.89; H 5.79; N 19.28 
Found: C 52.46; 11 6.18; N 19.31 

1,8-Pentadieiiylpeiialdic Acid Diethylacetal (Pfizer, P.^1^ 
8). Sorboyl chloride (11.2 g.) was added to a mixture of 
60 ml. of pyridine and 15 g. of ^,/9-diethoxyalanine cooled to 
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0®. The reaction mixture became a deep red color and was 
stirred for one-half hour at O'' and one-half hour at room 
temperature. Tt was then poured into 450 ml. of water, 
cooled to 5°, acidified with hydrochloric acid to C'onRO Red in 
the presence of benzene, and extracted with benzene. The 
benzene was removed under reduced pressure. I'he residue 
was triturated with a benzenc'-petroleum ether mixture, 
and a product which melted at 110 - 112 ® with decomposition 
was obtained. This was recrystallized from benzene-petro¬ 
leum ether and the mixture melted at 123® with decomposi¬ 
tion, Finally, it was recrystallized from benzene and 
melted at 124-125° (dec.) 

Calc, for 

r 57.50; H 7.75, 5.17; Nout. ecpuv. 271 

Found: C 57.75; 11 7.87; N 5 32; Neut. ecpiiv. 260 

Ethyl Benzhydrylpenaldate Diethylacetal (Mich. C'hmn., 
BJ4y 1, 2). N-DiphenvlMcelvlp:lycin(‘ (’Ihyl ester was pre¬ 
pared as follows: A mixture of 250 cc. of water, 40 p. of 
sodium carbonate monohvdrat(\ 50 cc. of clilorofonn, and 
20 R. of glycine ethvi estiT hydrochloride was stirred in an 
ice-salt bath while a solution of diphenylacetyl chloride, 
obtained from 21.2 g. of dipluMivlacel ic acid with thionvl 
chloride, in 20 cc. of chloroform was added dropwise. After 
completion of the addition of the acid chloride, the ice-salt 
bath was removed and the mixture stirnal fr)r twrentv min¬ 
utes. The chloroform layer w\as separatial, washed w ith 5^t, 
hydrochloric acid, with water, and dried ov(‘r anhydrous 
magnesium sulfate. The product was precipitatcal by the 
addition of petroUuim etlc r. There was obtained, in twm 
crops, 24 g. of colorless N~diphenylacetvlglycine ethyl ester, 
m.p 118 120 '. 

Cii\c for (^RlI, 9 () 3 N: C 72.71, II 6 11 
Found: 72 67, H 6.35 

Forniylation of 0,9 g of N-diphenylncetylglyeine ethyl 
estc‘r in ether-bmizene with sodium ethoxide and ethyl 
formate in tlie usual fashion yielded 7.0 g. of product as a 
light yellow' gum. 

The ycdlow' 2,4-clinitrophenvlhydrazone was reerystallized 
from ethanol-benzene, m.p. 100-200.5®. 

Cale. for (' 25 H 2 SO 7 N 6 : C 50 40; 11 4.50 
Found: (' 50 12; II 4.50 

The benzylamine derivative was obtained by t?*eatiiig the 
peiialdale ester in ether with benzylamill(^ lollow'ed by 
evaporation of the ether and trituration of the residue with 
methanol. Ilecrystallization from methanol yielded color¬ 
less needles, m.p. 118-120°. 

Cale. for C 26 H 26 O 5 N 3 : V 75.34; 11 6 32 
Found: C 75.68; 11 6.31 

Benzhydrylpenaldonitrile (Mich. C3icm., R.//7, 5). For- 
mylation of 3 g. of N-diphcnvhicetyl aminoacetonitrilc by 
the procedure described above yielded 1 g. of a yellow 
viscous oil, which gave a deep violet color wdth fiTnc chloride. 
With an aqueous hydrochloric acid solution of 2,4-dinitro- 
phenylhydrazine the cnol instanth' gave a dark maroon 
precipitate, which could not be recry.‘«tallized successfully. 

When 1 g. of the enol in 5 cc, of methanol was added to 
0.5 cc. of benzylamine, the solution became xvariii and 
needles precipitated in a short time. After several reerys- 
tallizations from methanol, the colorh'ss needles (about 
0.3 g.) melted at 171-172°. The analysis ol the com¬ 
pound agreed with that of the benzylamine derivative of 
benzhydrylpenaldonitrile. 

Calc, for CaJIsiONa: C 78.44; H 5.76 
Found: C 78.47; H 5.66 

Styryl- and Phenylethylpenaldic Acid Diethylacetals 

(Robinson; Abraham, Baker, Chain, and Robinson, CPSM4lft 
1). Styrylpenaldic acid diethylacetal, prepared from 


diethoxyahinme and einnamoyl chloride, crvstalliz(‘il from 
bcmzene-lighi petroleum in colorless plates, m p, 143\ 

('ale. for ('.aiojOftN: (‘ 62.5; H 6 8 
Found: (‘62.0, 11 6.0 

When heated at 100 " with aeiOie anludruh* it \ u'hled the 
known 4-eth()\ymothvlene-2-stvrvl-5-oxMZ()lone On con¬ 
densation w'lth n-penie\llamine under the usual conditions 
it gax'^e an aritiliiotic substance whu'h w’as not inactivated by 
penicilhiiast* 

Phenylethylpenaldic acid ili('thvlacctal formeil from 
/!^-phcnyIpropion\ 1 chlondi*, crystallized from ethvi acetate- 
light petroleum in colorless plat(*s, m p 107-108 

(ale. for ('iJlijOiN: (' 62 1, 11 7 1; N 4.5 
Found: (‘ 61 0 , II 7 7, N 4.5 

Methylpenaldic Acid Diethylacetal (rornell Bioch., 

13) )ietho\v alannie (I 77 g ) was dissolved in 20 cc. 

of watiu* eontaining 5 cc. of 2 A sodium hydroxide, 'riio 
mixture wa*- co(»led in a salt-ice bath and 4 5 ec. of 7 5 N 
sodium hydroxide and 2 5 (*c. of acetic anliydnde were fidded 
slowly with vigorous stirring. Th(‘ cold solution was acidi¬ 
fied with 6 N hydrochloiK* acid and «'xtract(‘(l rapidly with 
several portions of (dlier 'Die eombiiied ether extracts 
wen .stored at 10 in a d(‘siceator with potassium liydroxide. 
Dense crystals were deposited Th(‘se wen* washed, 
reerystallized fiom a small volume of dry eth<*r and dried 
over phosphorus jxaitoxidi* lu vacuo, micro ni p. 72 74°. 

('ale. for 40 18, 11 8.03 

Found: C‘ 40 23, H 7.03 

Ethyl Methylpenaldate (C'ornell Bioch., D.JS, 1). Ethyl 
aceturatc was form via t«*d m the usual manner (see page 512), 
The product gave a purjile ferric chloride test and a positive 
fuehsin-ahh'hyde ti'st. It was dissolvial in 20 ee of ice 
water and the* reMilting solution was extracted with 10 cc, 
of chloroform. The aipuaais solution wuis cooled and 
shaken while 30.0 (‘c. of <‘old 1.05 N siilfurie aeid w as added, 
Tlie mixture was then c’xtractcd with eight 20-ce. poitions 
of chloroform. I'he aipieous layer eontaineil an unidentified 
product which gave a n'd-browii feme chloride test. After 
the chloroform extracts liad been dried over sodium sul- 
fati', the chloroform w'as nuiioved /?/ vacuo under nitrog(‘n 
wdule the bath temperature w'as kept below* 30°. The pale 
yellow syrup (2.5 g ) which remained vvas soluble in etlier, 
alcohol and wuiter and insolubh* in hexane. It gave a deep 
purple color in the ferric chloride test and a blue color with 
fuehsin-aldehyde reag(*n 1 . 

The .sodium ciiolate of ethyl in(‘thvl])enaldate (1 16 g.) w as 
placed in 50 <*e. of ether and a few grams of ice were added. 
The solid dissolved in the water from the melting ii*e. 'The 
mixture was shaken and made aeid t.o C'ongo R(*d by the addi¬ 
tion of about 5 ee. of 1 iV hydrocliloric acid. The ether w'as 
decanted and tin* aipieous Iay(*r w*as w'nsh(*d twdee w’ith 20 (*(*. 
of ether. Aniliiu* (0 45 ee.) in 10 ec. of ether w'as added to 
the eoiiihin(*d ether layers. 'The result ing solution was con¬ 
centrated to about 20 cc. and allowed to stand ov(*rniglit 
at 5°. Since only a few crystals had foniu'cl, thc‘ solution 
was concentrated to 4“5 ec \ fow' droj>s of pentane were 
added and the niixtun* was allowed to stand foi fivi* to six 
hours at 5°. The crystalline product (86 mg.) w :is collected 
and washed with (*ther, micro m.j). 154-156'. O'he product 
was insoluble in hot tibsolub* ether, but dissolvi'd in 5 cc. of 
warm benzene. Aftc‘r the benzene solution had cooled, 15 cc. 
of absolute ether w as added plus small increments of hexane 
as crystallization progrossc'd. Forty mg. of silky crystals 
was obtained, micro m.p. 154- 156°. Further reerystalliza- 
tion did not raise the melting point. 

Calc, for CiallifiOaNa: N 11.28 
Found: N 11.15 

A 0.01 mg./cc. solution of the compound in 95ethanol 
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showed a mavimum in the absorption spectrum at 3,200 A, 
Em « 19,600. 

of-Naphthylmethylpenaldic Acid Diethylacetal (Merck, 
M.8t, 3). /^,/^Diethoxyalanine ethyl ester was acylated by 
the usual process (see pag(^ 513) using a-naphthaleneacetyl 
chloride. On removal of the soh'ont, a brownish yellow oil 
reinaiTied which partially crystnllized on pumping under 
high vacuum. Throe recrystallizations from ether-petro- 
leuin ether gave white needles of the constant melting point, 
82 - 83 ^ 

A riolution of 0,8 g. of sodium hydroxide and 3.5 g. of the 
crude ester, prepared as described above, in 35 ml. of dry 
ethanol was stirred overnight at room temperature. The 
solvi'ut was removed to leave a thick syrup, which was dis¬ 
solved in cold water and acidified, in the presence of benzene, 
w'ith shaking and cooling The benzene layer was separated, 
diieti, and distilled. There remained a gum which erystal- 
lizeii on trituration with petroleum ether, m.p, 93 - 95 ®. 
Three recrystallizations from ethyl acetate-petroleum ether 
yielded crystals of a-miphthylmethylpenaldic acid diethyl¬ 
acetal, m.p. 95-96®. The C(iuivalent weight found by 
titration was 345; calc., 345.4 

w-Heptylpenaldic Acid Diethylacetal (IMizcr, P.29j 13). 
n-Octanojd chloride was added to /^,/j-diethoxyalanine ethyl 
ester in the* usual manner (see page 513). The* cruele product 
was hydrolj'zed; w-heplylpenaldic acid diethylacetal, rccrys- 
tallizcd from dilute ethanol, melted at 72-73®. 

Calc, for CuH 2905 N I1,0; 

C 56.07; H 9.66; N 4.36; Kent, equiv. 321 
Found: C 56,21; H 9.83, N 4.33; Memt. equiv. 322 

The n-heptylpenaldic acid diethylacetal and 2,4-dinitro- 
pheny I hydrazine in acid solution yielded the 2,4-dinitro- 
phemylhydrazonc of N-w-caprylylaminoacetaldehyde which 
molted at 187-188®. 

Calc, for CuHisOfcNs: C 52.60; H 6.30; N 19.18 
Found: C 52.64; II 6.31; N 19.20 

a-Chlorobenzylpenaldic Acid Diethylacetal (Merck, M. 42 ^ 
4). A solution of 2 g. of /3,^diethoxyalanine and 7.1 g. of 
sodium bicarbonate in 60 ml, of water was treated at 0 ® 
with 2.14 g. phenylchloroacetyl chloride. An oil was ol>- 
tained upon concentration of the ethereal extract of the 
acidified reaction mixture. A crystalline benzylaininc 
salt was obtained which weighed 1.3 g., m.p. 145-147®. 
Recrystallization from ethyl acetate-methanol raised the 
melting point to 147-148°. 

Calc, for CuHaoOftNCl: C 00.47; H 6.69; N 0.41 
Found: C 60.68; H 6.42; N 6.66 

Ethyl a-Chlorobenzylpenaldate Diethylacetal (Copp, 
Dufiui, Smith, and Wilkinson, CPSMt^ 7). ^-Di- 

ethoxy alanine ethyl ester was similarly treated with phenyl- 
chloroacctyl chloride and the product w as recrystallizcd from 
cyclohexane; colorless needles, m.p. 45-47®, 

Calc, for CnH^aOftNCl: C 57.05; H 0.7; N 3.9; Cl 9.9 
Found: C 56.9; II 6.9; N 4.3; Cl 9.95 

The 2,4-dinitrophcnylhydrazone crystallized from alcohol or 
benzene in orange needles m.p. 169-170®. 

Calc, for Ci 2 Hiii 07 N 5 CI: C 49.2; H 3.9; N 15.1; Cl 7.7 
Found: C 49.8; H 4.25; N 16.1; Cl 7.1 

Reduction of the Anil of Ethyl Benzylpenaldate (Merck, 
MPiS, 8 ). Using alcohol as the solvent, the anil of ethyl 
benzylp(*nakiate was converted to a secondary amine by 
reduction with 2,000 lbs. of hydrogen pressure at 66-70® for 
one hour in the presence of Raney nickel. The alcohol was 
removed in vacuo and the oily residue dissolved in ether and 
precipitated as the hydrochloride by the addition of hydrogen 
chloride. For analysis a sample was dissolved in alcohol 
and an equal volume of eth(?r added, m.p, 132-133°. 


Calc, for C 19 H 22 N 2 O 3 HCI: 

C 62.90; H 6.39; N 7.72 

Found: C 62.74; H 7.29; N 7.29, 7.70, 8.16 

Hydrogenation of the Benzylamine Derivative of Ethyl 
Benzylpenaldate (Parke-Davis, PJ).21^ 2). A solution of 
16.9 g. (0.05 mole) of the benzylamine compound of ethyl 
benzylpenaldate in 150 ml. dry dioxane failed to reduce in the 
presence of 2 g. of 10 ^^ Pd-charcoal at 60 lb. pressure. This 
catalyst was removed and 0.75 g. Adams PtOj added to the 
solution. No appreciable pressure drop occurred in 
hours. Addition of tlirce equivalents of 11 Cl in absolute 
ethanol w^as followed by a pressure drop of 3 lbs. in ten 
minutes with another pound drop occurring in the next hour. 
On the apparatus used, a 4 lb. drop in pressure approximates 
0.05 mole of hydrogen absorbed, the th(‘ory here for addition 
of one mole of II 2 . The catalyst w'as removed by filtering 
and the filtrate w'as evaporated in vacuo to yield a gum w'hich 
crystallized on standing. C^rystallization from 400 cc. ethyl 
acetate gave 12.75 g., m.p 127-131®. Three recrystalliza¬ 
tions did not change the melting point. 

Calc, for C 20 H 24 O. 1 N 2 ITCI: C 63.74; H 6.08 
Found: C 03.36; II 6.66 

Addition of sodium bicarbonate to a water solution of the 
compound precipitated an oil which has so far failed to 
crystallize. 

Reaction of i>L-Valine Methyl Ester with Ethyl Benzyl¬ 
penaldate (Pfizer, P.22y 7; 22 y 12; 24y 3). A solution of 

22.6 g. of purilied ethyl benzylpenaldate (see page 6()9) and 
13 g. of Di^valine methyl cs 1 (*r in 50 cc. of absolute ethanol 
W'as allow't*d to stand overnight. The solvent was then 
removed in vacua and th(*. somi-crystalline residue w'as 
triturated w'lth ligroin I'hc* Schiff base ho obtained weigh(*d 

20.6 g. and melted at 96-97®. 

Calc, for Ci 0 H*cOfcN 2 : 

C 62 98; H 7.18; N 7.73 
Found: C 63.09, 63.25; II 7.41, 7.32; N 7.79, 7.90 

Platinum oxide (200 mg.) was added to 200 cc. of absolute 
ethanol containing .015 mole of anhydrous hydrogen 
chloride. The catalyst w'as reduced under 2 atmospheres 
of hydrogen and then 1.81 g. (.005 inoh*) of the above Schiff 
base was added. 'The mixture was shaken under 2 atmos¬ 
pheres of hydrogen until 4 moles of hydrogen had been 
absorbed. ’ The catalyst was filtered and the solvent re¬ 
moved in vacuo. The residual yellow' oil was completely 
soluble in water and upon addition of ammonium hydroxide 
to the aqueous solution, an oil was precipitated. This oil 
was dissolved in benzene and lyophilized. The crude semi- 
crystalline material was rocrystallized from ligroin. The 
product melted at 68-70®. 

Calc, for CijHi 40 fiN 2 : 

C 61,57; II 9.26; N 7.66 
Found: C 61.47, 61.39; H 9.41, 9.21; N 7.74, 7.72 

Condensation of Ethyl Benzylpenaldate with S*Benzyl-DL- 
penicillamine (Mich. Chem., 15.6, 5; 6 , 1 ), A mixture of 
1.37 g. of ethyl benzylpenaldate and 0.8 g. of i)L-S-benzyl- 
penicillarnine dissolved readily on shaking in 10 cc. of acetic 
acid to give a light yellow solution. Evaporation after 
twenty-four hours gave a gum which was dissolved in 6 % 
sodium bicarbonate. The aqueous solution, after an ex¬ 
traction with ether, was acidified; the resulting product was 
extracted with chloroform, the solution dried, and the solvent 
evaporated. The partly crystalline residue was triturated 
with ether and the solid was filtered. It weighed 0.7 g. 
and melted at 121-124® (dec.). The compound crystallized 
from ethyl acetate-ligroin in colorless prisms, m.p. 123-124®. 

Calc, for CaiHsoOtNjS: 0 63,8; H 6.4 
Found: C 63.7; H 6.8 
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Diethylacetal of N-(Benzylpena]dyl) cysteine (Mich. 
Chem., B,8^ 9). A chilled solution of 0,25 g. of the benzyl- 
penaldic acid diethylacetal hydrazide in 4 cc. of 0.5 N HCl 
was tn'fitcd with an aqueous solution of 65 mg. of sodium 
nitrite. The azide precipitated immediately as a gum wliich 
crystalhz(id when stirred with a littli‘ ether. The ether was 
removed and the crystalline azide was added to a solution 
prepared from 130 mg. of cysUune hydrochloride and 155 mg. 
of sodium carbonate monohydrate. Acidification of the 
filtered solution after a few minutes yielded a product which 
soon crystallized. After recrystallization it formed colorless 
jilates, m.p. 158-*1()0°. 1’he proiluct gave a test with nitro- 
prusside* and formed a dinitropheuylhydrazone when treated 
with 2,4-dinitroph('nylhydrazmc in aqueous acid. 

Calc, for CisllaflOBNaS: C 51.25; H 6.58 
Found: C 54.62, H 6.23 

Dimethylacetal of N-(Benzylpenaldyl)“D-penicillamme 

(Merck, 22; 55^ 12). The azide of benzylpemildic 

acid diethylacetal as prepared in the previous experiment 
was added to a solution of 306 mg. of n-penicillamine hydro¬ 
chloride and 200 mg. of anhydrous sodium carbonate in 
10 ml. of water. After ten minute's stirring at room tem- 
peratun' the azide was completely dissolved. The solution 
was covered with ether and acidified in stepwise fashion 
until pri‘eipitation appeared to lie compleb*. The ether 
layer gave 375 mg. of product which on crystallization from 
ether yielded 102 mg. of material melting at 102-103°. 
After reorystallization from benzene the comi>ound molted 
constantly at 115-116°, +24° (c ~ 1.0 in methanol). 

Gale, for CiaHaeOcSNj: C. 53 08; 11 6.55; N 7.00 
Found: C 51.41; H 6.02; N 6.81, 7.12 

Action of Hydrazine on Methyl Benzylpenaldate Biethyl- 
acetal (Merck, Af.47, 4). A solution of 10 g. of crude ethyl 
benzylpenaldate diethylacetal in 50 ml. of absolute ethanol 
was cooled and then 1.2 g of 85% hydrazine hydrate Mas 
added. After standing overnight in the cold room, the 
solution had deposited very few^ crystals, llpori warming to 
room temperature, there M'as deposited 0.4 g. of colorless 
crystalline material, m.p. 215° (dec.). Crystallized from 
absolute ethanol, the material melt(*d at 215-216° (dec. to a 
dark r(*d oil). The analysis agrees with that for the cor¬ 
responding pyrazolone. 

2-Benzyl-4-formyl-6(4)-oxazolone (Merck, MJ4, 2). A 
mixture of 66 g. of benzylponaldic acid dimethylacetal, 
m.p. 113-115°, and 60 ml. of acetic anhydride was heated on 
thc^ stciam bath. The solid dissolved sloMly. The clear 
light-colored solution was heated for ten minutes longer in 
order to complete the reaction. This additional heating was 
found to be necessary, as working up without it gave only 
unrcacted starting material. The reaction mixture w^as 
concentrated under reduced pressure in order to remove 
acetic acid and excess acetic anhydride and then washed 
with about 200 ml. petroleum other, which caused the residue 
to solidify. The resulting solid was recrystallized from a 
small amount of ethyl acetate using just enough to bring 
it into solution and filtered hot. The crystalline product wras 
filtered, washed with cold ethyl acetate and dried immedi¬ 
ately by pressing on a porous tile. This final drying pre¬ 
vented the darkening and gumming of the substance di^e 
to the presence of solvent and air. The yield was 33.3 g. 
(60%), m.p. 92-93°. 

Calc, for Ci*HiiO|N: C 66.35; H 6.11; N 6.46 
Found: C 66.00, 66.29; H 4.89, 5.18; N 6.62 

The solution made from 6.8 g. 2-benzyl-4-methoxymethyl- 
one-5(4)-oxazolone, 174 ml. of water, and 11.6 ml. of 2.5 N 
sodium hydroxide was shaken at 0° for twenty-five to thirty 
minutes. There was a small amount of solid material pres¬ 
ent which when isolated proved to be unreacted starting 
material, weight 0.6 gm. A quantity of 11.6 ml. of 2.5 N 
hydrochloric acid was then added to the clear filtrate and the 


precipitate collected, washed with cold water, and dried in a 
vacuum desiccator over phosphoric anhydrides. Th(‘ yudd 
w^as 4.2 gni. (85% based on material used), m.p. 118-'11S.5° 
(dec.). Although this material precipitated from aqueous 
solution, it could be recTystallizod from water only with 
consideralilc loss. Material with this melting point, 
how'cv^er, had satisfactory analyses for carbon, hydrogen, 
and nitrogen. S<une samples of the pure compound showed 
melting points ns high as 124-125°. 

Calc for CnllsOjN: C 05.02; IT 4.47; N 0.89 
Found: C 64.74; H 4 34; N 6.99 

2-Benzyl-4-hydroxymethylene-6-oxazolone (Mich. (3hcm., 
1). The complete preparation of this compound from 
the diethylacetal o1 IxMizylpcnaldic acid can be carrietl out in 
twenty minutes on the amounts indicated. A niixtiiro of 
0.6 g. of the diethvlaci'tal (m.p. 108-109°) and 6 cc. of 
acetic anhydride (tin* use of pyridine is inadvisable) was 
heated on a steam cone for seven minutes and the clear solu¬ 
tion (heating being continued) was evaporated in a current of 
dry air. As soon as lh(' anhydride had been rcTHoved com¬ 
pletely, the product (the cthoxymethyleneoxazolone) was 
cooled and shaken vigorously with 4.5 cc. of N/2 NaOH for 
three minutes. The mixture was poured into a small 
RCjiaratory funnel containing a few cc. of ether (to extract 
a small residue of oily material) and the chiar aqueous solu¬ 
tion was withdrawn, cooled and treated with 4.7 cc. of 
N/2 HCl immediately The x>roduct which precipitated in¬ 
stantly in the form of crc'am-colored crystals was filtered 
immediately (it decomposo.s readily in acid solution since 
addition of 2,4-dinitrophcnylliydrazine to the filtrate pre¬ 
cipitated 0.15 g. of the dinilrophenylhydrazonc of phcnyl- 
acctylamiiioacetaldehyde), washed with w^ater, and dried. 
It w^eighed 0.29-0.31 g. (70-74%) overall yield based on the 
acetal acid), m.j). 117-119°, and gave an immediate deep 
blue color with an alcoholic solution of ferric chloride. 
When petroleum ether w^as added to a solution of the com¬ 
pound in acetone colorless needless crystallized, m.p. 130- 
132°. Considerable loss attends the recrystallization. 

Calc, for C11H9O3N: C 65.02; H 4.46 
Found: C 64.65; H 4.88 

Cold Azlactonization of Benzylpenaldic Acid Diethylacetal 
and Anilide Formation (Merck, 23). To a well- 

stirred solution of 5.90 g. of benzylpenaldic, acid iliidhylacetal 
in 40 ml. of pyridine, chilled to 0°, 1.8 ml. of benzoyl chloride 
was slowly added. AftiT one-half hour, 5 ml. of aniline was 
added. After another half hour the solution was jioured 
into a slurry of 50 cc. of concentrated hydrochloric acid and 
300 g. of ice. After one*, hour the crystalline product w^as 
filtered and recrystallizod from ethanol. The product 
melted at 125° and further recrystallization brought the 
melting point to constancy at 175°. The yield was 420 mg. 
of the anilide of benzylpenaldic acid diethylacetal. 

Calc, for C 2 iH 26 () 4 N 2 : C 68 . 11 ; H 7.07; N 7.57; OC 2 H 5 ,24.32 
Found: C 66.93, 66.63; II 6.46, 6.73; N 7.57; OC 2 H 5 , 23.2 

Azlactonization of Penaldic Acid Dimethylacetal by Phos¬ 
phorus Oxychloride (Squibb, 8 .20^ 5). Penaldic acid 
dimethylacetal was treated with phosphorus oxychloride 
and pyridine in dioxani* solution and the reaction mixtiin*^ 
was poured into water. The oil which separati'd slowly 
solidified. The product was 2-benzyl-4-methoxymcthylcne- 
5-oxazolone as indiiailcd by melting point and mixed molting 
point with an authentic sample. 

2-Benzyl-4-hydroxymethylene-6-oxazolone (NRTIL, 

5). Benzylpenaldic acid diethylacetal w^as azlactonized 
essentially as described three paragraphs above. Th(i pre¬ 
cipitated aziactone was suction filtered, washed thoroughly 
with cold water (three times with about 15 ml.) and dried iii 
a vacuum desiccator. The product, a light yellow powder, 
was obtained in 3 delds of 81-86%. The m.p. varies con¬ 
siderably with the rate of heating. At approximately 2° 
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por it was 113-115", turning red (uncorr., capillary). 

Titration in absolute ethanol (phenolphthalein) shows a ncut. 
eq. — 20h; theory for CnHffOsN = 203. 

1'he product appears to he stable at room 1t‘niperature. 
Dissolving il in alkali, c*xtraeling witli ether and reprecipitat¬ 
ing with acid result(‘d m an 80 ‘, n^covery of n product which 
ap])ears to he id(*n1ical vNith lli(‘ original inalerial. A con¬ 
venient Tn(‘thod of purification is via the aminoniuin salt, 
prepared by dissolving tin* crude nzlactoiie in liipiid ain- 
niunia, evaporating the aininonia, dissolving in waiter, 
decolorizing villi carbon, and n'preeipilating at 0” witli 
hyilrochloric acid (Congo), wlu'reiipoii tin* azlactom* s(‘pa- 
ratt‘s as wliiti' riii<*roseopie msMlles. 

2-Benzyl-4-benzylaminomethylene-5-oxazolone (I.( M., 
CPS.4^^, '1). "hh(‘ h('nzylamiii(‘ (l(‘rivativ(‘ of ethyl lamzyl- 

piuialdate (3.5 g.) in chloroform (25 ec.) was treated with 
phos]>h<)ruM trihromide (2.7 g.) at room temperature for one 
hour. The solvimt was removed in vacuo at 30^", heaving a 
yellow glass wdiich was tr<*ated with ether and dLsodium 
phosidiate buffer. The I'tln'r solution on evaiioration gave a 
yellow oil whicli, on treatment w'lth picric acid (2 g.) in 
mi'thanol gave a jiierate (1.4 g.). Afli'r crystallization from 
benzen(‘-]>('trol(‘um (‘ther this had m.f) 112" and w'as 
ideritifieil as the picrate of 2-beiizyl-4-benzylaniiiioinetliyl- 
ene-5-oxazolone. The picrate (1,0 g.) w as d(‘eomposed on an 
alumina eoluinn from a 3:1 beiizeiie-iiiethniiol solution. 
The I'luate gave an oil which crystallized on seeding wdth 
2-ben zy 1-4-ben zylaminoiii(‘thyleii(‘-5-oxazolom\ IVitura- 
tion with ether gave the oxazoloiu' (0.1 g.), m p. 118". 

2-Benzyl-4-carbomethoxythiazole (U])john, 5). A 

mixture of 8.8 g. (0.027 nioU'i of the bimzylamiiie diTivative 
of luctliyl benzylfienaldato, 3.1 g. i0.0I3t> mole) of phos¬ 
phorus pentnsuliide and 130 ml. of benzene w as heated under 
reflux for two hours. 'I'he hi'nzene was reinovi'd in vacuo 
and the residue (‘xtracted six times with 100 ml. fiortions of 
petroleum ether. The eomhimMl extracts w en* eoneentrated 
to a volume of approximately 75 ml., treated with decoloriz¬ 
ing cliarcoal, filtered and allowed to stand overnight at 
room temperature. A small amount of dark oil separated. 
The supernatant petroleum ether solution w^as s(*parated and 
chilled. The precipitate which formed gave colorless 
needles melting at 03-04.5" after six recrystallizations from 
hexane and decolorization with Dareo (l-()0. 

Calc, for CialluNOaS: C 01.78; H 4.75; N 0.02; S 13.74 
Found: C: 02.18; II 4.85; N 0.24; S 13.83 

The compound exhibited an absorption maximum at 2,350 A, 
Em 9,900. 

The corresponding ethyl (\ster w^as obtained by using the 
benzylamine derivativci of I'thyl b(*uzyl})(‘naldate as the start¬ 
ing material. This compound melted at 75-70°. 

2-Benzyl-4-hydroxymethylene-5-thiazolone (.Merck, 
M. 47 , 5). Benzylthiopenaldic acid diethylaeetal (10.0 g.) 
was dissolved in ether (125 in 1.), t reated with acetic anhydride 
(50 ml.) and the mixture refluxi'd for tw'enty-live minutes. 
The solvent was then removetl in vacuo with the liath tem¬ 
perature maintained at 35-40" and to the remaining dark 
colored oil, aniline (10.0 ml.) was added. This caused the 
oil to turn green and then solidify. The solid w^as reerysial- 
lized from ethanol (125 ml.) to give a light yellow cry.stalline 
solid (5.0 g.), m.p. 124-125". 

Calc, for CitHuONsS: C- 09.30; II 4.79 
Found: C 69.51; H 4.70 

The ultraviolet absorption spectrum in ethanol possessed 
bands at 3,750 A, 1,220, and at 2,375 A, Eiom.'’^ 475. 

The above oil (6.0 g,) wa.s added slowly with stirring to 
80 ml. of 1 Af sodium hydroxide solution on the steam bath. 
The solution was treated with charcoal, filtered and then 
cooled to give the sodium salt of 2-benzyl-4-hydroxymethyl- 
cne-5-thiazolone (4.0 g.). 

The hydroxymethylene compound was obtained by dis¬ 
solving the sodLium salt (0.5 g.) in water (10 ml.), cooling, and 


adding 1 N hydrochloric acid. The i)recipitafed solid had 
a melting point of 163-104". 

Reaction of Oxalyl Chloride with Methyl ^-Benzoxy- 
cK-phenylacetamidoacrylate (Merck, M.OO, 14). A suspen¬ 
sion of 2.95 g. of the f>enzoate of the enol form of methyl 
benzylpenakhite in 50 ml. of anhydrous ether was treated 
with 2 ml. of freshly jireparial oxalyl chloride and 30 ml. of 
<lry benzene. Solution was conifilete with the formation of 
a yellow' color aft(‘r about six hours. It w^as allowed to 
stand overnight when a yellow' crystalline d('posit had 
separatt*d. Th(‘ yield w^as 0.9 g. and the product was 
recrystallizod from benzi'iii' when the iiK‘ltirig point w'as 
constant jit 181 183". 'I’he analytical data were in agree¬ 
ment with that for the corresponding oxazolidine-4,5-diono. 

(\ilc. for (^illiftOvN: C 64.12; 11 3.84; N 3.58 

hound: C 64.71, (i4.44; H 3.83, 3.98; N 3.94 

The ultravioh't absorption of this substance sliow'ed a 
maximum at 3,300-3,400 A, Km 13,000. 

5-Phenylacetamido-2-thiouracil (vStpiilib, S.4f)\ 6). A 
.solution of 1.06 g M.2 millimoles) of ethyl Ix'nzyljieiialdate in 

2.5 ec. of absolute (*thanol was mixt'd with 12 cc. of ethanol 

containing 320 mg. f4 2 rnilhrnoh*) of thiourea. After the 
addition of 5.0 cc. of 0.85 A methanolic potassium hydroxide 
solution th(‘ mixture w as allow ed to stand forty-four hours at 
room It'niperatun*. It was tlien diluted w ith 20 ee. of water 
and acidilieil to about pll 3 with acetic acid. The jiartly 
crystalline ]>recipitate (279 mg., m.p. 304-307") was reerys- 
tallized by dissolving it in about 5 ce. of pyridine, adding 
cxce.ss acetic acid. reerystallization w'm.s reiieateil in the 

same maimer from pyridine-watia*. 'Die latter jiroeedure 
afforded eolorli'ss, homogiuu'ous plates (190 mg.) melting at 
319-322". 

Dale, for risFliiOiNaS: C 55.14; H 4.25, N 16.09 
Found: D .^>5.19; 11 4.46; .N 15.92 

2-n-Amyl-4-formyl-6-oxazolone (IMizer, 8). A 

mixture of 2 g. of ?i-nmylpenaldie acid diethylaeetal and 
20 ml. of acetic anhydride w as heated on th(‘ st(‘am bath for 

1.5 hours. 3'h(‘ solution remained eol()rli*.ss and at the end of 
this time w'as eoueontrated to a h(*aA y syrup under reduced 
pressure. To this oil 17.5 nil. of N/2 sodium hydroxide was 
added ami a clear solution w'as obtaini'd after shaking vigor¬ 
ously. The solution w'as ('xtrai'ied twice with ether, cooled 
to 0" and aeidilied slowly w ith 17.5 ml. of A/2 hydrochloric 
acid. The 2-n-amyl-4-formyl-5-oxazolono crystallized in 
small white plates, was filtered immediately, waslu'd with 
ice-water, and dried in a Vacuum desiccator over barium 
oxide. Then* was obtained 0.7 g. (56%) of product which 
darkeiieii at 140" and then melted wdtli decomposition at 
145-146". 

Calc, for C,IInD,N: C 59.02; H 7.10; N 7.65 
Found: C 58.33; H 7.39; N 7.09 

2-(3'-Pentenyl)-4-formyl-6-oxazolone (Pfizer, P.S/, 9). 
3-]*entenylponaldir acid diethylac(*tal was azlactonized as 
indicated above for the n-amyl compound. The product 
was (iltered, washed with ice w ater, and dried in vacuo; it 
weighed 0.9 g. and melted at 135-136". 

Cnle. for CMliiOaN: C 59.67; H 6.08; N 7.73 
Found: C 59.43; IT 6.51; N 7.74 

Ethyl /1-Methoxy- and /^-Ethoxy-a-caproylaminoacrylate 

(Comforth, Cornforth; Abraham, Baker, Chain, and Robin¬ 
son, 67\S.6‘47, 3). Sodium (4,0 g.) w'as powdered and placed 
under ether (200 ce.), A mixture of caproylglycine ethyl 
ester (35 g.) and ethyl formate (15 e,e.) was added. After 
two days at room temperature water w^as added, the whole 
filtered and treated with hydroc^hloric acid (20 ec. of 10 N). 
The aqueous layer was extract/od once wdth fresh ether. The 
united other extracts were treated with a little phenolphthal* 
ein, and shaken with successive quantities of 2 iV sodium 
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hydroxide until the final extract remained alkaline (58 ec. 
required). The aqueous solution was shaken with methyl 
sulfate (11.5 ec.) for seven hours and the ether was evapo¬ 
rated. I'hc* residue crystallized and two recryatallizations 
gave* line colorless needles, m.p. 81-82”, of ethyl ^1-methoxy- 
a'-cnproylaininoHcr 3 dato. 

Calc, for C, 2 H 2 i 04 N: C 59.3; II 8.0 
Fotirid: C 59.1; H 8.5 

In a similar (‘xperiment ethyl sulfate (14 cc.) was substi¬ 
tuted for methyl sulfate. The colorless silky m^edles of the 
ethoxy ('stcr melted at 01-02°. 

Calc, for C,:,H2404N: r 00.7; H 9 0 
Found: C 60.7; H \V2 

On heatinp; with 2,4-dinitrophenylhydrazin(‘ in alcoholic 
sulfuric acid for three hours on the water bath and crystal¬ 
lizing the product from alcohol, the dmitrophenylhydrazone 
of ethyl n-amylpenaldat(' was formed, m.p. l()r)-ir)7° un¬ 
depressed by autlu'Titic material. 

2-p-Methoxybenzyl-4-formyl-6-oxazolone (Pfizer, /\/.9, 
13). p-Methoxybenzylpcnaldic acid dieth^dacetal was 
azlactoiuz('d as described previously for the ?^amyl dc'riva- 
tive (see pug(‘ 522). The crude azlactone melt(*d at 86-87” 
(dec.), the total jdeld was 64%. The sodium salt was dis¬ 
solved m water and acidihed to give the azlactone. It 
then melted at 117° (dec.) 

Calc, for CiiUuOi^: C 61 SO, II 4.72; N 6 01 

Found: C (>1 38, II 4.fi0, N (i 08 

2-p-Acetoxybenzyl-4-ethoxymethylene-6-oxazolone 
(Pfizer, J\J1, 6). p-Ac(‘to.\ybeiizylp<‘naldic acid <liethyl- 
acetal was azlactonized as described for tin* 7/-amyl derivative 
(see page 522), 'fhe residue was then dried in a vacuum 
desiccatfir over barium oxide and became crystalline. The 
crude product melted over the range 80 95°. 

(^alc. for C 62.28; 11 5.19; N 4 84 

Found: C 61.15; II 5.54; N 4.69 

2-Plienyl-4-methoxymethylene-5-oxazolone (Mieh. 
Chem , /!./, 3). A mixture of 2 g. (»f jihenylpenaldie aeid 
diinetlivlact'tal, 20 ec of acetic anhydride, and 3 drops of 
pyndifK* w^as w^armed on a steam cone for ten minutes, the 
liquids were removed in a current of dry air, and the residue 
was rc*crvstallized from petroleum ether ((>()-75^). 'Fhe 
3 'i(*ld of nearly colorless ne<*dles of the azlactone enol (*ther 
was 1.17 g., m.p. 95 90°. Another recr^’stallization yielded 
(‘olorless needles, m.p. 95.5-96.5°. 

Calc, for C 12 H 11 O 3 N: C 66.35; H 5.15 
Found: C 66.23; H 5.25 

2-Phenyl-4-ethylmercaptomethylene-6-oxazolone (('or- 
nell Bioch., J).4, 3). To 3.4 g. of the ethyl inercaptal of 
phenylpenaldii* acid was added 15 ec. of acetic anhydride 
and the mixture was heated at 100° for twenty minutes. 
The clear yellow solution was concentrated to dryness in 
vacuo. The crystalline residue was reerystallized by solution 
in a small amount of warm chloroform and addition of several 
volumes of petroleum ether. There w^as obtained 1.5 g. of 
yellow needles, m.p. 107-108°. 

Calc, for CisHiiOaNS: S 13.74 
Found: S 14.09 

2-Ph6nyl-4-ethoxymethylene-5-oxazolone (Barber, Greg¬ 
ory, Slack, Stiekmgs, and Woolman, 15). K- 

Benzoyl-/3,j8-dlethoxyalanine (4.1 g.) in dry dioxane (20 ee.) 
was treated with phosphorus tribromide (2.6 ce.). Rapid 
erystallization o(?eurred and the product was removed by 
filtration after fifteen minutes and washed with dry ether. 
After drying in vacuo over P 2 OB it had m.p. 132-134° (dec.). 
It was extremely insoluble in cold organic solvents. On 
treatment with cold water there was an immediate change 


of form and the product was collected and crvstalhzcd from 
petroleum ether (b.p. 80 100°) to give beautiful r()S(*lt(‘S m.p. 
(alone or mixc‘d w4th 2-i>henyl-4-etlioxyrnethvlen('-5-o.\azol- 
one) 94-96°. 

Benzylainine gave a product in p. (alone or mi.\'ed with 
2-phenyl-4-benzylaminom<*thyleiie-5-oxazc4oiH‘) 134- 135”. 
Aniline gave a yellow product m j). (aloru* or mixed with 
2-phenyl-4-aniliiiom(‘thylene-5-oxazolone) 151-1 

2-Phenyl-4-ethoxymethylene-5-oxazolone [ Prodrick, 
Peak, and Wilson, ('PS.1^11, 1). Ktlivl phenvlpenaldate 
dieth^dacetal (20 g ) was dissolved in phosphorus o\vclilondo 
(40 cc.) and phosphorus pintachlonde (13 6 g.) w’as added in 
portions at 0°. \o heat evolution occurred. I'lie mixtnn* 
was then \\jirin(‘d to 60'at whieh tcunperature HC’l evolution 
eoinmeneed and was completi' in two hours. Kxeess phos¬ 
phorus ox^^ehlonde was remi>ved under vacuum and tin* 
viscous residue tlissoh cd in benz^uie (20 ce.). The* crystal- 
hiie hydrochloride (8 2 g.: m f) 115-120°) which separated 
lost HCl with coni])arativ(* ease. Purifteatioii was tlierefon* 
difficult, and analvs«*s were un.satisfactory. C'onv(‘rsion to 
the free basi* by shaking wuth ('ther and sodium bicarbonate* 
solution gave 2-phenyl-4-(*thox,ymethyl(*m‘-5-oxazol()ne, m p, 
97 98° undeprf*sscd bv an auth(*ntic specimen. 

2-PhenyIoxazole-4-carboxylamide (I.C 1., CPS.!^2'2^ 4). 
Plnispboruh tribroninh* (S.l g. 1 w'as added to a S(»lution of 
ethyl phenylpenahlate* diethylacetal (9.3 g ) in dry ether 
(75 cc.). An oil rapidlv sejiarated and crystallized on 
standing overnight, 'fhe I'tlu'r was decanted and after 
washing with dry eth(*r tin* solid was dissolved m chloroform 
(50 cc.) and addeal slowly with shaking to a saturated di- 
sodiurn jihosphate biilTer (200 cc ). The ehloroform .solution 
on evaporation gave an oil (5 0 g ) which, on treatment with 
2,4-dinitrophenvlhvdrazin(‘ in aeid solution. ga\e the diiii- 
trophenylln’drazono of ethyl ph(*nvlpenaldat(*, m p. 179°, 
identical w'lth an authentic sample. On treatrrH*nt with 
strong aqueous ammonia at room teinperatiiK* for tw^o days 
the oil gave 2-ph(*nyloxazole-4-carboxvlamid(‘ as needles, 
m p. 159°. 

Calc, for C 10 IIBO 2 N 2 : N 14 9 
Found: N 15.0, 14.8 

On boiling for liftc(‘n minutes with an exci'ss of 4 % aqueous 
sodium hydroxide the oil dissolved and on cooling and 
acidifying 2-plienyloxaz()le-4-carboxyh(‘ acid was precipi¬ 
tated. Crystallization from methanol gave* needles, m p, 
211°. 

(^alc for (\oIl/OiiN: N 7.1 
Found: N 7.4 

Ethyl i^-Anilino-a-benzamidoacrylate (Merck, 7). 

Five grams of the sodium salt ol ethyl phenylpi'iialdate 
(Erlenmeyer, Ann.SSl^ 251 (1904)) was added to a mixtun* of 
10 ml. of cold w’ater and 12 ml. of 2.5 N hydrochloric acid. 
The oil that formed w*as extracted wuth ciiloroform. The 
chloroform solution was dried over sodium sulfate and evapo¬ 
rated under rcduct‘d pressun*. The residual oil was dissolved 
ill 5 ml. of ctlianol and 1.8 g. of aniline added. Heat W'as 
evolved and alter cooling and standing, a jelly-like precipi¬ 
tate sejiarated. Jt was collected on a filter and dri<Ml. The 
material w^as dissolved in liot ethanol, and water wa.s added 
to incipient cloudiness. After cooling, the precipitate was 
collected on a filter and dried in a vacuum desiccator. It 
w^cighed 2.7 g., m p. 144-147°. After two further recrystal¬ 
lizations and drying at 100° and 0.1 mm., the melting point 
was 135-137°. 

Calc, for C,«H,h08Ts^ 2: C 69.67; II 5.85; N 9,03 
F’ound: V 69.76; 11 5.68; N 8.85 

N-Phenylpenaldylpenicillamine Diethylacetal (Copp, 
Duffin, Smith, and Wilkinson, i'PS.AJfO, 3). Phenylpenalilic 
acid diethylacetal hydrazide (9.96 g.) w^iis dissolvi'd in excess 
2 N IICI. The solution was <jooled in ice and with con¬ 
tinuous mechanical stirring sodium nitrite (2.31 g.) in a 
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littlo wal(T waKS slowly added. The azido separated as a 
sticky mass. After ten minutes the aqueous solvent was 
decanted and the residual mass ashed repeatc»dly with ice 
cold water. 

To the azide w^as then added a solution of penicillamine 
hydrochloride (6.2 k sodium bicarbonate (2.81 g.) and 
sodium carbonate (3.5 g.) in 25 cc. water and the reaction 
mixture was stirred for two hours at 5". The mixture was 
liltercd and the filtrate acidified with dilute hydrochloric 
a(‘id when a white sticky mass separated which on crystal¬ 
lization from acpieous ethanol gave colorless needles (62%). 
Tin* product melted imiialJy at 05*^ but on allowing the tem¬ 
pera turc^ to rise the melt solidifit'd and finally melted at 
150". 

The pnxluct gave positive thiol n'actioris with ferric 
cliloride and sodium nitropriisside, was insoluble in water 
but readily soluble in aqueous alkaline sohition.s. 

Oalc for 0,Jl2706N2S: C 55,5; H 6.6; N (i.S; S 7.8 
Found: C 55.4; H 7.0; N 6.5; 8 7.5 

N-Phenylpenaldy]penicillamine Methyl Ester Diethyl- 
acetal (('opp. Dulhn, Smith, and Wilkinsmi, CPS.SSS^ 6). 
An ethereal suspension of \-(N'-ben7oyI-/^,/i-dicthoxyalanyI)- 
pc'nieillamine (I g.) wuis treated at 0" witli an ethereal 
solution of diazomethanc. The solid rapidly passediuto solu¬ 
tion with vigorous evolution of nitrogen. After allow'ing to 
stand for half an hour, the ether was removed in vacuo^ to 
give a clear resin which on careful crystallization from 
aqueous alcohol gave colorless needles m.p. 90-01°. The 
material showed no absorption in the ultraviolet in chloro¬ 
form solution. 

Calc, for V 56.4; H 6.8; N 6.6 

Found: C 50.7; H 6.8; N 6.8 

2-Phenyl-4-benzylaminomethylene-5-oxazolone (I.C.I., 

CPS.S4(j\ 1^). 'Fhe benzylainine derivative of ethyl phenyl- 
penaldate (0.6 g.) in dry chloroform (00 cc.) was treated with 
phosphorus pcmtachloride (6.3 g.). After standing for one 
hour a homogeneous yellow solution w'as obtained. The 
chloroform w'as removt'd in vacuo at 30-40° and the resultant 
yellow glass treated with ether (100 ee.^ and saturated aque¬ 
ous disodiuin hydrogen phosphati* (200 ec.). The ethereal 
extract was dried over sodium sulfati' and the product 
precipitated as a yellow oily hydrochloride by the action of 
dry hydrogen chloride. On prolonged trituration with an 
ether-ac(‘ton(' mixture this hydrochloride c-ould be obtained 
crystalline, but it was found more convenient to convert it 
to the base again by the action of ether-phosphate buffer, 
evaporate the etln'ieal solution and triturate the resultant 
oil with methanol. The oxazolone was thereby obtained as 
an almost colorless crystalline solid. After recrystalliza- 
tioii from methanol it had m.p. 134-136° (1.74 g.). 

Calc, for C17H14O2N2; V 73.4; II 5.05; N 10.1 
Found; C 73.5; H 4.85; M 10.15 

The same pi-oduct was obtaiii(‘d using phosphorus oxy¬ 
chloride; m p. 134 137°. 

Reactions of /?,/!t-Diethoxyalanine (Merck, 5; 40 ^ 7). 

A solution of 1.77 g. of the diethoxyalanine in 4 cc. of 2.5 N 
sodium hydroxide was treated with a solution of 1.95 g. of 
crude ditliiojihcnylacidic acid in 8 ec. of 2.5 N sodium 
hydroxide and 10 cc. of water. After standing overnight, it 
was acidified writh sulfuric* acid under good cooling in an ice 
bath. An oil separated which solidified on rubbing with a 
glass rod, and w^as crystallized from an cther-potroleum other 
mixture. Five recrystallizations brought the melting point 
to 40-62°. The product changed to an oil on drying under 
vacuum at room temperature. A sample was sublimed at 
50-60° at 0.002-0.003 mm. pressure and the residue which 
melted at 170° was sublimed at 100-120° at 0,002-0.003 mm. 
After crystallization from chloroform and petroleum ether it 
melted at 167-168°. 


Calc, for C11H9NO2S: C 60.26; H 4.14; N 6.31) 

Found: C 60.42; H 4.29; N 6.66 

This compound was soluble in alkali and contained sulfur. 
Since the analyses showed the loss of two moles of ethyl 
alcohol, the compound is probably 2-benzyl-4-thiazole- 
carboxylic acid. 

A solution of 8.8 g. of pheiiylacetimino methyl ether and 
9.5 g. of /:f,/-#-diethoxyalanine in 100 cc. of methanol was 
allowed to stand at room temperature for thirty minutes, tlie 
solvent w^as removed at r<‘duced pressure, the residue dis¬ 
solved in chloroform and filtered. The cliloroform was re¬ 
moved vacuo and the residue dissolved in the minimum 
required amount of nietlianol. Cradual addition of ether 
resulted in crystallization of 10.5 g. (67%) of a white 
product which melted at 18E (corr.; dec.). 

Calc for CUH22O4N2: C 61.20; 11 7.54; N 9 52 
Found: C 60.96; 11 7.66; N 0.35 

The substancii is quit(* soluble in water, methanol arul 
cliloroform. 

2-n-Heptyl-4-formyl-6-oxazolone (Pfizer, P.Sly 10). A 
mixture of 2.93 g. of n-heptylpenaldie acid cliethylaoetal and 
25 nil, of acetic anhydride was treated in the manner pnwi- 
ously described for 2-(ri-amyl )-4-formyl-5-oxazolone (st'c 
page 522). The 2-r2^heptyl-4-forinyl-5-oxazolonc obtained 
w eighed 1.3 g. and melted at 134-135°. 

C'alc. for CuIIitOsN: C 62.56; IT 8.06; N 6.63 
Found: C 62.34; H 8.05; N 6.82 

2-(l',3'-Pentadienyl)-4-ethoxymethyIene-6-oxazolone 

(Pfizer, P.SSj 9). 1,3-Pentadienylpenaldic acid dietliyl- 

acetal was treated with acetic anhydride as descrilied for 
?i-amylpeualdie acid diethylacetal (sec page 522). The 
product was recrystallizod twice from Skellysolve C yielding 
wdiite fluffy needles sint(5ring at 84° and melting at 85-86°. 

Calc, for CuHisOsN; C 63.77; II 6.28; 6.76 

Found: C 63.83; H 6.40; N 6.83 

4-£thoxymethy]e]ie-2-p-iiitrobenzyl-5-oxazolone (Cor- 
uell Bioch., 3). p-Nitrobenzylpenaldic acid diethyl¬ 

acetal w^as azlactonized as previously descrilx^d (see page 
522). After the solvent had been removed in vacuoy the oily 
residue crystallized. Tt was recrystallizod from methanol- 
water to yield 180 mg. of the oxazolone (65%,). A sam¬ 
ple of the material w^as recrystallizod twice from methariol- 
w'atcr and dried in vacuo at room t(*mperature for analysis, 
'rhe recrystallizod product melted at 110-111° (micro), 
and mixture of this material w'ith p-nitrobenzyjpcnaldic acid 
diethylacetal caused pronounced depression of the melting 
point. 

Calc, for CiiHuOiNa: C 66.52; H 4.35; N 10.14 
Found: C 56.20, H 4.39; N 10.43 

The ultraviolet absorption of the compound in 95% ethanol 
exhibited a maximum at 2,850 A, Em ** 24,000. 

Reaction of Methyl a-Chlorobenzylpenaldate with ayfi-Bts- 
benzylaminoethane (Baddiley, Kilby, and Todd, CPS.5Ji4y 
4). The ester (1.23 g., prepared acconUug to Ni*wbcry and 
Ilaphael, CPS.S78) and a,/J-5^«-beuzylaminoetliane (0.86 g.) 
were heated together on the steam bath during 1hours. 
The product was stirred with ethyl acetate and liltercd. 
The filter residue was identified as of,^-6t.s-benzylaminoethane 
hydrochloride, wjhile the filtrate on evaporation gave an 
oil which, redissolved in cyclohexane and allowed to stand, 
gave colorless needles m.p. 184-185°. These were halogen 
free and from the analysis probably had structure as shown 
on page 498. 

Calc, for CaHwOxoN*: C 67.4; H 7.3; N 6.6 
Found: C 68.2; H 7.8; N 6.8 

Condensation of Cysteine and Ethyl Benzylpenaldate 

(Mich. Chem., B.f, 7). A solution of 249 mg. of ethyl 
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benzylpcnaldate, 175 tiir. of cyHtcino hydrochlorid(* and 
100 mg. of sodium acetaU* in 1.5 cc. of alcohol and 1 5 cc. of 
water was allowed to stand at room temperature. After one 
hour the mixture was solid, and after six hours 0.20 g. of 
colorless crystals w^as filtered, m.p. 158°. After n'crystal- 
hzation from alcohol-water the product melted at 159-100°. 

C’alc. for CieHioOiNaS: C 54,53; H 5.72 
Found: C 54.20; H 5.07 

Condensation of Ethyl Benzylpenaldate and o-Peni- 
cillamine (Merck, M,10y 1 ). A mixture of 4.2 g. (0.021 
mole) of 2-benzyl-4-hydroxymethylenf*-5-oxazolone and 
25 cc. of absolute ethanol was heated for eight minutes on a 
steam cone. To this was added a .solution of 3.85 g. (0.021 
mole) of D-penicillamine hydrochloride and 2 g. ( 0.021 mole) 
of potassium acetate in 25 cc. of water. The homogeneous 
mixture was allowed to stand in a stoppercMl flask for eighteen 
hours and was then seeded with <*ryatalh from a previou.s 
run. Crystallization began immediately but proceeded 
slowly. After three days, 2.5 g. of crude product, m.p. about 
145° (dec.), was filtered from tlie^ solution. During the 
filtration an oil separated from the hit rate*. This wa.s redis- 
sulved ]:)y addition of ethanol, and th(‘ solution was allowed 
to stand in an open flask for five days. At the* (*nd of tins 
time an additional 2 g. of product had crystallized. After 
removal of this second crop, the solution was allowed to 
evaporate slowly for ten days longer, when a third crop of 1 g. 
was nunoved. The total yiild of crude product was 5.5 g. 
Reery.stallization from absolute ethanol, using 10 cc. of 
solvent per gram of crude iiioduot, gave felted needles, m.p. 
150° (d(‘c.). The recoverv from the cry.stallization w'as 
65-75%. [airy 4-128°, o « 0.391, ethanol.* 

Calc lor C 18 H 24 N 2 O 6 S: 

C 50.80; H 6.37; N 7.37; Eq. weight, 380 
Found: 0 66.99, II 6,45; N 7.36; Eq. weight, 380 

A pure product is more readily secured by crystallization 
from 50% ethanol-watcr than by use of absolute ethanol, 
pai ticularly in the case of second and third crop cnnlc 
jiroducts from the condimsatioii. The crude ester was dis- 
.solved in absolute ethanol, using 10 cc. per g. of material 
and the solution was diluted with an equal volume of w^ater. 
Oystallization usually began at once and the solution 
became filled with a mass of felted needles on cooling. A 
60-75% recovery of a white product was obtained, m.p, 150° 
(dec.). 

Condensation of Enol Benzoate of Ethyl Benzylpenaldate 
with L-Cysteine (NllllL, C.J, 2). To 2.73 g. (7.7 millimoles) 
of the benzoyl derivative of ethyl benzylpenaldate (m.p. 
155^’) was added 7.7 cc. of 1 N alcoholic potassium hydroxide. 
After ten minutes at room temperature, 4 cc. of alcohol was 
added to the clear solution. To this w'as added dropwise 
a solution of 1.42 g. (9 millimoles) of L-cysteine hydrochloride 
in 11 cc. of w ater. In a few minuti's a cloudiness appeared 
which was dispelled by addition of alcohol, and after stand¬ 
ing overnight the very fine needles were hltiTcd, yielding 
1.73 g. (63%) of crude product. Crystallization from 
methanol gave pure material of m.p. 163-164°. 

Condensation of Benzylpenaldic Acid Benzylamide with 
D-penicillamine (Merck, MJ6c^ 4), The benzylamide of 
benzylpenaldic acid was condensed with D-periicillamine 
hydrochloride at room temperature in aqueous alcohol solu¬ 
tion. After fifteen hours the product was isolated by 
evaporating the alcohol with a current of air and separating 
the oil that formed. This oil solidified by trituration with 
water. A crystalline benzylamine salt was obtained by dis¬ 
solving the free acid in 85% ethanol, adding one equivalent 
of benzylamine then adding ether to the point of saturation 
and cooling, m.p. 180-181° (corr.). Wd** 478° (ethanol). 

Calc, for C.oHa«04N4S: C 65.67; H 6.61; N 10.21 
Pound: C 66.97; H 6.73; N 10.66 
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Condensation of Benzyipenaldonitiile with Penicillamine 

(Merck, MJSCy 6). Benzylpenaldonitrile dii‘thylaeetal 
(2 g.) was heated at 75-80° for two hours with penieiliamino 
hydrochloride (1.35 g.), ethanol (12.5 ml.) and hydrochloric 
acid (2.5 normal, 5 ml.). The solution was cooled, sodium 
hydroxide (2.5 normal, 5 ml.) added, and the ethanol 
evaporated by a curnmt of air. The riisidue was then 
extracted with dilute sodium hj^droxide, the unchanged 
nitrile removed by extraelion wdth ether, and this alkaline 
solution acidified to precipitate an oil. The oil w^as taktm 
up in ethylene dichloride, dried, and left as a glassy sub¬ 
stance whim the solvent was reinovi'd. 

Condensation of L-Cysteine with Benzylamine Derivative 
of Ethyl Benzylpenaldate ((Cornell Hioch., D.7, 4). To 100 
ing. of the benzylamine derivative of ethyl penaldate in 2 ec. 
of alcohol was ad(h‘il 46 mg. of L-eysteine hydrochloride in 
1 ec. of water. After three hours at room tiunperaturc tlie 
typical cottony precipitate of ethyl desdimethylpenicilloate 
was collected and ilried. Tt amounted to 44 mg. (42%) and 
melted at 145-150°; after recrystallization from 3 ce. of 
alcohol the melting j>oint was 155-158° (micro block). 

Calc, for CiBHaoOfiNaS: N 7.96; S 9.09 
Found: N 7.59; S 8.95 

In another trial, 50% alcohol was used as a solvimt and the 
product (m.p. 151°) was collected after tw^elve hours. The 
yield W’as 75% of the theoretical amount. 

Condensation of Benzylpenaldamide with L-Cysteine 
(Pfizer, P.W^ 6). A solution of 6 g. of benzylpenaiiirnido 
diethylacctal in 50 cc. of ethyl alcohol was added to a solution 
of 3.14 grams of L-cystcine hydrochloride in 50 cc. of water 
and heated at 70° for two hours. At the end of this timi* 
the ri'action mixture wras cooled, treated wdth 2 g. of potas¬ 
sium bicarbonate, and allowed to stand overnight. The 
product was filtcr(*d and ri'crystallizcd tw’ice from ethanol 
to give desdimethyl penicilloamide, which melted at 179-* 180°. 

Calc, for Ci 4 lIi 704 N,S: N 13.00 
Found: N 12.91, 13.09 

Condensation of Benzylamine Derivative of Ethyl Benzyl¬ 
penaldate with the Thiothreonines (Cornell Hioch., D.Wy 9). 
To 350 mg. of “B’’ thiothreonine derived from the or 
high melting benzoyl derivative of thiothreonine (Carter, 
Stevens, and Ney, J. Biol. Chcm.y 1S9y 251 (1941)) in 261 cc. 
of 1 N hydrochloric acid and 2 cc. of water was added 880 mg. 
of the benzylamine derivative of ethyl benzylpenaldate in 
4.6 cc. of ethanol. Within thirty minutes the solution began 
to (ieposit granular crystals and these were collected aHer 
three days. A small amount of hydrogen sulfide was present 
in the mother liquors. The product, dried for seventy-two 
hours in vacuoy weighed 900 mg., micro m.p. 173-180°. It 
was only slightly soluble in the usual solvents. The w^holo 
sample was suspended in 50 cc. of boiling ethanol for five 
minutes and was then filtered. Upon cooling, the ethanol 
solution deposited hard crystals. These were collected and 
thoroughly dried in vacuo. The yield was 95 mg. (10%), 
micro m.p. 180°-182°. 

Calc, for Ci7H220tN2S: C 55.72; H 6.05; N 7.65; S 8.74 
Found: C 55.42; II 6.39; N 7.66; S 8.91 

The portion not dissolved in the alcohol was dissolved in 
300 cc. of water by the addition of a minimal amount of 
ammonium hydroxide and the solution was clarified by 
filtration. It was then acidified with hydrochloric acid 
and cooled. The product was collected and washed by 
suspension in 50 cc. of water and ethanol and dried in vacuo. 
This sample, melting at 179-180°, amounted to 707 mg. or 
75% of the theoretical amount. The total of the two frac¬ 
tions represented 84% of the theoretical yield. 

Calc, for CirHjaOiNjS: N 7.65; S 8.74 
Found: N 7.49; S 9.02 



PKNIl.LOALDEHYDKS AND PKNALDIC^ ACIDS 


52() 


The ** A isomer of thiothreoninc (350 iriK.) was condensed 
with the benzylamine derivative of etliyl penaldate as 
described above for the “B" isomer. The appearance of a 
line cottony precipitate was almost immediate, af^eJatinouB 
nmss resulted after a fo^ hours and tlie product w^as col¬ 
lected aft(‘r three days. It was sucked as dry as possible on 
the filter and tlieti dried lor seventy-two lioura in vacuo, 
lliere was obtaine<l 0.8 R. of product, micro m.p. 120-132°. 
This wa.s readily dissolved in 45 cc. of hot ethanol, and 
the wann solution after treatment with Darco deposited 
crystals slowly up(m coolinji; to room temp<‘rature. The 
solution set to a gelatinous mass oviTiiight and thi* material 
was nuaiii recrystallized from 25 cc of ethanol The yield 
of 1 horouju:hlv dried material was 410 mg. (43^# ), micro 
in.p. 134-^ 137'. 

(^alc. for (’./lI-OfiNjS: N 7.65; S 8 74 

Found: N 7.55, S 8.79 

BenzylBenzylpenaldate and n-Cysteine (llpjohn, f/.?,32h 
A solution of 203 m^. of 2-h(iiiz> 1-4-hydroxynjcthyIene-5- 
oxazoloiH' and 108 mg. of benzyl al<‘ohol in 2 ml. of 1,4- 
dioxane was heated tin a steam-bath for thirty minutes. 
Wht'ii cool, a solution of 100 mg of potassium acetate and 
157 mg. of L-cysteine hydrochloride in 1 ml. of water w'as 
ad(l(‘d After standing overiiiglit, the white precipitate 
which had separated was collected and dried. The yield 
was 195 mg. which upon crystallization Iroin aqueous 
dioxane gave white powder, m.p. 160-162*^. 

Calc, for N 6 76 

Found: N 7.15, 7.14 

Condensation of n*Penicillamine with Benzyl Benzyl¬ 
penaldate (Merck, 15). Benzyl benzylpenaldate was 

tr(‘ated w'ith T>-penicillamine hydrocliloride essentially as 
described previously (see page 525). Extraction with ether 
and removal of this i^olvcnt at reduced prr.ssurc left a cream- 
colored glass. When this material was triturated with ether 
it became gummy; then it partially dissolved, leaving a 
solid residue. The n'sidue crystallized readily from alcohol- 
water to giv'e 6 ne needles, m.p. 164-165 “(capillary). The 
crystalline product amounted to 0 . 2 ^g. 

Calc, for C 62,40; H 5.92; N 6,33 

Found: C 62.15; H 5.86; N 6.50 

The specific rotation of this product was [aln*® 4*116° 
(c ** 1.16 in ethanol). The beiizylamrnonium salt melted 
at 149-150°. The high specific rotation of this compound 
would seem to indicate that it belongs to the 7 series of 
benzylpt'nicilloates. 

In another experiment (Merck, 10) a solution of 

1.6 g. of the crude condensation ])roduct in 5 cc. of absolute 
alcohol was treated with 406 ing, of benzylamino in 2 cc. of 
anhydrous ether. Aliout 20 cc. of petroleum ether was 
added to the point of incipient turbidity. Crystals of the 
benzylamine salt m.p. 162-163° separated on standing over 
the week-end at room temperature. Kecrystallization from 
absolute ethanol and petroleum (*tluT raised the m.p. to 
163-164°. 

Calc, for C»oH 36 N«()r.S: C 65.55; H 6.41; N 7.64 
Found: C 65,61; 11 6.45; N 7.98 

When this synthetic p)roduct Avas mix»‘d with the correspond¬ 
ing natural product (rn.p. 162-163°), the m.p. was depressed 
to 158-160°. 

Monomethyl i>L*Benzylpenillate {(k)ok, Elvidge, and 
Heilbroii, CPS.lf)0, 4). Methyl benzylthiopcnaldate di- 
ethylacetal (0.5 g.), DL-penicillarnine hydrochloride (0.3 g.) 
and dry butanol (5 cc.) were refluxed for thirty minutes, 
during which much hydrogen sulfide was evolved. The cold 
solution w'as treated with (»ther (3-4 ce.) and washed four 
times with water until the washing gave no thiol reaction. 
The butanol was removed in vacuo and ultimately by re¬ 


peated evaporation with ether. The ether solution already 
showed th(‘ characteristic inflexion hand of benzylpenillic 
acid (max. 235 mg; - 200). Extraction with cold 

5^/; aq. sodium hicarhonate and A^ery careful acidification to 
pll 2 gave mononudliyl i>L-henzylpenilIate m.p. 150-155°. 
The est(‘r was freckly soluble in alcohols, ethyl acetate, dioxane 
and rather l('ss so m etlier. TIu' pure compound separated 
as fine needles or laths on acidification of the solution in 
bicarbonate and as small well-formed eubes from dilute 
acetone. 4 'he pure acid-ester had m.p. 165°. It was dried 
over pliosphorje anhydride OAcrnight before analysis. 

(^ale. for (b 7 ll 2 . 04 N .S: G 58.6, II 5.7; N 8.0 
Found: C 58.7; fl 5.4; N 7.8 

Jn three condensations the yi(‘lds Avere comparable but poor, 
as 2.8 g. of starting material gave 140 mg. of crystalline 
product. 

Dimethyl n-Benzylpenicilloate (Merck, M.S?^ 21). Methyl 
benzylpenaldate and i)-pcmeillamine methyl (‘ster were con¬ 
densed as described for D-pi'iiicillanimc fsee page 525), to 
xdeld a clear yellow gummy dinif'thvl n-la'iizylpenicilloaU'. 
A portion of the gum Avas coiiAerted to a crystalline hydro¬ 
chloride, m p. 102°. Th(' melting point die! not change on 
recrystallization and the product hud -f 63.8°. 

Condensation of d-P enicillamine with the Benzylamine 
Derivative of Benzyl Benzylpenaldate (Epiohii, UJl, 23). 
A mixture of 330 mg. of recrystallized D-pemcillarnine hydro¬ 
chloride and 710 mg. of the benzylamine derivatWe of lienzyl 
bi'iizylpenaldate was caused to n'uct in a manner similar to 
that used for cyst(*me (sei' page 525). A yield of 60 mg. of 
very fine needles was obtained, m p. 147-149°. Rocrystal- 
lizatioii from chloroform gav(‘ silky m'cdles, m.i>. 152.5- 
153.5\ 

Calc, for C 2 ,H 2 ,.OtNoS: G 62 42; H 5.92; N 6.33 

Calc, for C 23 il 2 cOR.V 2 S lIsO: G 59.98; II 6.13; N 6.08 

Found: V 00.06; TI 6.09; N 6.26 

[q]p 2 « -|~125.5° (r — 0 . 1 % in absolute ethanol). This 

determination was carried out on a sample of the 147-149° 
melting point material. 

Hydrogen Fluoride Catalyst Used in Thiazolidine Forma¬ 
tion (Merck, M.42, 2). A mixtur(‘ of 2 43 g. of n-peni- 
cillamine and 3.1 g. of methyl Ixaizylpennldate w^as allow'cd 
to stand for four hours in 31 ml. of anhydrous dioxane con¬ 
taining 1.55 g. of hydrogen fluoride*. The solution was 
poured into 300 ml. of water (‘oiitaining 6.1 g. of sodium 
acetate and extracted with 5 1. of chloroform three times. 
Evaporation of the chloroform left 4.6 g. of an oil which did 
not crystallize. A 2.6 g. portion of the oil was dissolved in 
25 ml. of methanol, the solution diluted Avith 150 ml. of 
water and tin* product extracted into chloroform. Hcinoval 
of chloroform under reduced pressure* left a light yellow 
brittle glass having [aln** 4-31° (25% in methanol). 

Calc, for C 17 H 22 O 5 N 2 S: G 55.8; H 0 . 02 ; N 7.65 
Found: C 56.06; H 5.63; N 6.69 

Upon standing for some time in methanol-ether, the 
amorphous mixture deposited about 9% of crystalline 
a-methyl D- 7 -benzylpenicilloate, m.p. 164° and undepressed 
by authentic material. 

Condensation of d-P enicillamine Methyl Ester with 
Benzyl Benzylpenaldate (Upjohn, U.lShy 6 ). n-Poni- 
cillamine methyl ester hydrochloride and the benzylamine 
derivative of benzyl benzylpenaldate were condensed in the 
usual manner (see page 525). The crystals were filtered, 
washed with cold 60% ethanol, pressed as dry as possible, 
then thoroughly dried in a vacuum over 40°. The yield 
of diester melting at 96-98° was 3.3 g. (71.6%). The com¬ 
pound was analyzed without further purification. Recrys¬ 
tallization can, however, be effected readily from a variety 
of solvents including dilute alcohol, ether, Skellysolve B, 
and ether-Skellysolve B mixtures. 
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Calc, for C 24 ll 2 RiV 206 S; C 63.13; II 6.18; N 6.14 
Found: C 62.97; H 6.34; N 6.30 

Thiazolidines from Acetals by the Anhydrous Method 

(Pfizer, 11). A iinxUirc of 6 p. of inelhvl beiizyl- 

penuldatt* <licihyiacctal and 3 2 of L-cywiciiu' hydrochloride 
was healed in a steam hath for one liour witli K) cc. of 
dioxane. I'he solution was cooled and the dioxaiu' removed 
under reduced pressure. Th(‘ ^^sIdu^• nas ireateilwith a 
mixture of chloroform and aqui'ous potassium hicarbonate 
solution. Tpon acidification of the hicarhonate layiT there 
was olitained 1.3 f^rams of crude m(‘th> 1 desdimethylpenicil- 
loate meltiUK at 144- l-tO^" (2O0 ;) 

Calc, for CuHiaOfiNzSiN 8.28 
Found: N 8.01 

Benzylpenaldonitrile Diethylacetal Condensed with d- 
Peniciliamine (Merck, 16). An intimate mixture of 

276 mg. of benzylpenaldonitrile diethvlacetnl anti 18.') mg. of 
D-penicillaniino hydrochloride was fused in an oil hath at 
110“ for ten minutes. Th(‘ (‘ooled mt'lt was dissolved in 
chloroform and extracted with «lilute sodium hicarhonate 
solution. The hicarhonate extract was acidified and ex¬ 
tracted with chloroform. Th(' chloroform extract gave 
50 mg. of light tan powdt'r, pr(‘sumahly crude 4-carl)oxy-5,5- 
dim e tlry It h iazol i dine- 2 - (a>ph enyl ace t araido)ae<‘tonitri le, 
+58° (r = 1.0 in methanol). 

Calc, for CioHittOsNaS: 

C 57.r4; H 5.74; N 12 60; S 9.62 

Found: C 59.66, 59 76>, il 6.03, 5.72; N 12 . 10 ; S 5.71 

Condensation of N-Methylcysteine with the Benzylamine 
Derivative of Methyl Benzylpenaldate (Upjohn, U.IO, 2). 
A solution of 858 mg. (5 millimoles) of N-methylcysteine 
bydroehloridc* in 9 ml. of water was add(‘d to a solution of 
1,622 mg. (5 millimoles) of the benzylamine derivative 
of methyl Ixuizylpenaldate in 9 ml. of ethanol. After 
warming for ten minutes on a steam hath, the cloudy solution 
was filtered and allowed to stand at room temperature. The 
first crop of eolorh*.ss crystals (281 mg.) was collected aft(*r 
several hours, m.p., 165-167.5“ (dec.). 

(^alc. for ( 5 «H 2 oN 20 „S; 54.53; 11 5 72; N 7.95; S 9.10 

Found: C 54.57; II 6.00; N 8.27; S 8.91 

Benzylpenaldamide Diethylacetal Condensed with d- and 
li-Penicillamine Methyl Esters (Pfizer, 8 ). Tr-Peni- 

cillamine methyl ester hydrochloride (2 g.) w^as refluxed for 
1 5 hours in 20 cc. of 50% aqueous methanol with 3 g. of 
benzylpenaldamide diethylacetal. The amide dissolved 
rapiilly and the solution soon became clear. After the 
read ion was over, 1 g. of potassium acetate in 50 cc. of w'atiT 
was added. The, crystalline material which separated on 
cooling w'cighed 2.2 g. Repeated crystallizations from 
methanol gave a product melting at 191-192® which had 
[a\v -69® ( 1 % in 5 A HCl). 

Calc, for Cl 7112804 ^+ 8 : 

C 55.80; H 6.30; N 11.51; S 8,76 
Found: C 55.66; II 6.28; N 11,68, 11.47; 8 8.79 

When 700 mg. of u-penicillamine methyl ester hydro- 
cliloride was similarly treated with benzylpenaldamide, 
there wa.s obtained 600 mg. of the, corresponding a-amido 
/S)-methyl D-penicilloate which after several crystallizations 
from methanol melted at 191-192® and had [ali> +73® (1 % in 

5 N nci). 

Calc, for C 17 H 23 O 4 N 8 S: 

C 55.80; H 6.30; N 11.51; S 8.76 
Found: C 55.61; 11 6.43; N 11.40, 11.41; 8 8.52 

D-Penicillamine Condensed with Ethyl a>Phenylacet- 
amidosuccinate Semialdehyde (Cornell Bioch., D.SS^ 5). 
An ethyl acetate solution of ethyl homopcnaldate, obtained 


from the ozouolysis (see page 530) of 10 g of ethyl allyl- 
phenaeeturate 7), w^as evaporated ?n vacuo to a syrup 

which w^ejglu'd 8 g. D-IVnieillnnnne liydroi ldoride (3 5 g ) 
w'as addeil to tlu* svrup and thi mixture was dissol\(‘d in 
15 ec of glacial acetic acid acetic acid solution was 

lu'ated in a boiling w'ater bath for thirty luimites, cooled 
and ])oured diupwise into 500 cc. oi absoliiti* etlier Hie tan 
amorphous material which settled out was washed twice 
by deeantatioii with 20()-ce. portions ol ethi'i. I'henmtenal 
was coIl(*ctt‘d on a liltia*, and while still moist with (‘ther it 
W'as placed in a vacuum desiccator. Tlie amorphous jirod- 
uct weiglied 7 7 g 

Condensation of o-Penicillamine Methyl Ester with 
a-Chlorobenzylpenaldate Diethylacetal (IMmr, 10 ). 

Methyl «-ehloiof>( uz^ Ipenaldati' diethyla(*<‘lal (3 5 g) and 
n-penicillaiiijiie imthvl i‘ster h\diochloride (2 g.) in ae(‘tie 
acid (7.7 ml.) wa^ri* h«>ated on a steam bath for + hour, 
poured into eliloroiorin (150 nil ) and sodium bi(*arbouat(‘ 
(20 g), and stirred with watm (1(K) ml.) for I hour The 
chloroform was evaporated in vacuo, crystals ( 0.6 g ) from 
methanol, m.p. 126- 127°. 

Calc, for CiglLiOoN+Sf'l: 

C 52 11, II 5.55, N (>.76; S 7.72; Cl 8.56 
Found: C 52 26; 11 5 56, N 6.61, S 7.92, (1 8.87 

The product had 4 91" (0.1 + in metlianol). 

Ethyl or-Phenylacetamido-2-benzothiazoline-acetate 
(Merck, MMl, 9) Five giains of 2-benzyl-l-hydroxy- 
methylene-5-oxazoloii(' w'as luaiti'd under reflux for seven 
immites with 50 ml. of dry (‘Ihyl alcohol 2-Ammot hiophcMiol 
hydrochlondi' (4 g.) and pyiidinc (12 ml.) were added and 
the solution heated under reflux for twenty minute.s. The 
solvents were removed in vacuo and 200 ml. of etlu'r and 
50 ml of 2 5 N hydrochloric acid w'cre added. The aijui'ous 
phase was discarded, the ether layer washed twice wuth 1 A 
hydrochloric acid and twice with watiT. The ether w'os 
dried over rnagiK'sium sulfate and then evaporated tn vacuo 
at room temperature. Th(‘ product crystallized when one- 
half of the solvent was removed. Four cr(>{>s were obtained 
w^eiglung 3.3 g , 1.7 g , 0 6 g , and 0 7 g., revSjiectively. In 
the melting point doterrninatioiis for tlH‘ first tliree crops, 
softening took place at 75-80' and the materials w'cre 
entirely melted at 100®. The fourth crop was too gummy 
for determination of the melting ))oint. The first three crops 
were combiinxl 3.0 g. of the material was recrystallized from 
150 ml. of ether and the yield was 1.5 g., m.p. 112-111°. 

Calc, for C 1 gU'joOaTs 28 ; C ()4,02; li 5 (> 6 ; 7.80 

Found: C 63.93, 64.12; H 5.89, 5.71, N 7.88 

Condensation of Methyl n-Amylpenaldate with DL-Cyste- 

ine (Upjohn, 11.4, 30). A solution of 430 mg. of crude 
methyl n-ainylpenaldat(‘, 240 mg. of sodium acetate and 
315 mg. of Di/-cyateine in 10 ee. of 50% irn‘thanol w'as 
allow'cd to stand for twenty-four hours. Th<* wdiite solid 
(about 5(K) mg.) was reerystalliz(*d from aqueous methanol, 
m.p, 129-131° (uncorr.). 

Cale for CisIbi/li-NaS; N 9.1 
Found: N 8 84 

Condensation of Methyl n-Amylpenaldate with n-Peni- 
cillamine (Merck, M.loe, 9). d - Penicillamine' was con¬ 
densed with motliyl w-aiuylpeualdate in a similar manner to 
that described above*. Hie oily ])roduet was taken uj) in 
ether, the ethe^r layer w^as separatexl, elriexl first with anhy¬ 
drous sodium sulfate and finally with Drie'nte*. Ilydrogem 
chloride precipitated a semi-crystalline material from the 
ether. On tiTiitment of the pre'cipiiate' with boiling e'thyl 
acetate crystals were obtained. On standing overnight the* 
ethyl acetate deposite'd a second crop of crystals. The 
total yield was 1.2 g., m.p. 160® (dee.). Tlu' material was 
recrystallized from methanol-ether, m.p. 159-161® (dec.). 
It did not give a test for sulfhydryl with nitroprusside. 

Calc, for CtfiHjyOuNClS: C 47.04; H 7.10; N 7.32 
Found: C 47.14; H 7.18; N 7.41 
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Condensation of Methyl 7 >-.Methoxybenzylpenaldate with 
L-Cysteine (Pfizer, P./.9, 14). A solution of 1.9 g. of 
2-p-niethoxyl)enzyl-l-hv(ln)xyniPthyIene-5-oxazolone in 
25 vr. of iiietluinol was lor fifteen minutes and 

tn'Jiled witli a solution of 1.58 g. of L-cysteine hydrochloride 
and 1 R. potassium bicarbonate in 25 cc. of water. After 
the mixture had stood overnight the 2.84 g. of product 
was recrystallized from methanol; m.p. 105-166®. 

Cole, for CiftTI^iOftNsS: C 52.03, H 5 fiO; N 7.58 
Found: C 51.94; 11 5.37; N 8.00 

2>Benzoylaminocarbethoxymethylthiazolidine-4-car- 
boxylic Acid (Cornell Bioch., 3, 4). A solution of 0.6 g. 
of evsteine hydrochloride in 3 ec. of water and 5 cc. of ethyl 
alcol](»l, buffered with 2 cc. of 50potas.sium acetate, was 
cooled to - 8 ®. To this w^as added 1 g. of the sodium deriva¬ 
tive of eth>l phenylpenaldatf‘., prepared by the method of 
Erlenmeycr (Erlennu'ver and Stoop, Ann. 236 (1904)). 
The pll was readjusted to about 6 by the addition of 7-10 
drops of acetic acid. TIhj solution w'as allowed to stand at 
-f5“ overnight. The solid mass wrhich crystallized was 
filtered, washed w'ith water, and recrystallizod from 30 cc. 
of 50^;;, alcohol. After two such recrystallizationa a samjde 
irudtod at 165-167®. A total of 570 mg. of fine needles was 
obtained, representing 43% of the theoretical yield. A 
sample dried at 90®/2 mm. decomposed with the evolution of 
H 28 , leaving a transparent glassy residue, but there was no 
evidence of decomposition at room temperature. 

Calc, for Ci 6 Hi 806 N 2 S: N 8.28; H 9.46; Neut. f*quiv. 338 
Found: N 7.98; S 9.68; Neut. equiv. 336 

Condensation of Ethyl Phenylpenaldate with Cysteine 
Methyl Ester (Mieh. Chem., B.Sj 4). A solution of 0.28 g- 
of th(‘ sodium salt of ethyl phenylpenaldate anti 0.17 g. of 
cysteine metliyl ester hydrochloride in 2 cc. of 50% alcohol 
(pll 6 ) was allow'cd to stand at room temperature for three 
days. After two days, colorless crystals began to deposit. 
The product was dissolved in absolute alcohol and the solu¬ 
tion was filtered from a small amount of insoluble powder. 
Slow evaporation of the alcoholic solution yiehled 0.14 g. 
of colorless needles, m.p. 150-153”, insoluble in 5% NaOH, 
which showed no depression of melting point on admixture 
with the product of the action of diazoniethane on the con¬ 
densation protluct from ethyl phenylpenaldate and cysteine. 

Condensation of Methyl Phenylpenaldate with n-Peni- 
cillamine Methyl Ester (Merck, A/.55, 9; 57, 12 ). A solu¬ 
tion of 1.4 g. of 2-phenyl-4-hydroxymethylenp-5-oxazolone in 
25 ml. of absolute methanol was refluxed for 25 minutes. 
The solution was concentrated to dryness in vacuo and the 
resulting gum was dissolved in 50 ml. of toluene containing 
1.43 g. of i)-pcnicillamine methyl ester. Tlie toluene 
solution was refluxed for twenty minutes, then concentrated 
to dryness in vacuo to yield an amber oil. The oil was dis¬ 
solved in 5 ml. of absolute methanol and acidified with 
methanolic hydrogen chloride. After adding ethyl ether 
the solution was permitted to stand at room temperature for 
four hours, then in the refrigerator. The product gives no 
sulfhydryl test with ferric chloride. Rocrystallization gave 
a product of melting point 193-194® and [ajo** 4-44.2® 

(c «“ 3.1 in 1% hydrochloric acid). 

Calc, for CnH^OftSNjCl: C 50.78; 11 5.70; N 6.96 
Found: C 50.43; H 6.89; N 7.11 

The free dimethyl ester, recrystallized from ethyl ether, 
had m.p. 109® and [a]D*® 4-140.2® (c « 1.7 in methanol). 

Condensation, of Ethyl Phenylpenaldate Diethylacetal 
with DL-Penicillamine Ethyl Ester (Newbory and Raphael, 
CPS.S78f 3). A mixture of Dii-pcnicillamine ethyl ester 
hydrochloride (2 g.), ethyl phenylpenaldate diethylacetal 
(3.6 g.) and glacial acetic acid (10 cc.) was warmed on the 
steam bath for thirty minutes and the acetic acid then 
removed in vacuo. The residual viscous mass was triturated 
with a small quantity of cold alcohol and a large volume of 


ether (80 cc.) added. The resulting white solid was filtered, 
washed with ether, and crystallized from alcohol-ether to 
give 3.6 g. (90%) of needles, m.p. 165-166®. For analysis 
the compound was reerystallized from a small quantity of 
alcohol. 

Calc, for Ci9n,706N,SCl: C 52.9; TI 6.3; N 6.5 
Found: C 52.8; H 6.64; N 6.7 

Condensation of Ethyl Phenylthiopenaldate with DL-Peni- 
cillamine Hydrochloride (Copp, Duffin, Smith, and Wilkin¬ 
son, CPS.54^^ 8). A mixture of ethyl phenylthiopenaldate 
(1 g.) and DL-peiiicillaniine liydrochloride ^0.74 g.) in glacial 
acetic acid (5 cc.) was gently warmed on the steam until 
a clear solution was obtained wdiicdi no longer gave a blue 
color with ferric cliloride. Th(‘ solution was cooled and 
poured into cold dry ether (250 cr.), and a white crystalline 
solid rapidly separaU^d. The product was filtered, extracted 
several times with hot ether and recrystallized from methanol 
to give colorless needles of plienylpenilloic acid hydro¬ 
chloride which decomposed at 208-209°. 

Calc, for CjaiioGaNaSCl: C 50.8; II 5.7; N 8.5; S 9.7 
Found: C 51.3; H 5.9; N 8.5; S 9.6 

3-Methyl-2-(benzamidocarbethoxymethyl)thiazoHdine 

(Brodrick, Peak, and Wilson, CPS.417y 8). /^-Methyl- 
aminoethyl mercaptan hydriodidc' (from the hydnilysis of 
5 g. of 2-methylthiazoliiu* methiodide with 5 N hydrochloric 
acid at 150-170° for twenty hours) in water (10 cc.) wa.s 
added to a suspension of th(‘ sodium salt of ethyl phenyl¬ 
penaldate (5 g.) in ethanol HO cc.). The clear solution 
was then made just neutral to Brilhant Yellow by the addi¬ 
tion of glacial acetic acid On standing it set to a mass of 
needles. These wen' collected and washed with !y0% etha¬ 
nol. The yield was 3.7 g , melting sharply at 125-126® after 
rocrystallization from ethanol. 

Calc, for C 16 H 20 OJN 2 S: C 58.4; H 6.5; N 9.1 
Found: C 68.7; II 6.7; N 9.0 

Ethyl a-Benzamido-2-thiazolidme-acetate (Shell, ShJ4, 
209, 210). Crude sodium ethyl phenylpenaldate (10.85 g.) 
was dissolved in 50 cc. of water and convertiid to the free 
ester by the addition of a slight excess of 2 A’’ hydrochloric 
acid. The acidified solution was extracted with four 50-cc. 
portions of eth(*r. The ether extracts were combined and the 
solvent was evaporated under vacuum, leaving 7.8 g. of 
light yellow oil. This oil (0.0332 mole) was dissolved in 
30 cc. of absolute ethanol and 2.65 g. (0.0332 mole) of 
2-aminoethanethiol was added. The solution was allowed to 
stand overnight at room temperature. Most of the alcohol 
was then removed under vacuum, giving an oily residue 
which deposited hard white crystals on standing for one day 
at room temperature. The first crop of crystals weighed 
1.6 g. and melted at 102-104®. The total yield was 2.97 g. 
(30.5%). A 1 g. portion of the first crop was recrystallized 
from bcnzene-isooctane to give 0.7 g, of well-formed crystals 
melting at 108-111®. 

Calc, for CuHxgOsNjS: 0 57.14; H 6.12; N 9.52 

Found: C 57.3, 57.4; H 6.3, 6.3; N 9.6, 9.5 

Condensation of Penicillamine Benzyl Ester with Benzyl 
Phenylpenaldate (I.C.L, CPS.0S4t 15). DL-Penicillamino 
benzyl ester hydrochloride (13.78 g.) and benzyl phenyl¬ 
penaldate (14.85 g.) were dissolved in warm methanol 
(150 cc.), treated with fused sodium acetate (4.5 g.) and the 
mixture was refluxed gently for one hour. After removal 
of the solvent, the residue was taken up in ether and water, 
the ethereal layer was washed with 10% sodium carbonate 
solution, then with water and dried. The hydrochloride 
was precipitated as a gum by passing in dry hydrogen chlo¬ 
ride. The solvent was decanted and the residue was cr 3 rBtal- 
liaed by trituration with warm ieopropanol (100 cc.). It 
was filtered, washed with isopropanol and ether and dried 
(24.95 g.). It melted at 169-170®. 
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The hydrochloride (6.75 g.) was suspended in ether 
(100 cc.) and shaken with 10% sodium carbonate solution 
until no solid remained. The ether solution was wash<‘d with 
W’ater and dried. Evaporation of the ether left the base as a 
gum which was crystallized from drj^ benzene (20 ec.) and 
petroleum ether (b.p. (>0-80“). Aft(T standing at O'" for 
several days the crystalline base (2.03 g.) was separated, 
m.p. 101-102° (after previous sintering). No further solid 
base eould be obtained, but the residue was recovered from 
the mother liquor as the hy<lr<>(‘hloride, m.p. 1()()-I60° 
(2.7 g.). The base was reerystallized from petroleum ether- 
ethyl acetate (9:2); silvery needles, m.p 1(17-108°. 

Calc, for CssHaoOftNaS: C G7.2; H. 5.8; N 5.4; S 6.2 
Found: C 67,3; H 6.15; N 5.5; S 6 35 

Condensation of Ethyl Norpenaldate with n-Cysteine 

(Squibb, 8). Eth3d norpenaldate was condensed with 

L-cystcine in 50% aqueous alcohol. After twenty-four 
hours at room temperature, the solution was concentrated to 
dryness under high vscuum at room temp(‘r»ture. The resi¬ 
due was dissolv(‘d in methanol and pr(*cipitated b^' the 
addition of ether. The white rrvstnls irudted slmrplv at 
185" (dee.). 

Cale. for CM!,^O.^N2SCl: Cl 11.00 
Found: Cl 11.40 

Methyl 2- (Aminocarbomethoxymethyl) -6,6-dimethylthi- 
azolidine-4-carboxylate (Merck, M.50j 1). A solution of 
200 g. of the sodium salt of methyl norpenaldate in 250 ml. 
of water was acidified with concentrated hydrochloric acid 
and treated A\ith 140 g. of bcnzylaniine. The homo¬ 
geneous solution de'posited an oil after standing overnight. 
Trituration \n ith ether yielded a total of 70.5 g. of th(‘ hc'iiz.vl- 
ainin<‘ derivative, m.p. 108-109°. To a solution of 48 g. of 
this product in 100 ml. of warm methanol was addc'd a 
solution of 41.1 g. of n-penici 11 amine methyl e.ster hydro¬ 
chloride in 80 ml. of water. After holding at 70° for fifteen 
minutes, the cooled solution was extracted with benzene. 
After eonec'Titration of solvent, the residual oil weighed 
48 g, A solution of the oil in 160 ml. of 8.5% hj^drogen 
chloride in methanol was allowed to stand overnight at 0°, 
concentrated to dryness, and dissolved in a small amount of 
methanol. The thin syrup was poured slowdv into an 
excess of potassium bicarhonati* solution. After extraction 
wdth benzene and concent ration, an almost colorless oil 
w^as obtained. Evaporative distillation at 100° and J 0“^mm. 
yielded 18 g. of a pale amber syrup. 

Condensation of Ethyl Norpenaldate with d-P enicillamine 
(Parkc-Davjs, PD.SOy 5). A 7.2 g. saiiipJo of the sodium 
enolate of ethyl norpenaldate w^as allowed to react with 
6,6 g. of D-penicillaminc hydrochloride in GO cc. 50% ethanol 
for three daj^s at room temperature. The solvent w'as evap¬ 
orated in variWf the dry residue extracted with absolute 
methanol and filtered. The residue from vacuum evapora¬ 
tion of tlu‘ methanol was a gum which wuis taken up in 9:1 
dioxane-watcr and allowed to stand. After eight days 
crystals had formed which were filtered, w'ashed wuth hot 
methanol, and dried, m.p. 194-194.6°. 

Calc, for CiiHi80*N2S-2H,0: 

C 40.4; H 6.74; N 8.6 
Found: C 40.1, 40.3; U 6.7, 6.8; N 9.0 

2-(Aminocarbethoxymethyl) -3-methylthiazolidine Dihy¬ 
drochloride (Brodrick, Peak, Whitmont,. and Wilson, 
CPS.S9^, 5). ^Mcthylaminoctbyl mercaptan hydriodide 
from 16 g. of 2-methylthiazolinft methiodide (see page 528) 
w^as dissolved in water (20 cc.) and crude sodium salt of 
ethyl norpenaldate (11 g.) added. The mixture was made 
neutral to phenolphthalein by the addition of acetic acid and 
allowed to stand overnight. Sodium bicarbonate (6.0 g.) 
was then added and the product extracted five times with 
20 cc.-portions of chloroform. The combined chloroform 
extracts after drying and concentration gave 6.65 g. of crude 


2-(formamidoearbothoxy-methyl)-3-methylthiazolidine as a 
viscous yellow^ liquid. The crude product was dissolveil in 
10% ethanolic hydrogen chloride (65.5 ec.). After standing 
overnight, the crystalline product (4.4 g.) was collected. It 
softened til lihout 160° and melted at 169-170° (decoinp.), 
unaltered by rccrystallization from ethanol. 

Calc, for (MluOaNaCl^S: C3 25.6; \ lO.l 
Found: Cl 25.3, N 10.5 

DL-2-Aminomethyl-6,6-dimethylthiazolidine-4-carboxylic 
Acid Dihydrochloride (Abraham, Baker, Chain, and Pobin- 
8011, CPS.235, 2). Dir'PenieiUaTniiu' hydrochloride (185 mg.T 
and /3,)3-diethoxyalanine (200 mg.) were dissolved in N 
hydrochlorie acid (2 cc.) and kept at 37° for forty-eight hours. 
The solution was coiic(‘ntrated tn vacuo to a gum which crys¬ 
tallized on standing Tlie jiroduct w^as recr^^stallized by 
solution in methanol and addition of a mixture of ether and 
acetic acid (6:1), yield, 83 mg. of fine lie\agonal prisms, m.p. 
200-201° (dec.). 

Calc, for C7H14O2N2S; C 31.9; H 6.1; N 10 6; Cl 26.7 
Found: C 32.1: II 6.4; N 10.8; Cl 25.5 

2-(Carbobenzyloxyaminocarbamidomethyl)-6,6-dimethyl- 
thiazoUdine-4-carboxylic Acid (Squibb, S.33j 10). A mix¬ 
ture of 317 mg. of D-p**iiicillainine hydrochloride and 530 mg. 
of bcnzyloxypcnaldamide diethylacetal was ground in a 
mortar and then heated in a tube suspended in an oil Vjatli 
at 100°. The temperature was raised to 110° in iive min¬ 
utes and the initial melt set to a crystalline mass. The solid 
was dissolved in chloroform and extracted wdth sodium 
bicarbonate solution. Acidification of the bicarbonate layer 
to pH 4 caused a gum to prceipitati^ which crystallized upon 
the addition of chloroform. The chloroform suspension was 
filtered and 320 mg. (5190 of j)roduet, m.p. 191-195°, was 
obtained. Becrystalhzntion of the solid from 95% alcohol 
raised the melting point to 200-201°. la]D** -f 123° (c * 
0.31 in ethanol). 

Calc, for CicHiiOtN^S: C 52.27; 11 5.72; N 11.44 
Found: C 52.13, H 5.71; N 11.58 

2-(Carbethoxyaminocarbomethoxymethyl)-6,6-dimethyl- 
thiazoUdine-4-carboxylic Acid (Lilly, L.20y 19). A solution 
of 12.2 g. (0.065 mole) of i>-penicillamino hydrochloride and 
17.2 g. (0.065 mole) of methyl ethox3’’penaIdate diethylacetal 
in 25 cc. of glacial acetic acid was kept at 40-50° for forty 
hours. The cake of whit(‘ crystals which had separated was 
collected, washed with two 5-cc. portions of acetic acid and 
then washed well with ether. The yield was 15.2 g., m.p. 
175-170° (dec.). The acetic acid filtrate w^as diluted with 
dry ether and upon standing 3.0 g. of solid was deposited. 
This was recrystallized by dissolving in 5 cc. of w\arm wmter, 
filtering, adding 1 cc. of 12 N hydrochloric acid and keeping 
at —10° for four days. The wiiite crystalline solid weighed 
1.4 g. and melted at 175-176° ^dec.). The total yield of pure 
thiazolidine h3^drochloride was, therefore, 16.6 g. (72%), 

Calc, for CuHjiOcNsSCl: C 40.30; H 5.93; N 7.84 
Found: C 40.30; II 5.98; N 8.13 

Reaction of Ethyl Cyclohexylmethylpenaldate with n-Peni¬ 
cillamine (Pfizer, P,SSj 7). A mixture of 1,3 g. of 2-cyclo- 
hexylmethyl-4-formyl-5-oxazf>lone {P,S2, 12) and 8 ml. of 
ethanol was w'^arnied on a steam hath until a clear solution 
was obtained, and cooled. To this mixture* 0 93 g. of n-peni- 
cillamine in 8 ml. of w ater was add(*d. Tlie clear solution 
soon deposited an oil which could not be induced to crystal¬ 
lize, The reaction mixture w^as extracted with chloroform, 
washed with water and the chloroform removed tn vacuo. A 
solid was obtained which mi*ltod over a ten degree range 
(60^70°) and w'hich could not be crystallized. Tlie product 
was dissolved in ether, treated w’ith anhydrous hydrogen 
chloride, filtered, and washed with anhydrous ether. It 
weighed 1.4 g. and melted at 167-170°. This, after two 
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recrystallizationB from ethanol-ether, yielded 0.3 p;. of prod¬ 
uct melting at 182-183° (dec.). 

Calc, for Ci«Il3,O.N2S(l: 

(' r3j.l2, II 7.34; N 6.63; Cl 8.40; S 7.57 
Found: C 51.25; H 7.53; N 6.71; Cl 8.44; S 7.14 

[cvli)^^ 4-01" {\r'^ Ill niotlumol) 

Condensation of Ethyl Benzhydrylpenaldate with i>l- 
Penicillamine (Miel) Chein., B 14 , 3). A solution of 1.49 g. 
of niz-penieilhiiiiine in 10 ee ol ethanol-water and 5 cc. 
of 59J hydrochloric acid was added to a solution of 3.25 g. of 
ethyl bonzhydryIp(‘naldat(' in 15 ec. ethanol. Five cc. of 
4 N sodium acetate solution was added and the mixture 
was allowed to stand for twelve hours. The solvent.s were 
evaporat(‘d (air stream) and the r(‘sidue was treated with 
W'ater and ether until solution was complete. 3’he ether 
solution was washed wdth 2^’^ hydroclilonc acid, with w'ater 
and wdth 50 cc. of 5C potassium carbonate solution. The 
alkaline solution wuis washinl tw'ici*, wdth ether, then acidified 
to pH 4 wdth dilute hydrochloric acid The penicilloate 
was extracted with (*ther, the ether solution w’as w^ashed wdth 
water, dried over anhydrous magnesium sulfate, and the 
solvent evaporated. The pro<luct, after drying tn vacuo^ 
was obtained as a coloiU'ss iiowuier. The vield w^as 2.8 g., 
m.p. 88-t)5“ (dec.). 

Calc, for CaiHzHObNaS: C 63.13; II 6 18 
Fouml: C 63.48; H 6.18 

8-Benzamido-3*carbethoxypropionaldehyde (Ethyl Homo- 
phenylpenaldate) ((^irnell Hioch., DJl, 8). A 500 nig. 
sample of ethyl allylliippurate w^us dissolved in approxi- 
mat(‘ly 25 (‘c. of dry ethyl acetate. The solution w as cooled 
in a dry-ice ccllosolvo bath and ozone was passiul through the 
solution until the ozoni* w’as no longer absorbed to a delecta¬ 
ble degree'. The resulting solution w^as allowed to warm to 
room temperature and then it w^as poun'd into a suapension 
of 0.0 g. of zinc dust in 15 cc. of water and 15 cc. of acetic 
acid. 'Phe flask w^as arranged for dowuiward elistillation, 
the* contents of the flask w(*re stirred and gradually warmed 
until the ethyl a<*etate distilled slowly. After one hour 
the volume of the n'sidue was about 20 ec. 'Phis residue w'as 
then t'vaporated to dryness tn vacuo and shaken with 25 cc. of 
ether and 25 cc. of w ab'r. I'he ether layer w as extracted suc- 
ce.ssively wnth potassium iodidi' solution, sodium bicarbonate 
solution and water. It w^as then evaporat'd to dryness and 
the residue W'as warmed w'ith 0.2 g. of 2,4-(linitrophenyl- 
hydrazine and 10 ec. of alcohol. One cc. of 6 N hydro¬ 
chloric acid was added to the solution Aftc'r the solution 
had been heated for two mmules, it was cooled and 0.22 g. of 
very fine yellow needles separated. For analysis, 0.1 g. 
of the material was recr>'st alii zed from 10 ee. of ethanol. 
The recrystallized derivative melted at 157-162°, with 
softi'ning at about 145°. It appeared to be the dinitro- 
phenylhydrazone of the desired aldehyde, 3-benzamido-3- 
carbethoxypropionaldi'hyde. 

Calc, for CmHi.OjNfii C 53.13; H 4.46; N 16.28 

Found: C 52.64, 53.30; H 4.46, 4.09; N 16.09 

The oxime of 3-l>enzamiclo-3-carbethoxypropionaldehyde 
was prepared in the usual manner liy refluxing m pyridine. 
The micro melting point of this product was 114 li6°. It 
was identical with another smaller sample, which was pre¬ 
pared in the same manru'r and twice rccrystallizcd from a 
mixture oi alcohol, ether, and pentane. 

Calc, for Cj,H,e04N2: C 59.15; H 6.09; N 10.61 
Found: C 59.22; H 6.02; N 10.83 

An alcoholic solution (6 cc.) containing ethyl 3-benzamido- 
3-carbetIioxypropionaldehyde obtained from 0.5 g. of ethyl 
allylliippurate, was warmed in a water bath for five minutes 
with 0.3 g. of Lr-cysteinc hydrochloride. Then 1 cc. of 
2 N sodium hydroxide and 3 cc. of water were added. The 


solution w'as warmed for ten minutes. After the solution 
had been cooled overnight a crystalhrH* product (80 mg.) w'as 
collected. It gave lu'gat ive tests for sulfhydryl and disulfide 
groupings witli nitropnisside and was sfiariiigly solubh‘ in 
water but readily in ammonia. For analysis it was recrys¬ 
tallized from 20 cr of 95'; ethanol. The rt'erystalhzed 
produet possessi'd a micro melting point of 172-177°. 

Calc, for CiJI.oOjNoS: N 7.94; S 9.10 
Found: N 7.58; H 9.24 

«-Caproamido-a-methylmalonaldehydic Acid Diethyl- 
acetal (Catch, (V)ok, and Heilbron, 4). A mixture 

of n-eaproylalaninc (2.0 g.), acetie anhydride (5 cc ) and 
ethyl ortlioforinato (2 g.) was heated for tw'o hours and the 
solution I'vaporatod iti vacuo. The residue distilled as a 
viscous oil, b p. 110-T20°/2.5 mm. (2.44 g or 84%). Con¬ 
tact with cold 2 A sulfuric acid (10 cc.) for fifteen minutes 
gave a erystalline product (1 56 g). The acid crystallized 
from aqueous ethanol in leafiets, m.p. 116.5°. 

(5ilc for (’hHstObN: C 58 1; H 9.1; N 4.8 

Found: C 58 3, II 9.4; N 4.7 

The pure material (130 mg ) w^ns heated in aeetic anliy- 
dnde (500 mg.) for one hour at 100°. The solvent was n'- 
inoved tti vacuo and the rc'sidiie subjected to a high vacuum 
at 100° when the oxazolone distilled as a colorless oil. 

Calc, for C.Jl-ioO.X: V 62 0, H 9.45; N 5.2 

Found: C 61 !), TI 9.3; N 5.2 

When treateil with dilute' sulfuric acid the oxazoloiu' was 
rapidly hydrolyzc'd to tlie acylnmino acid and it w^as to a 
large extent hydrolyzed after ten to fiftec'n minutes of 
exposure to air. 

Benzyl cy-Phenylacetamido-a-methylmalonaldehydate Di- 
methylacetal (Cornell Bioch , I) SS, 2) <y-Phenylacetamido- 
a-methylmalonald<'hvdic acid climctliylaci'tal (281 mg.) was 
lu'ated at 100° with an excc'ss of acetic anhydride. Tlie 
mixture was concentrated lu vacuo to a yellow oil and 0.4 cc. 
of 0.1 A sodium bcnzylate* was added. After the solution 
had been allow^c'd to stand for fourtei'ii hours, it wuis treated 
with 10 ce. of w ater and a mass of oily crystals formed. The 
product was w^ashed with two 10^'c. ])ortions of 0.5 A'sodium 
hydroxide and finally with water, yield, 204 mg. of white 
needles, micro m.p. 102 -108°. After the ester had been 
purified by recrystallization from 95% ethanol and ethanol- 
water, it possessed a micro melting iioiiit of 111-113°. 

Calc, for CaiIl260BN: C 67.91; II 0.79; N 3.77 
Found: C 68.25; ll 6.99; N 3.59 

A mixture of 2.78 g. of N-phenylacctylalaiiine, 2.65 g. of 
ethyl orthoformate and 6.65 mg. of acetic anhydride was 
placed in a flask equipped with a reflux condenser protected 
by a calcium chloride tube, and was heated on the steam 
bath for three hours. The mixture was then treated as 
described above for the dimethoxy comjiound. The yield 
of crudt' a-phenylacetamido-a-methylmalonaldehydic acid 
diethylacctal was 1.68 g. (41%), micro m.p. 128-130° (dec.). 

The preparation of a-phenylacetamido-a-methylmalonal- 
dehydic acid diethylacctal and the corresponding dimethoxy 
compound !>y the anhydride method was developed from the 
work of Catch, Cook, and Heilbron (CPS.IOS). 

Methyl Benzylpenaldate Diethylacetal (Squibb, S.SS, 8). 
An ethereal solution of diazornethane was added to 1.5 g. of 
the dietliylacetal of bonzylpenaldic acid until the yellow 
color persisted. The solution was allowed to stand for fifteen 
minutes and was then treated with one drop of glacial acetic 
acid to destroy the excess diazornethane. ITpon stand¬ 
ing, the solution deposited crystals of the ester. These 
were recrystallized from anhydrous ether and weighed 1.18 g., 
m.p. 106°. 

Calc, for CJ7U26O5N: C 63.14; H 7.80; N 4.33 
Found: C 63.38; H 7.97; N 4.62 
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The iUM'tal Rroup in niothyl a-phenylacctami(lo-<y-mothyl- 
inalonaldt'liydaio diothylacotal resists condensation with 
penieillannne under hydrolytic conditions, but th<‘ desired 
coinlensatioii was achieved (/Sf.^Vy, 2) by fusion of tlie reafjcents. 
A niixtun' of 0.5 g. of i)-penicillamine hydrochloride and 
0.S7 K- tlic ester was ground in a mortar and then fused 
\vith stirring in an oil bath at 112'' for twelve minutes. 
Th(* cooh'd melt was shaken witli chloroform and aqueous 
])otassium carbonate solution. ''Die carVumate layer was 
acidified and extracted with chloroform. Concentration of 
the chloroform layer gave* (‘>83 mg. of an amorphous acid. 

Calc, for C,Jl24(>i,N >S: C fib.SO; H 5.82; N 7.37 

(^alc. for C,Hn240(.N,S H.,0: C 54.27; H 5.53: N 7,03 

Found: C 51.80; 11 (>.10; N 7.12 

N-Formylsarcosine Methyl Ester (lally, L.13, 11). 

N-Methylarninoacetonitrile was preparcfl by the method of 
Staudt [Zcil, phijsiol. Chem., 1/^7, 28() (1025)). To a solu¬ 
tion of 70 g. (1 mole) of the crude product in 000 ec. of 
methanol was added 500 ec. of nudhanol Avhieh had previ¬ 
ously been saturated in tin* cold with hydrogen chlorid(‘. 
The mixture was allowed to stand overnight, decanted from 
the ammonium cldoride, and boiled uiidcT n'fliix for three 
hours. This solution w’as cooled to filtered and evapo¬ 
rated m vacua to 400 ee. The solution w'as again coole<l and 
ammonium chloride again removed. The filtrate' was 
cvaporat(‘d to dryness. 

The residue, consisting of crude sarcosiiu* methyl ester 
hydroidiloridc, was dissolved in 100 ec of 9S-100C formic 
acid and a solution of 08 g. of sodium formate in 100 cc. of 
hot formic acid was added. The mixture was allowed to 
stand ovcniight, filtered, and the prcvifiitale washed with 
280 ee. of acetic anhydride. The coml)in(*(l filtrate* and 
W'ashings were allowed to stand for two hours and t‘vaj)orated 
to dryiK'ss m vacuo. The residue w'as fiJt(‘red and tJu* filtrate 
distilled und(*r redueial pressure. The* product distilled at 
55-110“/l-3 mm.; the forerun was redistilled after treat¬ 
ment with methanol, b.p. 75-100°/3 mm., yield 50.4 g. 
On redistillation, 44 g. of N-lormylsareosine methyl ester, 
boiling at 57-88°/l mm. (main fraction 87 88“), wuis 
obtained. 

Calc, for ('JI9O3N: i\ 10.00 
Found: N 10.31 

N-Formylsarcosine Ethyl Ester (L.13, 11, 12; 74, 8). The 
procedures just described wen* repi*at(‘d wutli tlie use of 
absolute ethanol in place of the methanol. After the re¬ 
moval of aec'tie anhydride and formic acid, ac<*tonc* was 
added to the residue, the precipitate was removed, and tin* 
filtrate distilled, b.p. 100-108°/1 mm. (117-120^/2 mm.). 

Calc, for CelliiOaN: N 0.05 
Found: N 9.53 

N-Methyl-j6t,j9-diethoxyalanme (Tj.13, 13; 74» 8). A sus¬ 
pension of 0.5 mole of sodium ethoxidc in 400 cc. of benzene 
was prepared by adding the required amount of absolute 
ethanol to pow'derc'd sodium in benzene. 

A solution of 72.5 g, of N-forniylsareosine irudhyl ester in 
108 cc. of ethyl formate was cooled in an ice bath to below 
6°. The benzene suspension was added wdth stirring and 
cooling (below 5") and after the addition had been completed, 
the stirring and cooling wore continued for two hours. This 
mixture was then placed in the refrigerator overnight. 

The precipitate w^as broken up, 700 ec. of dry ether added, 
the material was ground and stirred until it was hard. This 
substance was filtered, washed once with dry ether, and then 
it was transferr<id immediately to a solution of 75 g. of 
hydrogen chloride in 750 cc. of absolute ethanol. The 
mixture was shaken repeatedly for several hours and then 
was allowed to stand overnight. It was then concentrated 
to one-third of its volume in vacuo^ 226 cc. of 6 iV sodium 
hydroxide solution was added. TMs solution was allowed 
to stand overnight, and then dry-ice was added until the 


concentrated solution gave no pink tinge w*ith a drop of 
phenolphthalein solution. Tin* precipitate was eolleeted 
on a filter and w'ashed ]>y susp(*nsion in 150 cc. of 50% alco¬ 
hol. ''Fo the filtrate.s w^as added 100 g. of ammonium 
sulfate and the mixture evaporated to dryix'ss on the sU^am 
bath under vaeuun\. Tin* residue was extracted with 
750 cc. of cold absolute ethanol and this filtratt* evaporated 
to dryness at 30 40”. 'i'he extraction was repeated with 
750 cc. of absohitt* t'lhanol. This residue was e\tract(*d 
with hot (70 75") isopropyl ah'ohol, the mixtun* was filtered 
hot and allowed to cf>ol. On long standing, 54 g. of enid(* 
N-methyl-/kd-dieth()xvalaTnne crystallized, m.p. 105- 170'^. 
S(‘veral recrystHlIizations from isopropaiiol gave a prcaluct. 
melting at 198-200". 

Calc, for Csni704N: X 7.33 
Found: \ 7.13 

N-MethyI-/:f,/^-diethoxyalanine Ethyl Ester (/>./4, 9). A 
susjiensioii of 2 moli**' of sodium ethoxnle in 400 ec. of dry 
benzene was added, in portion.s mul with stirring, to a eooled 
(0") solution of 290 g '2 inol(*s) of X^-formylsarcosine ethyl 
ester in 432 <*c. of dry ethyl formate, the temperature being 
maintained b<*low 5' After tlie a<lditioTi, the mixtun* was 
stirreil 'at a tempt'ratnrc* below 5") for one-half lioiir and 
then placed in the refrigerator overnight Two liters of dry 
ether were added and the mixture was allowt‘d to stand until 
the precipitate had l>e(‘oin<* lianl. This sodium salt wa.s 
colh'fti'd on a filter and immediati'ly transferred to a solution 
of 300 g. of anhydrous hydrogen chloridi* in 4 1. of absolute 
alcohol. 4'h(‘ resulting mixture was allowed to stand over¬ 
night and th(‘n was ilivided into two equal portions. 

FJach ]>ortion was treated separately as follows. The 
iiiixtiu'e was ('vajifirated to a thi(‘k soupy ri'siduc in vacuo. 
This material w'as then taken up in 1 1. of absolute ethanol, 
252 g. (3 moles) of sodium bicarbonate was added, and the 
mixture w^as heated until all of the carbon dioxide was 
driven off. d'be precipitate was collected on a filter and 
waslied with ether, d'he filtrate was carefully evaporated to 
a syrup in vacuo. Dry other w^as added to tin* r(*sidue and 
this solution filtered. The solvents W'erc removed in vacuo 
and the residin* w’as cautiously distilled. The product from 
the first distillation had a tendency to be reddish but redis- 
tillation gave 95.5 g. (44%) of a colorless liquid; b.p. 
83-8571 mm. 

Calc, for Ci«H 2 iX 04: C 54.77; H 9.05 
Found: C 54.90; IT 10.0 

N-Methyl-/!l,^-dimethoxyalanine Methyl Ester {L.SfOj 12). 
A solution of 202 g. of N-formylsarcosiin* methyl ester in 
120 g. of dry metliyl formate was slowly added, wdth stirring, 
to a suspension of sodium ethoxidc (from 40 g. of sodium and 
the requisite amount of ethanol) in 400 ec. of benzene, tho 
temperature being h(4d below 5". Stirring and (‘ooling 
wore continued for tw'o hours; the mixture w^as allown*fl to 
stand overnight in the refrigerator, and poured into 31, of dry 
ether. The solid jiroduct was collected and treated with a 
solution of 300 g. of hydrogen chloride in 4 1. of methanol. 
Tho resulting solution was allowed to stand overnight, 
tiltereil and evaporated in vacuo to a syrup. 'Fhis w as dis¬ 
solved in 2 1. of methanol, neutralized with 500 g. of sodium 
bicarbonate, and filtiTcd. The pre(!ipitate was w'ashed 
with acetone, and fdtrale and washings evaporated in vacuo at 
a low temperature. The residue was dissolved in acetone, 
filtered and again evaporated. Tho residue was distilled, 
b.p. 6(>- ff8°/l mm., wdth some decomposition. 

Calc, for C7Hifi04N: C 47.44: H 8.53, N 7.91 

Found: C 46.0, 45.6; 11 8.27, 7.86; N 8.69, 8.04 

Methyl N-Methylnorpenaldate 3; 4). To a 

suspension of sodium mothoxido (from 25 g. of sodium and 
36 g. of methanol) in 300 ce. of benzene was added a solution 
of 131 g. of N-formylsareo8in<» methyl ester in 180 g. of 
methyl formate. The mixture was stirred and kept below' 
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6 ® during the addition and for two hours longer. Aftcir the 
mixture had stood in the refrigerator overnight, it was 
treaU*d with 2.«5 1. of dry ether, and the solid product, con¬ 
sisting of the sodium enolate of methyl N-methylnor- 
penaldate, was collected. 

Cale. for CBlIgNO^Na: C 39.7; II 4.42 
Found: C 35.59; 11 4.82 

The benzylainine derivative was prepared by adding 
140 g. of benzylaimiu* to an acidified solution of 200 g. of the 
socliiiDi enolate in 250 cc. of water, allow'ing to stand over¬ 
night at room temperature, removing the* water in vacuo^ 
extracting the residue with absolute alcohol, evaporating in 
vacuo and adding 1.5 1. of dry ether. The crystals which 
formed W('re n'cryst alii zed from the minimum amount of 
absolute alcohol and dry ether. The yield was 37 g., m.p. 
91-94°, 

Calc, for C.alluNsO*; C 62.90; H 6.50 
Found: C 63.13; 11 6.43 

Metliyl N-methylnorpenaldate was prepared from the 
crude sodium enolate by dissolving 200 g. jn the least amount 
of water, shaking the solution with ether and then acidifying 
it in the cold with 20^ sulfuric acid. The dark brown mix¬ 
ture was allowed to stand in the refrigerator for bm days. 
The r(*sulting precipitate was collected and extracted with 
chloroform. On evaporation in vacuo 49.6 g. of a cream 
colored solid, m.p. 90-92°, was secured. 

Calc, for C6ri«N04: C 45.28; H 5.70; N 8.80 
Found: C 45.33; H 5.46; N 9.02 

Ethyl N-Methylnorpenaldate 5). A solution of 

340 g. of the sodium enolate of the ethyl ester, prepared by a 
procedure similar to that described for the so(lium derivative 
of the methyl ester, in I 1. of wat(*r was washed with 300 cc. 
of ])enzene and then acidified with concentrated hydro¬ 
chloric acid. The precipitate was collected and washed 
once w^ith cold water. The yield was 165 g. of a white fluffy 
solid which melted at 96-97° and slowly turned pink on 
exposure to the air. 

Calc, for CtHuNOh: C 48,55, II 6.40, N 8.09 

Found: C 47.23, 48.61; H 6.59, 6.71; N 8.23 

The material decomposed when recrystallization was 
attempted. 

Dimethylacetal of Methyl N-Methylnorpenaldate 

6 ). To 34.0 g. of the methyl ester of N-methyl-^,^dimeth- 
oxyalanine was added with cooling, 28 cc. of 98-100% formic 
acid. To this was added 25 cc. of acetic anhydride and the 
resulting solution was allowed to stand overnight. The ex¬ 
cess n'Hgents were removed at reduced pressure and the 
residue was distilled. The yield of jjure ester acetal, b.p. 
106-110°/! mm., was 25.5 g. 

Cale. for C 46.82; 11 7.37; N 6.83 

Found: C 46.93; H 7.37; N 7.38 

Reaction of Dimethylacetal of Methyl N-Methylnor- 
penaldate with r> -Penicillamine Hydrochloride 7). A 

mixture of 20.0 g. of^the dime’thylacctal of methyl N-methyl- 
norpenaldate, 18.1 g. of n-pcnicillamine hydrochloride and 
60 ml- of acetic acid was warmed until complete solution 
was effected, after which the solution was allowed to stand 
for four hours. Most of the acetic acid was then removed in 
vacuo and the residue was dissolved in hot methanol. Dry 
ether w'as added until tlie solution became milky and the ex¬ 
cess ether was distilled. Upon cooling the mixture in the 
refrigerator, 8,03 g. of methyl 4-carboxy-5,5-dimothyl-af- 
(N-formyl-N-methylamino)-2-thiazolidine-acetate, m.p. 
156.5-158.5°, was obtained. It was very water soluble, 
gave a slight silver chloride precipitate and a positive Boil- 
stein test. 


Calc, for Cnlli.OtNSCl: 0 40.43; H 5.86 

Calc, for CuHiaOfiNaS: C 45.50; H 6.25 

Found: C 44.93, 43.16; H 6.27, 6.95 

Methyl N-Methylphenylpenaldate (Merck, M.OS^ 1). 
Sodium methoxido (0.34 mole) w^as prepared from 7.8 g. of 
sodium and suspended in 500 ml. of anhydrous ether. The 
mixture w’as stirred, cooled to 5° and 23 g. of methyl formate 
(0.38 mole) was introduced, follow^cd by 70.1 g. of benzoyl- 
sarcosine methyl ester (0.34 mole) in 200 ml. of ether. Stir¬ 
ring was continued at room temperature under nitrogen for 
thirty-six hours and at the end of (his time the ether had 
evaporated, leaving a semi-solid residue. This was stirred 
for one hour with 200 ml. of ether and then 300 ml. of cold 
water was addc’d. The solid dissolved and the aqueous layer 
was separated. It was extracted with chloroform and then 
acidified with 28 ml. of concentrated hydrochloric acid. An 
oil precipitated wliich was taken up in chloroform and on 
washing the chloroform layer with water, a solid separated. 
The latter was collectcfl on a filter and washed with acetone, 
m.p. 124-126°. It was recrystallized from acetone, m.p. 
141-143°, and weighed 17 g. A second crop of 2.2 g., 
m.p. 141-143°, was obtained by evaporating the acetone 
mother liquors to dryness and treating the residue with ether. 
A sample for analysis was recrystallized twice more. It at¬ 
tained a constant melting point of 144-146°. 

Calc, for C12H13O4N: C 61.27; Tl 5.57; N 5.06 
Found : C 61.63; 11 5.91; N 6.64 

Ethyl N-Methylphenylpenaldate (Copp, Duffin, Smith, 
and Wilkinson, CFS.4(^4, 2). To a suspension of 232 g. of 
sarcosine ethyl ester hydrochloride and 460 g. of anhydrous 
sodium carbonate in 2 1. of ether uas added with cooling, 
during 1.5 hours, 199 g. of ]>enzoyl chloride. The mixture 
was stirred for a further two hours and washed with water; 
the ethereal layer was washed with dilute hydrochloric acid 
and wat(*r and dried with sodium sulfate. The ether 
was evaporated and thf' residin' distilled in vacuo^ b.p. 
118°/0.1 inrn. On standing, the distillate, consisting of 
benzoyl-sarcosine methyl ester ((‘thyl N-methylhippurate), 
solidified to a mass of m’edlcs, m,i). 33.5°. 

Calc, for CiaHjoOaN: C 65 2; H 6.9 
Found: C 65.2; 11 6.7 

A solution of potassium (7.28 g ) in absolute alcohol 
(32 cc.) and dry ether (130 cc.) was cooled in ice wdiile a 
mixture of N-benzoylsarcosine ethyl ester (41.0 g.) and dry 
ethyl formate (69 g.) was gradually added with stirring. 
The mixture was allowed to attain room temperature over¬ 
night. It w'as cooled again and poured onto a mixture of ice 
and ether; the aqueous layer was .sc’parated and acidified 
with 2N acetic acid (94 cc.). The precipitated oil was taken 
up into (‘ther, the ethereal solution w^ashed with water, dried 
for one hour over anhydrous sodium sulfate and evaporated. 
A crystalline residue (24 g.), m.p. 126" 128°, was obtained. 
The product crystallized from benzene in colorless prisms, 
m.p. 129-130°. ‘ 

Calc, for C11H16O4N: C 62.5; H 6.1; N 5.6 
Found; C 62.9; H 6.1; N 6.8 

The anilide formed colorless prisms from alcohol, m.p, 179°. 

Calc, for Ci^HjoOaNj; C 70.4; H 6.2; N 8.6 
Found: C 70.6; H 6.5; N 8.8 

The benzylamino derivative crystallized from alcohol in 
prisms, m.p. 154°. 

Calc, for CaoHaaOsNs: C 70.8; H 6.55; N 8.3 
Found; C 71.0; II 6.6; N 8.55 

Methyl p-4-Carboxy-3,6-dimethyl-a-(N-methylbenx- 
amido)-2-thiazolidiiie-acetate (Merck, M,63y 2). A solution 
of 12.7 g. of methyl N-mcthylphenylpenaldate (0,054 mole) 
in 70 ml. of methanol was mixed with 10.7 g. of n-penicill- 
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amine hydrochloride (0,054 mole) in 100 ml. of water. In 
the resulting solution, 4.4 g. of anhydrous sodium acetate 
(0.054 mole) was dissolved. After standing overnight 
B.09 g. of a white crystalline solid separated, m.p. 154-156°. 
A second crop of 1.05 g. was also obtained. The material 
was purified by rocrystallization from acetone, m.p. 157- 
157.5°. [ab** +28.2° (c « 0.8 in methanol). 

Calc, for C17H22O5N2S: C 55.72; H 6.05; N 7.65 
Found: C 55.62; H 6.32; N 7.89 

Formylation of Ethyl N-Methylaceturate (Copp, Duilin, 
Smith, and Wilkinson, CPSM4^, 8). Kthyl N-methylacetu- 
rate was formylatt‘d in the usual manner (see page 506). 
The product was a viscid gum (3.8 g.), b.p. lOO'VO.OOl mm. 
It gradually crystallized on standing, m.p. 45-47°. 

Calc, for CkH,., 04N: C 51.3; H 7.0; N 7.5 
Found: C 51.3; H 7.4; N 8.0 

Formylation of Isobutjrrylglycine Ethyl Ester (Mich, 
Chem., 10). Isobutyrylglycine ethyl ester (b.p. 110- 
118°/0.4 ram.) was formylated by the procedure described 
for the phonaceturatc (see page 506). From 14,5 g. of the 
ester, 15 g, of sodium salt of the formyl derivative w^as 
obtained. A portion of tlie sodium salt gave an 88% yield of 
the 2,4-dinitropheiiylbydrazone of ethyl formyldimethyl- 
aceturate as yellow crystals, m.p. 192-193°. 

Calc, for CuIIisOvNfi: C 47.24; H 5.02 
Found: C 47.21; H 5.18 

N-Benzyl-/3,/3-diethoiyalanme Ethyl Ester (Winthrop, 
W.1^, 7). Ethyl a-chloro-/:^,d*diethoxypropionate (26,9 g., 
0.12 mole) and benzylamin<‘ (26.0 g,, 0.213 mole) were 
stirred in refluxing benzene (200 cc.) for three hours, the 
benzene was removed under vacuum and tlui residue w'as 
hcat(*d, with stirring, to 180° in an oil bath. The cooled 
reaction mixture was dilut(*(l with benzene, the benzylamine 
hydrochloride was remov'ed by filtration and the filtrate 
was fractionally distilled to give 10 g. (30%), b.p. 176- 
185°/6 mm. 

Calc, for CieIl2&N04: C 65.09; H 8.47 
Found: C 64.92; H 7.71 

Methyl N-Benzylnorpenaldate (Winthrop, ir.fi?, 9). A 
mixture of 300 g. (5.0 moles) of methyl formate (distilled 
over phosphorus pentoxide) and N-benzylglycine methyl 
ester (179 g., 1.0 mole) was placed in a flask fitted with a 
stirrer, a drying tube and a dropping funnel with a large bore 
stopcock. The flask was maintained at 0-10° and the mix* 
turo of eaters was stirred vigorously while a suspension of 
sodium inothoxide (54.0 g., 1.0 mole) in sodium-dried 
benzene (400 cc.) was added during about one hour. The 
mixture was then stirred for four hours, during which the 
contents of the flask became completely clear and remained 
f?o for about three hours, when a solid started 8(jparating. 
The mixture was refrigerated overnight and then extracted 
with water (400 cc.). Acidification of the aqueous extract 
yielded a heavy oil which was extracted with benzene. 
Removal of the solvent followed by drying of the residue 
left 186 g. (79%) of white crystalline solid, m.p, 112°. A 
sample recrystallizcd for analysis melted at 112°. 

Calc, for CijHisNOi: C 61.28; H 5.53; N 5.96 
Found: C 61.01; H 5.53; N 5.82 

N**Benzyl-j9,j9-dimethoxyalanine Methyl Ester (Winthrop, 
10). A solution of methyl N-benzylnorpenaldate 
(77.0 g., 0.35 mole) in methanol (500 cc., dried by distilla¬ 
tion from magnesium methoxide) saturated with dry hydro¬ 
gen chloride was allowed to stand overnight at room 
temperature. The solution was taken to a syrup in vacuo 
and the residue was decomposed with saturated aqueous 
potassium carbonate (500 cc.). The resultant oil was 
extracted with benzene and the solvent was removed. The 


residual 60.2 g. of red oil was fractionally distilled, giving 39 
g. (44%) of a pale yellow oil, b.p. ll()°/b.09 mm. 

Calc, for Cuni9N04: N 5.53 
Found: N 6.06 

Methyl N-Benzyl-benzylpenaldate Dimethylacetal (Win¬ 
throp, W.12, 11). To a chilled (5°) and emulsified (Hersh- 
berg stirrer) mixture of N-l)(mzyI-^,/?-dimethoxyalanine 
methyl ester (34.3 g., 0.135 mole) and sodium carbonate 
(20.0 g., 0 189 mole) in water (200 cc.) there was added 
dropwise phenylacetyl chlorid(* (21.6 g., 0.140 mole). The 
mixture was stirred four hours at 5° after the addition was 
complete, then extracted with benzene. The extract was 
washed with water and the solvent was rt*mov<‘d to leave 
46.2 g. (96C;) of .a viscous yellow oil. 

Calc, for C20H24NO.S: N 4.09 
Found: N 4.59 

N-Benzyl-/3,/3-diethoxyalanine (Merck, M.60, 13). A 
solution of 7.08 g. of /i,/^-diethoxyalanino and 1.6 g. of sodium 
hydroxide in 25 ml. of water was lyophilized. To this 
product was added 4 ml. of benzaldehyde, 30 ml. of ethyl 
alcohol and 30 ml. of benzene. After evaporation under 
reduced pressure to one-half its original volume, it was 
allowed to stand for one-half hour followed by treatment with 
30 ml. of benzene and evaporation to dryness. 'Fhe last 
traces of solvent won; removed under high vacuum and the 
residue was dissolved in 150 ml. of absolute ethyl ahiohol for 
hydrogenation over platinum catalyst. One mole of hydro¬ 
gen was absorbed rapidly and then the catalyst and the 
solvent were removed. Tlu; residue was dissolved in 50 ml. 
of winter and was filtered through charcoal and Supercel. 
The solution was made just acid to Congo Red with 2.6 N 
hydrochloric acid. The crystals which 8(*parated were 
filtered, washed once with cold water and dried. The yield 
was 5.3 g. A scfjond crop was obtained by extraction with 
chloroform w hich was evaporated. On washing with ether 
crystals w’orc obtained. The total yield was 8.0 g. (75%). 
The N-benzyldiethoxyalanine was recrystaliz(*d from ethyl 
acetate (250 cc. per g.). It nnslted at 169-170°. 

Calc, for C,4ll2iN04: C 62.90; H 7.92; N 5.24 

Found: C 62.45, 62.41; H 7.77, 7.64; N 5.17 

ferf.-Butyl cr-N-Benzylformamido-|3-hydroxyacrylate 
(Merck, Af.6'5, 6). The formylation of the <erf.-butyl ester of 
N-bcnzyl-N-formylglycine wdth sodium methoxide and 
methyl formate resulted in trans-esterification and to avoid 
this reaction the formylation was accomplished with 
butyl formate and sodium ^erf.-butoxide. The preparation 
of ferf.-butyl formate does not appc;ar to have been described 
previously. 

A naixture of 150 g. of ferf.-butyl alcohol and 110 g. of 
88% formic acid was refluxed for fifteen minutes and then 
distilled through a 30-inch fractionation column pack(?d with 
glass helices. At 65-68° an azeotropic mixture of tert.~ 
butyl formate and water distilled. It weighed 154 g., 
and after drying over magnesium sulfate it w^as redistilled at 
75-76° to give an overall yic;l<l of about 60%, 

To a refluxing mixture of 2.5 g. of sodium in 100 rnl. of 
xylene under nitrogen was added 24.6 g. of dry fcrf.-butyl 
alcohol at such a rate that the temperature did not fall below 
130°. After four hours the excess butyl alcohol was dis¬ 
tilled together with 50 ml. of xylene. After cooling to 0°, a 
mixture of 25 g. of the /erf.-butyl ester of N-benzyl-N- 
formylglycine and 40 g. of ferf.-butyl formate was added 
and the mixture was stirred for sixteen hours at 0°. 

A 200-ml. portion of water was added, the aqueous layer 
was acidified with phosphoric acid and extracted with 
benzene. The residue from the dried benzene extracts crys¬ 
tallized immediately upon trituration with ether. It 
weighed 6.4 g. (25%) and melted at 107-109°. llccrystal- 
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lization from n-propyl ethor brought the melting point 
to 110 - 112 ^ 

Calc, for Cjini 904 N: C (M.OG; 11 0.91; N 5.05 
Found: C 04.90: II 7.11; N 5.45 

Formylation of N-Benzyl-N-caproylglycine Ethyl Ester 
(Copp, Duffin, Smith, and Wilkinson, 0 , 7). 

N-Henzyl-N-caproylglyeine ethyl ester was prepared by 
slowly adding eaprovl chloride (20.9 g,) to a stirred solution 
of ethyl Ixmzylaminoacetate (liS 0 g.) in ether (400 cc.) in 
the presence of ardiydrous sodium carbotiate (31.8 g.). 
When the addition was complete, the mixture w'as stirred for 
a further hour and then treated with w’ater. The ethereal 
layer was separati'd, washed wnth 2 N liydroehlonc acid and 
water, dri(‘d over sodium suliate and evaporated Tin* 
residue was distilled iti vmuo, the product (50 g. 1 bodeil 
at 132-KI4'’/0.S mm. 

A solution of potaHsium (0 07 g ) in a mixture of drv ether 
(15 cc.) and absolute alcohol (3 cc ) was cooled to 0° and 
stirrefl while a mixture of dry ethyl formate (3 cc.) and 
N-benzyl-N-caproylglycine ethyl ester (5 g ) was graduallv 
added. The mixture was maintained at 0*' for two hours 
and then kept overnight at room temperatun*. The orange 
fioliition w^as then poiirc'd onto ice and tlie ethereal lay(*r 
separated. The aqueous solution was acidifie<l with 2 N 
acetic acid ( 0.0 cc,) and tlie separated oil taken up into ether. 
The aqueous layer was extracted twice again, the com¬ 
bined ether extracts wuished with water, dried over anhy¬ 
drous sodium sulfate and evaporated m vanw. The residue 
was a yellow oil ( 1.8 g.) which gave an intense red color 
with alcoholic ferric chloride. On distillation it gave 
a colorless oil (1.5 g.), b.p. 125-135"/0.001 mm. 

Calc, for CjJhfcOiK: C G7.7; II 7 9 
Found: C 60.0; H 7.4 

The benzylaminc derivativ^e of this compound separated 
from cyclohexan(‘ in needles, m.p. 75'*. 

Calc, for CiJIaiOiN,: C 73.5; II 7.9; N G.9 
Found: C 73.8; H 7.9; N 7.1 

Pyrolysis of Methyl D-Penicillenatc( (Merck, M.68y 6 ). 
Crude »-benzylpcniciUenate (0.9 g.) 3) was heated 

fo four hours in a sublimatioti apparatus under a pressure 
of 1-3 microns with a bath temperature of 120-125°. 
Hard colorless material and light yellow gum deposited 
on the condensing surface which was cooled with dry 
ice. The sublimate weighed 0.23 g, and tlie dark red 
residue weighed 0.G5 g. Neither showed activity by 
bioassay. Addition ‘of acetone to the sublimate dissolved 
the yellow gum and permitted the separation of color¬ 
less crystalline material, m.p. 185-187° (dec.). This ma¬ 
terial was <lissoIved in acetone to which petroleum ether 
was then added. Fine needles slowly formed, m.p. 192-194° 
(micro-block). The melting point (micro-block) of a mix¬ 
ture of this compound and fle-phenylacetamido-/3-methoxy- 
acrylie acid was not depressed. 

Action of Benzylamine on Ethyl Benzylpenaldate Diethyl- 
acetal (Merck, MJ2a^ 6; 11 ). The ethyl ester of benzyl- 

pcnaldic acid diethylacctal was allowed to stand with an 
excess of benzylamine for sixty hours. Water was then 
added and the insoluble oil washed by decantation several 
times. The residue w^as recrysiallized three times from 
ethanol to give crystals melting at 105-106°. 

Calc, for CioH„0|N,; C 70.98; H 6.55; N 8.28 
Found: C 70.68; H 6 , 86 ; N 8.63 

The 2,4-dinitrophenylhydrazonc prepared from tliis com¬ 
pound melted at 186-187° and a mixed melting point with an 
authentic sample of the 2,4-dinitropheDylhy<irazone of 
ethyl penaldatc w as 186-187°. 

On alkaline hydrolysis the compound yields ot-phenyl- 


acetairiido-/:i-b(»nzylaminoacryIie acid (Parke-Davis, PI).21, 
1). An 8.5 g. portion in 150 cc. of 95% ethanol and 20 cc. 
of w^ater w'us rolluxed and one equival(‘nt of sodium hydroxide 
(1.0 g. in 12.5 cc. water) was added in 1- to 3-cc, portions 
over a period of 5.5 hours at approximatidy hourly intervals. 
Refluxing w as continued one hour after the final alkali addi¬ 
tion. Total reflux time w^as 6.5 hour^. The solution w'as 
evaporated in an air stream to small volume, diluted with 
cohl water and extracted twice with 75 cc. of ether. The 
aqueous layer was treated with charcoal, filtered and acidi¬ 
fied to pH 5.8 with acetic acid. White crystals precipitated 
which were filtered from the chilled solution, 2.34 g., m.p. 
180° (softens 173°). K(‘crystalhzation from 50% ethanol 
gave 2 05 g., rn.p 182-183°. 

Calc, for (^ JIisOiN*: C 69.68; H 5.81 
Found: C' 69.51; H 5.93 

Ethyl a-(a'-Ethoxyethylideneamino)-/3-acetoxyacrylatc 

(C/ornforth, (kirnfortli; Abraham, Baker, C/hain, and Robin¬ 
son, CPS.428, 7, 8 ). Potassium (4 5 g.) in 50 cc. of dry ether 
w’a^ treated wuth 16.7 cc. of alcohol. The resulting solution 
was diluted w'ith ether to 200 ce , cooled below 0 ° and treated 
wuth a mixture of 20 g. of ethyl ct-ethoxyethyhdeiiearriino- 
acetute (Schmidt, Her. 47, 2548 (1914)) and 13 g. of ethyl 
formate. After one hour, ether (300 ec.) w'as added. On 
the next day the potassium salt w^as collected, w\»ished with 
ether, and dried tn vacuo. It fornu'd a light yellowy hygro¬ 
scopic, crystalline powder (24 g., 87%). It gave the char¬ 
acteristic reaction with alcoholic ferric chloride. 

Calc, for C 9 IIUO 4 NK: N 5.9 
Found: N 5.8 

The potassium salt (11 g.) was stirred into acetic anhydride 
(15 cc.). After half an hour, ether and sodium bicarbonate 
solution were added with ice-cooling. The ether solution 
was dried and evaporated and the residue fractionated. 
The acetoxy ester ( 8.1 g., 72% ) distilh'd as a colorless oil, 
b.p. 155-159°/15 mm., 88-9()°/0.1 mm. 

CJalc. for CuHnOftN: C 54.3; H 7.0, N 5.8 
Found: C 54.7; H 7.3; N 5.8 

The acetoxy ester (2 g.) was mixed with aniline (1.5 g.). 
The mixture became warm, and after half an hour the reac¬ 
tion W'as completed by warming for a minute on the steam- 
bath. N Hydroidilorie acid (10 ec.) was now added and 
crystallization occurred. Th(» proiluct was collccUni and 
crystallized, first from 50% alcohol, then from chloroform- 
light petroleum. It formed colorless silky needles, m.p. 
167-168°, 

Calc, for CuHieOsN*: 0 62,9; II 6.4; N 11.3 
Found: C63.1; H 6.3; N 11.4 

a-PhenyIacetamido-/ 3 -bexi 2 oxyacrylic Acid (NRRL, C.8, 
10). To a solution of 2-benzyl-4-hydroxymethylene-5- 
oxazolone in dilute sodium hydroxide, was added, wdth 
vigorous shaking, one equivalent of benzoyl chloride. An 
oil separated and the supernatant liquid became acidic. The 
oil was isolated by decantation of the aqueous layer and 
was washed several times with distilled water. After stand¬ 
ing overnight in a vacuum desiccator the oil crystallized and 
the yield of crude material was 87%. It was recrystallizcd 
from ten times its weight of dioxane, from which it separated 
as beautiful white needles solvated with one molecule of 
dioxane. The 3 deld was 40% of the theoretical, m.p. 
181.5-182° (dec.). Unsolvated material was obtained by 
drying the solvated acid for several hours in an Abderhalden 
drier heated by boiling xylene or by recrystallizing the crude 
acid from 95% ethanol. No difference in appearance or 
melting point was observed. 

Calc, for CuHuOfiN-CiHsO,: C 63,9; H 5,57; N 3.39 
Found: C 63.8; H 5.66; N 3.41 
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INTRODUCTION 

Early in the investigation of the structure of 
penicillin it was found that the penicillins are in¬ 
activated by alcohols and alkali ((Chapters II and 
IV). A little later it was found that bonzylamine 
also caused inactivation (Chapter TV). In each 
case the inactivating reagent entered by addition to 
the reactive grouping of the penicillin. When 
these products were degraded further it was de¬ 
duced that these compounds, which have been 
named penicilloates, are in reality the thiazolidincs 
derived from penicillamine (Chapter XVI) and 
the penaldates (Chapter XVII). The acids (from 
alkali inactivation) undergo easy decarboxylation 
to the penilloic acids. The synthesis of tlie pcnil- 
loates and penicilloates then was undertaken and 
many isomers, derivatives, and analogs were pre¬ 
pared. The synthesis and properties of these 
pcnilloates and penicilloates derived both by de¬ 
gradation of the p(micillins and by synthesis are 
summarized in the following pages (sec also 
Chapters VIII and X). 

Nomenclature. Because of the complicated na¬ 
ture of the penicilloates and the n^sulting syste¬ 
matic names for these products, a system of trivial 
nomenclature was devised for them. The name of 
the characteristic alkyl or aryl group of the penicil¬ 
lin from which the penicilloate is derived or to 
which it is related is prefixed as in the penicillins. 
The configuration of the penicillamine from which 
the penicilloate is derived is denoted by adding n. 
L, or DL to the name. Since there are three asym¬ 
metric centers in the penicilloates there are eight 
isomers. From either d- or n-penicillamine there 
are four isomers. In any given scries of compounds 
these isomers are distinguished by adding a, /?, y or 
h after the designation of the configuration of the 
penicillamine. The assignment of the Gre(*k letters 
is arbitrary and the similarly lettered compounds in 
two series may or may not be configurationally 
related. The Greek letters then only distinguish 
the various isomers, which are defined in terms of 
their physical properties. 

There are also two series of carboxyl derivatives 
possible since penicilloic acid is dibasic. These 
have again been distinguished by the use of a and /?. 
Those derivatives of the penaldate carboxyl are 


given the prefix a, and those of the penicillamine 
carboxyl the prefix 

As an example of this system of nomenclature, 
the compounds having structure 


CBU.cihcohjim - 

I 


ri)2CH, 

a 


s 

cn \'(cii3)2 

I I 

NH—circo.ii 

4 3 ^ 


would exist, if derived from ivpenicillamine, in four 
forms: 


a-mothyl D-a-beiizylpenicilloate 
a-methyl D-/3-benzylpcnicilloate 
a-methyl D- 7 -bcnzylponicilloatc 
a-methyl D-5-bcnzylpenicilIoate 

a-Mciliyl D-a:-bonzylpenicilloate is defined as the 
compound of this structure having a melting point 
of 137-139° and \a\u +104° (r = 0.37 in meliianol) 
which can bo dc'graded to or obtained from methyl 
benzylpenaldaU*, and i>-ponicillamine. 

While the name of the characteristic alkyl or 
aryl group of the penicilloic acid is ordinarily 
prefixed before the stem name, there is the one 
special case when the penicilloic acid is not substi¬ 
tuted; that is, the alkyl group is hydrogen. The 
name then becomes identical with the class name, 
simply penicilloic acid, except that it ordinarily 
carries the designation of configuration of the 
penicillamine portion where the class names do not. 


S 

/ \ 

TTCONII CH - -cn CiCAls)^ 

('^OaTI Nil-CnCOjH 

D-Penicilloic Acid 

In naming the penilloic acids a similar system is 
used, the two isomeric compounds being distin¬ 
guished by adding the letter a or after the con¬ 
figurational designation of the penicillamine from 
which the penilloic acid is derived; for example, 
D-a-benzylpenilloic acid, 

S 

./ \ 

CoHoCHsCC IxNlICHoCH C(CIl3j2 

I I 

Nil—CHCO 2 H 

In naming the homologs of the penicilloates tliose 
derived from thiothreonine and cysteine have the 
prefix desmethyl and desdimethyl, respectively, 
since those result in penicilloates with one or both 
of the methyl groups missing. Those derived from 
Of-acylamido-y-formylpropionatcs are called homo- 
penicilloates. As an example, the compound 
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CsHsCONHCH-- 

(^’OsC' 


s 

/ \ 

C'li c:ii2 


sC'ii, N— cii-coai 

iocH, 


is called either a-methyl desdimothyl-N^-acotyl-L- 
phenylpcnicilloato or th(' a-melhyl ester of the 
N*-acetylpenicilloic acid of L-phenylpcnoic acid. 
(Penoic acid is the hypothetical desdimethyl peni¬ 
cillin acid.) 

Stereochemical Configuration. Since a ])eni- 
cilloate has three asymmetric centers (marked *), 

S 

♦ s|t ^ 

RCONIICII - CII 

(^(MI Nil—(^IIC'OJI 


eight isomers could he formc'd. Since it was shown 
(C'hapter IV) early in the degradation ^\ork that 
the absolute configuration of penicillamine is i>, 
and since the degradation of j)enicillin or the syn¬ 
thesis of a penicilloate docs not change the con¬ 
figuration at this point, it is ])Ossible to know the 
absolute configuration of this center at all times. 
The problem of the other two asymmetric C( nters 
is not so simple, since both degradation of a peni¬ 
cillin to a penicilloate and synthesis of a penicilloate 
from penicillamine may involve bonds attached to 
these centers. The configuration of the middle 
asymmetric center is unknown in all the penicil- 
loates and of that to which the characteristic 
acylamino group is attached has beem established 
in only relatively few cases. 

The importance of the configuration of these 
centers to the synthetic studies results from the 
fact that if the penicilloates are to be used in an 
attempted synthesis of a penicillin, it would appear 
necessary to use the correct isomer to obtain the 
given penicillin; the most that could be hoped for 
using an isomeric penicilloate would be an isomer 
of the penicillin desired. 

Since all direct syntheses of the penicilloates in¬ 
volve intermediates which either have a double 
bond between the carbon atoms which later appear 
as the adjacent asymmetric carbon atoms or readily 
enolize to give a double bond in this position, the 
preparation of all the isomeric forms of a penicil¬ 
loate is often difficult. Much effort has been 
directed toward the preparation of the various 
stereoisomcric compounds, particularly in the case 
of the esters of D-benzylpenicilloic acid. 

Arrangement. The arrangement of this chapter 
is based upon the chemistry of the compounds in¬ 
volved rather than upon chronological order. Ac¬ 
cordingly, the references have been included in 
the experimental part rather than in the discussion. 
This is because of the large number of references 


which would necessarily appear in the text after 
many items. 

The experimental part has been arranged in the 
following order. The penilloic acids, their deriva¬ 
tives and homologs are listed first, followed by the 
penicilloic acids, their derivatives and homologs. 
Because of the large number of penicilloates these 
have been divided into six classes: the penicilloic 
acids, the a-esters, the /8-esters, the diesters, the 
amides, and the homologs. Ir* each section 
the penicilloates are arranged alphabetically. The 
esters are arranged in order of increasing carbon 
content of the alkyl groups. The optical isomers 
are arranged with the d isomers first, followed by 
the L, DL and, finally, those of unspecified optical 
properties; the various i) isomers are arranged in 
the order: n-a, d-/ 8, n-y, d- 5, and d (undesignated). 
The sul)stituted penicilloates having either nitrogen 
or carbon substituents follow the penicilloate from 
which they are derived, with the salts first, followed 
by the non-ionic derivatives in order of increasing 
carbon content, with the amides being listed before 
the alkyl substituted derivatives. The discussion 
follows the same order. 

In some cases the preparation of an individual 
compound has bc^en re'peated several times and each 
set of directions contains certain details which are 
not included in the other directions. Therefore, 
in such cases, each one has been included in order to 
give these minor deviations in the method of 
preparation of the compound. In some cases the 
difference is in the physical properties of tlie product. 

In collecting the experimental section it was 
found that in many cases an experiment ran through 
several progress reports. In these cases the material 
has been collected and revised so that an entire 
experiment appears in one place. Errors which 
occurred in one report and were corrected later 
have been changed so that the correction appears 
in the experimental part with the reference to both 
given. 

THE PENILLOIC ACIDS AND 
THEIR DERIVATIVES 

Penilloic acid, a degradation product of a penicil¬ 
lin, has structure I. It is a thiazolidine and the 

S 

/ \ 

RCONHCHjCn C(CH,)* 

NH -iHCOjII 

I 

group represented by R is CsHh for amylpenilloic 
acid, C.EsCH* for benzylpenilloic acid from benzyl- 
penicillin, etc. The structure of the penilloic acids 
was established by degradation and synthesis, and 
many related compounds and derivatives were 
synthesized. 

Degradation. Benzylpenicillin (11) was degraded 
to D-benzylpenilloic acid (m) and carbon dioxide in 



PKNILLOIC AND PENICILI.OIC ACIDS 


539 


S 

CeHtCIIjCONII CH- CH \':(rila)2 


s 

CJIaCHaCONIICIIaCH NxClI,), 


c;0 -N- 

II 


-riicOjH 


III 


NH -CllfWl 


COall 


s 

CeHaCHjCONII C^H- CH CCCII,)* ^ 
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CH 
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-N CH C(CHa)2 


HOaC NH-CHCOjH CellaCHaC-N- 

V IV 


CH C'OjH 


acidic aqueous solution at the reflux temperature. 
D-Penzylpenicilloic acid (V) is possibly an inter¬ 
mediate hydrolysis product in this hydrolytic 
degradation. n-Henzyliienicilloic acid was found 
to be relatively stable as a salt in alkaline solution, 
but in acid solution decarboxylation took place 
readily. n-Iienzylpenicilloic acid also dccarboxyl- 
ated to give bcnzylpenilloic acid when the dry 
substance was heated in vacuo at 78°. n-Benzyl- 
penilloic acid (III) was formed also when an aqueous 
solution of D-benzylpeiiillic acid (IV) was refluxed. 

Synthesis. A number of penilloic acids have 
been synthesized by various procedures. A n, n, or 
Di. modification was obtained depending upon 
whether n, i., or DL-pi'nicillamino was used. Two 
forms of D-benzylpenilloic acid, which were desig¬ 
nated D-a-benzylpenilloic acid and D-/3-benzyl- 
penilloic acid were characterized. Structure I with 
the indicated R-grou]) designations represents the 
penilloic acids which hav(“ been synthesized with 
penicillamine. V'hen eystcine was used in place 
of penicillamine, the desdimethylpenilloic acids (VI) 
were obtained. 
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RCONIICH/TI 


NH- 

I 


C(CH,)* 

illCOall 


R = n-CsHii 

R = C,HjCH20 

R = p-C,H5CH*OC«H4CH, 

R = C,H6CH2 
R = CsHiO 

R = CH,CH2CH=CHCn2 
R = C,H» 
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/ \ 

RCONHCH,CH CH, 

NH-illCOjH 

VI 


The method of synthesis of penilloic acids, which 
was used most frequently, involved the reaction 
between a penilloaldehyde acetal (VII) and jK'nicill- 
amino hydrochloride (VIII). In some cases, the 



RC()Nncn2Cii(OR')2 + C(Cii3)2 ->i 

HCMBNC^IlCOjII 

VII VIII 

two components were melted together at about 
60-70® to bring about the condensation. Th(^ two 
components were allowed to react in acidic aqueous 
solution, in methanol or ethanol, and in aqueous 
alcoholic solution buffered with potassium acetate. 

Penicillamine ethyl ester hydrochloride and a 
penilloaldehyde acetal were allowed to react in 
the molten state to give the corresponding ethyl 
ester of the penilloic acid. 

a-Ethyl T)-7-benzyli)cnicilloate (IX) was saponi¬ 
fied to D-benzylp(uucilloic acid whicdi decarb- 
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C.IRCJIjf'ONH-CH—CJI (HCHj), 

I I I 

CjUdO-C NH—CHCO 2 II 

IX 

oxylated to D-benzylpcnilloic acid. 

Carbobcnzylo-xy cliloride was allowed to react with 
2-aminomethyl-5,5-dimcthyl-l-thiazolidinecarb- 
oxylic acid (X) to give the bcnzyloxypenilloic 
acid (XI). 
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C.H»CH20(X)C1 4- NH 2 CH 2 CH ^C(CII,)2 

NH-inCOjH 
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CJIsCIIjOCONHCHsCH ^C(CH,)2 
NH—inCOsH 


R = C,H,CH2 
R - C,H6 


XI 



540 


PENILLOIC AND PENICILLOIC ACIDS 


4-EthoxymPthylene-2-phcnyl-5(4)-oxa2olone showed a function characterized by pll >4 4.95, and 
(XII) and penicillamine hydrochloride (VIII) in titration with hydrochloric acid showed one chan- 
glacial acetic acid solution reacted to give phenyl- acterizcd by pll >4 1.0-1.7. 

pcnilloic acid (XIII). The methyl esters of amylpenilloic acid (XIX), 
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XIII 
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IIC1H2 NCHC 02 H 
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Nil-cnCOjH 


XVI 
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CJIbCHsCSSH 4 lIjNCIUCil C(C1I,)2 — 


XVIII 


NH-CH-COiH 
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N-Benzoyl-/3,/S-diethoxyalanine (XIV) and peni¬ 
cillamine hydrochloride reacted in glacial acetic 
acid or aqueous dioxane, and ethyl thiophenyl- 
penaldate (XV) and penicillamine hydrochloride 
reacted in glacial acetic acid to give phenylpenil- 
loic acid (XIU). 

Thiobenzylpenilloic acid (XVI) was prepared by 
the reaction between phenylthioacctylamino acetal 
(XVU) and penicillamine hydrochloride (VIU) in 
refluxing butanol, and by the reaction between 
dithiophenylacctic acid (XVIU) and 2-amino- 
methyl-5,5-dimethyl-4-thiazolidinecarboxylic acid 
(X). 

Properties and Reactions. The penilloic acids 
and the desdimethylpenilloic acids are sufficiently 
basic to form hydrocliloridcs and, in many cases, 
crystalline hydrochlorides were obtained from the 
reactions which employed penicillamine hydrochlo¬ 
ride. Benzylpenilloic acid can be removed from 
aqueous solution by ether extraction. Potentio- 
metric titration of n-benzylpenilloic acid with alkali 


phenylpcnilloic acid (XX), and desdimothylphenyl- 
penilloic acid (XXI) were prepared by the reaction 
of diazomethane with the free base or hydrochloride 
of the corresponding 4-thiazolidinecarboxylic acid. 
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RCONHCHjCH 

I I 

NH-CHCO2H 
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RCONHCH2CH CR'j 

iIh— in-cojCH, 

XIX. R - C.Hn; R' - CH, 

XX. R » C.Hj; R' - CH, 

XXI. R - C,H,; R' - H 

As thiazolidines, the penilloic acids react with var¬ 
ious reagents which give N-substituted derivatives. 
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For example, phenylpcnilloic acid reacted with acetic 
anhydride, or with acetic anhydride and i)yridine to 
give the N^-acetylphenylpenilloic acid (XXII). 
Isobutyryl chloride reacted with methyl N^-methyl- 
phcnylpenilloate to give methyl NMsobutyryl-N^- 
methylphenylpenilloate (XXIII). Methyl chloro- 
carbonate and desdimethylbenzylpenilloate reacted 
together to give desdimethyl-N^-carboinethoxy- 
benzylpenilloic acid (XXIV). Desdimethylphcnyl- 


hydrazone, and the mercuric mcrcaptide of penicill¬ 
amine. Further evidence on the ready cleavage 
of benzylpcnilloic acid was the finding that ('ithcr 
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CIlsCON-CIICOjH 

XXII 

CH, S 
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(CII,)jCIICON-illCOaCITa 
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XXV 
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CO,II 


RCONIICII/’IIO + 
XXVIII 
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C(CH3)2 

I 

H 2 NCHC 02 H 


stereoisomer, D-a- or i)-/3-benzylpenilloic acid, was 
readily converted into an equilibrium mixture of the 
two D«isomcTs by heating a solution of either isomer 
in 50% aqueous alcohol for ten to fifteen minutes. 
The conversion probably took place through the 
equilibrium III 4 ^ Ilia. 
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XXVII 

penilloic acid reacted with a mixture of formic 
acid, acetic acid, and acetic anhydride to give 
desdimethyl-N^-fomiylphcnylpenilloic acid (XXV). 
Phenyl isocyanate and benzyl isocyanate reacted 
with benzylpenilloic acid to give the corresponding 
phenylureide (XXVI) and benzylureide (XXVII) of 
benzylpenilloic acid. 

An important reaction in the structural studies on 
a penilloic acid was the facile cleavage of ihe thi- 
azolidine in aqueous solution by mercuric chloride 
to give the corresponding penilloaldehyde (XXVIII), 
which was usually identified as a 2,4-dinitrophenyl- 


Benzylpenilloic acid (III) was converted to 
desthiobcnzylpcnilloic acid (XXIX) by hydrogenoly- 
sis with Kaney nickel catalyst. This reaction 

Coiucii2CONHcn,cn2 cii(CH3)2 

I I 

Nil- -CIICO 2 H 

XXIX 

destroys the asymmetry at carbon atom 2 of the 
thiazolidine nucleus and was useful in comparing 
‘‘naturaP^ and synthetic samples of benzylpenilloic 
acid. The saini>les of desthio-n-benzylpenilloic 
acid from the tvo sources were identical, but 
samples of benzylpenilloic acid could not be com¬ 
pared satisfactorily because of varying stereo- 
isomeric composition and hydration. 

L-Benzylpcnilloic acid was degraded with sodium 
in liquid ammonia to give a crystalline compound 
which melted at 107-109®. 

The diketopiperazine of amylpcnilloic acid (XXX) 
and the diketopiperazine of benzylpenilloic acid 
(XXXI) were obtained when the penilloic acids 
were treated with phosphorus oxychloride alone or 
in the presence of phosphoric acid. The diketo- 
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piperazine of phenylpenilloic acid was converted 
to the crystalline hydrochloride of phenylpenilloic 
acid by alkaline hydrolysis and acidification of the 
cooled hydrolyzato. 

THE PENICILLOIC ACIDS 

The penicilloic acids are the dibasic acids which 
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RCONIICII—CH C(CTl3)2 
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CO - N-cii coai 

XXXIII 
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RCONHCH—CH 
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HO,C NH-CHCO 2 H 

XXXII 

have structure XXXII. They are the primary 
hydrolysis products of the pcnirtllins (XXXIH). 
Besides being derivable from the penicillins (XXXIII) 
by degradation, the penicilloic acids (XX^) may 
be readily synthesized, and numerous penicilloic 
acids and related compounds have been character¬ 
ized. Many of the penicilloic acids (XXXII) were 
made in order to study their reactions with various 
reagents in the interest of their dehydration to the 
penicilhns. These attempted reactions of the peni¬ 
cilloic acids are reviewed in Chapter XXII. 

Degradation. Benzylpenicillin (II) was hydro¬ 
lyzed to D-a-benzylpenicilloic acid (V) in aqueous 
sodium hydroxide solution at room temperature. 
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C,IRCHiiCONH CH—CH ^(CH,), 
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CO—N-CHCOaH 
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CJIsCHsCONHCII—CH ^C(CH,), 

HOji NH- AhCO*H 
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The reaction was best carried out by adding one 


equivalent of sodium hydroxide to sodium benzyl- 
penicillin in water. The alkali was added by 
potentiometric titration and at a rate which main¬ 
tained the pH of the system at about 12. 

The “natural” D-a-l)enzylpenicilloic acid was 
also obtained by the alkaline hydrolysis of the 
methanol-inactivation product of benzylpenicillin, 
i.e,, a-methyl D-a-benzylpenicilloate. 

An interesting finding was the formation of d- 5- 
benzylperiicilloic acid by the action of cupric sulfate 
on benzylpenicillin in aqueous solution at room 
temperature. A lit-tle bonzylpenillic acid appeared 
to be formed as a by-product, because the acidity 
of the system permitted, as a side-reaction, the 
molecular rearrangement reaction. n-a-Benzyl- 
penicilloic acid, which was obtained by alkaline 
hydrolysis of benzylpenicillin, was also converted 
to the d- 5 isomer by cupric sulfate. It was 
concluded that the action of cupric sulfate upon 
benzylpenicillin caused the primary formation of 
D-a-benzylpenicilloic acid which was then converted 
to the d- 5 isomer. 

The recognition of D-5-benzylpenicilloic acid as a 
product of those reactions was made possible by the 
fact that the D-5-benzylpenicilloic acid separated 
from the aqueous solution as a blue crystalline 
cupric salt. The cupric salt was converted into 
the free dibasic acid by tn'atment with hydrogen 
sulfide. A solution of D-5-l)enzylpenicilloic acid in 
methanol or ethanol was levorotatory initially, but 
on standing the magnitude of the Icvorotation 
decreased and finally the rotation became strongly 
dextro. Although the mutarotatioii products were 
not identified, it did appear that neither the D-a 
nor the D -7 isomer was formed as a major product. 
The cupric salt of D-5-benzylpenicilloic acid was also 
found to crystallize very slowly from an aqueous 
solution of D- 7 -bcnzylpenicilloic acid. 

2-Pentenylpcnicilloic acid (XXXIV) was produced 
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(^H^CHCHsCONHCH—CII C(CH3), 

1 III 

CH=(^Ha HO 2 C NH-CHCO.H 

XXXIV 

by the action of the enzyme penicillinase on 
2-pen tenylpenicillin. 

Synthesis, d, l, and OL-Benzylpenlcilloic acids 
have been prepared synthetically and almost al¬ 
ways from the alkaline hydrolysis of the a-alkyl 
esters (methyl, ethyl, benzyl) of the corresponding 
isomers or racemates of benzylpenicilloic acid. 
The hydrolysis was carried out with either sodium 
hydroxide or barium hydroxide. Occasionally a 
lead salt was used to isolate the benzylpenicilloic 
acid from the aqueous solutions. 

This common method of preparing pemoilloic 
acids, which involves the saponification of the 
a-alkyl penicilloates, has been used to obtain 
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analo|;;ous compounds and derivatives. n-Amyl- 
penicilioic acid (XXXV), 5-methyl-D-benzylpeni- 
cilloic acid (XXXVI), n and Di.-(a-chlorobonzyl)- 
penicilloic acid (XXXVII), DL-diphenylmcthylpeni- 
cilloic acid (XXXVm), and phcnylpenicilloic acid 
(XXXIX) have all been prepared by the saponifica¬ 
tion of the corresponding a-methyl or a-ethyl esters. 


chloric acid to Q:-amino-4-carboxy-5,5-dimethyl-3- 
phenylacetyl-2-thiazolidineatelic acid (XLI), which 
W'as isolated as a hydrochloride. 

DL-Thiobenzylpenicilloic acid (XLIV) was ob¬ 
tained as a crystalline hydrated disodium salt after 
the sodium salt of Dii-a-amino-l-carboxy-r),5-di- 
methyl-2-thiazohdineacetic acid (XLII) was allowed 
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NM’henylacetyl-D-penicilloic acid (XL) was pre¬ 
pared by the saponification of the corresponding 
e-ethyl ester and was in turn hydrolyzed by hydro- 
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to react with methyl phenylthioacetate (XLIII). 
The free dibasic acid (XLIV) was precipitated as 
an amorphous product by the acidification of a 
solution of the disodium salt. 

Properties and Reactions. D-a-Benzylpenicilloic 
acid in aqueous solution at pll 2.5 and at 27® de- 
carboxylates over a forty-eight hour period to 
benzjdpenilloic acid (III). It also decarboxylates in 
methanol solution at 00 ® over the same period of 
time. 

n-a-Benzylpenicilloic acid has been isolated from 
aqueous solution as a crystalline monosodium salt 
and an amorphous disodiiim salt. The mono¬ 
sodium salt crystallized from the aqueous solution 
after one equivalent of hydrochloric acid had been 
added to the solution of the disodium salt. In 
contrast to the free dibasic acid, the mono- or 
disodium salts are stable in aqueous solution at 
room temperature. DL-Benzylpenicilloic acid was 
stable in barium hydroxide solution for two weeks 
at room temperature; there w^as no precipitation of 
barium carbonate. In certain experiments, it 
appeared that an excess of sodium hydroxide caused 
some inutarotation of a D-benzylpenicilloic acid. 

D-Benzylpenicilloic acid has been isolated from 
aqueous solution as an amorphous, white, water- 
insoluble lead salt. 'l"hc benzylpenicilloic acid was 
regenerated from the lead salt by hydrogen sulfide. 
Partial cpimerization appeared to take place in 
certain experiments w^hen the lead salt procedure 
was used to isolate the dibasic acid after hydrolysis 
of the a-alkyl esters of D- 7 -bcnzylpcnicilloic acid. 

Numerous N'^-acyl derivatives of penicilloic acids 
have been characterized. N^-Acetyl-n-a- and D- 7 - 
benzylpenicilloic acids (XLV) were both obtained as 
crystalline dibenzylammonium salts. N'^-Formyl- 
D- 7 -bcnzylpenicilloic acid (XLVI), N^-benzoyl-D- 7 - 
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benzylpenicilloic acid (XLVII), N^-carbophcnoxy- 
D- 7 -benzylpenicilloic acid (XLVIII), N^-carbo- 
benzyloxy-o-Y-benzylponicilloic acid (XLIX), and 
N^-phenylacctyl-D- 7 -bcnzylpenjcilloic acid (L) were 
all obtained by the saponification of the cor¬ 
responding of-methyl or a-ethyl esters. The N^- 
acylpenicilloic acids do not dccarboxylate (the 
ot-carboxyl group) as rcadilj’^ as the corresponding 
N-unsubstituted compounds. 

The penicilloic acids (XXXII) in aqueous solution 
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RCONHCHsCHO + CO 2 + ■ ^C(CH,), 

XXVm HjN-iHCOsH 

are readily cleaved by mercuric chloride to give 
the corresponding penilloaldehyde (XXVIII), car¬ 
bon dioxide, and the mercuric mercaptide of 
penicillamine. 

Attempted reactions between carbon dioxide or 
ethyl chloroformate and D- 7 -bcnzylpenicilloic acid 
to give the corresponding N^-carboxy and N^-carb- 
ethoxy derivatives were unsuccessful. 

a-ESTERS OF THE PENICILLOIC ACIDS 

The or-alkyl esters of the penicilloic acids (LI) are 
the alcohol inactivation products formed by the 
action of alcohols upon the penicillins. Numerous 
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(a) R'OaC NH-CH CO 2 H (0) 

LI 

compounds of this class have been synthesized by 
the reaction of penicillamine with an ester of 
penaldic acid, and by other methods. An o-alkyl 


ester of a penicilloic acid has been probably the 
most generally prepared derivative of a penicilloic 
acid for further synthetic studies. 

Degradation, lienzylpcnicillin, heptylpenicillin, 
and 2 -pentenylpenicilUn have been found to react 
with methyl alcohol to give the corresponding 
a-methyl esters of the n-penicilloic acids (LII> 
Lin, and LIV) respectively. Benzylpenicillin was 
also found to react with ethyl alcohol, benzyl 
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LII. R = CsHsCHi 
LHL R = C 7 H ,6 
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alcohol, and p-nitrobenzyl alcohol to give the 
a-ethyl, a-benzyl, and a-p-nitrobenzyl esters of 
D-a-benzylpenicilloic acid (LV, LVI, and LVII). 
Benzylamine was used frequently to obtain the 

S 

/ \ 

CeHsCHaCONHCH—CH C(CIIa )2 

ROzi Nil-iHCOall 

LV. R = Cilh 
LVI. R = C’eIRCHi 
LVII. R = p-NOjC’elRC'Hs 

a-alkyl ester of the penicilloic acid as a .crys¬ 
talline benzylamine salt for purification and 
characterization. 

When a solution of sodium benzylpenicillin in 
absolute methanol was allowed to stand on a warm 
steam bath, the rotation decreased during an 
eight-hour period to a value which then changed 
more slowly. The solution yielded a-methyl 
n-a-benzylpenicilloate (LII). Benzoylation of this 
penicilloate gave a-methyl N'^-benzoyl-n-a-benz- 
ylpenicilloate (LVIII) which was identical with a 
specimen of this compound prepared synthetically. 
When the solution of sodium benzylpenicillin in 
absolute methanol was refluxed for twenty hours, 

S 

CeHftCHjCONHCH—CH ^C(CH8)2 

ROji A-iHCOJI 

COC,H, 

Lvni. R - CH, 

LIX. R = C,H, 

another stereoisomeric penicilloate was obtained, 
namely, a-methyl N*-benaoyl-D-i 8 -ben*ylpenicil- 
loate. Prolongation of the heating period caused 
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significant isomerization of the a-methyl n-a-benz- 
ylpenicilloate. The v-P isomer from bcnzylpeni- 
cillin was also compared with a synthetic specimen 
and found to be identical. 


ester of pcnaldic acid (LXIV). By this reaction, 
representative a-methyl, a-elhyl, and a-benzyl 
esters of the penicilloic acids LXV (o LXXIV with 
the indicated R group variations have been pre- 


R 

CbHsCHsCONH C'H—CH \'(CH ,)2 

III 

CjHsOsC NH- 

I LIX 

I 

CelInCIIaCONIICHCHa 

I 

COsH 

LXa 


C.H6CH2CONHriICH3 

I 

COsII 

LX 

C,H 6 CHsCONH C:II—CIIj Cliama)* 

I I I 

nOjC NH—CHCO 2 H 

LXI 


The a-ethyl D-a-henzylpenicilloate, which re- 
8 ulh‘d from the maelivation of bcnzylpenicilhn 
with ethyl alcohol, was found to give a-ethyl 
N*-henzoyl-i>-a-benzylpenicilloate (LIX) after benz- 
oylation. This penicilloate \vas also identical 
with a synthetic specimen 

Because of difficulties m crystallizing the benz^d- 
amine salt of a-methyl D-heptylpc^nicilloate (LIII), 
it appeared that a-methyl D-lu‘ptylpenieilloate 
ibomerized in solution more readily than a-methyl 
n-benzylpenicilloate. 

Hydrogenolysis of ^'naturaT^ a-ethyl D-a-benz- 
ylpenicilloate (LIX) with Raney nickel catalyst 
in aqueous sodium bicarbonate gave DL-phcnyl- 
acctylalanine (LX) and desthio-n-a-benzylpenicil- 
loic acid. When samples of both natural^' and 
synthetic a-ethyl D-beiizylpenicilloate (LIX) were 
subjected to hydrogenolysis at 125® and 200 atmo¬ 
spheres of hydrogen, DL-N-(cyclohexylacetyl)-alan- 
ine (LXa) was obtained. Treatment of desthio- 
benzylpenicillin (LXII) with hydrogen chloride in 
chloroform-ethanol solution yielded a-ethyl desthio- 
n-a-benzylpenicilloate (LXIII). 

CeHfiCHjCONH'CH—CH 2 CH(CHa)3 

io—N—ia-cojE 

Lxn 

C,HsCH,CONHCH—CH* CH(CH,), 

CjHjOji NH-inCOaH 

Lxm 

Synthesis. The most widely used method for 
the preparation of the o-esters of the penicilloic 
acids (LI) consists of the condensation of penicill¬ 
amine hydrochloride (Vni) with the appropriate 


pared. The penicilloic acids were prepared vari¬ 
ously as D, L or DL forms. 

S 


/ \ 

RCONHCH—CH C(CH,)2 

(ClIs,C2ll5,orCeIIsCH2)02C NH-CTICOjH 


LXV. R = CbHn 
LXVL R - C,lhClh 
LXVIL R - CeHb 
LXVIIL R = C 6 H 5 CII 2 O 
LXIX. R « C 6 ll 6 CH(Cl) 


LXX. R = CeHiiCHs 
LXXI. R = (CcH5 )2CH 
LXXn. R - C 2 II 5 O 
LXXIIL R = P-CH 3 OC 6 H 4 CH 2 
LXXIV. R = H 


Different derivatives of penicillamine and pen- 
aldic acid have been employed to carry out the 
reaction to give the a-esters of penicilloic acid, and 
several variations of experimental conditions have 
been found useful. Penicillamine, penicillamine 
hydrochloride, or an isopropylidene penicillamine 
hydrohalide has been used as a reactant for the 
penicillamine moiety of a penicilloic acid. An ester 
of a penaldate (LXIV) (prepared either by formyl- 
ation of the acylglycine derivative LXXV or by 
treating the oxazolone LXXVI with an alcohol), 
an ester of an a-acylamido-jS-benzyl oxyacrylate 
(LXXVn), an ester of a penaldic acid acetal 
(LXXVIII), a benzylamine derivative of a penaldic 
acid ester (LXXIX), an a-phenylethylamine deriva¬ 
tive of a penaldic acid ester (L^XX), and a piperi¬ 
dine derivative of a penaldic acid ester (LXXXI) 
have been used in various experiments as reactants 
for the penaldic acid moiety of a penicilloic acid. 


RCONH<;=CHOH 

R'0,(!; 


HS 

HCIHjN-iHCOjH 


R 

RCONHCH—CH ^C(CH,)j 

I I I 

R'OsC NH-CHCOaH 


LXIV 


vm 
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RCONHCHsCOjR' + HCOjR' 

LXXV \ (’irOH(Na) 

\ II 

RCONHCC’OjR' 

N-(^—CnOH ^ LXIV 

Rr (^O + R'OII 

\ / 

o 

LXXVI 


('IKX’OCeHs 

II 

RC'0NHC(X)2R' 

LXXVII 


CII(0R')2 (niNHCHjC,!!-, 


RC'ONUClICOjR' 

Lxxvm 


RCONUC^C’OjR' 

LXXIX 


riiNHcn((’H3)cju 

RCONIICCOjR' 

LXXX 


CHNCsHi, 


RCONHCCOiR' 

LXXXI 


Appropriato solvonts for (ho reaction, dopondins 
upon the reactants selectotl, have included water, 
aqueous alcohols and other aqueous organic sol¬ 
vents, glacial acetic acid, and dioxane with hydrogen 
fluoride. An acetate buffer was frequently added 
to the aqueous alcohol media. The condensation 
in solvents is usually effected at room temperature. 
Penicillamine hydrochloride and the jienaldic acid 
ester acetal (LXXI) have been fused together to 
bring about the reaction. 

Methyl or ethyl esters of three N-benzyl- 
penaldates and penicillamine were condensed to 
yield the methyl or ethyl esters of the NM)enzyl- 
penicilloates (LXXXII-LXXXIV). 

(’olUCTIi H 

1 / \ 

RCON-CH—(T1 ('(Cllaij 

I I I 

(CH, or C2H6)02C NH —CH COall 


LXXXn. R = CsHu 
LXXXra. R = CsHsCIIs 
LXXXIV. R = CsIR 


Methyl or ethyl esters of two N-methylpenald- 
ates and penicillamine on reaction together gave 
the corresponding methyl or ethyl esters of N’- 
methylpcnicilloates (LXXXV, LXXXVI). 


CH, S 

I / \ 

RCONCH—CH C(CH,)j 


(CH, or C 2 H,) 02 C Nil —ClI CO,!! 


LXXXV. R = C»H, 

LXXXVI. R - CoIIsCH, 

Fusion of methyl a-phenylacetamido-a-methyl- 
/3,j8-diethoxypropionate with n-penicillamine hydro¬ 
chloride gave amorphous o-methylC-methyl-D-benz- 
ylpenicilloate (LXXXVH). 


I'ithyl a-))hen.\ Incctamidoacetoacetatc and D-peni- 
cillamine hydrochloride were condensed by fusion 

CTI, S 

I / \ 

CeHtCHjCONlK.’-CH CfCH,), 


(TdjO./* NH- 

LXXXVII 


■ CHCOjH 


at 105-115“ to give a-ethyl 5-mcthyl-n-benzylpeni- 
cilloate (LXXXVIII). 

CH, S 


\ 

C^HsCHsCONH-CII—C C(CH,), 


CjlbAX: NH- 

LXXXVIII 


—iir 


COjH 


s 

/ \ 

CellsCIIaCSNHCH—CII C(CH,), 


CsILOzC NH 

LXXXIX 


HCOjH 


Methyl dithiophenylacetate reacted with^a- 
amino-4-carboxy-5, 5-dimethyl-2-thiazolidineacetic 
acid ethyl ester to give a-ethyl thiobenzylpenicil- 
loate (LXXXIX). 

Attempts to condense N-thiophenylacetyl-i8,i8- 
diethoxyalaninc or its methyl ester (XC) with 
penicillamine gave 2-benzyl-4-thiazolecarboxylic 

CcHsCHjCSNHCHCHCOCaHfi)* 

io,H(CH,) 

XC 

s 

/ \ • 

C,H,CH*C CH 

]|-(!:-co*h(Ch,) 

XCI 
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arid or its methyl ester (XCI), respectively, instead 
of a-ethyl thiobcnzylpenicilloate. 

Ethyl phcnyiacetamidocyanoacetatc (XCII) was 
subjected to hydrogenation wuth a plalinum 
catalyst, then treated with dimethylpyruvic acid, 
and hydrogenated again for the synthesis of a-ethyl 
desthio-Di^bcnzylpenicilloate (XCIII). 


CelhCHoCONIlCIlCN 

C,Ur,(hC 

XCII 


CelhCIhCO^U (^11 (MI, 

I I 

(’alltOsC; NIIi 


ClIfCH,)-' 
0-J' COJI 


C6Hi,ril2C()NHCH—Clfs CII(CIf.,)2 

I I I 

C^HlOjC N- —(K’O^II 


C6ni,rii.,('ONH('ii (ih (’iicc'Hs). 

I I I 

cyr.o./' Nil-CHC'O.ll 

XCIII 


Stereochemistry. Tht‘ concleiisation ol D-pc'iu- 
cillamine hydrochloride with methyl or ethyl 
benzylpenaldate gave a mixture of the diastereoiso- 
meric a-methyl or a-cthyl n-bcnzylpenicilloatcs, 
and the D- 7 -isomer usually crystallized directly 
from the reaction mixture in almost pure form. 
When a mixture of the amorphous a-methyl 
D-bcnzylpenicilloates was benzoylated, it was 
found that the a-methyl NM^enzoyl-n-fl-benzyl- 
peiiicilloate crystallized first from a solution of the 
benzoylated products. 

Mutarotation of a-methyl D- 7 -benzylpenicilloate 
in methanol solution took place at the reflux tem¬ 
perature and the rotation was found to become 
essentially constant after sixteen hours. a-Methyl 
N^-bei\zoyl-D-a-benzylpcnicilloate was obtained 
by benzoylation of the epimerization products of 
a-methyl D- 7 -benzylpenicilloate. After removal of 
the residual D -7 isomer, the remaining acids were 
converted successively into benzylamine and /- 
ephedrine salts. The acids obtained from the 
Z-ephedrine salts w^ere benzoylated, and a small 
amount of the crystalline a-methyl N^-benzoyl-n-jS- 
benzylpenicilloate w^as obtained. 

a-Ethyl D-a-benzylpenicilloate was obtained from 
amorphous a-cthyl D-bcnzylpenicilloatc by virtue 
of its insolubility in ether. The amount of this 
isomer obtained from the crude condensation 
product amounted to about 10%. A solution 
of the ether-soluble acids in aqueous solvents 
yielded the crystalline a-ethyl n-y-benzylpenicil- 
loate. Benzoylation of the ether-soluble acids 
yielded a small amount of the crystalline a-ethyl 
N^-bcnzoyl-n-jS-benzylpenicilloate. 

The condensation of n-penicillamine hydrochlo¬ 


ride with methyl d-benzyl]}onaldate dimethyl 
acetal in glacial acetic acid yic^lded crystalline 
a-methyl D- 7 -bcnzyly)enicilloate bosidos amorphous 
penicilloatcs. It ayipeared doubtful that the 
configuration of the d-benzylpenaldaU" (XCIV) w^as 

C6nf.CH2(^()\H(*MICMI(Or]l3)3 

CX)o(Ml3 

XCIV 

CJI,(MIoCONTIC--C< 

I 

(MEOoC’ 

XCV 

retained during tli(' reaction because^ of isomeriza¬ 
tion thiough an (*nol lorm (XCV). When dl- 
penicillarnino was condensed with cither method 
Z- or d-benzylpenaldate dimethyl acetal in glacial 
acetic acid, the resulting penicilloates had no optical 
activity; thus, there was evidence for the isomeriza¬ 
tion. Fusion of tlie d-benzylpcnaldate with dl- 
penicillamine hydrochloride, and fusion of the 
d/- and d-bcnzylpenaldate with D-penicillamine 
hydrochloride gave products with the same optical 
properties, indi(‘ating that complete isomerization 
had taken place 

Properties and Reactions. The a-esters of the 
penicilloates w'ere trecpiently isolated advanta¬ 
geously as crystalline hydrochlorides or benzyl- 
amine salts. Upon occasion, they were obtained in 
crystalline form as picrolonates or as salts with 
a- or i3-phenylethylamiiie or ephedrine. 

The a-esters of the penicilloates in aqueous solu¬ 
tion cleave readily in the presence of mercuric 
chloride into a penaldic acid ester and penicill¬ 
amine. This reaction has been applied to several 
synthetic as well as “naturaU' penicilloates. 

Many and varied N^-acyl derivatives of the 
a-methyl, a-ethyl, and a-benzyl esters of the 
benzylpenicilloates have been prepared in crystal¬ 
line form. The N'^-acyl derivatives are represented 
by the general formula XCVI w^here R designates the 
various acyl groups. The enhanced stability of the 
tliiazolidine nucleus of the benzylpenicilloates when 

S 

/ \ 

CJI^CIWIONIICH—CH C(CH,)2 

I I I 

(CHs, CjHs, or C„n 5 CH 2 )() 2 C N-CIICO,!! 

ioR 

XCVI 


R = H 

R = OCH, 

R = CH, 

R = OCills 

R = CH(CH,), 

R = OCHsCeH, 

R = CHsCeH* 

R = OCJR 

R = CeHs 

R = COsCH, 
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the nitrogen atom is acylated was clearly demon¬ 
strated by the failure of a-ethyl N^-benzoyl-D-y- 
benzylpenicilloate to undergo mutarotation in 
boiling ethyl alcohol, as well as by their failure to 
undergo cleavage with mercuric chloride. 

Three N^-acyl derivatives of an N^-methyl- 
phenylpenicilloatc (XCVII) were prepared. 

CII 3 S 

I / \ 

C.II6CONCH—CH C(CH,)s 

I I 

CJIiOjC N-CIICO 2 H 

COH 

XCVII 


R = CH, 

R = CII(CH,), 
R = CsH* 


a-Methyl D- 7 -benzylpenicilloate (LII) reacted 
with nitrous acid in aqueous hydrochloric acid to 
form a-methyl N^-nitro.so-»- 7 -benzvlpenicilloatc 
(xcvni) which was a fairly stable crystalline 
compound. The N^-nitroso derivative was readily 
reconverted to the n-y-benzylpenicilloate (LII) 
by hot aqueous hydrochloric acid. 


S 

/ \ 

CsIIsCIIaCONHCH— cri C(CH,)j 

I I k 

CH,0,C Nil-CH 

LII 


CO 2 II 


S 

CdHjCHsCONii cii—\::(cns)2 

I I I 

(’lliOjC X-(’HCO2II 


NO 

xevin 


and a-cthyl D-benzylpenicilloate with sodium in 
liquid ammonia was studied. a-Methyl D- 7 -benz- 
ylpenicilloate was converted by this reaction into 
phenylacctamidc (C) and a compound which ap¬ 
peared to be a-(/3'-phenylacetamido-/3'-carbometh- 
oxycthylamino)-d-mercaptoisovaleric acid (Cl). 

C 6 H 6 CII 2 CONH 2 

C 

HS 

\ 

(^alLCnaCONIICII—0112 C(0H,)2 

I I I 

CHsOaC Nil-ClI-OOjH 

Cl 

«- 10 thyl D- 7 -benzylpenicilloate and a-methyl 
D-benzylpenicilloate reacted with hydrazine in 
aqueous methanol or in anhydrous ethanol- 
benzene solution to give 4-phenylacetamido-5- 
pyrazolone (CH).. 

C.HsCIIsCONH C---CH 

I I 

(^O Nil 

\ / 

Nil 

CII 

a-Ethyl i>-a- and D-y-benzylpenicilloatcs were 
found to react with phenyl isocyanate to give 
crystalline products which melted at 205*-2()6° and 
193-195°, respectively, but which were not com¬ 
pletely identified. 

iS-ESTERS OF THE PENICILLOIC ACIDS 

The jS-esters of the penicilloic acids (CIII) are 

S 

/ \ 

IK.’ONII CII- -('II C(CH3)2 

I I I 

(a) IIO 2 C Nil- -('H-COjir (iS) 

CIII 


When a xylene suspension of a-methyl D- 7 -benz- 
ylpenicilloate was heated under reflux, water and 
hydrogen sulfide were eliminated and a product was 
formed which appears to be 2-benzyl-4-carbo- 
methoxy-o-isopropylidene-l-imidazoleacetic acid 
(XCK). This product was also formed from 


CH,02CC= 


=CH C(CH,)2 


N N-CCO 2 H 

\ / 

C 


i: 


H2C,H* 

XCIX 


a-methyl D- 7 -benzylpeniciIloate in refluxing toluene 
solution to which a few micrograms of iodine had 
been added. 

The reaction of a-methyl D- 7 -benzylpenicilloate 


obtained generally by the selective partial saponifi¬ 
cation of the corresponding diesters of the penicil¬ 
loic acids. Several compounds of the class were 
prepared and studied. 

Degradation. Sodium jS-methyl n-benzylpeni- 


CeHtCHjCONHCH 

NaOsf^ 


S 

CH ^C(CH,)2 


NH- 

CIV 


- 4 : 


HCOjCH, 


cilloate (CIV) was prepared from crystalline methyl 
benzylpeniciUin by saponification. The salt was 
amorphous. 

S3mthesis. / 3 -Methyl D-7-benzylpenicilloate was 
prepared from dimethyl D-7-benzylpenicilloate by 
saponification in aqueous ethanol at about pH 12, 
T^ calculated amount of sodium hydroxide solu- 
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tion was added during a period of two or three 
hours. Usually the aqueous solution of the sodium 
salt was acidified and extracted with chloroform. 
The chloroform extract was concentrated to yield 
an amorphous acid which was about 90 % pure. 
The free acid was rather unstable. By this gen¬ 
eral procedure, various / 3 -methyl and / 3 -ethyl esters 
of the penicilloic acids (CV) have been prepared. 


S 

/ \ 

RCONHCII—CH CCCHj), 

nOijC Nil-CH-C()2(CH, or CaHj) 

CV 


R = CsHi,; R = R = C,II. 


o-Methyl, a-ethyl, and a-benzyl ester groups were 
saponified satisfactorily. 

/3-Methyl N’-methyl-n-phenylpenicilloate (CVI) 


CII, S 

I / \ 

CJIsCONCll—CH C(CII,)2 

HOji Nil—iHCOiCHa 

CVI 


j 3 -Methyl N^-formyl-<losthio-D-af-bonzylpenicillo- 
ate (CIX) was prepared by the hydrogenolysis of 

CellhCHaCONIICH—CH2 CI 1 (CH 3)2 

I I I 

HO2C N-CH(; 02 CHa 

COR 

CIX. R = H 
CX. R = CIKCHa)* 


the corresponding sodium / 3 -methyl N^-formyl-n-a- 
benzylpenicilloate with Raney nickel catalyst. 
/ 3 -Methyl NMsobutyryl-desthio-D-a-benzylpenicil- 
loate (CX) and the D-7 isomer were prepared 
similarly by hydrogenolysis. 

When /8-niethyl N^-benzoyl-n-y-benzylpenicil- 
loate (CXI) was treated with two equivalents of 


S 

/ \ 

C.H,CnjCONHCII—CH C(CH,)2 


IIO 2 C N- 


-CIICOiCHs 


COCeHs 


CXI 


was obtained by the partial saponification of the 
corresponding dimethyl ester. 

Several /3-methyl N^-acyl-benzylpenicilloates 
(CVn) were also obtained by the selective partial 
saponification of the corresponding N^-acyl deriva¬ 
tives of the diesters. 

S 

/ \ 

CtlRCHsCJONIICH—CH C(CH,)2 

HO2C N-illCOjCH, 

I 

COR 

cvn 


R = H R = C.Hb 

R = CH, R = OCHsCeH, 

R = CH(CII,)2 R = CO2H 


Properties and Reactions. Benzylamine salts of 
/ 3 -esters of penicilloic acids are useful for isolation 
and purification of these acids. For example, the 
benzylamine salt of j 3 -methyl n-a-benzylpenicil- 
loate was obtained in pure crystalline form. 
Sodium salts were prepared in many cases. 

/J-Methyl NMsobutyryl-n-y-benzylpenicilloate was 
oxidized by potassium permanganate in aqueous 
acetic acid to the corresponding sulfone (CVIII). 


SO2 

/ \ 

C6H6CH,C0NHCH—CH C(CH,), 

HO,i il-in-cosCH, 


N 


!0CH(CH,), 


cvra 


C(CH,)2 

I! 

NH—Ct’OjCH, 

I 

COC.II, 

CXII 

alkali in methanol, it underwent cleavage to methyl 
a-benzamido- 0 ,/ 3 -dimcthylacrylate (CXII), thus con¬ 
firming that the penicillamine carboxyl group is the 
one esterified in jS-methyl N^-benzoyl-D-7-benzyl- 
penicilloate. 

i^-Methyl n-bcnzylpenicilloate in aqueous ethanol 
was cleaved by mercuric chloride. Addition of 
2 , 4 -dinitrophenylhydrazine yielded the known 2 , 4 - 
dinitrophenylhydrazone of phenylacetylaminoacet- 
aldehyde (Chapter IV). 

THE DIESTERS OF THE PENICILLOIC ACIDS 

The diesters of the penicilloic acids (CXHI) were 
obtained most frequently by the reaction of the 
corresponding a-ester with a diazoalkane. The 

S 

/ \ 

RCONH-CH—CH C(CH,), 

I I I 

R'OiC NH-CHCO 2 R" 

CXHI 

dieaters were studied extensively because they could 
be converted to the desired iS-esters by selective 
and partial saponification; the diesters were useful 
derivatives also for studies on the stereochemical 
aspects of the penicilloic acids. 

Degradation. Benzylpenicillin (H) was “inacti¬ 
vated” with methyl alcohol to give a-methyl n-o- 
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S R 

C,H6ClI,rONn ('TI- CH (XCHa)2 CaHaCHaCONH CH—CH \:(Cri,)a 


CO-N- 

II 


-CHCOsH 

\ 


CO—N-ClICOaC’H* 

CXV 


\ 


R 

(\1iaCii2CONHCH- cn ^r(cih)z 

^11 I 

CH3O2C NH-CIICOnH 

LII 


S 

/ \ 

CaHaCIIsC'ONlIC'lI—('ll CXCHa)^ 

I I I 

iio,c Nil— cn cojii 

V 

\ 


\ 


R 

/ \ 

C 6 H(.(’II 2 C 0 N 1 I(N 1 CII ('(CH:,)2 


/ 


HO2C’ Nil-(^llCOaCHj 

CXVI 


R 

CelUC'inC'ONH C'Il- CH \’(CH5)2 

I I I 

CH3O2C Nil-CmCOjCH, 

CXIV 


benzylpenicilloate (LII) which, after reaction with 
diazomethane, was converted to dimethyl n-a- 
benzylpenicilloate (CXIV); this dimethyl D-a- 
benzylpenicilloate was identical, with a synthetic 
specimen. Benzylpenicillin (11) was hydrolyzed 
by alkali to yield D-a-benzylpenicilloic acid (V) 
which, after reaction with diazomethane, was also 
converted to the dimethyl ester (CXIV). 

Methyl benzylpenicillin (CXV) was saponified 
with alkali to form the /?-methyl n-a-benzylpenicil- 
loate (CXVI) which, after reaction with diazo¬ 
methane, yielded the dimethyl ester (CXIV). 
Methyl benzylpenicillin (CXV) reacted with methyl 
alcohol in the presence of sodium benzoate to 
form directly what appears to be the dimethyl ester 
(CXIV). 

Dimethyl D-a-benzylpenicilloate (CXIV) which 
was derived from benzylpenicillin was found to be 
identical with synthetic specimens when compared 
as the free thiazolidines or perchlorates. 

When benzylpenicillin (II) was treated with a 


solution of cupric sulfate, D- 5 -benzylpenicilloic 
acid (V) precipitated as a cupric salt. The reaction 
of the D- 5 -benzylpenicilloic acid with diazomethane 
also gave the corresponding dimethyl ester (CXIV). 

Methyl benzylpenicillin reacted with methyl 
mercaptan in a benzene solution which contained 
a little piperidine to apparently form dimethyl 
a-thio-D-benzylpenicilloate (CXVII). 


S 

C.IIsCHjCONH CH—CH %(CII,)2 

-Ah- 


CH,SCO NII- 

CXVII 


CO2CH, 


Synthesis. The two most generally used meth¬ 
ods of synthesis of the diesters of the penicilloio 
acids consist of the reaction of an o-ester with a 
diazoalkane, and the reaction of a penaldic acid 
ester with a penicillamine ester. 

a-Esters of penicilloic acids reacted with diazo¬ 
alkanes to produce many diesters of the penicilloic 


S 

RCONH-CH—CH \(CH,), 

1 I I 

(CII,, CsH, or C,II.CH2)02C NH-CH C02(CH, or CHsCeH.) 

cxvni 

R - C,H„ R - CJI»CH ,0 
R - C,H,CH, R » C,H, 
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acids (CXVIII) having either identical or ^^mixcnl” 
alkyl radicals. 

a-Esters of N^-acylpenicilloic acids have also 
been found to react with diazomethane to give 
similar identical and mixed” esters of the N'^-acyl- 
penicilloic acids (CXIX). 


RC()NH rH-(^I^ \\Clh )2 

I I I 

(CHa or C2ll6)02C N- (JIl COaCH, 

COR' 

CXIX 

R = II R' = II R' = cn, 

R = CaHaCHs R' = CH3OCO R' = (Clla).Cll 

R' = CbIRO R' = ('elR 
R' = CoIUCIIaO R' = CaHaCH. 


a-Mcthyl K'-molhyl-i»-T)lvpnylppnicilloatP and 
a-ethyl N^-isohutyryl-N^-nK'lhyl-n-phcnylppnicillo- 
ate rpartpd with diazoniplhanp to give dimethyl 
N’-mpthyl-n-phenylpenipilloate (CXX) and a-pthyl 
jS-methyl NMsobutyryl-Ts’-methyl-D-phenylppnicill- 
oatp (CXXI), respectively 


cn, S 

I / 

c,iRcoNcn--('n 

I I 

CHjOjC 


C(CH,)2 


NH --CII CO2CH3 

CXX 


CH3 


C.HtCONCH—CH 




C.H 


.Osi 


N- 


C(CII,)2 

-CH-COsCH, 


COCH(CIl 3)2 

CXXI 


Chromatographic separation of the products of 
the reaction between a-methyl and a-ethyl D-bcnz- 
ylpenicilloate with diazomethane yielded very 
small amounts of the corresponding dimethyl 
N^-mcthyl-D-benzylpenicilloate (CXXII) and a-ethyl 
j8-methyl NAmethylbenzylpenicilloate (CXXIII). 


S 

/ \ 

C6H5C1I2CONHCI1 —(^11 r(rTi 3)2 

I I I 

ciiaO^r N cii (^()2cn, 

I 

CH3 

CXXII 

s 

/ \ 

(^iibrnoCONiicni—c^ii c(ci] ,)2 

I I I 

CyhDoC N- CnCiU'Us 

I 

cu, 

CXXIII 

Thus, the diazomi'thane rea(*t(‘d to a limited extent 
with the '^NTl group of the thiazohdine nucleus 
during th(* conversion oi the a-ester to the diester. 
Thes(' two N -methyl-n-benzylpenicilloates ap¬ 
peared to be more stable to mercuric chloride 
cleavage than were the corresponding N^-unsubsti- 
tuted compounds. 

A diester of a penicilloic acid may be obtained 
by the reaction of a jS-ester as well as an a-ester 
with diazometliane. The /i-ester of D-y-benzyl- 
pcnicilloate \Nas found to r(‘act with diazomethane 
to yield dimethyl D- 7 -benzylpenicilloate. 

D- 7 -Benzylpenicilloic acid was allowed to react 
with diazomethane, and it was found that the 
product was identical with dimethyl D-y-benzyl- 
penicilloate which was prepared by other reactions. 

Thus there are examples of the synthesis of 
dicslers of penicilloic acid by the reaction of diazo¬ 
methane with a-esters, jS-esters, or the dibasic 
penicilloic acids. A given diester may be converted 
into another diester; a-ethyl /3-methyl D-/3-benzyl- 
penicilloate was saponific'd to give /3-methyl d-/ 3- 
benzylpenicilloate, which was allowed to react with 
diazomethane to give dimethyl D-/3-bcnzylpenicil- 
loate. This interconversion of d-/ 3 isomers cor¬ 
related these two compounds stereochemically. 

The reaction of a penaldic acid ester with a 
penicillamine ester has been used extensively to 
prepare diesters of penicilloic acids (CXXIV). 
The reaction has been carried out in toluene solu¬ 
tion, in aqueous solution, and by fusing the two 
components of ilie reaction. The penaldic acid 
ester has been used as well as its benzylamine 
derivative and sodium salt. 


(CII,, CaHfi, or CeH6CIl2)02' 


S 

/ \ 

RCONIICH—CII C(CII,)2 

I I I 

;C Nil- CH CO*(CH,, CiHs, or CHjCeH,) 

CXXIV 


R = CeHsCH, R - CII,CH2CH==CHCH* 
R - CellsCHCl R = C.Hs R = H 
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Dimethyl G-methyl-i>-benzylpcniciHoate (CXXV) 
was prepared by fusing at 115 ° for fifteen minutes 
D-penicillamine methyl ester hydrochloride and 
methyl «-phenylacctamid o-tt-mcthyl-/ 3 ,/8-diethoxy- 
propionate. 


CJIsCIIji 


CIIs S 

(;0Nii (^- cn ^ 


C(CII,)s 


ClljOaC Nil—CM COsCn, 

CXXV 


s 

/ \ 

(N02)sC,IIjC0NHrH—ClI CCCIla)^ 


CallcOjC NH- 

CXXVI 


-cncOjCJis 


Two other types of reactions have been employed 
to obtain diesters of penicilloic acids. Diethyl 
D-( 3 , 5 -dinitrophenyl)-penicilloate (CXXVI) has 
apparently been prepared by the reaction of 3 , 5 -di- 
nitrobenzoyl chloride upon a-amino- 4 -carbethoxy- 
5 , 5 -dimethyl- 2 -thiazolidineacetic acid ethyl ester. 
Methyl n-amylpenicillenate (CXXVII) on reaction 


N- 

II 

CsIIsCHjC 


\ / 
0 


lis 

\ 

(’ ---CH (XCH,)* 

I I I 

CO NH-(’HCO2CH3 

CXXVII 


s 

CsHuCONHCH—CH ^CfCH,)^ 

(CH, or C2H5)S(^0 ISTI- CH CO2CII3 

cxxvra 

with methyl or ethyl mercaptan appeared to yield 
the corresponding a-thiol ester of / 3 -methyl D-amyl- 
penicilloate (CXXVIII). 

Stereochemistry. Both dimethyl n-a- and D-7- 
benzylpenicilloates have been saponified to the 
jS-methyl esters, which on reaction with diazo¬ 
methane were reconverted to the original diesters. 
The recovery of the original diester in each case 
showed that no isomerization of the D-a- or D-7- 
benzylpenicilloate took place during the saponifica¬ 
tion reaction. 

Dimethyl D-7-benzylpenicilloate is not iso- 
merized in pyridine or pyridine-methyl alcohol 
solution during twenty hours at the reflux tempera¬ 
ture. a-Methyl D-7-benzylpenicilloate undergoes 
extensive isomerization when subjected to this 
treatment. However, epimerization of diesters of 
penicilloic acids takes place when solutions of the 
diester in methanol-hydrochloric acid, dibutyl 
ether-dioxane-hydrogen chloride, or acetic acid- 
perchloric acid are heated. Epimerization was also 
found to take place when a solution of the diester 


in xylene was refluxed. These reactions have been 
utilized to obtain isomeric compounds. The re¬ 
sults of treatment of a dicsier in ether solution with 
phosphorus tribromide indicated a transformation 
to a mixture of stereoisomers. As a result of such 
studies on the isomerization of diesters of penicilloic 
acid, procedures were devised for the conversion 
of dimethyl D-7-benzylpenicilloate, which is readily 
obtained synthetically, to the n-a-isoiner or to the 
D-/ 3 -isomer. Dimethyl D~/S-benzylpenicilloate was 
also converted to the n-a-isomer. Conversely, the 
D-a-isomer has been converted into dimethyl 
D-jS-benzylpenicilloate. It is the D-a-isomer of 
benzylpenicilloic acid which is the direct reaction 
product of benzylpenicillin with alcohols and on 
this basis has the complete configuration of 
benzylpenicillin. 

Dimethyl n-jS-benzylpenicilloate as well as the 
D-7-isomer was formed by the condensation of 
D-penicillamine methyl ester with methyl benzyl- 
penaldate in refluxing toluene solution. 

a-Methyl D-benzylpenicilloates, obtained by the 
epimerization of ^-methyl D-7-benzylpenicilloate in 
methanol solution, have been converted into 
isomeric dimethyl esters which in turn were found 
to yield dimethyl D-j^-benzylpenicilloate. 

Properties and Reactions. Diesters of penicilloic 
acids were frequently obtained in crystalline form 
as salts of hydrogen chloride, perchloric acid, 
or p-toluenesulfonic acid. Probably the most 
generally used reaction of the diesters was their 
partial and selective saponification to the i 3 -csters. 

In general, N'^-acyl derivatives of diesters of 
penicilloic acids were not obtained as satisfactorily 
by acylation reactions as were N^-acyl derivatives 
of the a-esters. However, several N^-acyl deriva¬ 
tives were prepared by direct acylation of the 
diesters. Acetic anhydride had no apparent action 
upon dimethyl D-amylpcnicilloate, either on warm¬ 
ing or in the presence of sodium acetate or in pyri¬ 
dine solution. Dimethyl N'^-acetyl-D-amylpenicil- 
loate (CXXIX) was obtained when acetyl chloride 
and pyridine were the reagents. a-Benzyl /S- 
methyl N^-acetyl-D-benzylpenicilloate (CXXX) was 


S 

/ \ 

CsHuCONIICH—CH C(Cn,), 

k- 


CHjOsC 


-CHCOaCH, 


COCH, 

CXXIX 


/ \ 

C.HaCHjCONHCH—CH C(CH,), 

k-in- 


C»H,CHjO,C 




COaCH, 


lOCH, 


CXXX 
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obtained from a-benzyl jS-methyl n-benzylpenicil- 
loate by reaction with acetic anhydride and by 
passing ketene into a solution of the diester in 
dioxanc-ether solution. Other N^-acyl derivatives 
(CXXXI) of diesters of benzylpenicilloic acid have 
been prepared by acylation of the diesiers. Di¬ 
methyl N ^-phenylace ty 1-D-penicilloate (CXXXII) 

S 

/ \ 

C«H 6 CHjC()N 11 CH CH (XC’na)2 

(CHs or C 2 H 5 ) 02 C’ N-CH-COjCH, 

COR 

CXXXI 


R = C,H5 R = CeHbCH^ 

R = H R = CjHtOCO 

was prepared from dimethyl D-pcnicilloate by use 
of phenylacotyl chloride in pyridine-ether solution. 

S 

/ \ 

iicoNiini—('ll ('(('II, 

I • I 

ClIjOsC N-Cllf'OsCII., 

i 

(HWHoCeTIo 

CXXXII 


C6H5C1I2CONH CII—CIT 2 CH(CH3)2 


CilaOiC N 11 —CIICO2CH3 

CXXXIII 


Cleavage of dimethyl N^-benzoyl-n-amylpenicil- 
loate (CXXIX) and of dimelbyl N'^-benzoyl-o- 
7 -bcnzylpenicilloate (CXXXI, R = Cell^) took place 
in methanol solution in the presence of potassium 
hydroxide, and methyl a-benzamido-/3,i(:?-dimethyl- 
acrylate was formed. 

Hydrogenolysis of dimethyl n-a, n-iS, and D- 7 - 
benzylpCnicilloates with Raney nickel catalyst 
appeared to give the corresponding dimethyl 
desthio-D-benzylpcnicilloates (CXXXIII). 

The N^-nitroso derivative of dimethyl n-a- 
benzylpenicilloate (CXXXIV) was apparently 


/ \ 

CJisCHaCONHCH—CH C(CH,)2 


CHjOai 




N- 




COiCH, 


NO 

CXXXIV 


obtained by nitrosation of the diester in cold hydro¬ 
chloric acid solution. Although the nitroso deriva¬ 
tive was fairly stable below room temperature, it 
decomposed at room temperature. 

Oxidation of dimethyl N^-benzoyl-D-7-benzyl- 
penidlloate with potassium permanganate or with 


hydrogen peroxide took place to yield the sulfone 
(CXXXV). Reaction of the .sulfone (CXXXV) with 

SOj 

/ \ 

CJlit'iJaCONII C'lI- (’II r(C'lI,)2 

I I I 

CII3O2C' N-CIIC()2C'I1, 

I 

COCoIR 

CXXXV 

oxalyl chloride in xylene solution appeared to give 
the oxazolidinedione CXXXVI. 

CO 

/ \ 

O ('0 S()2 

I I / \ 

N -Cli -ClI CiC}l,)2 

I I I 

- CH 

I 

COVJl, 

CXXXVI 

Dimethyl n-a-, D-/5-, and i>- 7 -l)enzylpenicil- 

loates \\(Te readily hydrolyzed at room temperature 
in methanol-hydrochloric acid solution; m the 
presence of 2,4-dmitrophenylhydrazine, th(‘ iiydraz- 
one derivative of methyl benzylpenaldate started 
to crystallize after about two hours. 

IJimethyl and diethyl D-penicilloates (CXXXVII) 
were deformylated in inetlianol or ethanol which 
contained hydrogen chloride, and the dimethyl 
and diethyl estiTs of a-amino-1-carboxy-5,5-di- 
methyl-2-thiazolidmeacetic acid (CXXXVIII) were 
obtained. Similarly the dihydrochloride of the 
dimethyl ester (CXXXVIII) was obtained by the 

S 

/ \ 

HCONIICIl—(’ll ('(CH3)2 

III 

ROsC Nil — CIl-OOsR 

CXXXVII 


R = CH, or C2II, 

S 

/ \ 

IIsNCll-CII C(CHa )2 

r 02 (!: nh—(!::hco 2 R 

cxxxvm 

R = CH, or C2H, 

hydrolysis of the carbobenzyloxy group and esteri¬ 
fication of the / 3 -carboxyl group of a-methyl nn- 
benzyloxypcnicilloate (CXXXIX). 

S 

/ \ 

C,H,CH,OCONHCH—CH C(CH,)2 

ch,02(^ iIh -(^HCO,n 

CXXXIX 
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S 

/ \ 

CllaOsC-ril-(’H C(C1I.,)2 

Nil N-CTI-COsCH 


CXL 

a-Ainino-4-CHrboxy-5,5-(iimethyl-2-thiaz()li<line- 
acetic aci<l dimethyl ester (CXXXVIII) reacted with 
phosgene in aqueous dioxane containing potassium 
bicarbonate to give a crystalline ureidc (CXL). 

Hydrolysis of a-ethj’l /i-methyl N'‘-phenylacetyl- 
D-penicilloate (CXLI) with two moles of sodium 
hydroxide in aiiueous alcohol gave a crystalline 


S 

HCONH CH—CH Xxcns)^ 

I I I 

C2H5O2C N -CHCO^C'H, 

COCIIjC’ells 

CXLI 


('ll 


/ 


(CH,)2C' 


\ 


\ 


\ 


NCOCI18C.H* 


\ 


\ 


\ 


NH 

\. 


\ 

I 




CO 

CXLII 


product for which structure CXLII was considered 
on the basis of the analyses and properties of the 
product. 


parallel v^Wh the reaction products of the penicil¬ 
lins with alcohols. These amides of the penicil- 
loic a(*ids were of aid in the characterization of the 
penicillins and in the structural elucidation of 
the penicilloic acids. Numerous compounds of 
this class of amides, and related compounds, were 
synthesized. In general, the stereochemistry of 
the amides was not studied as extensively as was the 
stereochemistry of the esters of the penicilloic acids. 

Degradation. The reaction of benzylamine with 
the penicillins in a solvent such as ether gave the 
a-benzylamides of the corresponding penicilloic 
acids; the reaction products (CXLIV) from four 
penicillins (CXLV) nere thus characterized. The 
a-bcnzylamules (CXLV) were generally obtained as 
crystalline ])enzylamiiu‘ salts, and the properties 


S 

RrONH(TI-(ll \)(CIl3)2 


CO—N — 

CXLV 


-CHCO2II 


s 

/ \ 

RCONnCII~(’II CCCHa)* 

I I I 

CeHsCHjNIlCO Nil-CHCOjH 

CXLIV 

R = C.lIsCHi R = CIIsCCHs). 

R = CH,CIl2CH--CHCn2 R = p-HOC«H4CH, 

of these crystalline sails were useful in the differ¬ 
entiation of the penicillins in the early work. 

It was found that ammonia and mcthylamine also 
reacted with benzylpenicillin to give well-defined 
a-amides (CXLVI). Again the reaction products 

S 

CtH^CHsCONII CH—CH '^C(CHa)2 

I I X 

RNHCO NH-CJHCOsH 

CXLVI 


THE AMIDES OF THE PENICILLOIC ACIDS 

Of the amides of the penicilloic acids those which 
have received the most study are represented by 
formula CXLHI. Compounds of this structure 

' S 

RCONIICH—CH ^C(CH,), 

r'nh(!) 0 in—incOtH 

cxLm 

were found to be the reaction products of the peni¬ 
cillins with amines, and they were studied in 


R = H 
R = CH, 

were characterized as crystalline benzylamine salts. 

The a-bcnzylamide (CXLVH) obtained from 
benzylpenicillin (H) reacted with diazomethane to 
give the crystalline ee-benzylamide of jS^methyl 
D-benzylpenicilloate (CXLVHI) which was identical 
with the product from the reaction of the methyl 
ester of benzylpenicillin (CXV) with benzylamine. 

Ammonia and hydrazine also reacted with the 
methyl ester of benzylpenicillin to yield the a-amide 
and a-hydrazide of /S-methyl D-benzylpenicilloate 
(CXLIX). 
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S 

C.HbCHjCONH CH-CH ^C(CH3)2 

I I I 

CO—N-CIICO 2 H 

II 


s 

(^eHsI^IlsCONII CII—CH 


CO—N— CIlCOjCHa 

cxv 


s 

(MIbCIIjCONIICII—CII C(CHs )2 

I I I 

CeHaCHaNIICO NH-CIICOjII 

CXLVII 

1 

s 

CeHainiaCONH CH- ni ('(Cna)^ 

I I I 

CelliiriljNIKX) Nil-CIICO 2 CII 3 

CXLVIII 


“Natural” a-bcnzylamidc of D-benzylpcnicilloic 
acid (CXLVII) yielded the a-benzylarnide of desthio- 
D-benzylpenicilloic acid (CL) when treated with 

S 

/ \ 

C,HbCH 2CONH-CH—CII C(CIl3)2 

RNIICO NH-CHCOaCIIa 

eXLEX 

R = H 
R = NHj 

Raney nickel catalyst. The same diastereoisomcr 
of the a-bonzylamidc of desthio-n-benzylpenicil- 
loic acid (CXLI) was obtained when desthiobenzyl- 
penicillin (LXII) was treated with benzyjamine. 
These interrelationships make imjjrobable any 
isomerization during these reactions. The “na¬ 
tural” a-benzylamide of desthio-n-benzylpenicilloic 
acid (CL) and a synthetic specimen of this dcsthio- 
penicilloate were identical. 

S 

/ \ 

CellBCHiCONHCH- CH C(CTI ,)2 

III 

CO—N-CH(X)sII 

11 I 

i 

C.H,CHjCONIICn—CHj rH(C^H,)2 


The hydrogen chloride inactivation ])roduct of 
benzylpenicillin methyl ester (])seudobenzylpenicil- 
lin methyl ester; see Chapter XXII) reacted with 
benzylannne to give still another diastereoisomcr 
of the a-benzylamidc of d-methyl D-benzylpenicil- 
loate (CXLVIII). It appeared that small amounts 
of tills third diastereoisomeric a-bcnzylamide was 
formed by the reaction of methyl benzylpenicillcnate 
(CXXVII) with benzylaminc. 

Synthesis. The a-amides of the penicilloie acids 
have been prepared by the condensation of penicill¬ 
amine with an amide of a penaldic acid or a 
carbonyl derivative of the penaldic acid amide. In 
addition to the free penaldic acid amide (CLI), its 
dimethyl or diethyl acetal (CLII) and its benzyl- 
amine derivative (CLIII) have been used. The 
condensations have been carried out in aqueous 
acetic acid containing sodium acetate, in glacial 
acetic acid and in aqueous alcohols containing 
sodium acetate, and by fusion of the two compo¬ 
nents at 100*110®. By these condensations, the 
a-amidcs and a-benzylamides of the three penicilloie 
acids CLIV have been prepared. The use of 

S 

/ \ 

(’.HbCHsCONIICH—(^H C((-’Ha )2 

I I I 

(’bHbC'HzNHCO NH-CTICO 2 H 

CXLVII 

C,IlBCH 2 CONn CH—CH 2 CII(CII ,)2 


CO—N-CnCOaH 

LXII 

It was found that both “natural” and synthetic 
samples of methyl D-benzylpenicillenate (CXXVII) 
reacted with benzylamine to give an identical 
a-benzylamide of /3-methyl D-benzylpenicilloate 
(CXLVm), but this a-benzylamide was a different 
isomer from the one produced by the reaction of 
benzylpenicillin with benzylamine. 

HS 

\ 

N-C==CI1 C(CH,), 

C.H,CH,C io NH-iH-CO*CH; 


cxxvn 


CeHiCHsNlICO NH—CHCOjH 

CL 

the methyl ester of penicillamine instead of peni¬ 
cillamine gave the a-amide of jS-methyl D-benzyl- 
penicilloate (CLV). 

The a-amides of jS-methyl pcnicilloates (CLVI) 
have been prepared from methyl penicillenates 
(CLVII) by reaction with ammonia or an amine. 
The methyl penicillenates for these reactions were 

S 

CeHBCHsCONII CII—CH '^C(CH.), 

III 

CbH.CHsNHCO Nil-CH-C0,CH, 


cxLvra 
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RCONH CH CII(OCH, or OC*H,)» RCONII C^CH NHCHjCoIU 


R'NHCO 


R'NHCO 


CLI 

1 

Cl 

1 

AI 


pcnicilJaniinc 


CLm 


s 

/ \ 

RCONHCII—CH C(Cn ,)2 

I I I 

(II or r6H»C'Il2)N IICO NH-CH COi,H 

CLIV 

II = Cell^CIls; R = CoH,; R = C,H»CH20 

preparedeithcrby the condensation of i)cnicillamine ester of the pcnicilloie acids (CLIX). 1 'hc a-hy- 
mcthylcsterwithan oxazoloneorby theazlactoniz- drazidcs of (he phenyl and benzylpcnicilloic acids 


S 

/ \ 

C,lUCH*CONH-Cn—ClI (^(CIU'Is 

! I 

II2NC0 Nil-CIl-COjCHa 

CLV 

ation of a /S-methyl penicilloate. 

I’he a-amides of the penicilloic acids (CLVIII) have 


(CLVIII) were generally obtained as crystalline 
hydrazine salts. These a-hydrazides (CLVIII) 
were not very stable in solution, since on recrystal¬ 
lization partial hydrolysis took place and the 
hydrazidc of the penaldic acid vhich nas formed 
ci'clized to 4 -])henylacetaniido- 5 -pyrazolone (CLIX). 

The dihydrazid(“ of n-y-benzylpenicilloic acid 
(CLX) vas formed r(*adily by tlic reaction of di- 
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RCONHCII—CH \'’(CH3)2 

I I I 

HOaC NH-CHC'O^CH, 
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-CH=CHOR HS 
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HjNCH-COi-CHs 


HS 




N-C- 

-CH 

II 1 
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R(^ CO 

NH- 

\ / 
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CLVII 
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C(CHa)2 

I 

-CHCOsCHs 
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/ \ 

RCONHCH-CH C(CH 3)2 


-CHCO2CH, 


(H, CeH^CH*, or C6H»(CH2)2)NHCO NH- 

CLVI 

R = CJI^CH,; R - CeHs 

been prepared by the reaction of ammonia, benzyl- methyl D-y-benzylpenicilloate with hydrazine hy- 
amine, or hydrazine with an a-methyl or a-ethyl drate in alcohol solution. The dibenzylamide of 
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RCONHCH—CH C(CH,), 

(CH, or C»H5)0,C NH-CH CO,H 

CLIX 


(H, NH, or C,H,CH,)NH' 

cLvra 
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C,H,CH,; R - C,H, 


CO,H 
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/ \ 

RCONIICH—CH C(CIl3)j 

H^NNH^O lin-CHCOall”' 

CLvni 

HCONH-a- Cil 

I I 

CO NH 

\ / 

Nil 
CLIX 

D-berizylpenicilloic acid (CLXI) wfus obtained by the 
reaction of methyl D-benzylpenicillenate (CXXVII) 
with benzylamine in ethyl acetate at the reflux 
temperature. 
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/ \ 

CeHfiCHaCONHCH-CTT (XClI.i )2 

lIoNNHCO tI'II -(MlCONHNll? 

CLX 

S 

\ 

CeHfiCIIaCONHCII—(dl C(Clh)2 

I 

C6n5CH2Niir() XH— cuco^unuc.u, 

CLXI 

N-a-i)-B(*nzylpeni(*illoyl-D-pcniciIlamine di¬ 
methyl est(‘r (CLXII) and N-a-DL-benzylpenicilloyl- 
DL-penicillaraine dimethyl ester (CLXII) were 
obtained in the condensation of d- and nir-penicill- 
amine methyl esters with the oxazolones (CLXIII). 
In this case, two equivalents of the penicillamine 
mc'thyl ester react with one equivalent of oxazolone 
to give the a-amidc. 

The diketopiperazine of a-methyl D- 7 -benzylpeni- 
cilloate (CLXIII) was formed when a-methyl D-7- 
benzylpcnicilloate was treated with 2,4,6-trimethyl- 
benzoyl chloride in pyridine-chloroform solution 
or with p-toluenesulfonyl chloride in pyridine 
solution. 

Properties and Reactions. The benzylamine 
salts of the a-amides of the penicilloic acids have 
been found’ generally to be crystalline and con¬ 


sequently useful for purification and characteriza¬ 
tion purposes. The hydrochlorides of the a-amides 
have been prepared occasionally. 

N-C=-CIIO(H, CJl 5 ) 

ii I 

c«iTs(;h 2 (’ CO 4 

\ / 

o 

JJH 

\ 

I 

IIjN-CII-COaCH, 

S 

/ \ 

CelltCH^CONIl CH- CH Cecils)* 

I I I 

CHsOsCCHMICO NH-CllCOjCH, 

(CIIa)*CSH 

CLXII 

NKrosation of the a-amidc of D-benzylpcnicilloic 
acid in aciueous hydrochloric aci<l by nitrous acid 
gav(' a crystalline i)roduct which had properties 
corresponding to those expected of the «-ainidc of 
Nhnitroso-D-benzylpenieilloic acid (CLXIV). 

S 

/ \ 

CelHC’IIaCONHC'II—CH C(CH,)* 

Il.NCO N-CH-CO*H 

I 

NO 

CLXIV 

Diazomethane reacted \\ith the a-amides of 
D-benzylpenicilloic acid to give the o-amidcs of 
the /3-methyl D-benzylpenicilloates (CLXV); diazo¬ 
methane also reacted with the a-amide of n-benz- 

S 

CJIsCHjCONHCH—CH ^C(CH,)* 

(H, C^HtCH* or IIsN)NHio in-iHCOjCIl, 

CLXV 

yloxypenicilloic acid to give the a-amide of 
/5^-mcthyl n-benzyloxypenicilloate (CLXVI). 


CeHBCHaCONlI CTI- CH \\VU3)2 

I I I 

CH, 0 ,C N-CH 

/ \ 

CO CO 

\ / 

CH-N 

(CH,)sC CH—CHNHCOCHsC’ell 

CO2CH, 

CLxni 


■RCONHCH—CHOI 
HjNNIICO 
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S 

Ceiucii^ocoNTi c^H- an 


IlaNC^O NII- 

CLXVI 


-CTrc() 2 cn 3 


The p-phenylphenucyl ester of the a-amide 
of benzylpenieilioic acid (CLXVII) was obtained 
crystalline from the reaction of the a-amide 
of benzylpenieilioic acid with p-phenylphenacyl 
bromide. 

N^-Acylation of the a-benzylamide of n-benzyl- 
penicilloic acid was carried out with ketene, benzojd 


catalyst togive the crystalline a-amide of |(3-m(dhyl 
destliio-D-benzylpenicilloate (CLXXI). 


cjirXai.2C()NH rn— CA](vu,), 

I i I 

llaNCO Nil—(’HCOaClIa 

CLXXI 


s 

/ \ 

(’oHftl’ONHCTI—CII C(Cn ,,)2 

I I I 

lIjNNUCO Nil - (Nl-CIU’IIa 
CLXXII 


s 

OeiitCiijCONii cii- cn \’{rui)- 

I I I 

1 I,N('() Nil-(’ll ('<) 2 (’H 2 (N)(’ 6 II 4 (’JI.,-P 

CLXVII 


chloride, and phenyl isocyanate to give the a-benz- Nitrosation of the a-liydrazide of / 3 -methyl dl- 
ylamide of the N^-acyl-D-benzylpenicilloic acids phenylpenicilloate (CLXXII) in aqueous hydro- 


S 

/ \ 

C.HsCIIjCONHCH—CII C(CHs)2 


C.H 6 CH 2 N 1 ICO N- 


-CllCOall 


COR 

CLXIX 


HH 


N- 

II 

C«IRC 


-C==CH 


\ 


\ / 
O 


CO NII- 


C(CIl3)2 

-(JlICOjCHs 


CLXXin 


R = CII,; R = CJIsNH; R = CJI* 

(CLXIX). The N*-acetyl derivative of the a-benz- 
ylamide of |3-methyl D-benzylpenicilloate (CLXX) 

S ' 

/ \ 

CeHjCHsCONHCII—CH C(CH,)j 

I I I 

CJUCHaNHCO N-CIICOjCH, 

(I^OCII, 

CLXX 

was obtained from the a-benzylamide of the 
/8-methyl ester by reaction with acetic anhydride. 

Hydrogenolysis of the a-amide of /J-methyl 
D-benzylpcnicilloate took place with Raney nickel 


chloric acid by nitrous acid gave crystalline 
methyl DL-phenylpenicillenate (CLXXIII). 


THE PENICILLONITRILES 

The condensation of n-penicillamine with the 
diethyl acetal of benzylpenaldonitrile (CLXXIV) 
gave D-benzylpcnicillo-a-nitrile (CLXXV). Simi- 


S 

C,H,CH 2 C 0 NH CH—CH ^CCCIIsls 

<!:n n- 

ic 


-CHC02H 


[JONHCJIs 
CLXxvm 


HS 


C,H»CH2CONHCIICH(OC2 Hs)2 

CN 

CLXXIV 


\ 


+ 


C(CH,)2 


s 

CeHsCHjCONH CH-CH ^C(CII,), 


HjNCHCOjH 


CN NH- 

CLXXV 


-CHCO2H 


C,H(CONH C=CH NHCH,CeHs -I- 

I 


CN 

CLXXVI 


HS 

\(CH,)2 

H,NCHCO,H 


S 

/ \ 

C,H,CONHCH—CH C(CH,), 

I I I 

CN NH-CHCO,H 

CLXXVn 
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larly, the condensation of n-penicillamine wdth 
the benzylamine derivative of phenylpenaldoni- 
trile (CLXXVI) gave D-ph('nylpenicillo-a-nitrile 
(CLXXVII). Both a-nitriles were amorphous prod¬ 
ucts. The D-bcnzylpenicillo-rt-nitrile reacted with 
phenyl isocyanate to give a product which ap¬ 
peared to be the N^-phenylurcide dcri\ative 

(CLXXvni). 

THE DESMETHYLPENICILLOATES AND 
THE DESDIMETHYLFENICILLOATES 

The desmethylpenieilloie acids (CLXXIX) and the 
desdimethylpenicilloic acids (CLXXX) are <lerived 
from thiothreonine and cyslcim', respectively, d, 


Desdimethylpenicilloic Acids. Desdimethylpeni¬ 
cilloic acids (CLXXXI) and desdimethyl-N^-acyl- 
penicilloic acids (CLXXXII) have been prepared by 
saponification of the corresponding «-methyl or 
ot-ethyl esters. 

S 

P('0\1I (’H (’11^ \'(('H3), 

lio.t' N- ril-COjTI 

I 

COfll orfVIi) 

CLXXXII 

R = ('JJaCHs; R = CaU 


s 

/ \ 

Rt'ONll ('ll- (’ll ('H-Efl, 

I I 

IIOjC Nil-CHCOai 

CLXXIX 


s 


R( 10 NH-Cn—Cll 

I I 

iiOiC Nn- 
CLXXX 


\ 


('II2 

I 

-(’IIC02II 


The or-Esters of the Desmethylpenieilloie Acids 
and the Desdimethylpenicilloic Acids. a-Ethyl 
desmethyll»cnzylpemeilloates (CLXXXIH) have been 
prepared from thiothreonine “ B” and thiothreonine 
“A.” 

S 

C«H,C 1 RCONl 1 CII-CD ^11 CHs 

I I I 

caicOaC Nil—cii-cojii 

CLXXXII! 


and DL-cysteino and thiolhroonine wore condensed 
with penaldic acid derivatives to give numerous 
desdimethyl and dcsmotliylp('niciIloates. 

In general, the chemistry of the dcsdimethyl- 
and the desmethylponicilloates parallels very 
closely the chemistry of the penicilloates which 
were prepared from penicillamine. The same 
methods and reactions used to prepare penicilloates 
were used to synthesize the desdimethyl- and 
desmethylpenicilloates. The desdimethyl- and the 
desmethylpenicilloates show the same general 
properties and reactions as the penicilloates. For 
example, they form salts with amines and acids; 
they are cleaved in solution by mercuric chloride; 
they can be decarboxylated to the corresponding 
penilloic acids; they give N^-acyl derivatives; 
they react with diazomethanc; they are hydrolyzed 
selectively by alkali; and they show other typical 
reactions of the penicilloates. 

The various desdimethylpenicilloates and des¬ 
methylpenicilloates which have been synthesized 
and studied are summarized in the following sec¬ 
tions, arranged in the classification order used for 
the penicilloates. 

S 

/ \ 

RCONHCH—CH CH, 

HOjdi iIh—(:hco,h 

CLXXXI 

R - C.H,CH,; R - C,H» 


or-Alkyl (lesdimethylpenicilloutcs (CLXXXIV) 
have been prepared by the same methods used for 
the a-alkyl penicilloates. Likewise, when N-meth- 
ylcystcine was allowed to react with methyl 

S 

/ \ 

RCONHCH—CII CIR 

(CH3, C2H3, orCeHsCHslOsC Nil-CHCOjII 

CLXXXIV 

R = CsHn R = (CH,)3CH 
R = C,H5CIU R = p-CH,OC,H4Cn* 

R = CeHj 

bcnzylpenaldate or benzyl benzylpenaldate, a- 
methyl or a-benzyl desdimethyl-N^-methylbenzyl- 
penicilloate (CLXXXV) was obtained. 

S 

/ \ 

Cell 5CIRCONII CII—CH CH* 

I i 1 

(CIIs or C,H,CH2)02C N-CH CO2II 

(!:h, 

CLXXXV 

Some NLacyl derivatives of the a-methyl or a- 
ethyl desdimethylbenzylpenicilloates (CLXXXVI) 
and of a-ethyl desdimethylphenylpenicilloates 
(CLXXXVn) were prepared. 
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S 

CJIiCIUCONH CII CH N’llj 

I I I 

(CHa or Cjn6)02(^ N-CH COall 

COR 

CLXXXVI 


R = CoHs; R = CaHeCIIaO; R = H 
S 

CsUsCONHCII—C’H CHa 

I I I 

CJHOjC:: N-CHCOjii 

1 

COR 

CLXXxvn 


R = CH,; R = ((UI,),CII 

The reaction of phenyl isothiocyanafc with 
a-methyl desdimethyl-L-bcnzylpcnicilloat(' nave the 
corressponding thiohydantoin (CLXXXVIII). 


S 




\ 

\ 

('olRCIIit'OMbCH 

Cli 

1 

(’ll; 

1 

j 

CHaOsf' 

1 

N— 

1 

CH 


CS 

(X> 


I 

CJlh 

CLXXXVIII ' 

The jS-Esters of the Desdimethylpenicilloic Acids, 

jS-Esters of dcsdimethylponicilloic acids (CLXXXIX) 
and desdimethyl-N^-acylpenicilloic acids (CXC) 
have been prepared by the s(*lective partial saponi¬ 
fication of the corresponding diestcrs. 

S 

/ \ 

RCONIICH—CH CH, 

I I I 

HOaC Nil-Cll COaCCII, or C,H,) 

CLXXXIX 

R - C.H6; R = CJI^CH, 


S 

/ \ 

RCONHCH—CH CII, 

HO,i N- AhCOjCH, 

io(CH,, CH(CH,),, or OCII,C,H,) 
CXC 


R - C,H,: R = C,II,CH* 


The Diesters of the Desdimethylpenicilloates. 

Diazomethane reacted with typical a-esters of 
desdimethylpenicilloic acid to give the diesters 
(CXCD, and with a-esters of desdimethyl-N^- 
acylpcnicilloic acids to give the diesters (CXCII). 

S 

/ \ 

RCONH CH- (RI CH, 

(CH„C,H6, I i I 

or C6H,CIl2)02C NH-CH-CO,CH, 

CXCI 

R = C.IRCHs; R = p-CIHOC.HiCH, 


S 


/ 

RCONH (TI CIl 

I I 

((’H, or Call^Ost' N— 


(’ll, 

i 

CIICWHI, 


('02((Tl2CoH5orCn(CII,)2) 

CXCII 


R = ('Jlr,CH,; R = 

Diazomethane n'acted with a-l)enzyl dosdimethyl- 
N''-me(hyl-i,-benzylponifilI()ato to give the diostcr 
(CXCni). Diazoethane and a-ethyl desdimethyl- 
i^benzyliM'nieilloate reacted to give diethyl desdi- 
meth}’i-L-li(‘nzylponieilh)atp (CXCIV). 

S 

/ \ 

CeHsCIDCONH CH- CIl (RD 

I I I 

(’ellsClI-O.t' N-CHCO-CH, 

CTI, 

CXCIII 


s 

/ \ 

C,II,CH2C0NHCH—CH CH2 


I I 

CjHsOsC NII- 

CXCIV 


-CHC02C2H, 


The diesters CXCV to CXCVII were prepared by 
condensing an ester of cysteine with an ester of a 
penaldic acid. An attempt was made to prepare 


S 

/ \ 

C«H,CH,CONHCH—CH CH, 

I I X 

CsTHOaC Nil—c: 

CXCV 


HCO,CH, 


s 

HCONH CH—CH ^CH, 

c,H60,i Ah— incOaCiH, 

CXCVI 
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S 

/ \ 

CeH.CONHCH—CH ('H* 

I I I 

(CHs or CjH 5 ) 02 C NH-CIl COjCll, 

CXCVII 

s 

/ \ 

C.H.CH 2 CONHCH—CH CHj 

I I I 

CeHsOsC Nil-CIICOjCH, 

CXCVIII 


a-phenyl /3-methyl desdimethyl-L-benzylpenicilloate 
(CXCVni) similarly. 

Diethyl desdimethyl-p-acctoxybonzylpenicilloate 
(CXCIX) was the product of reaction between 
ethyl dcsdimethyl-p-acetoxybenzylpenicillenate and 
ethyl alcohol. 


methods. Since the homopenicilloic acids do not 
readily lose the a-carboxyl, the /^-methyl esters can 
be made directly (see also Chapter XXVII). 

The condensation of ethyl homobenzylpenaldate 
with D-penicillamine and with l and DL-cysteine gave 
a-ethyl homo-D-benzylpenicilloate (CCIII) and Land 
DL-4-carboxy-'a-phenylacetamido-2-thiazolidinepro- 
pionic acid ethyl ester (CCIV). The condensation 
of ethyl homophenylpcnaldate with L-cysteine gave 


CTI2- 

I 

CflH6CH2CONIlCn 

\ 


s 

-CH '^0(0113)2 

I I 

NH-CHCOsH 


CO2C2H6 


CCIII 


a-benzamido-4-carboxy-2-thiazolidinepropionic 
acid ethyl ester (CCV). 


S 

p-CH ,C 00 C,H 4 CH 2 C 0 NH CH—CH ^CH, 


CjIHOjC 

CXCIX 


NH-CHC 02 C 2 H 2 


The Amides of the Desdimethylpenicilloic Acids. 
The a-amide of desdimethyl-L-benzylpenicilloic acid 
(CC) was prepared by the reaction of benzylpenaldic 
acid amide diethyl acetal with cysteine; the a-benz- 
ylamide of desdimethylbenzylpenicilloic acid (CCI) 

S 

/ \ 

C,H3CH2C0NHCH—(H CH* 

I I I 

NH 2 CO NH-CHCO 2 II 

CC 

s 

C,IIsCH2CONH CH—CH '^CH2 

I I I 

C,H5CH2NHC0 NH-CHCOjH 

CCI 

was prepared by the reaction of the a-methyl desdi- 
methylbenzylpcnicilloate with benzylamine. 

THE HOMOPENICILLOATES AND 
THEIR DERIVATIVES 

The homopenicilloic acids (CCH) and their deriv¬ 
atives can be synthesized not only by the methods 
used for the penicilloates but also by additional 


The reaction of the diethyl acetal of homobenzyl- 
penaldic acid with D-penicillamine methyl ester 

S 

/ \ 

Clli-CII CH, 

I I I 

CeHsCKjCONHCH NH-CHC^ 02 H 

\ 

CO2C2H2 

CCIV 

s 

/ \ 

CHa-('H CH2 

I I I 

CsIHCONHCH NH-CHCO2H 

\ 

CO2C2H2 

CCV 

s 

/ \ 

CHj-CH C(CH ,)2 

RC^ONHCH NH-inCOjCH, 

\ 

CO2H 


CHr- 

RCONHCH 

\ 


S 

/ \ 

-CH C(CH,)j 

iIh -iHCOjH 


CO,H 

CCH 


CCVI. R - C.H6CH2 
CeVH. R = C,Hs 

gave /S-methyl homo-D-benzylpenicilloate (CCVI); 
the reaction of a-benzamido-y,y-diethoxybutyric 
acid with n-pcnicillamine methyl ester gave 
^-methyl homo-D-phenylpenicilloate (CCVH). 
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PHYSICAL MEASUREMENTS’^ 

The Effect of Mercuric Salts on Benzylpenicillin 
and Some of Its Degradation Products. A reaction 
which was often used to indicate whether a com¬ 
pound is a penicilloate was the ‘^mercuric chloride 
effect.’' When a penicilloate in alcohol solution 
was treated with a solution of mercuric chloride 
in alcohol, the rotation rapidly fell and an absorp¬ 
tion band appeared at about 2,800 A. This was 
presumably due to oi)ening of the thiazolidine ring 
by the mercuric chloride to give an aminomethylcne 
derivative of a penaldate (CCVIII). 

SllgCl 

I 

licomhv- ru riciU), 

III 

R'0.,(' NO- CH COjII 

CCVIII 

The rate of decline of rotation and tlu' a])pear- 
ance of this band was us(*d to indicate' whether a 
given compound was an ordinary i)enicilloate or 
whether tlie N^-position was substituted. No 
cleavage occurred wdien an N^-acyl-penicilloate was 
treated with mercuric cliloride and when a methyl 
group was present in the N^-position, the rate of 
cleavage was slow. 

In the case of sodium benzylyjenicillin, the mer¬ 
curic chloride effect w’^as not obtained at once, but a 
condition period (i.e., allowing the alcoholic solu¬ 
tion of sodium benzylpenicillin to stand for a time) 
had to be given before the mercuric chloride treat¬ 
ment in order to obtain the large absorption band. 

Electrometric Titration Data. A large number 
of penilloatcs, penicilloates and related compounds 
were titrated and the pK*' calculated. The 
results of some of these titrations are summarized 
in tables in the Physical Measurements section 
(pp. 654 - 656 ); others are listed under the prepara¬ 
tions of individual compounds. 

EXPERIMENTAL 

THE PENILLOIC ACIDS AND THEIR DERIVATIVES 

D-Amylpenilloic Acid Hydrochloride ((/ook, Klvidgo, and 
Heilbron, CPS.STSf 4). D-l*cnicillaiiiinc hydrochloride was 
warmed with caproylaniinoacetal as described for the 
ir-isonier (see below). The D-aniylpenilloie acid hydro¬ 
chloride crystallized from acetic acid or methanol-ether in 
small elongated prisms, m.p. 193-194® (dec.); (a]D*‘ +82,0° 
(c » 1.195); +83,7° (r « 0.239 in ethanol); after ten min¬ 
utes at 60°, Wd** +75.3°. 

Calc, for Cx,H 2603N2SC1: C, 48.0; H, 7.7; N, 8,6 
Found: C, 48.0; H, 7.8; N, 8.2 

L-Amylpenilloic Acid Hydrochloride {CPS.S73^ 4). 

L-Penicillamino hydrochloride (2.5 g.) was warmed with 
3.1 g. of caproylaminoacctal to 60° when after a few minutes 
the melt set solid. The crude product after washing with 
ether contained no thiol grouping (yield, 3.8 g,). The 
li-amylpcnilloic acid hydrochloride crystallized from acetic 
acid or a mixture of methanol and ether in small elongated 
prisms, m.p. 193-194° (dec.). 

* For other physioel data see Chapters XI to XIV* 


Calc, for Ci 3H260,N2SC1: C, 48.0; H, 7.7; N, 8 6 
Found: C, 48.0; II, 7.8; N, 8 4 

The n-thiazolidinc hydrochloride had fajD^^ —82.3° 
(r « 0.875 in ethanol); after ten minutes at 50° («1 d*‘ 
-76.5°. 

i>ii-Amylpenilloic Acid Hydrochloride (Bentley, (’ateh, 
Cook, IClvidge, Hall, and Heilbron, PENAIS), DL-Peni- 
cillaininc hydrochloride (100 mg ) and iiiOmg. of w-caproyl- 
aminoncetal were warmed with 2 ml. of 2 N hydrochloric 
acid until the oily acetal just disappeared (about one minute) 
and the solution evaporatcal in vacuo over phosphorus 
peiiloxide. Tlie ainylpeiiilloic acid hydrochloride crystal¬ 
lized from a inixtun‘ of methanol and echer as needles, m.p. 
201° (dee.). The compound gave no eohir with ferric 
chloride unless tlie aqiu'ous solution was first boiled for a few 
minutes. 

(ale. for Ch:Jlo,(),X,S(^l: (', 4S 1, H, 7 7; N, 8.6 
Found: C, 48 5; H, 7.8, N, 8.5 

This thiazolidine was found to he stable toward hydrolysis 
by hot dilute acid {CPS/^SiK 2). 

N-Acetyl-i)L-amylpenilloic Acid (\tt(‘nhiirrow, h^lliott, 
Herns, and Robinson, CPi<.SS3, 3). Amylpenilloic acid 
hydroehlonde (250 mg ), prepared as described in PENA IS, 
was added to a mixture of 2 ml. of dry pyridine and 1 ml. of 
acetic anhydride at room tem])craturo. After standing 
overnight, the solution was evaporated m vacuo and allowed 
to stand for six hours with 5 ml of water. The solution was 
evaporated to dryness in vacuo, leaving a gum which slowdy 
crystallized. The resulting \-aeetyl-Di^amylpemlloic acid 
was crystallized from (‘thyl acetate-petroleum (h.p. 40-60°) 
and had a melting point of J -17 150°. The yield was 120 mg. 

Calc, for C, 54.5; H, 7.9; N, 8.6; 8,9.7 

Found: (\ 51 6; H, 7.85; N, 8.36; S, 9.9 

DL-Amylpenilloic Acid Hydrochloride from c*-Ethyl dl- 
Amylpenicilloate (Cook, Flvidge, and Heilbron, CPSAfW, 3). 
Four grams of a-ethyl DL-amylpenicilloate (p. 681) was let 
stand for forty-five hours with 25 ml. of phosphorus oxy- 
chloridt', the solvent removed m vacuo and a solution of the 
residue in 20 ml. of dioxan run into 200 ml. of ice-cold 6% 
aqueous sodium bicarbonate solution. Filtration, acidifica¬ 
tion and extraction, first with ether and then with butanol 
(50, 50, 25 ml.) removed 1.47 g. of the product. Standing 
wdth 22 ml. of 0.5 N barium hydroxide solution followed by 
working up in th(‘ ordinary way gave a product which 
crystallized from a mixture of acetone and ether when it had 
a melting point of 195°. Jt was DL-amylpenilloic acid 
hydrochloride. 

CbIc. for CijHa^OjNaSCl: C, 48.0; H, 7.7 
Found: C, 47.7; H, 8.0 

Methyl Amylpenilloate (Attenburrow, Elliott, Hems, and 
Robinson, CPS.383^ 3). To a solution of 1 g. of amylpenil¬ 
loic acid hydrochloride in 10 ml. of water, 1 equivalent of 
0.1 iV sodium hydroxide solution was added. The solution 
was lyophilized and the residue cstcrified with diazomethane 
in ether. After filtration from sodium chloride, the ether 
solution was evaporated in vacuo and the residue crystallized 
from ether-petroleum ether (h.p. 40-60°). The ester formed 
colorless plates, m.p. 100-101°. 

Calc, for CuHjeOiNaS: 

C, 55.6; H, 8.7; N, 9.3; S, 10.6; MeO, 10.3 
Found: C, 55,6; H, 8.4; N, 9.1; S, 10.6; MeO, 10.4 

Diketopiperazine of DL*AmylpenilIoic Acid (Cook, El- 
vidge, Heilbron, and Shaw, CPS.36, 3). To a suspension of 
22.1 g. of DL-amylpenilloic acid hydrochloride in 190 ml. of 
phosphorus oxychloride, 5 ml. of syrupy phosphoric acid 
was added. There was immediate warming and some evo¬ 
lution of hydrogen chloride. After standing overnight, 
solution was completed by warming to 35^ and meohanioally 
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shaking (the t)chavior at this stage is somewhat variable and 
appears to depend on the quality of the reagents; sometimes 
solution is rapid and completion by wanning and shaking is 
unnecessary). The solution was concentrated to 50 nil. ?n 
vacuo; the residue was diluted with an equal volume of dioxan 
and dropped into a stirred solution of 50 g. of sodium bicar¬ 
bonate in 11 . of ice water, adding more (110 g.) bicarlamate 
during the oiieration. Filtration gave 5.0 g. of the insoluble 
diketopiperazine of DL-amylpenilloic acid which was 
purified by solution in dioxan and reprecipitation follow'ed 
by crystallization from ethanol and a little water; it formed 
shining plates, ni.p. 

Calc, for CuH 220 -sN 2 S: C, 57.8; 11, 8.15; N, 10.4 
Found: C, 57.6; II, 8.2; N, 10.3 

Diethylcarbobenzyloxyaminoacetal (Abraham, Chain, 
Baker, and Robinson, CPS,236, 2). Diethylaminoacetal 
(0.78 g.) w^as dissolved in 20 ml. of pyridine, tlie solution 
cooled in ice and 12.7 g. of carbobenz^ loxy chloride added 
The mixture was kept for two hours at room temperature, 
then pourc'd into water and the oil which separated ex¬ 
tracted with ether. The ethcTeal la 5 "cr was shakcui with a 
little dilute hydrochloric acid till just acid to thymol 
blue and th(*n with sodium carbonate solution and with 
water. The cth(*r<‘al solution was dried over anhydrous 
sodium suli)hate, concentrated, and the residue distilled in 
high vacuum. The product was a colorless oil (13 g.). 

Calc, for CiJl 2 , 04 N: N, 5.2 
Found: N, 5.3 

Carbobenzyloxyaminoacetaldehy de 2,4- Dinitrophenyl - 
hydrazone (CPS,236, 2). 2,‘l“l)iiutroph('nylhydrazine m 2 N 
hydrochlorit; acid wa.s added to an alcoholic solution of the 
acetal. The yellow hydrazone began to separate almost 
immediately. The precipitate was washed >Nith alcohol 
and crystallized from acpieous pyridine, rn.p. 186-187°. 

Calc, for CieliibO.Nt: C, 51.4, 11 , 4.0 
Found: (\ 51.1; H, 4,0 

nn-Benzyloxypenilloic Acid (CPS.2S6, 2). ni.-Benzyl- 
oxypeuilloic acid hydrochloride (2.0 g.) was dissolved in 2 N 
sodium hydroxide (2 equivalents) and N liydrochloric acid 
(1 equivalent) added to the solution. After cooling in ice 
the precipitated free thiazolidine was ftltercd and washed 
with ice water. It was crystallized from hot 80% aqueous 
alcohol giving 2.1 g., m.p. 157-158°. 

Calc, for CUH 30 O 4 N 2 S: C, 55.5; II, 5.9; N, 8 . 6 ; S, 9.9 
Found: C, 55.3; H, 6 . 1 ; N, 8.7; S, 9.8 

DL-Benzyloxypenilloic Acid from DL-2-Carbobenzyloxy- 
aminomethyl-6,5-dimethyl-4-thiazolidinecarboxylic Acid 
(CPS.236, 2 ). DLr-2-Aminomethyl-5,5-diinethyIthiazolidine- 
4-carboxylic acid dihydrochloridc (268 mg.) was dissolved in 
0.75 ml. of 4 A sodium hydroxide and the solution cooled in 
ice. To the stirred solution was added 170 mg. of carbo- 
benzyloxy chloride and 0.25 ml. of 4 A sodium hydroxide 
in five portions during thirty minutes. After stirring for a 
further ten minutes the solution was extracted with ether 
and brought to pH 2 with 4 N hydrochloric acid. The w hite 
precipitate was washed with a little water and crystallized 
from alcohol. It formed white needles, m.p. 158-159°. 

Calc, for Ci*Hao 04 N*S: C, 65.6; H, 5.9; N, 8.6; S, 9.9 
Found: C, 65.2; H, 6.0; N, 8.6; 8, 9.3 

DL-Benzylo^enilloic Acid Hydrochloride ( 01 ^ 8 . 236 ^ 2). 
DL-Penicillamine hydrochloride (2.37 g.) and 3.47 g. of 
oarbobenzyloxyaminoaoetal were mixed and slowly heated 
in a test tube placed in a water-bath. At 70° a clear 
melt was obtained and at 80° this set to a crystalline solid. 
After heating for a further five minutes at 80° the product 
was dissolved in hot alcohol and precipitated in the form of 
fine needles by the addition of a mixture of ether and acetic 


acid (7:3). The hydrochloride weighed 3.3 g. and melted 
at 198-200°. 

Calc, for CuJI,o 04 N 2 S-HC 1 : C, 49.9; II, 5.8; N, 7 8; S, 8.9 
Found: C, 49.9; II, 5.8; N, 7.5; S, 8.7 

Benzyloxypenilloic Acid Hydrochloride (Cook, Klvidge, 
Hall, Heilbron, and Shaw, CPS.270, 2). Carbobenzyl- 
oxyamiiiodiethylacetal (0.6 g.) veas condensed w'ith 0.45 g, 
of penicillamine liydrochloride in 2 ml. of boiling methanol 
and the product isolated l)y concentrating and diluting with 
ether. On slow crystallization from im^thanol-ether the 
benzyloxypenilloic acid separated in sheafs of needles, m.p. 
192-193° (dec.). 

Calc, for C, 49.9; II, 5.0; N, 7.8 

Found: C, 49.9; II, G.l; N, 7.6 

Amorphous n-Benzylpenilloic Acid (Squibb, S.1, 4). 
Hydrolysis of crystallim* sodium benzylperiicillin with boil¬ 
ing 0.1 N sulfuric acid for two hours led to the liberation of 
one mole of carbon dioxide, and the formation of an aeidic 
product which was i.solated by continuous extraction with 
ether. Though efforts at tliis time to obtain this material 
ill the crystalline form, cither as such or in form of salts or 
esters, were unsuccessful, its analytical composition C 16 H 20 
OaNjS indicated tliat it was essentially homogeneous, and 
that it had been fornu'd from benzylpenicillin by loss of one 
mole of carbon dioxide and addition of one mole of water. 
This is benzylpenilloic acid. 

Crystalline “Natural** n-Benzylpenilloic Acid (Merck, 
61 .lob, 6). A solution of benz>lpenillic acid (m.p. 101-192°, 
micro-block) in water was refluxed for one hour. The 
rotation at the cud of this jieriod was [«]i> 4-70°. The 
aqueous solution was evaporated to 2 ml. and allowed to 
stand, whereupon rosettes of needles separated. In the 
melting point (h'tiTininntion, tin* (Tystals began melting at 
85*^ and were completely melt(‘d at about 105° (micro-block). 
This product is crystalline n-benzylpenilloic acid. 

i)-B(jnzylpeni(*iIl()ic acid was heated lu vacuo over phos¬ 
phorus pentoxide at 78° for about twenty hours. The 
product, crude n-benzylpeiiilloi(j acid, was dissolved in boil¬ 
ing water (concentration about 10-20%) and allowed to 
cool. Needles, melting at 85-105° (micro-block), were 
deposited. These crystals appt*ared to be identical with 
those obtained from benzylpenillic acid. A sample of 
synthetic n-benzylpenilloie acid melting at 86-105° showed 
no change in melting point bijhavior w^hen mixed with the 
above samples of “natural** n-benzylpenilloic acid. 

Mother liquors from old preparations of amorphous 
D-benzylpenilloie acid wliich had been allowed to concentrate 
by standing partially open to air, yield crystals of this 
substance. Aqueous solutions of D-berizylpciiilloic acid 
crystallize readily when seeded. 

Calc, for CiftHzoNaOaS: C, 58.42; H, 6.54 
Found: C, 58.20; II, 6.83 

Crystalline n-Benzylpenilloic Acid from Sodium Benzyl- 
penicillin (Af.22, 9). Exactly one molar equivalent of dilute 
hydrochloric acid was added to 422 mg. of sodium benzyl- 
penicillin in 120 ml. of water, and the solution was refluxed 
Hi hours. The rotation at this time was [otId 4*60°. The 
solution was frozen and dried to give a white powder which 
was taken up in 6-8 ml. of hot water and allotvrcd to cool 
slowly. Jjong needles separated weighing 208 mg. Further 
concentration of the filtrate caused the separation of 82 mg. 
more of the needles. Total yield of crystalline product 
was 79%. The melting point was 86-103° and the optical 
rotation was [alo 4*57° (in ethanol). The sample was dried 
in vacuo at 78° for five hours. 

Calc, for CuHaoNjOiS: C, 58.42; H, 6.54; N, 9.09 
Found: C, 68.65; H, 6.79; N, 9.04 
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D-Benzylpenillolc Acid from Sodium Benzylpenicillin 
(Pfizer, P./, 18). A solution of 1 g. of sodium penicillin 
(submerged culture), [aju in 70 ml. of 0.1 A sul¬ 

furic acid was refluxed for three hours. The carbon dioxide 
was determined by absorption in barium hydroxide solution 
and the barium carbonate was weighed- Found, 0.44 g. 
of barium carbonate; calc., 0.55 g. This is 0.8 mole of 
carbon dioxide. 

The sulfuric acid solution was then cooled and neutralized 
to pIJ 2 with sodium hydroxide and extracted with ether for 
eight hours. The ether was evaporated and the product 
dried in a vHcuum desiccator. The weight of ether-ex¬ 
tracted material was 0.000 g. (70%). 

The ether-extracted n-benzylijenilloic acid was dissolved 
in dilute sodium hydroxide solution and adjusted to pH 2. 
Mercuric cViloride solution wa.s added and a precipitate of 
penicillamine mcrcaptide weighing 0.34 g. was obtained. 
The filtrate was treated with 0.5 g. of 2,4-dinitrophGnyl- 
hydrazine in concentrated sulfuric acid and the precipitated 
phenylacctamidoacetaldehyd(‘ 2,4-dinitrophenylhydrazoue 
weighed 0.32 g. The melting point after two crystalliza¬ 
tions from methanol was 192-193®. 

One gram of penicillin (from surface culture of strain 
NRRL 1249), [ajn +220®, was refluxed for 2H hours with 
0.1 iV sulfuric acid and extracted with ether for two hours. 
In this case apparently ether extraction was not continued 
long enough, since far too large an amount of material 
remained in the aqueous portion and the ether-extracted 
material weighed only 200 mg. Upon bringing the i>-benz- 
ylpenilloic acid into solution and precipitating with mer¬ 
curic chloride, the mercaptide weighed 40 mg. and the 
2,4-dinitrophenylhydrazone formed from the filtrate weighed 
106 mg., melting point after two crystallizations 184-186® 

One gram of penicillin (from surface culture), [«]» +226®, 
was refluxed for 2]^ hours in 0.1 A* sulfuric acid as before. 
After continuous ether extraction for eight hours, the residual 
aqueous solution gave an extremely faint aldehyde test and 
a moderate precipitate with mercuric chloride. 

The ether-extracted penilloic acid weighed 0.64 g. and 
was treated as in the previous experiment to give 465 mg. of 
penicillamine mercaptide and 330 rag. of a 2,4-dinitrophenyl¬ 
hydrazone; melting point after two crystallizations from 
methanol, 188-189®. 

D-Benzylpenilloic Acid (Squibb, 9). The aqueous 
mother liquor from a n-benzylpenillic acid preparation was 
continuously extracted with ether for six hours. The dried 
ether solution on evaporation loft an oily residue which 
crystallized on addition of a little chloroform. After re¬ 
crystallization from the same solvent the crystals melted 
at 127-129®; [aejv +36.9® (in ethanol). 

Calc, for CuHaoOsNaS: C, 58.42; H, 6.46; N, 9.2 
Found: C, 58.20; H, 6.46; N, 9.1 

Physical Measurements on Amorphous o-Benzylpenilloic 
Acid (Merck, Report for October 1948^ p. 6; M.S^ 1). n-Benz- 
ylpenilloic acid was prepared by mild hydrolysis of benzyl- 
penillio acid (i.e., by refluxing benzylpenillic acid in boiling 
water for several hours, during which one mole of carbon 
dioxide is evolved). 

Potentiometric titration with alkali indicated this acid 
to be monobasic; 4.95; Eq. Wt. 295 (calc., 308). 

Potentiometric titration with hydrochloric acid indicated 
presence of a weakly basic function; 1.6-1.7. 

Bromine titration of this substance in 2 iV sulfuric acid 
solution gave rise to the reduction of six atoms of bromine per 
mole (308 g.). This behavior is identical with that shown 
by simple thiazolidines. 

Polarographic examination indicated the presence of free 
sulfhydryl to the extent of 4%. This was attributed to an 
impurity. Polarographic examination following treatment 
of compound with hot 1 N nitric acid failed to reveal the 
liberation of sulfhydryl. This behavior is identical with 


that shown by 4-thiazolidine carboxylic acid (Ratner and 
Clarke, J. Am, Chem. *Soc., 89^ 200 (1937)). 

Reaction with iodine gave rise to a brick-red precipitate 
which slowly dissolved on standing. Simple thiazolidines 
react rapidly with iodine but precipitation does not occur. 

UltravioJol absorption at pH 7.5 in water: 


Wave-length (A) 

Em (M.W. - 308) 

2,800 

31 

2,575 

277 

2,450 

570 

2,350 

878 


Crystalline n-Benzylpenilloic Acid (Merck, M.16a^ 10; 
£5, 11). A sample of crystalline benzylpenilloic acid was 
obtained by dry decarboxylation of ‘^naturaP' benzylpenicil- 
ioie acid as follows: 128.0 mg. of the free penicilloic acid, 
on heating at 70® for twenty-three hours, lost 20.33 mg. of 
which 14.95 mg. was found to bo carbon dioxide (theory, 
14.50 mg.). The residue on solution in a small amount of 
water spontaneously crystallized in massive aggregates. 
Further crystalline material was obtained on slow evapora¬ 
tion of the mother lupior. This crystalline material melted 
at 88-104®; Hd” +57® (c « 0.433 in ethanol); pH^^, 4.70; 
Em 232 at 2,580 A. 

Calc, for C1&H22O4NJS: 

C, 55.18; H, 6.80; N, 8.58; Eq. Wt. 326 
Found: C, 64.86; 11, 6.86; N, 8.91; Eq. Wt. 336 


When a solution of the n-benzylpenilloic acid (0.682 g. 
per 100 ml.) was treated with one molar equivalent of 
mercuric chloride, the rotation fell: 


Time 

(iiihmteB) 

|ab“ 

0 

+57® 

31 

+19® 

60 

- 9® 

180 

-12® 


An 83.8 mg. sample of noncrystalline but dried n-y-benz- 
ylpenicilloic acid was heated at 76® for nineteen hours, after 
which it lost a total of 11.04 mg. of which 8.61 mg. was 
found to be carbon dioxide (theory for carbon dioxide, 
9.60 mg.). 

D-Benzylpenilloic Acid (Upjohn, 17.5, 17; 5, 10). A mix¬ 
ture of 1.36 g. (0.00637 mole) of phenylacetamidoacetalde- 
hyde diethyl acetal, m.p. 36-37®, 1.0 g. (0.00538 mole),of 
D-penicUlamine, 5 ml. of ethanol, 2.5 ml. of 1 iV hydro chloric 
acid and 7.5 ml. of water was heated on the steam bath for 
ten minutes. Potassium acetate (0,80 g.) was then added 
and the mixture allowed to cool slowly. When it had cooled 
to room temperature it was seeded with crystals of L-benayl- 
penilloic acid. Well-formed white crystals began to separate 
at once from the solution. After standing overnight in the 
refrigerator, the crystals were collected, washed carefully 
with water, and dried in vamo at 60®; yield, 0.70 g. (42%); 
m.p. 87-97®. An additional 0.81 g. of somewhat gummy 
crystals were obtained from the mother liquors. 

The first crop was reorystallized from ethanol, using 5 mh 
of solvent per gram. The recrystallised product melted at 
102-104® after sintering at 98®. The melting point of this 
compound has been reported (Af.fga, 8) as 
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Calc, for Ci5H2oO|N2S-HH*0: 

C, 56.76; H, 6.67; N, 8.83; S, 10.10 
Found: C, 56.62; H, 6.95; N, 8.90; S, 9.31 

After further drying at 60° in vacuo^ tlie sample no longer 
melted at 102-104°, but molted gradually at 90-105°; 
[aln®* +80° (c « 2.3 in methanol). 

The mother liquor from the crystallization of the above 
product, gave material which rrujltcid partially at 102-105°, 
but mainly at 145-148° (dec.). Rocrystallization from water 
did not change the melting point. 

Electrometric titration in glacial acetic acid (courtesy 
of Dr. M. E. Krahl, The Lilly Research Laboratories) indi¬ 
cated that this compound has a carboxyl and a basic group 
which titrates like the corresponding groups of a thiazolidine 
carboxylic acid and a certain amount of titratable basic 
group which could be accounted for by uncorabined a-amino 
group of the thiol acid; it gave about 84-85% of one equiva¬ 
lent titratable as thiazolidine. The iodine absorbed was of 
the order expected for a thiazolidine. 

Synthetic D-a-Benzylpenllloic Acid and n-/i-Benzyl- 
peniUoic Acid (Merck, MJ2a, 3; 15a, 1; 16c, 1; 29, 1). 

n-Bonzylpenilloic acid was obtained in two forms which 
crystallize directly from a reaction mixture involving 50% 
aqueous ethanol as solvent. A hydrated form (needles) of 
m.p. 112-114° (corr.) separated first and was the only form 
which crystallized if the reaction mixture was allowed to 
stand at room temperature. After twenty-four hours this 
material was filtered. It is designated the hydrate of the 
a-form. The filtrate when cooled to 5° deposited a heavy 
precipitate of white [lellets of m }). 158-160° (corr.). This is 
an anhydrous form (designated i)-/i-bcnzyIpenilIoic acid) 
and was contaminated by small, variable amounts of the 
hydrated a-form. 

The hydrated rt-form w as rccrystallizod from 50% aqueous 
ethanol followed by w^aahing with portions of the same sol¬ 
vent. A constant rotation of f«]i> +57° (in ethanol) was 
thus attained. The substance when dried in vacuo over 
calcium chlonde at 25° analyzed correctly and titrated 
normally for hydrated D-a-bcnzylpenilloic acid; m.p. 112- 
114° (corr.); I«li>« +63.4° (c « 0.40 in ethanol); +135° 
(c “ 0.53 in pll 8 buffer); Em 200 at 2,580 A (in ethanol); 
pK^ 4.85. 

Oalc. for CuIljoOsNaS-HaO: 

C, 55,19; H, 6.79; N, 8.59; Eq. Wt., 326.4 
Found: C, 54.97; II, 6.70; N, 8.30; Eq, Wt., 327 


When this product was treated with one equivalent of 
mercuric chloride per mole of D-benzylpenilloic acid in ethan¬ 
ol at 23°, the following change in rotation occurred: 


Concentration 

(g./lOOml.) 

Time 

(min.) ; 


0.45 

0 

+65° 

0,796 

10 

+16° 

0.795 

20 

+ 13° 

0.795 

70 

1 +1U 

0.796 

110 

+ 7.6° 


The second crop of crystalline material obtained from 
the condensation of D-penicillamine with phenylacetamido- 
aoetaldehyde is different with respect to melting point and 
crystal form from the first crop. The melting point of the 
second crop is 162-154°; pK 4.79; Em 215 at 2,676 A (in 
pH 8 buffer); +46° (c * 0.46 in ethanol). There was 
no mutarotation during twenty hours. 

When this product was treated with one equivalent of 
mercuric chloride per mole of inbenzylpenilloic acid in 
ethanol at 23°, the following change in rotation occurred: 


Concentration 
(R./100 ml.) 

Time 

(mins.) 


0 15 

' i 

4 45° 

0 806 

10 

+33" 

0.806 

30 ! 

4 27° 

O.SCXi 

70 

4 12° 

0 80(» 1 

no 1 

+ 10 


The anhydrous /^-forin was purified by washing wuth di- 
oxanc to a coustant rolalional value of +26° (ethanol with¬ 
out warming). After being dried at 25° in vacuo over cal¬ 
cium chloride, the Bubstanec had a melting point of 158*160°. 

Calc, for CuHjoOgNjS: C:, 58.42; H, 6.54 
Found: C, 58.29; H, 6.66 

The melting point of this compound was not altered by 
drying at 78°. 

A form of similar melting point was obtained by heating 
the hydrate (m.p. 110-312°) at 100° for three hours with 
water in a scaled tube; m.p. 152-153°; +94° (r 0.90 

in pll 8 buffer). E(p Wt. 333; calc 326. 

Upon recrystallization from water, this material (m.p. 
152-154°) is converted to a low melting hydrate which is 
identical with the hydrate of m.j). 110 112° in all respects 
with the exception of rotational behavior; [a]r>^^ +52° 
(ethanol). This difference of 10° in rotation is probably not 
significant, for the original hydrates of m.p. 110 112° and 
the one obtained above* give the samo derivative when 
treated with phenyl isoevanate. 

When the low melting anhydrous form, m.p. 87 02° w'as 
recrystallizt‘d from methanol, a high melting anhydrous form 
was obtained, m.p. 145-148°; +45° (c * 0.45 in 

ethanol). 

Calc, for Ch&H 2 oOaN 2 S; 

C, 58.42; H, 6.54; N, 9.09; Eq. Wt., 308 
Found: C, 58.39; H, 6.74; N, 9.16; Eq Wt., 313 

Either of these two forms was converted to an equilibrium 
mixture of both by heating for ten to fifteen minutes in 50% 
aqueous ethanol. The hydrated a-form was thus invariably 
obtained as the first crop from such a rocrystallization regard¬ 
less of the form initially dissolved. When heated in absolute 
ethanol, which undoubtedly contained traces of water, the 
optical rotation approached an equilibrium value of fajo 
+47° to +49° within fifteen minutes. 

When dried cither at 63° for forty-eight hours or at 78° 
for five hours, the hydrated a-form was converted to an 
anhydrous product of m.p. 87-92°; fajo*’ +53° (c »* 0.46in 
ethanol); -f 109° (c =* 0.65 in pll 8 buffer); Em 223 at 
2,580 A (in ethanol); pK 4.83. 

Calc, for CuH 2 oOjN 2 S: 

C, 58.42; H, 6.54; N, 9.09; Eq. Wt., 308.4 
Found: C, 58.12; H, 6.58; N, 8.99; Eq. Wt., 307 

Ease of dehydration and identity of titration curves for the 
hydrated and anhydrous forms suggest that the hydrate con¬ 
tains water of hydration rather than water of constitution. 
After extraction of this product with methanol, a solid of 
melting point 145-150° remained. This substance appears 
to be the previously described anhydrous /t#-form in some¬ 
what impure state. The melting point rose to 355-168° 
(corr.) upon recrystallization from methanol. 

n-3-BenzylpeniUoic Acid from n-y-Benzylpenicilloic Acid 
(Squibb, S.S5, 2). A suspension of 50 mg. of »- 7 -benzyl- 
penicilloic acid in 0.4 ml. of 50% ethanol was heated to boil¬ 
ing for five minutes. Evolution of carbon dioxide had 
ceased at this time. The solution was then cooled, seeded 
with a crystal of n-bonzylpenilloic acid, and allowed to 
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Htaiid ()vi‘rnight at room temporature. The suspension of 
crystals was centrifuged and the supernatant liquid de¬ 
canted. Tlui crystals were washed with 0.1 ml. of 50% 
ethanol. I’hc n-benzylpenilloic acid weighed 37.8 mg. and 
melted at with sintering at 110^; [alr>*® 4-50.5® (c =* 
0.07 in ethanol). 

D-a-Benzylpenilloic Add Hydrate from a-Ethyl d-t- 
Benzylpenicllloate (Merck, M.I/jc, 7; iSSj 3). a-Kthvl 
r)- 7 -benzylpenieilloate (p. 500) (1.14 g.) was saponified by 
dissolving it in sliglitly more than two equivalents of 1 A/' 
sodium hydroxide solution (fi.2 ml ) and allowing the solu¬ 
tion to stand for 1}^ hours at room tcuniierature. The 
dibasic acid (bcnzylpenicilloic acid) was precipitated by 
aeuliHcation and was deearboxyhited l)y heating for twenty- 
foui hours at 80® in vacuo. The crude product, a glass, 
m.p. H5-100®, (a]D*® 4-42® (c = 0.42 in ethanol), was crystal- 
lizeti from water to give plates, iii.p. 104-110®; [alD** 4 54 
(r = 0.82 in ethanol); pK, 4.72. After being dried over 
caleuim (diloride at atmospheric pressure, it melted at 110 
113® with softening at 107°. 

(Jale. for Ch 6 ll 2 o 08 X,>S*H 20 i 

(\ 55.19; 11, G.70; N, 8.59; Eq. VVt., 320 
Found: (\ 55.47; H, 0.90; N, 8.42; K(\. Wt., 318 

D-Benzylpenilloic Acid from n-^-Benzylpenicilloic Acid 

(Squibb, S.fi/j, 2). A suspension of 50 mg. of levorotatory 
i)-5-benzylpenicilloie acid in 0 4 nd. of 50% ethanol w^as 
heated to Ixnhng for five minutes. The solution was freed 
of a small amount of insoluble material by centrifuging, 
seeded with n-beiizylpeiiilloie acid, and allowed to stand 
overnight at room temperature. The crystals \sc*re eentri- 
fuged and wa.shed wuth 0.1 ml. of 50% ethanol. The u-benz- 
ylpenilloie neid w'eighed 30.3 mg. and melted at 15tE, wuth 
sintering at 105-110", 4 45.5® (c - 0.97 in ethanol). 

(A small amount of the solid did not dissolve lu tlie ethanol 
which may account for the lower rotation in this case.) 

A mixed melting point of the u-benzylpi'iiilloie acid from 
D- 7 -henzylpenicilloie acid and the D-lx'iizyljx'nilloie acid 
from D-5-benzylt)eiii(*illoic acid show cal no diqnesMon. The 
mixture melted at 159®, with preliminary sintering at 110®. 

Benzylpenilloic Acid Hydrochloride ((’ook, h)lvidge. Hall, 
Heilbron, and 8haw, CPS.:J7(f, 2j. Phenylaeelylainino- 
acetaldehyde diethyl acetal was allowed to condense with 
peiiicillainiiie hydrochloride in w^arm methanol for a few 
minutes; the thiazolidine hydrochloride separated on slow 
crystallization from ethyl acetate-ether in prisms or rhonibo- 
hedra, rn.j), 193-195® (dec.). 

Calc, for CuHaiOaNaSCl: 52.2; H, 6.1 
Found: i\ 51.9; H, 5.9 

D-Benzylpenilloic Acid Hydrochloride (('ook, Heilbron, 
and Levy, CPS.SlSj 2). By melting together 1.52 g. of 
D-penicillomine hydrochloride and 2.1 g. of phenylacetyl- 
aminoacetaldehyde diethyl acetal there was obtained n- 
beiizylpenilloic acid hydrochloride which separated from 
methanol-ether in prisms, in.p. 193-194® (dec.); yield of 
recrystallized material, 94%; [ajo** 4-70.8® (r « 1.0 in 
ethanol). The rotation showed no change afi(*r standing for 
eighteen hours. 

Calc, for Ci»Il 2 iO,NaSCI: C, 52,2; H, 6,1 
Found: C, 51.5; 14, 6.2 

D-a*Benzylpenilloic Acid Hydrochloride (Merck, M.SS, 1; 

3). To a suspension of 0.5 g. of n-a-benzylpenilloic acid 
hydrate, m.p. 110-112®, in 10 ml. of water was added 2 ml. 
of 2,5 N hj^drochloric acid with stirring; solution was com¬ 
plete. After filtering, 10 ml. of concentrated hydrochloric 
acid was added. Epon cooling a low yield of white crystals 
separated. After being dried at 25® in vacuo for two hours 
over phosphorus pentoxide, the substance melted at 196-199® 
(dec.). 

Calc, for CuHaiOjNaSCl: Cl, 10.28 
Found: Cl, 10.12 


The substance was prepared by passage of dry hydrogen 
chloride into a solution of n-a-benzylpcnilloic acid hydrate in 
dioxane-ether solution; it precipitated immediately in 
theoretical yield. It w'as purified by solution in methanol 
and precipitation with ether to a constant melting point of 
203-204® (corr.) after drying in vacuo at room teiiiperalure. 

(Vile, for (^bHaiOaNjSCl: C\ 52.24; II, C.14; N, 8.13 
Found: C, 52.29; II, 6.09; N, 7.97 

An iiHompt to prepare a hydroeliloridij of i)-/i-benzyl- 
penillt>io acid by this method gavr^ an extremely hygro 8 CO()ic 
gum wiiieh could not be purified or obtained in crystalline 
iorm. 

Phenylureide of Crystalline “Natural” D-Benzylpenilloic 
Acid {M.lijb, 6 ). A sample of crystalline benzylpenilloic 
acid obtained from D-a-benzylpiuiicilloie acid reacted with 
phenyl isocyanate in alkaline solution to give a phenylureide. 
This was recrystallized from methanol and melted at 173- 
176® (micro-block). A mixed melting point determination 
made wdth the synthetic compound described elsewhere in 
thi<N nquirt showed no depression. 

C’ale. for (\ 61.81, H, 5.90, N, 9.83 

Found: C, 61.52, H, 6.13; N, 10.08 

Phenylureide of n-BenzylpeniUoic Acid {MAr>Cj 2; 1; 

7). This compound was prepared from D-«-benzyl- 
peiiilloi(‘ acid hydrate, m.p. 110 - 112 ®, by reaction of the 
sodium salt with phenyl isocyanate in aqueous solution. 
The product was insoluble in dilute miiKTal acids. The 
product was twice recrystallized from methanol to give a 
substance of melting point 174-175® (eorr.); —35® 

(e « 0.506 in cLlianol); Km 20,000 at 2,400 A. 

Potentiometric titration in 50% aleoliol indicated its 
pllvi to be 4.85 and its equivalent weight 415 (calc. 427); 
The true pIH/.. value in water is b(*lwceii 3 9 and 4.3, 

eVile, for O 22 H 26 ^* 048 : 

C, 61.80; H, 5.90; N, 9.83 
Found: C, 61.95, 61.99; H, G.16, 6.17; N, 9.86 

The Biibstania* can bo recrystallized with better recovery 
from 20% aqueous ethanol. Refluxing in the latter solution 
for fifteen minutes gave rise to no liberation of free sulfhydryl 
group (negative ferric chloride test). 

The same compound, as indicated by mixed melting point, 
was obtained by reaction of D-a-benzylpenilloic acid (low 
melting hydrate from recrystallization of hydrate of m.p. 
152-154® from water) with phenyl isocyanate. 

Reaction of the n-/S-form m.p. 152-154®, w’ith phenyl 
isocyanate under these conditions gave a product which 
could not be obtained in crystalline form. 

Phenylureide of n-Benzylpenilloic Acid Derived from 
Ethyl i>- 7 -Benzylpenicilloate (M.J6cj 8). Benzylpenilloic 
acid (210 mg) was dissolved in 0.7 ml. of 1 AT sodium 
hydroxide solution and 2 ml. of water. The solution was 
shaken with 0.1 ml. of phenyl isocyanate, until the reaction 
was complete. The filtered solution was then strongly 
acidified with hydrochloric acid and the precipitated 
product w’as crystallized from methanol. Colorless prisms, 
m.p. 172® (dee.), were obtained. 

Calc, for C 22 Ha 504 N 8 S: C, 61.79; H, 5.90; N, 9.84 
Found: C’, 62.03; H, 6.09; N, 9.79 

No depression of the melting point was observed when 
the product was mixed with a similar preparation from the 
low-melting hydrated form of synthetic n-benzylpcnilloic 
acid. 

Benzyl Isocyanate (Upjohn, U.7\ 26; Kuhn and Eiesen- 
eld, 3815 (1891)). This compound was prepared 

n 67% yield by passing phosgene into a suspension of 
benzylamine hydrochloride in boiling toluene until a clear 
solution resulted. After removal of the toluene, the product 



PENILLOIC AND PENICILLOIC A(’TDS 


567 


was vacuum distilled; b.p. mm. A Heilsiein test for 

halogen was negative. 

Calc, for (\H7NO: K, 10.52 
Found: N, 10.74 

Benzylureide of i>-Benzylpenilloic Acid (f/.7, 26). A 
solution of 308 mg, of n-henzylpenilloic acid monohydratc 
in 4.0 ml. of 0.25 N sodium hydroxide solution was cooled in 
an ice-bath and treated with 0.3 ml. of benzyl isocy*anate. 
The reaction mixture was alternately shaken and cooled 
for ten minutes. Th(‘ reaction mixture was filtered by 
gravity to remove unchanged isocyanate and dibenzyl 
urea, and the filtrate was made strongly acid with hydro¬ 
chloric acid. The res\ilting white sticky solid was dried w 
vacuo at 65". The product fused during the drying. When 
triturated with a little ethyl acetate most of it dis¬ 
solved rapidly and then cryslidlized almost immediately. 
After being dried in vacuo at 60“ the compound melted at 
118-119° (dec.). A sample was recrystallized from ethyl 
acetate; m.p, 115' 116°. 

Calc, for C, 62.56; H, 0.17; N, 0.52 

Found; C, 62.27; H, 6.13; N, 9.69 

Desthio-i>-benzylpenilloic Acid (Merck, M.lljh^ 7, and 
unreported data). Three samples of synthetic crystalline 
i)-benzylpeniIloic acid (m p. 89 92‘, 110-112", 152—151") 
were studied, each giving the same reaction product. 
Syntlietic n-benzylpi'nilloic ai'id in ethanol was treated for 
one hour with an <*\cess of Uaney nickel catalyst (5 g. of 
nickel p(‘r 200 mg. ot sampl(‘? at room temperature. After 
removal of the nickel, the filtrati^ yielded white microcrys- 
talline blades which, when recrystallized from ethanol, 
melted at 244-245° (dec.) (micro-block). 

('ale. for CuHnsNsOa: (',61 72; H, 7.97; N, 10.66 
Found: C, 64.67; H, 8.14; N, 10.73 

Ilydrogcnolysis of i)-benzylpcniIloic acid prepared from 
benzyl penicillin gave the same product as that isolated from 
the synthetic samples described above; m.p. 242- 245" (dec.); 
melting point of mixture, 241 243" (doc.). 

i)-Thiobenzylpenilloic Acid Hydrochloride (('00k, Heil- 
broii, and Levy, CPS.HiS, 2). D-reiiicillarnine hydrochlor¬ 
ide (0.12 g ) and 1.75 g. of pheriylthioacetyluminooceial 
were refluxed in 10 ml. of butanol for forty minutes when 
hydrogen sulphidi* wuis evolved The solution was treated 
wuth om‘-half volume of ether and freed from penicillamine 
with small quantities of wuiter; the organic solvent was 
removed in vacuo and the residue taken up in chloroform and 
extracted with aqueous sodium bicarbonate. The major 
part of the color remained in the chloroform, most of the 
remainder being precipitated with crude decarboxy- 
benzylpcnillic acid as a brown powder by acidifying the 
extract. The filtrate on standing gave well-formed crystals 
which separated from chloroform in laths which softened on 
heating and finally melted at 195° (dec.). This material 
gave no immediate thiol reactions but gave a heavy precipi¬ 
tate with mercuric chloride and was itself a hydrochloride. 
It is thought to be one form of n-thiobenzylpenilloic acid 
hydrochloride. 

Calc, for CuHnOsNiSjCl: C, 49.9; H, 5.8 
Found: C, 49.8; H, 5.9 

L«Benzylpenilloic Acid (Upjohn, VM, 16; 10, and unre¬ 

ported data). A mixture of 2.52 g. (O.Ol mole) of phenyl- 
acetamidoacetaldebyde diethyl acetal (b.p. 138-148° at 
0.2 mm.) and 1.86 g. (0.01 mole) of L-penicillamine was 
dissolved in 15 mb of methanol and a solution of 5 ml. of 
1 N hydrochloric acid in 10 ml. of water was added. After 
heating on the steam bath for ten minutes, a solution of 
1.57 g. (0.016 mole) of potassium acetate in 15 ml. of 
methanol was added. After a week of unsuccessful at¬ 
tempts to induce crystallization by cooling and scratching, 


the solution w^as diluted with 45 ml of water and W'as 
aUoweii to stand in a vacuum desiccator over anhydrous 
calcium chloride. After two days, wdion the rf*action ini.v- 
ture had evaporated to a total volume of about 30 ml., 
rosettes of white needl(3s separated. After two crystalliza¬ 
tions from ethanol, the crystalline product melted constantly 
at 102 104° after sintering at 99°; [a]i)®* —75" (c = 2 1 in 
methanol). The product was dried in vacuo to remove wa ter 
of crystallization. 

('ale. for (btllaoOjNaS: 58.42; 11, 6.54; X, 9.09; 8. 10 10 
Found: (', 58.00; H, 6.64; N, 9.06; S, 10.47 

Though alcohol was the most satisfactory recrystalliza¬ 
tion solvent, especially for the crude product, the compound 
can also be rccrystallized from ethylene diehloride or from 
water. It is very soluble in acetone, e.thyl acetnti^ and 
chloroform; insolubh in carbon tetrachloride. 

( rystals of the l- and the n-forms of the benzylpeiiilloic 
acid can be used interchangeably for the purposi^ of seeding. 

The procedure described (Vo, 17) for the o-isomer, 
except that the solution was heated for five minutes on 
the steam-bath after addition of the' potassium acetate, was 
repi‘ate<l for the preparation of L-boiizylpeiiilloie acid. 
The yield of crude product was 53^1. On recrystalhza- 
tion from alcohol (5 ml. per g.), a few of the previously 
obtaine(l, transparent nee'dh’s separated on standing at 
room temp(*rature W him plaeial in the refrigerator white 
opaque chimps separated. This material rmdted partially 
at 97 100° hut chiefly /it 142 147° (dec.); the needles melted 
at 102 101° without apparent df^omposition. The higher 
melting isomer ivas purified hy liigesting it witli ethylene 
diehloride on the ste/im-])alh for about one hour, adding 
a small amount of absolute alcohol to efh'ct solution, con¬ 
centration to about one-fourth of th(‘ original volume, and 
cooling 111 the refrigerator. The resulting tun* whiti* powder, 
after drying la am MO {it 75' for on(‘hour, melted at 146 147° 
with previous softening at 113°. 

('ale. for CulIaoN^OaS: (', 58.42; ll, 6.54 

Found: (', 68.44, 58.44; 11, 6.75, 6.63 

Electrometric titration in glacial acetic acid (courtesy of 
Dr. M. E. Krahl, The Lilly Research Laboratories) indicated 
that this compound has a carboxyl and a basic group which 
titrate like the corresponding groups of a thiazolidine carb¬ 
oxylic acid and a certain amount of titratable basic group 
which could be accounted for by uncombined a-araino 
l^roup of the thiol acid. It gave about 84-85of one 
equivalent titratable as thiazolidine. The iodint» absorbed 
was of the order expected for a thiazolidine. 

L-Benzylpenilloic Acid Hydrochloride (Cook, lleilbron, 
and Levy, CPS.SlSj 2). L-Penicillamine hydrochloride 
(1.8 g.) and phcnylacetylaminoacetal (2.5 g.) were melted 
together at 67° for ten minutes and the product washed 
with ether (50 ml.) and with methanol-ether (5 ml.; 20 ml.). 
L-Benzylpenilloic acid hydrochloride separated from meth¬ 
anol-ether in prisms, m.p. 194 195° (dec.) (yield of reerystal- 
lized material, 2 g.); —70“ (c * 1.0 in ethanol). 

('ale. for CnB.nO,N-,SV]: (', 52.2; 11, 6.1 
Found: 51.6; H, 5.9 

Degradation of L-Beuzylpenilloic Acid with Sodium in 
Liquid Ammonia (Upjohn, UJ9y 30). Dne gram (3.15 m. 
moles) of n-benzylpenilloic. acid wa.s degradetl with sodium 
(150 mg.; 6.15 mg.-atoms) in approximately 100 ml. of 
liquid ammonia. After spontaneous evaporation of the 
solvent and evacuation of the residue over concentrated 
.sulfuric acid, the crude mixture was dissolved in the niiiu- 
niuin amount of warm water and filtered from some insolubh^ 
material. On cooling, the turbid filtrate became quite 
cloudy. The mixture was acidified to pH about 3 with 
1.073 N hydrochloric acid and th(‘ resulting cloudy suspen¬ 
sion extracted three times with chloroform. Concentration 
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of the chloroform extract in a stream of nitrogen and cooling 
gave 230 mg. of a white amorphoijus solid. The product gave 
no blue color on treatment with ferric chloride. Crystalliza¬ 
tion of the crude material from chloroform gave pure white 
needles, m.p. 107^109°. 

Found: C, 55.13; 11, 6.72; N, 8.90; neut. equiv., 318 

Desulfurization of i.-Benzylpenilloic Acid (Lilly, L.;?, 5; 
Upjohn, U.4), n-Benzylpendloic acid was prepared as fol¬ 
lows. A solution of 7-53 g. (0.03 mole) of phenylacctarnido- 
acetal 111 30 ml. of absolute ethanol was diluted with 30 ml. 
of water and 3 ml. of N hydrochloric acid added. The 
solution was warmed for seven minutes, cooled and exactly 
neutralized with sodium hydroxide solution. L-Penicill- 
amine hydrochloride (5.57 grams) and 3 g. of potassium 
acetate in 25 ml. of water was added to the acetal mixture 
and the resulting solution allowed to stand for 1H hours. 
Then 20 ml. of water was added and the mixture allowed to 
stand overnight in the refiigerator. Crystallization was 
started by the addition of a seetl crystal. In five days 
4.4 g. of the li-penilloic acid, m.p. 101-“109® (block), was 
obtained. 

One gram of L-penilloic acid, 15 ml, of water, sodium 
bicarbonate and 20 g. of Raney nickel catalyst (50°) were 
stirred at room temperature for three days. The nickel 
was removed by filtration and washed with alcohol. The 
alcohol wash was combined with the filtrate and evaporated 
to dryness. The residue w as dissolved in water and acidified 
with hydrochloric acid. Ammonia was added until the 
solution was only slightly basic and the solution was 
filtered. The filtrate was heated on the steam bath until 
white crystals slowly separated. After two crystallizations 
from alcohol they melted 223-226° (dec.) (block). 

Calc, for r,5lInO,N*: N, 10.07 
Found: N, 10.1 

i>L-Benzylpenilloic Acid (Upjohn, U.4, 14; f?, 10; 10, 5). 
A solution of 50 mg, of n-bciizylpcnilloic acid (m.p. 102- 
104°), with an equal weight of the L-isomer in 2 ml. of 
absolute alcohol, was diluted with 1 ml. of water and placed 
in the refrigerator. The resulting clusters of needles re¬ 
sembled those of the active products. After being dried in 
vacuo at 60° for one hour the producf melted at 90-99°. 
This partially hydrated material, after exposure to the 
atmosphere for two weeks, gave analyses which indicated a 
monohydrate. 

Calc, for CuHaoNaOaS'HaO: 55.19; H, 6.80; N, 8.58 * 

Found; C, 55.49; 11, 6.82; N, 9.30, 9.02 

When the above crystals wore used to seed a reaction 
mixture of phenylacetylaminoacetal and Dn-pcnicillamine 
a higher melting product was obtained; m.p. 152-155° 
(dec.). Rccrystallization from alcohol-water did not change 
the melting point. 

Diketopiperazine of DL*Benzylpenilloic Acid (Cook, Kl- 
vidge, and licilbron, CPS.67, 2). UL-Benzylpenilloic acid 
hydrochloride (4 g.) was dissolved in 15 ml. of phosphorus 
oxychloride and the solution allowed to stand for forty 
hours. It was evaporated in vacuo at 50°, the syrup dis¬ 
solved in 20 ml. of dioxane and the red solution run into 
200 ml. of vigorously stirred ice-cold 5% sodium bicarbonate 
solution. Some diketopiperazine was filtered off and the 
filtrate extracted three times with 50 ml. of butanol; the 
diketopiperazine separated from a mixture of chloroform 
and dry ether, when it had m.p. 234r‘235°. 

Calc, for C,aH,.04N,S*: C, 62.05; II, 6.25 
Found: C, 62.0; H, 6.0 

Thiobenzylponilloic Acid Hydrochloride (Abraham, Baker, 
Chain, and Robinson, CPS.71, 2). To a solution of the 
dihydrochloride of 2-aminomethyl-5,5*dim6thyl-4-thiazoL 
idinecarboxyhc acid (680 mg.) in 3.9 ml. of ,2 N sodium 


hydroxide, 1.3 ml. of a 2 A’ solution of the sodium salt of 
phenyldithioacetic acid was added. The mixture, which 
was alkaline to phenolphthalein, was allowed to stand at 
room temperature for fifteen hours under nitrogen. The 
brown cloudy solution was centrifuged clear and then 
brought to pH 2.5 with hydrochloric acid, when a greyish 
sticky precipitate formed. The whole was extracted four 
times witli one (quarter of its volume of chloroform, when 
the precipitate dissolved. The chloroform solution was 
dried by shaking with anhydrous sodium sulphate. Dry 
hydrogen chloride was then passed througli it. The precipi¬ 
tated hydrochloride was colleetiid and crystallized by dis¬ 
solving in the smallest possible amount of methyl alcohol, 
adding a drop of concentrated hydrochloric acid, and 
precipitating with glac*ial ac<*tic acid. It then formed 300 mg. 
of white prisma, rn p. 188° (dec.). 

Calc, for (’ulLoOiNaS,-11(1: (\ 49.9: 11, 5.8; N, 7.7; S, 17.8 
Found: C, 50.2; 11, 5.9. N, 8.2; S, 18.1 

i>-p-Benzyloxybenzylpenilloic Acid (Felton, King; Abra¬ 
ham, Baker, Chain and Bobiiison, CPSM86). p-Bcnzyl- 
oxyphenylacetic acid was prepared by the action-of benzyl 
chloride upon p-hydroxyphenylacetic acid in aqueous- 
alcoholic alkali; m.p. 122°. 

Calc, for CiftHuO,: V, 74.4; H, 5.8 
Found: C, 74.3; H, 6.2 

This was converted by the action of thionyl chloride into the 
acid chloride, m.p. 75 76°. 

Calc, for CuHi»0,Cl: C, 09.1; H, 5.0 
Found: C, 69.3; H, 5.2 

The amide had m.p. 199-200° (dec.). 

Calc, for CulIuOsN: C, 74.7; H, 6 2 
Found; C, 74.7; 11, 6.3 

A solution of 10 g. of the acid chloride in 200 cc. of ether was 
added during one hour, with stirring, to a solution of 5.7 g. 
of aininoacotal in 470 cc. of water containing 20 g. of sodium 
bicarbonate at 0°. Stirring was continued for thirty 
minutes, the layers were separated and the aqueous portion 
shaken three times with ether. The combined ethereal 
solutions were rapidly washed with dilute hydrochloric acid, 
dried with sodium sulfate and evaporated. The residual 
oil (8.5 g.) solidified and on recrystallization from light 
petroleum yielded p-benzyloxyphenylacetamidoacetal, m.p. 
75-76°. 

(^alc. for C21II27O4N: C, 70.6; II, 7.6, N, 3.9 
Found: C, 70.4; II, 7.4; N, 4.3 

On treatment with 2,4-dinitrophenylhydrazine in ethanol 
this yielded the 2,4-dinitrophenylhydrazone, m.p. 202° 
(dec.). 

Calc, for CizUiiOtN,: C, 59.6; H, 4.5 
Found: C, 59.1; H, 4.4 

A mixture of 3.75 g. of the acetal and 1.94 g. of powdered 
D-penicillamine hydrochloride in 10 cc. of acetic acid was 
warmed on the steam bath for ten minutes and poured into 
ether. The hygroscopic precipitate was dissolved in 20 cc. 
of ethanol and titrated to pll 2 with 3% aqueous sodium 
bicarbonate, when the crystalline ponilioic acid separated. 
This was recrystallized from ethanol; 2.9 g. of colorless 
needles, m.p. 106-108° (dec.)» were obtained. 

Calc, for C„H2604N2S C2H»0H: 

C, 62.6; H, 7.0; N, 6.1; S, 7.0 
Found; C, 61.9; H, 6.9; N, 6.0; S, 6.9 

Acetylation of i>-p**Benzyloxybenzylpenillolc Acid (CPS, 
685), A solution of the penilloic acid (1 g.) in boiling 
acetic anhydride was maintained at 100° for thirty^minutes 
and at 0° for forty-eight hours. Concentration in •vacuo 
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gave an oil which crystallized (0.2 g.) from ethanol solution. 
Uecrystallization from ethanol gave long thin prisms, m.p. 
180®. 

Calc, for Ca 4 H 2 e 04 N 2 S: C, 65.7; H, 5.9; N, 6.4; S, 7.3 
Found: C,65.6, 65.0; H, 6.1, 6.5; N, 6.45; S, 7.1 

N-Benzoyl-D-p-benzyloxybenzylpenilloic Acid {CPSMS), 
A solution of 2.5 g. of benzyloxybenzylpenilloic acid in 25 cc. 
of pyridine at 0® was treated with 0.875 cc. of benzoyl 
chloride. After twenty-four hours the solution was con¬ 
centrated in vacuoy cautiously acidified with hydrochloric 
acid, extracted with chloroform and evaporated. The pale 
orange oil (3 g.) solidified under light petroleum but could not 
be crystallized. Precipitation from sodium carbonate 
solution with acetic acid, or from benzene with light petro¬ 
leum, gave a white powder, m.p. 71-102®. 

Calc, for Ca9Hao04N2S-HH20:C, 66.0; H, 5.8; N, 5.3; S, 6.1 
Found: C, 65.8; 11, 5.9; N, 5.4; S, 5.4 

This was dried in vacuo at 50®. 

Calc, for Ca^HioOaNaS: C, 67.2; H, 5.8 
Found: C, 67.2; II, 5.5 

Biethyl Carbethoxyaminoacetal (CVjok, Elvidge, Hair 
Heilbron, and Shaw, CPS.^70f 2). (carbethoxyaminoacetal 
was obtained as liquid, b.p. 95-90°/3 mm., in 64 % yield by 
adding 12.5 g. of ethyl chloroformate to 15 g. of aminoacetal 
in 25 ml. of water and 5 ml. of acetone, «nd simultan(*ou8ly 
adding a cold solution of 9.6 g. of sodiuiri bicarbonate in 
20 ml. of water. 

Calc, for C9 Hi 904N: C, 52.6; 11, 9.3; N, 6.85 
Found; C, 52.2; IJ, 9.3; N, 6.9 

Ethoxypenilloic Acid Hydrochloride {CPS.^70, 2). Peni¬ 
cillamine hydrochloride (0.6 g.) and 0.7 g. of carbethoxy- 
aminodicthylacetal were dissolved in methanol and solvent 
rapidly removed on the water bath. The thiazolidine 
hydrochloride (0,7 g.) siiparated from a mixture' of methanol 
and ether in needles, m.p. 183". 

Calc, for Cio11ib04N2(3S: V, 40.2; H, 6.4 
Found: C, 40.2: 11, 6.4 

Attempted N-caproylation of this thiazolidine gave a 
very deliquescent material which was not satisfactorily 
purified. The reaction of the thiazolidine with ethyl 
orthophenylacetate was unsatisfactory, 

DL-2-Pentenylpenilloic Acid (Abraham, C/hain, Jlaker, 
and Robinson, CPS.S9. 2). nir-2-Pentenylpenilloic acid, 
prepared from DL-penicillamine and 2-pentenylpenilIoalde- 
hyde, does not undergo signiheant fission on treatment 
with 0.1 iV acid at 100®. This occurs only on addition of 
mercuric chloride, a fact which is compatible with the forma¬ 
tion of the compound on acid hydrolysis of 2-pcntenyl- 
penicillin or 2-pentenylpenillic acid. 

Phenylpenilloic Acid (Newbery and Raphael, CPS.W6, 5). 
One gram of phenylpenilloic acid hydrochloride was dis¬ 
solved in about 3 ml., the smallest possible quantity, of 
pyridine and 15 ml. of alcohol added. After a short while 
^the phenylpenilloic acid commenced to crystallize out. It 
was filtered, washed with alcohol and recrystallized from 
pyridine-alcohol as tiny plates, m.p. 160-161® (doc.) (0.6 g.; 
68 %). 

DL-Phenylpenilloic Acid Hydrochloride (Merck, 7; 

ISCf 14; SSj 2). Reaction between DL-penicillamine hydro¬ 
chloride and a-benzoylamino-^,/3-dicthoxypropionic acid in 
aqueous dioxane at room temperature over a period of a 
week or longer yielded over 50% of uL-phenylpenilloie 
acid hydrochloride; m.p. 216-217®. 

Calc, for CuHxtN^OsSCl: 

C, 60.82; H, 5.80; N, 8.46; Cl, 10.71 
Found: C, 50.83; H, 5.86; N, 8.36; Cl, 10.92 


The solubility of this compound in water is surprisingly 
low for a liydrochloride, and appears to be much less than 
that of D-b(jnzyIpenilloic acid hydrochloride. 

Potentiomctric titration of this compound gave a dibasic 
neutralization curve having values of 2.55 and 5.00 
{pll\^ values for benzylpcnicilloic acid are 3.10 and 5.25) 
with two spans giving equivalent weights of 337 and 353; 
calculated value, 338. 

The ultraviolet absorption of this compound in ethanol 
has a single band of Em 10,000 at 2,275 A, and resembles that 
of benzoic* acid which has a single band of Em 10,800 at 
2,275 A in ethanol. 

DL-Phenylpenilloic acid (m.p. 161-162®) was obtained 
from the mother liquors in tlie preparation of Dii-phtmyl- 
penilloic acid hydrochloride. 

DL-Phenylpenilloic Acid Hydrochloride by Condensation 
of 2-Phenyl-4-ethoxymethylene-5(4)«oxazolone with dl- 
Penicillamine Hydrochloride (Barber, Gregory, Slack, 
Stickings, and Woolman, CPSMO, 8). UL-Perucil)amine 
hydrocliloride (4.2 g.), 6.9 g. of 2-phcny 1-4-ethoxymCthylcno- 
6(4)-oxa2olone and 45 ml. of glacial acetic acid were heated 
under reflux when the crystalline reaction product began 
to separate after about 5 minut(‘.s. Heating was continued 
for thirty minutes. Th(‘ solid (4 S g.) was filtered and was 
washed with glacial acetic acid. Tlu' mother liquors 
deposited a further crop of the same material; m.p. 214 216® 
(dec.). The whole was dissolved in 100 nil. of 5*'? sodium 
bicarbonate solution and carefully precipitated with hydro¬ 
chloric acid to give tin* jiroiiuct in microcrvsialline rosettes; 
m.p. 216-218® (dec.) 

Calc, for Ci4lIi»OaN2S(’l: 

0, 50.9; H, 5.81; N, 8.5; S, 9.64; (% 10.7; Eq. \Vt., 165.25 
Found: 

G, 51.0; H, 5.85; N, 8 55; 8, 9.5; V], 10.0, 10.15; 

Eq. Wt., 168 

The thiazolidine (0.320 g.) in 10 ml. of water was treated 
Avith one equivalent proportion of 2 N sodium hydroxide. 
Gomplete solution occurred and 1 g. of mercuric chloride in 
20 ml. of water was added to the still acul solution. The 
addition was carried out in a S(*hroedter carbon dioxide 
apparatus, purged by nitrogen, but no evolution of carbon 
dioxide was observed over one hour. 

DL-Phenylpenilloic Acid Hydrochloride (Newbery and 
Raphael, CPS.2()()\ 5). An intimate mixture of J.48 g. of 
Dii-penicillamine hydrochloride and 2 g. of benzoylamino- 
acetal was warmed gently on a steam-bath. The mixture 
first liquified and then suddenly solidified. The solid was 
triturated with dry cither, filtered, washed with more ether 
and air-dried. There was obtained 2.24 g. (84%) of the 
pure hydrochloride, m.p. 224-225® (dec.), undepressed by 
the product described in CPS.66. It may be recrystallized 
from a largo volume of alcohol or better by dissolving in 
water and adding an equal volume of concentrated hydro¬ 
chloric acid. 

DL-Phenylpenilioic Acid Hydrochloride (Beer, King; 
Abraham, Baker, Chain, and Robinson, CPS,fS68^ 3). 
Finely powdered DL-penieillamine hydrochloride (0.16 g.) 
was shaken with a solution of 0.25 g. of N-benzoyl-j8,j(?-di- 
ethoxyalaniiie in 3 ml. of glacial acetic acid until dissolved, 
and the solution was allowed to stand overnight at room 
temperature. The precipitated thiazolidine hydrochloride 
(0,13 g.) when collected, washed with ethtsr and dried, had 
m.p. 208-215® (dec.) depending on the rate of heating 
(CPS,66 records m.p. 214-216® (dec.)). Samples were 
purified by recrystallizntion from acetic acid in which the 
thiazolidine salt is only sparingly soluble. 

Calc, for CuHigOiNaSCl: C\ 50.8; II, 5.8 
Found: 51,0; H, 5.7 

It was also recrystallized by dissolving in bicarbonate 
solution and reprecipitating the hydrochloride by the addi¬ 
tion of dilute hydrochloric acid. 
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Calc, for C^uHjtOsNaSCl: C, 50.8; H, 5.8 
Found; (\ 51.2; H, 5.8 

PhenylpeniUoic Acid Hydrochloride ((’ook, Elvidge, Hall, 
Heilhron, and Shaw, 2). llonzoylaminoacotal 

(Fischer, Ber.^6^ 405 (1803)) (1.0 g.) and 1 g. of penicillamine 
hydrochloride were warmed in 5 ml. of methanol for five 
minutes. The product was repeatedly evaporated with 
methanol and finally crystallized from methanol-ether when 
the thinzolidine hydrochloride separated in fine needles, m.p. 
208® (dec.) after sintering at 203®. 

Calc, for CuHioOsNisSCl: 50.8; H, 5.8; N, 8.5 
Found: C, 50.8; H, 0.2; N, 8.5 

t)L-PhenylpeniUoic Acid Hydrochloride from Ethyl Thiol- 
phenylpenaldate and ni.-Penicillamine Hydrochloride (Copp, 
Duflin, Smith, and Wilkinson, 8). One gram of 

ethyl thiol-phenylpenaldato and 0.74 g. of DL-pcnicillamine 
hydrochloride in 5 ml. of glacial acetic acid were gently 
w^armed on the steam bath until a clear solution was ob¬ 
tained and no longer gave a blue color with b^rric chloride. 
The solution was cooled and poured into 250 ml. of cold 
dry etlier when a white crystulline solid rapidly separated. 
The jiroduct was collected, extracted several timijs with hot 
ether and recrystalliz(»d from methanol to give colorless 
needles of Di/-phonylpenilloic acid hydrochloride wliieh 
decompo.siMl at 208-209®. 

Calc, for CuHieOaNaSCl; 50.8; H, 6.7; N, 8.5; S, 9.7 
Found: C, 51.3; 11, 5.9; 8.5; S, 9.0 

nn-PhenylpeniUoic Acid Hydrochloride from the Diketo- 
piperazine of DL-Phenylpenilloic Acid {CPS.388^ 2). The 
diketopipi'razine (100 mg.) was warmed on the steain-baili 
with 5 ml. of Vsodium hydroxide until completely dissolved. 
The solution was acidified to Congo lied with 5 N hydro¬ 
chloric acid when on strong cooling nn-phenylpenilloic acid 
hydrochloride (45 mg.) slowly crystallized out in colorless 
prisms, m.p. 216® (dec.). 

Calc, for C;ulii»03N2SCl: C, 50,8; 11, 5.7; N, 8.5; S, 9,7 
Found: C, 50.9; 11, 5.7; N, 8.6; S, 9.8 

PhenylpeniUoic Acid (Newbery and Raphael, CPSMO^ 4). 
Pyrolysis of phenylpenicilloic acid at 120® for thirty minutes 
in vacuo yielded a glass. This was powdenjd, dissolvcil in 
the minimum quantity of warm water, and twice the volume 
of alcohol was added. Aft<T one hour the crystalline deposit 
was filtered and washed with alcohol. It had m.p. 158-100® 
(dec.) undepressed on admixture with a sample of phenyl- 
penilloic acid (m.p. 160-161® (dec.)). 

A solution of the pyrolysis product in w^ater w’hen treated 
with an equal volume of concentrated hydrochloric ae.id 
yiehled a crystalline precipitate, m.p. 222® (dec.), unde- 
prt?ssed on admixture with synthetic phenylpenilloic acid 
hydrochloride (m.p. 224-225®). 

DL-PhenylpenUloic Acid Hydrochloride and the Diketo- 
piperazine of DL-PhenylpeniUoic Acid (Copp, Duffin, Smith, 
and Wilkinson, CPS.3H8, 2). A solution of 4.6 g. of dl- 
penicillamiuc hydrochloride and 5.4 g. of 2-phonyl-4-ethoxy- 
methylone-5(4)-oxazolone in the minimum volume of 50% 
aqueous dioxanc (about 50 ml.) was kept at room tempera¬ 
ture fqr twenty-four hours. Long colorless needles (350 mg.) 
of the diketopiperazinc of nii-phenylpenilloic acid separated 
and were crystallized from aqueous dioxanc to give colorless 
prisms, m.p. 280°. 

The filtrate obtained above was maintained at 60-70® 
for three hours. On keeping the solution in the refrigerator 
overnight, pj>phenylpenilloic acid hydrochloride crystal¬ 
lized out. Rcorystallization from aqueous dioxane gave 
cxilorless prisms (3.5 g.), m.p. 220® (some decomposition). 
The product showed no ultraviolet absorption in ethanol or 
0.1 N sodium hydroxide. A further crop of crystals (0.4 g.) 
was obtained on allowing the mother liquors to stand for 
a prolonged period. 


Calc, for (h4Hi90«N2SCl: 

(\ 50.8; H, 5.7; N, 8.5; S, 9.7; Eq. Wt., 165 
Found: C, 50.9; H, 5.9; N, 8.6; S, 9.8; Eq. Wt,, 165 

Methyl DL-Phenylpenilloate (CPS.SSSy 2). On treatment 
with diazomethane in ethereal solution, phenylpenilloic acid 
hydrochlori(h‘ gave methyl phenylpenilloate as a clear resin, 
purified by distillation at 120® at 0.06 mm. 

Calc, for (hfillaoOsNaS: S, 10.4 
Found: S, 10.1 

Ethyl DL-Phenylpenilloate Hydrochloride (Newl)ery and 
Raphael, CPS.378^ 3). |??-Ethy] oL-phenylpenicilloate (p. 

611) was heated at 100® in vacicOj when carbon dioxide 
was copiously evolved. The residual glassy solid was dis¬ 
solved in a small quantity of alcohol and a few drops of 
ethereal hydrochloric acid added followed by excess ether. 
On standing, tiny needles formed, rn.p. 186-188®, unde- 
prcsseil bv autlunitic ethyl phenylpenilloate hydrochloride. 

Ethyl DL-Phenylpenilloate Hydrochloride {CPS.378y 4). 
A mixture of 1 g. of Di.-p(MucillaTnine ethyl ester hydrochlo¬ 
ride and 1.3 g. of beiizoylaiiunoacetal was warmed gently on 
the steam-bath; the mixture slowdy liqueticd at first and 
then suddenly solidified. After trituration with ether 
there was obtained a quantitative yield of the product, 
m p. 187-189® (dec.). Crystallization from a small volume 
of alcohol yielded needles, m.p. 187-189® (dec.). 

(W. for (Sell2sOsN2S(4: C, 53.5; H, 6.45; N, 7.8 
Found: (', 53.7; 11, 6.7; N, 7.85 

N*-Acetyl-DL-phenylpenilloic Acid (Merck, M.tfjc, 14; 

2). Treatment of DL-phonylpcnilloic acid hydrochloride 
with acetic anhydride and pyridine at 0® yielded a product, 
m.p. 198®, which by analysis and physicochemical meas¬ 
urement appears to bo N*-aeetyl-i)L-ph(‘nylpenilloic acid. 

Calc, for (\6n2oN2()4S: C\ 57.01; H, G.OO; N, 8.33 
Found: (\ 57.14; 11, 6.IK; N, 8.88 

N^-Acetyl-phenylpenilloic Acid (N(‘wbery and Raphael, 
CPS.ie(J()\ 5). Phenylpenilloic acid (0.3 g.) was gently 
warmed with 3 ml. of acetic anhydride until solution was 
effected and then alloweil to stand overnight. The acetic 
anhydride was removed tn vacuo and the resulting viscous 
gum triturated with dry i^ther until it solidified. The solid 
was filtered and then purified by precipitation from ethyl 
acetate with light petroleum (b.p 40-60®). There was 
obtained a white microcrystalline solid (0.12 g.; 35%), m.p. 
193® (dec,). 

N^-Acetyl-phenylpenilloic Acid {CPS.M\ 5). Phenyl¬ 
penicilloic acid (0.86 g.) was treated with 4 ml. of acetic 
anhydride, and was aUowod to stand until solution was 
complete (fifteen hours). The solution was then rapidly 
dried in vacuo; the dark yellow solid was dissolved in ethyl 
acetate containing a little ether, and the resulting solution 
was carefuffy precipitated with light petroleum (b.p. 40-60°). 
The light yellow flocculent solid (0.32 g.) was collected, 
washed with light petroleum, and purified by precipitation 
from ethyl acetate or benzene with light petroleum (b.p. 
40-60®). There was obtained a white micro-crystalline 
solid, m.p. 190-191° (dec.), undepressed on admixture with 
N*-acetyl-phenylpeailloic acid, m.p. 193® (dec.), (Merck, 
MJdc, 14). 

Calc, for CieHsoOiNjS: N, 8,3 
Found: N, 8.26 

Similar results have been obtained using the sodium salt 
in place of the acid. In this case, however, solution was 
very rapidly effected. 

Methyl N^-^Isobutyryl-N^-methyl-n-phenylpenilloate 

(Merck, M.G6f 3). A mixture of 2 ml. of isobutyryl chloride 
and 0.30 g. of the 4-carbomethoxy-6,6*dimethyl-a-(N- 
methyl-benzamido)-2-thiazolidineacetic acid from n-penicill- 
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amine was allowed to stand at 25° for 1H hours, then heated 
until boiling commenced. The dark red solution was coolod 
and evaporated in vacuo. The residual oil was dissolvtid in 
chloroform, washed with aqueous sodium carbonate and 
water, and then dried over sodium sulfate. The solvent 
was removed under reduced pressure and the residue trans¬ 
ferred to a moh'cular still. A small amount of reddish 
brown oil came over at 155° at 0.001 mm.; Hd*** 4-51° 
(c* «= 0.314 in chloroform). 

Talc, for C.olhsO-iNaS: (\ 61.20; H, 7.19; N, 7.14 
Found: (', 61.08; II, 7.13; N, 7.12 

Desdimethyl-i)-benzylpenilloic Acid (<k>rnell Bioch., 
D.5^ 3). A solution of 303 mg. of phen.ylacetaniidoacetalde- 
hyde diethyl acetal in 1 ml. of ethanol au<l 1 ml. of 2 N 
hydrochloric acid was heated on a water bath for thirty 
minutes. It was cooUhI and partially neutralized with 1 M 
potassium hydroxide and 162 mg. of o-cysteine was addc'd 
and washed in wdth 1 ml. of 95\'j ethanol. The pH was 
adjusted to 6 by the use (»f potassium acetate solution. 
After the solution had stood overnight, crystnllization w^as 
induced by the addition of I ml. of water. The product was 
collected and recrystalliz('d from ethanol. It meltc'd at 
111-143°. 

f\alc. for ('i.Jlifl03N2S: S, 11.41 
Found: S, 11.66 

Desdimethyl-L-benzylpenilloic Acid fH./T, 3). A solution 
of 100 mg. of phenylacetarnjdoacetaldc'hyde diethyl acetal 
and 62 mg. of iwysteine hydioidilonde in 2 ml. of 20^ alco¬ 
hol was allowed to stand for about t wo hours, and th(‘ acidity 
was then adjusted to pll (i by dropwise addition of 50‘'f 
potassium ai'otate. After two days in the refrigerator no 
crystallization had occurred and the solution was acidified 
and allowed to stand at room tempiTature overnight. 

The pH was again adjusted to 6 and the penilloic acid 
crystallized on standing. After ri'crystallization from 2 ec. 
of 25' [j ethanol it melted at 142-114°. 

Calc, for fballioOsNjS: S, 11.44 
Found: S, 11.69 

Desdimethyl-L-benzylpenilloic Acid (Mich. Cheiii., B,1, 
10). A mixture of 295 mg. of the diethylacetal of benzyl- 
penaldu’ aeid, 1 ml, of absolute alcohol and 1 ml. of 0.5 N 
hydrochloric acid was refluxed for five minutes. The solu¬ 
tion was cooled, neutralized with 1 ml. of 0.5 N sodium 
hydroxide and then treated with 175 mg. of Lf-cysteine 
hydroehloridt' and 82 mg. of sodium acetate. Alter one 
hour, the clear solution deposited rosettes of fine needles; 
m.p. 157-160° (dec.). After rcerystallization from methan¬ 
ol, them.p. was 162 163° (dec.). 

Besdimethyl-L-benzylpenilloic Acid (Upjohn, f/.5, 12; 
6‘, 10). A solution of 12.6 g. of phonylacetylaminoaeetal and 
7.9 g. of L-cysteine (0.05 mole each) in 75 ml. of methanol, 
60 ml. of water, and 25 ml. of 1 N hydrochloric acid was 
boih’d for ten minutes. A solution of 7.85 g. of potassium 
acetate in 75 ml. of methanol was added and the mixture 
allowed to stand at room temperature overnight. Rosettes 
of white crystals were deposited throughout the solution; 
yield, 8.09 g. (58%); m.p. 142-152°; -79° (in methan- 

ol). The mother liquor deposited an additional 1.29 g. 
of cry.stal8 on standing in the refrigerator; total yield, 67. 
The second crop melted at 149-151°; [ab*® —89°, 

The first crop was divided and r(»crystallized from water 
and dilute hydrochloric acid. About 18-20 ml. of water 
were required for each gram of compound; the aqueous 
solution was always somewhat turbid. The prodxict melted 
at 163-166°; (ab*® —77°. The dilute acid contained one 
mole of hydrochloric acid per mole of compound and gave 
a product^melting at 143-152°; [ab*® 4*84°. The compound 
crystallized rapidly from both the water and the dilute acid 
on cooling. The melting point of this compound has 


been reported from 142-114° to 162° {D.S, 3; 5; P.S\ 7, 

B.U 11 ; 6 ). 

The sample that was recrystallized from water gave the 
following analytical data: 

("ale. for (b^HiflOsNsS: N, 10.(K); S, 11.44 
Found: N, 10.03; S, 11..55 

Electrometric titration in glacial acetic acid (courtf'sy of 
Dr. M. E. Kralil, The Lilly Bcsearch L.a bora tones) mdicativl 
that tins compound lias a carboxyl an<J a basic grouj) which 
titrate like the corresponding group.s of a tlua/ohdiiK* 
carboxylic acid and a ciM lain amount of titrutable basic group 
which could f>e accounliMl for by imcombiiieil a-ammo 
group of the thiol acid. It gave about 81 -85', of one equiv¬ 
alent titratable as tliiazoli(iiue. The i(>din(‘ absorbed was 
of the order (‘xpeeted lor a t hiazolidine. 

Desdimethyl-L-benzylpenilloic Acid from Desdimethjd- 
benzylpenicilloic Acid ((‘ornell Bioch., I) 6). A sample 
of desdimellivl-benzylpeiiieilloic acid was iiumerK(*<l in a 
b.ath at 150' for onr* to twai minutes. Jt deeomposial 
rapidly with gas e\olution, leaving a yidlowush toamy 
re.snlue. A siniill sainiih' u’as reery.stalliziHl from v\at(‘r and 
melted lit 138-110'’ (micro-block). A sample recrystallized 
from methanol as cottony needles and melted at 1 10- I 13 
(micro-bloek). 

Uale. tor (b3lIi(508N2S: X, 10.00; neut. equiv., 280 
Fouinl: N, 9.57; neut. equiv., 276 

A mixture wuth an aulhenfie sample of d(‘sdirnethyl-L- 
penilloic acid of melting point 112-141° (micro-block^ {[> 5, 
3) .showed no depression of the melting point, wdiile a mix¬ 
ture wuih the isomer pn'pared from n-eyst(Mne (/h5,3) 
showed a marki'd depression of the inidting j>oint. 

Desdimethyl-N‘-carbomethoxy-benzylpenilloic Acid (Up¬ 
john, rjf, 11; 5, 14; 6, 10). l)e.sdim(‘lhyl-benz\ Ipemlloie 
acid (142.5mg.) was ihssolved m two (*quival(‘ntsol 0 4 V so¬ 
dium hydroxide, cooled in ice water, and treated with 
meth>l ehlorocarhonate. Alter b(*jng shaken for twMuity 
minutes at 0° the* mixture was (rarisfi'rred to a si‘paratory 
funnel, made strongly mud with hydrochloric acid, and 
extracted with ether. A w’hite solid apptuirial at the inter¬ 
face. These crystals wen* coUectiul and dried, yitdd 57 mg., 
in.j) 190-200° (dec.). Some wdiite needles separated from 
the iKpieous laver: yield 13.5 mg.; m.p 205 208’(dee ), 

The crystalline products were both recrystallized by 
dissolving in methanol and adding water. Both samples 
gave needles melting at 201-208° (dec.). 

(’ale. for Ci6Hi80f,N2S: N, 8.28; S, 9.48 
Fouml: N, 8.42; S, 9.34 

This compound is soluble in hot water (pH of solution 
about 3 by test jjaper) and its solution givt‘s negative tests 
with silviT nitrate and feme chloricliL It is very soluble in 
metlianol or ethanol and insoluble in chloroform or ethyl 
aci'tate. It is stable to el(‘avage by mercuric chloruh* in 50 ^/o 
alcohol. 

Several modifications of the carbomethoxylation j>ro- 
cedure have been nia<le: 

In Aqueous Alkali. The desdimcthyl-benzylpenilloie 
acid W’as dissolved rapidly in cold 0.5 N sodium hytlroxide 
and shaken with excess methyl ehloroformate. Aft(*r about 
tWTo minutes the pH of the reaction mixture was 4 (t(*st 
paper). When the solution w^as made strongly acid with 
hydrochloric acid, a white solid precipitated; yield, 70%. 
The solid proved to be a mixture; atternjits to separate its 
components by fractional crystallization fail(‘d. 

In Aqueous Pyridine. Two millimoles of the desdi- 
methyl acid were shaken with an ice-cold solution of 0.1 ml. 
of pyridine in 10 ml. of water. The compound dul not dis¬ 
solve. Addition of 2 ml. of pyridine to the mixture rapidly 
effected solution. This solution was shakmi with exc(»8H 
methyl ehloroformate and acidified. The 8',;. yu4d of 
glassy solid was discarded and the experiment abandoned. 
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In Pybidink. Two millimoles of the desdimethyl acid 
were dissolved in 2 ml. of pyridincj, the solution cooled in an 
ice-bath, and 0.2 ml. of methyl chlorofonnate added with 
stirring. A vigorous reaction ensued, liberating a white 
solid wliich soon redissolved. After live minutes, 5 g. of ice 
and 2 nd. of concentrated hydrochloric acid were added; a 
white stdid separated. After three hours it was collected 
and washed with water. A second crop deposited from the 
mother liquor. The first crop appeared to be an unpromis¬ 
ing inixtun*, but tlx* second crop (H7%) was more encourag¬ 
ing. It melted at 195-205'*. Kecrystallization from 25% 
methanol failiMl to ehange the iindling point, but a recrystal¬ 
lization from alcohol gave a product melting at 204-206“, 
after softening at 190". When mixed with a sample which 
analyzed correctly for the NM’.arbomethoxy compound 
(Tipjohn, 14), the melting point of the mixture was not 
depressed. The eom]>ound is insoluble in hot chloroform or 
ethyl acetate, but <lissolves readily in hot water and in 
lower alcohols, especially methanol. A solution in hot water 
gives an orange-red color with ferric chloride. 

Calc, for CifillisOfiNaS: N, 8.28; S, 9.48 
Found: N, 8.37; S, 9.48 

In pll 8 Bukkek Immediately After Dissolving in 
Buffer Solution. The desdiniethyl-benzylpenilloic acid 
(280 mg.) was dissolved in 10 ml. of 0.4 N di.sodium phos¬ 
phate at room temperature and treated immediately with 
0.12 ml. of methyl chlorofonnate. After five minutes the 
solution was acidified with hydrochloric acid and extracted 
rapidly with two 5-ml. portions of chloroform. Within one 
minute, white crystals b(*gan to separate from the chloro¬ 
form ; yield, 30 mg,; m.p. 200-205“. This product appeared 
to be identical with that prepared above. 

I N pH 8 Buffer After Standing for Sixteen Hours in 
THE Buffer Solution. DesdimethyJ-benzyljienilloic acid 
(200 mg.) was dissolved in 20 ml. of 0.067 A'' phosphate 
buffer (pH 8). After standing for sixteen hours at room 
temperature, the solution was shaken with 0,1 mJ. of methyl 
chloroformate and the resulting clear solution placed in the 
refrigerator. After two days the flask contained small pel¬ 
lets of a white solid. After one crystallization from ethyl 
acetate-petnileum ether (low-boiling), the product melted at 
120-131“; yield, 50 mg. 

Calc, for CuHuO.NiS: C, 53.24; H, 5.36; N, 8.28 
Found; C, 53.07; H, 5.84; N, 8.53 

Desdixnethyl-DL-benzylpenilloic Acid (Upjohn, U.4y 13). 
A solution of 2.51 g. (0.01 mole) of phenylacetaraidoacetalde- 
hyde diethyl acetal in 10 ml. of absolute alcohol was diluted 
with 10 ml. of water and treated with 1 ml. of 1 W hydro- 
cliloric acid. After being warmed on the steam-bath for 
seven minutes the mixture was cooled and neutralized with 
0.8 ml. of 1.25 N sodium hydroxide. A solution of 1.58 g. 
(0.01 mole) of Dir-c^'^steiiie hydrochloride and 1 g. of potas¬ 
sium acetate in 8 ml. of water was added. After standing 
for hours the reaction mixture was seeded, where- 
uix>n an abundant solid mass precipitated within a few 
minutes. The proihict was collected, washed twice with 
30% alcohol, once with water and once with acetone, and 
dried in vacuo at 80“; yield, 1.30 g. (40.4%); m.p. 141-153“ 
(uncorr.). Crystallization from methanol gave 0.55 g. 
of product, m.p. 140 145“ (uncorr.). 

Calc, for Ci,Hi 608N2S: N, 10,00; S, 11.44 
Found: N, 10.35; 10.20; S, 11.68 

De 8 dimethyl-L"phenylpenilloic Acid (Mich. Chem., B.l, 
6). A solution of 200 mg. of the acetal of formylhippuric 
acid in 3 ml. of water, 3 ml. of alcohol and I ml. of N sul¬ 
furic acid was refluxed for five minutes. To the cooled 
solution was adried a solution of 200 mg. of L-cysteine hydro¬ 
chloride in 2 ml. of water and then a concentrated aqueous 
solution of sodium acetate until the pH was about 5. After 
four hours, the solution was acidified to pH 2.3 and con¬ 


centrated to 2-3 ml. The thiazolidine was separated by 
decantation, washed with water, and dried. After tritura¬ 
tion with a little cold acetone, it was recrystallizeJ from 
water, from which it separated in fine colorless needles; 
m.p. 177“ 178.5“ (dec.). 

Calc, for CiaHuO^NaS: C, 54.12; H, 5.30 
Found: C>, 54.33; H, 5.44 

Desdimethyl-L-phenylpenilloic Acid (/?.i?, 5). A clear 
solution of 15 mg. of cysteine and 20 mg. of 2-phenyl-4- 
hydroxymcthylone-5(4)-oxazolone in 1 ml. of water and 
0.6 ml. of dioxane (pH about 2) was allowed to stand at 
room temperature for twenty-four hours. After three 
hours, fine colorless threads began to pnafipitate (a few 
bubbles were visible on the bottom of the flask just prior to 
crystallization). The precipitate (15 mg.; m.p. 176-177“) 
was identical with 2-benzamidomethyl-4-thiazolidinpcarb- 
oxylic acid (desdimethyl-phenylpenilloic acid. 71.7, 6). 
It i.s not known whether decarboxylation preceded the c.ou- 
pling with cysteine. 

A solution of the sodium salt of 2-phenyl-4-hydroxy- 
methylene-5(4)-oxazolone was prepared by dissolving 
100 mg. of 2-phenyl-4-ethoxymcthylcne-5(4)-oxazoIoiic in 4 
ml. of water containing one equivalent of sodium hydroxide. 
Then 1 ml. of ethanol, 200 mg. of sodium acetate and 100 mg. 
of cysteine hydrochloride were added (pH 4--'5 as shown by 
indicator paper). After fifteen hours, 1 ml. of 0.5 N hydro¬ 
chloric acid was added and the solution was evaporated in a 
current of air to 1-2 ml. (pH 3-4). The mixtun’ was 
diluted with water to about 8 ml. and the solution was 
filtered from a few milligrams of solid. To the clear solution 
was now added 3 ml. of 0.5 A hydrochloric acid (to pH 2). 
On standing for twelve hours, 2-benzamidomethyl-4- 
thiazolidinecarboxylic acid precipitated. The mixture 
was concentrated to 3 ml. and the product (40 mg.; m.p. 
177-179“) was collected. 

Desdimethyl-L-phenylpenilloic Acid Hydrochloride (/7.4, 
4). The initially clear solution of 90 mg. of 2-benzamido- 
mothyl-4-thiazoIidinecarboxylic acid in 0.05 ml. of 0.52 N 
hydrochloric acid in acetic acid rapidly deposited small 
colorless needles. The mixture was evaporated and the 
residue triturated with ether. The product had a neutral 
equivalent of 155 (cale. 151) and decomposed at 197-“198® 
without melting. By acidifying the solution used in deter¬ 
mining the neutral equivalent, 40 mg. of the original acid, 
m.p. 177-180“ (dec.), was recovered. 

Methyl Desdimethyl-L-phenylpenilloate 10). By 

the action of * diazomethane on 110 rag. of 2-benzamido- 
raethyl-4-thiazolidinecarboxylic acid in methanol, 25 mg. 
of the ester was obtained as clusters of colorless plates, m.p, 
113-114“. 

Calc, for (^J^,«08N8S: C, 55.7; H, 5.8 
Found: C, 66.1; H, 6.0 

Mercuric chloride cleaved the ester to benzamidoacetal- 
dehyde (isolatotl as the 2,4-dinitrophenylhydrazone). 

Desdimethyl-N^-formyl-L-phenylpenilloic Acid {B4y 7). 
The solution obtained from 130 mg. of 2-benzamidomethyl- 
4-thiazolidinecarboxylic acid in 1 ml. of 98-100% formic 
acid, 1 ml. of acetic acid and 0.5 ml. of acetic anhydride was 
evaporated to dryness after twelve hours at room tempera¬ 
ture. From the residue 125 mg. of colorless solid, m.p. 
163-155“ (dec.), was obtained upon trituration with ether. 
The substance crystallized from ethyl acetate as beautiful 
sheaves of colorless needles, m.p. 153.6-165“ (dec.). 

Calc, for CUH 14 N 2 SO 4 : C, 53.06; H, 4.8; neut. equiv. 294 
Found: C, 63.3; H, 6 . 1 ; neut. equiv. 292 

THE PENICILLOIC ACIDS 

Amylpenicilloic Acid (Bentley, Catch, Cook, Elvidge, 
Hall, and Heilbron, PEN.II 4 ). a-Ethyl amylpenicilloate 
hydrochloride (p, 681) (200 mg.) was allowed to stand with 
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throe equivalents of barium hj^'droxidc in 4.5 ml. of water for 
three days when the solution was practically neutral. 
Acidification to pll 2 and extraction with butanol gave the 
hydrated ainylpenicilloic acid which separated from methan- 
ol-ether and melted at 188-190“ with evolution of gas. 

Calc, for C^4ll240(.N2S*l,4H20: C, 47.1; IT, 7.6 
Found: C, 47.1; II, 8.1 

Amylpenicilloic acid (30 mg.) was treat(^d in 5 ml. of 
carbon dioxide-free 20% methanol with saturated aqueous 
mercuric chloride. There was an imm(*(liate precipitate^ 
and on sweeping the gases into standard barium hydroxide, 
about 70% of one mole of carbon dioxide was collected. 
After filtering the penicillamine precipitate and removing 
mercuric salt from the filtrate, treatment of the latter with 
2,4-dinitrophcnylhydrazine in cold 6 N hydnxdilorie aedd 
gave the 2,4-dinitrophenylhydrazone of caproylainino- 
acctaldehyde, melting point and mixed melting point with an 
authentic specimen, 185‘“187°. 

“Natural** D>Benzylpenicilloic Acid (Merck, A/..*?, 3; 

17, and unreported details; cf. Campbell, Hams, 
Harrison and Newbery, CPS.350^ 3). Sodium benzyl- 
penicillin was dissolved in 3,0 ml. of wat(*r and titrated 
potentiometrically with 0.1025 N sodium hydroxide until a 
pH of 12 was attained. At that pH the poti'ntuil in the 
system (measured by a hydrogcoi electrode) began to fall 
rapidly, and so more titrant was added from tinu' to tune to 
hold the pH of the system at aliout 12. Aft(‘r niiu'ty nun- 
utes at 23“ the potential stoppcnl clianging, and very close to 
one equivalent of additional 0 1025 A' sodium hydroxide 
was observed to have been added to the system (over that 
initially necessary to raise the system to pH 12). 

Back titration of the above sysU'in now revealed tlie 
presenc(», in quantitative amount, of a n(‘w region of binduig 
with a pH of 5.35 at the mid-point in addition to one at 2.97. 
These results clearly imlicated the formation of a dibasic 
product from monobasic sodium bcnzylpenicillin during the 
alkaline hydrolysis. In solution at pH 2.5 and at 27“, it 
slowly (approximately forty-eight hours) decomposed to 
give a monobasic acid with titration midpoint at pH 4.9 
(d-benzylpenilloic acid produced by decarboxylation). 

Sodium benzylpcnicillin (6.30 mg.) was dissolved in 2 ml, 
of 0.10 A’^ sodium hydroxide and the change m rotation 
followed. 


Elapsed time 
(mins.) 

i 


(alo*^ (apparent) 

4 

+ 1.05® 

167® 

5 

+1.04 

165 

13 

+0.94 

149 

23 

+0.95 

151 

33 

+0.95 

150 

83 

+0.88 

140 

20 (hours) 

+0.36 
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The observed combining weight of isolated n-berizyl- 
penicilloic acid is always too high by some thirty-six units 
(362 -H 36 » 388). Titrated potentiometrically, it is a 
dibasic acid having two equal spans of pK 3.10 and 4.93 
with equivalent weights of 389 and 389: calculated for 
CuHioOiNaS, 362. 

Since this behavior suggested the presence of two moles 
of water an attempt was made to dry the product. Drying 
for three hours at 64“ followed by thirty-eight hours at 80® 
resulted in a total loss of 15.7%. Potentiometric titration 
of the dried product showed it to be a monobasic acid of 
pK 4.84 and equivalent weight 309; n-benzylpenilloic acid 
has these properties (calculated equivalent weight for ^the 
latter 30$). Attempts to remove water alone failed, carbon 


dioxide and water being lost simultaneously from the solid 
even at 56®. In methanol solution at 60® D-benzylpenicilloio 
acid was found to be decurboxylated after forty-eight hours. 

Monosodium Salt of n-Benzylpenicilloic Acid (“Natural**) 
17; /5a, 8; 9, and unreportcMl details). Di¬ 

sodium D-bonzylpcnicilloiito (“iiaturar’) was eonvorted to 
the monosodiuin salt by exact neutralization witli 0.1 N 
hydrochloric acid. CVysiallization from watcT gave (*olor- 
losfi needles, m.p. 155-156.5® (dec.) (iiiicro-biock), 

4-129° (c 0.60 in yilT 8 buffer). 

Cale. for Cidl i.N.OfiSNa: (\ 51.32; H, 5.11; N, 7.47 
Found: C, 51.37, H, 5.18; N, 7.40 

Ultraviolet absorption in pH 8 buffer: 


Wa\T-l(*ngth ( \) 

Em 

2,700 

72 

2,580 

214 

2,450 

226 

2,360 

438 


It was titrated potentiometrically in water. The eijuiv- 
nlent weight found was 392 (calc., 374) with pK = 5.25, 

With one equivalent of mercuric chloride per mole of D- 
benzylpiancilloate in ethanol at 23® the rotation changed 
from 4-150° (c » 0.326) to |a]D*’0® (r « 0.292) in seven 
mimiies. I ritraviolet absorption of the final solution showed 
no band at 2850 A. 

A 33.8 mg. sample of the hydrated crystalline salt was 
heated at 100® iii a slow stream of anhydrous, carbon dioxide 
free nitrogen. The e.xit gas after passing over the heated 
sample was passed through a dtdiydrite tube* and then a 
tared asrarite (micro, Pregl) tube. Loss in saniph* weight 
after eight hours at 100° was onlv 0.29 mg. After twenty 
hours at 124®, a total loss in sample weight of 4.30 mg. was 
observed of which the total ascarite tube gain was 3,71 mg. 
Theoretical values for total loss and carbon dioxide gain 
assuming one mole losses of water and carbon dioxide are 
4.41 mg. and 3.84 mg. These values are in fair agreement 
with those observed and indicate that at 100® decariioxyla- 
tion occurs before any loss of water takes place. 

Monosodium n-Benzylpenicilloate (Pfizer, P..9, 7). A 
solution of 1.11 g. of sodium benzylpenicillin in 10 ml. of 
water was treated dropwise with 90 ml. of 0.04 N sodium 
hydroxide over a period of one hour. The reaction mixture 
was allowed to stand at room temperature for two hours, 
adjusted to pH 5 with sulfuric acid, and lyophilized. The 
amorphous residue was dissolved in 3 ml. of water and, after 
a short period of stirring, crystallized. Tlie crude crystals 
were washed with 90% acctone-water mixture and ro- 
precipitated by dissolving in 5 ml. of water and adding 
several volumes of ethyl alcohol. The product had m.p. 
162-164® and [«]»” 4-122®. 

Monosodium n-Benzylpenicilloate (“Natural**) (P./5, 9; 
cf. Lilly, L.9, 3). A solution of 356 mg. of benzylpenicillin 
sodium salt in 24 ml. of 0.05 N sodium hydroxide was 
allowed to stand for threi* hours, then adjusted to pH 5 with 
1 N hydrochloric acid and lyophilized. The dry product 
was crystallized from 2 ml. of water and washed with 90% 
acetone. There was obtained 93 mg. of a product melting 
at 140-142°; fajn 4'97® (c « 1 in water). 

Calc, for C,eHi.OftN2SNa-HH*0; 

C, 50.13; H, 5.22; N, 7.31; S, 8.35 
Found: 

C, 60.44, 60.55; H, 5.20, 6.43; N, 7.51, 7.46; S, 8.25, 8.52 

Monosodium Salt of n-Benzylpenicilloic Acid from 
“Natural** a-Methyl D-Benzylpenicilloate (Merck, MJSy 9). 
Benzylpenicillin sodium salt was inactivated with methanol 
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and the inaetivation product, [ofIn*® -{-153®, was converted 
to the benzylamiue salt, m.p. 135^138° (dec.) (micro-block). 
This was converted to the free acid ester, hydrolyzed with 
the theoretical amount of dilute alkali and the resulting 
disodiurn salt treated with one equivalent of dilute acid. 
Partial puritication with ethanol gave a product melting at 
154-158° (dec.) (micro-block). 

Study of i>-Benzyipenicilloic Acid in Acetic Anhydride 
{M.12ay 1 ). Monosodium D-benzylpenicilloate (61 mg.) 
was dissolved in 10 ml. of acetic anhydride containing 
3-'4% of acetic acid. Nitrogen was drawn through the 
solution ami led through an absorption train. In 7 ^^ hours 
only 1.019 mg. of carbon dioxide (14 theory) was absorbed, 
which is slightly less than the blank determination using 
the acetic anhydride alone. Apparently, no carbon dioxide 
was evolved. 

D-B<Mizylpenicilloic acid (70 mg.) was dissolved in 7 ml. 
of acetic anhydride and allowed to stand at room tempera¬ 
ture for two days. The acetic anhydride was evaporated ?/? 
vacuo leaving a gum. This gave a questionabh* test for 
—Sll with nitroprussulc. It was solubh* iii sodium hydrox¬ 
ide and with acid gave a yellow amorphous precipitate and a 
strong odor of h 3 ^drogen sulfide and positive test with lead 
acetate paper. 

Found: C\ 55.56; H, 5.00; N, 8.09 

Mont).sodnim D-benzylpcuiicilloate was <liaaolv(al in acetic 
anhydride at room temperature. Samples were taken at 
intervals, diluted with cliloroforrn and the ullraviolet 
spectrum obsi'rved. Absorption peaks developed at 2,800 
and 3,250 A on standing and in(*reased in Em over the period 
of stud.v (nineteen hours), 

Di-benzylammonium Salt of N^-Acetyl-n-rv-benzylpeni- 
cilloic Acid (Sciuibb, S.S(S, 1), Crystalline a-inethvl iw^- 
benzvlpeincilloate, m.p. 128°, [nrji^ 4-107°, olitained directly 
by methanoiysjsol sodium benzylpimicillia and acidification, 
was acetylated by the method describ<‘d (Merck, M.HSy 5) 
for «-ethyl D- 7 -benzylpenicilloate. Tlie product failed to 
crystallize. It was saponified in the usual manner with 
three equivalents of aqueous hydroxide solution for three 
hours at room temperature. After thc' addition of three 
equivalents of hydrochloric acid the solution was lyoplulized. 
Tlui residue was extracted with dry acetone, and the crtract 
was diluted with benzene and lyophilized. The amorphous 
residue, [rt]r) 4-35° (in ethanol), was tn'ated in ('thanol solu¬ 
tion with excess of bonzylamine. Addition of ethyl acetate 
procipitatial the salt w Inch after four reerystalhzatioiis from 
the same solvents melted at 92-95"; [aln 4*13° (r = 0.53 in 
ethanol). 

Oalc. for (NJI 4 o()gN 4 S* 2 H 20 : (\ 59.61; H, 6 . 88 ; N, 8.69 
Found: C, 59.63; II, 6.82; N, 8.73 

D- 7 -Benzylpenicilloic Acid (Merek, MMy 2). Oystalline 
a-mothyl D- 7 -beiJzylponicilloato (732 mg.) was dissolved in 
0.985 N sodium hydroxide solution (4.1 ml.), and the mix¬ 
ture was allowed to stand for 1 //^ hours. The solution was 
then cooled and acidified by addition of 4.1 ml. of 0.985 N 
hydrochloric acid. The precipitated solid quickly became 
gummy. It was dissolved in acetone and the acetone solu¬ 
tion was clarified by filtration through Superccl, then dried 
over sodium sulfate. Removal of the aci^tone at reduced 
pressure left a gum which solidified when triturated with 
ether. This pniduct softened at about 95-100°, and melted 
with evolution of gas at 115-120°. It was dried for analysis 
for hours at 56° and 2 mm. 

Calc, for CicHaoOGNaS: C, 54.53; II, 5.59; N, 7.95 
Found: C, 54.88, 54.98; H, 6.11,6.39; N, 8.05 

Hydrolysis of a-£thyl D- 7 -BenzylpeniciUoate (not iso¬ 
lated as salt) (Squibb, SMy 2 ). A solution of 760 mg. of 
«-ethyl D- 7 -benzylpenicilloate in 4 ml. of 1 A' sodium 
hydroxide solution was allowed to stand at room tempera¬ 
ture for lyi hours. The reaction mixture was then cooled 
and acidified with 4 ml. of 1 A hydrochloric acid. The 


white solid which precipitated out was filtered off (became 
very gummy) and dissolved in 20 ml. of acetone. The acet¬ 
one solution was dried over sodium sulfate, filtered through 

Supercel,” and concentrated in high vacuum. The gummy 
residue was granulated by addition of anhydrous ether. 
The solid weigh(‘d 98 mg. and melted with decarboxylation 
at 100°. A sample was dried at 56° for three hours. 

(^alc. for (^al 2 oOsN 2 S: (\ 54.55; 11, 5.68 
Found: C, 54.33; 11, 6.45 

A .second hydrolysis gave a sample molting at 110-114°. 
Fouml: (\ 53.57; ii, 6.03 

Hydrolysis of ^^-Ethyl i)- 7 -Benzylpenicilloate (isolation 
as lead salt) {S.jr), I). \ solution of 760 rag. of «-ethyl 

i)- 7 -p('nicilloat(‘ in 4.2 ml. of 1 N sodium hydroxide solution 
was allowed to stand at room t(*mperature for thirty-five 
minutes. The reaction mixture was then cooled m an ice 
bath and 14 ml. of 1 N acetic aenl was added, followed by 
20 ml. of 10 % a(|U(H)UH lead acetati' solution. The white 
jirecipitate was washed with 1 A acetic acid and wdth distilled 
water. It was tliiui Huspeii(l(‘(l in 50 mi of distilled water 
and hydrogen sulfide bubbled through the suspension until 
complete precipitation of the lead lia<l been obtained. The 
lead sulfide was filU'red ofl and tlie filtrati* lyophilized. 
The crude D-benzylpenicilloie acid weighed 405 mg. and 
decomposed at 110 The sample was dried for 

analysis at 50° and 2 min. 

Oale. for rnjH 2 oOi)N'>S: 

(\ 51.55; 11, 5.68, N, 7 . 95 ; nciit. equiv , 176 
Found: 

(), 53.60; II, 5.98; N, 7.92; neiit. equiv., 186; ash, 0.75 

To remove the ash, a sample w'as repreeijutated as the 
load salt and ihi^n converted to free D-benzylp(*nicilloic acid; 
(ajD*** 4*93.5° (r =* 1 in ethanol). 

Found: ( \ 53.59, II, 5.78; mait. equiv., 191 

Ill the second hydrolysis, the sample was dried over 
phosphorus pimtoxich' at room temperature for several 
days and analyzi'd. 

Found: 53.97; 11, 5 71; neut. equiv., 186 

n-Benzylpenicilloic Acid from ^-Methyl i)- 7 -Benzylpeni- 
cilloate (Upjohn, 11.16, 20). Using the Sipiibb procedure 
(*S.^5, J ) for the hydrolysis of the of-ethyl flerivativc, 
733 mg. (0.002 mole) of a-methyl D-v-benzylpcnicilloate was 
dissolved in 1.2 ml. of 0 885 A sodium hydroxide solution. 
After standing at room loinperature for thirty-five to forty 
mimites, the solution was cooled in an ice-bath and 14 ml. of 
A acetic acid were added. This was followed by the addi¬ 
tion of 10 ml. of 0,1 lead acetate solution. The precipitate 
was collect(*d, waslied with a small amount of very dilute 
acetic aci<l (the precipitate was appreciably soluble in A 
acetic acid), and finally with distilled water. 

The leail salt was suspended in 25 ml. of water and de¬ 
composed with excess hydrogen sulfide. After centrifuga¬ 
tion the residue was washed with 5 ml. of water. The clear 
colorless combined concentrate was frozen and lyophilized. 
Because of the light fluffy character of the product, consider¬ 
able mechanical loss was suffered during the lyophilization. 
The yield of pure white amorphous n-benzylpenicilloic acid 
was 253 mg. (35%); m.p. 111-114° (dec.); [ah *+*55.1° 
(c =* 0.2 in methanol). 

Calc, for CiellaoOsNaS: 

C, 54.55; II, 5.68; N, 7.95; neut. equiv., 176 
Found: C, 53.23; H, 5.84; N, 8.44; neut. equiv., 177 

n^Benzylpenicilloic Acid from a-Benzyl D-7-Benzylpani<- 
ciUoate (UJff, 20). The «-benzyl ester (885 mg., 0.002 
mole) was hydrolyzed using exa<5tly the procedure given 
above; yield, 219 mg, (31%); m.p, 110-114° (dec.); 
4-54.7° (c «“ 0.2 in methanol). When mixed with the 



PENILLOIC AND PENICILLOIC ACIDS 


575 


product obtained from a-ethyl n-'y-benzylpenicilloatc, the 
melting point of the mixture was not depressed. 

(^alc. for CuHao 06 N 2 Si 

C, 54.55; H, 5.68; N, 7.95; neut. equiv., 176 
Found: C, 54,05; H, 5.88; N, 8.12; neut. eauiv., 174 

A 50 mg. sample was methylated with diazomethane. 
The product failed to crystallize even when seeded with 
crystals of dimethyl D- 7 -benzylpenicilloate. 

Analytical data, melting points, mix(‘d melting pi^iuts, 
and specific rotation values indicate that tlie two products 
are the same form of D-benzylpenilloic acid, but arc* probably 
not the 7 -forin. 

Hydrolysis of «-Ethyl D- 7 -Benzylpenicilloate (Scpiibb, 
S ^7, 1; ^.9, 1). A solution of 0.312 g of «-ethyl D- 7 -bcnz- 
ylpcnicilloate in 1.89 ml. of N sodium hvdroxidc* solution 
was allowed to stand at room teinperatiin* for thirty-hve 
minutes and the penicilloic acid, m p 1 15" with decomposi¬ 
tion, +80" (r = 1 111 ethanol), isolated through the 

lead salt. The rotation was taken again five days later; 

+110" (r ~ 1 in ethanol). Since bimzylpeiiicilloic 
acid was stable at room temperature for several days as 
shown by aTiaJyso.s and neutral equivalent determinations, 
this change 111 rotation was quite um'xpected. The rotation 
[a]D^® +93.5° (c — 1 111 ethanol) had previously been ob¬ 
served for a sample of D- 7 -benzy]penicilloi<* acid, m p. 
110-115° (dec.), prepared in a similar manner. These 
experiments were r(‘peated under vigorously controlled 
conditions. The rotations W(*rc taken in absolute alcohol, 
the same sample of ethanol being used in all cases to prevent 
any variation in rotation due To impurities in tlie alcohol. 

A sample of n- 7 -bcnzylpciiicilloic acid obtained by the 
hydr()ly.sis of 0 342 g. of «-ethyl D-y-benzylpciiieilloatc with 
1.76 nil. of 1.087 N' sodium hydroxide showed very little 
change in rotation on standing: +99.3° (c ~ 1 in 

ethanol) uft(*r one day and +t) 6 ° (c ~ i in ethanol) 

after eiglit days. 

A second hydrolysis was earned out in a similur manner 
except that 0.312 g. of a-ethyl i)- 7 -bcnzylpcnicilloate was 
hydrolyzed with 1.58ml. of 1.087 V sodium hydroxide solu¬ 
tion; lain'''"’ +109.5° (c = 1 in etlmnol) after one day and 
+108° (c ~ 1 in ethanol) after eight days. 

A third hydrolysis was earned out in an identical manner 
using 0.342 g. of a-ethyl i)- 7 -benzvJp('nieilloatc and 1.58 ml. 
of 1.087 A sodium hydroxide solution; |a]D^® +113” (c ~ 1 
in ethanol). 

Apparently a slight excess of sodium liydroxide causes 
some mutarotation during tin' hydrolysis which accounts for 
the low rotation values in certain hydrolystvs 

Hydrolysis of Epimerized ^^-Ethyl 0 - 7 -Benzylpenicilloate 
{S.2?, 1 ; i?.9, 1). A sohit/jon of 500 mg. ol rv-ethyl D- 7 - 
benzylpenicilloat(‘ in 100 ml of absolute (‘tlianol was 
refluxed for eight hours. 34ie speeitie rotation of the 
solution had dropped from 135° to 59 . T^onger heating 
caused no further change in rotation. Tlie solution was 
then concentrated to dryness under reducctl pressure and the 
residue hydrolyzed by dissolving in 2.78 ml. of A' sodium 
hydroxide solution and allowing the solution to stand for 
thirty-five minutest The product was isolated through the 
lead salt. There was obtained 265 mg. of D-henzylpcuicil- 
loic acid which molted at 110 ° with deeomjKisition: 

+ 102 ° (r « 1 in ethanol). 

(^alc. for C,ell 2 o 06 N 2 S: 54.55; H, 5.68; ne.ut. equiv., 176 
Found: C, 52.99; H, 6.05; neut. equiv., 181 

A second hydrolysis carried out in a similar manner gave 
a sample of n-benzylpenicilloic acid melting at 117° with 
decomposition, lain*® +56° (c 1 in ethanol). 

The ultraviolet absorption curves for both the ester and 
the acid were almost identical and showed only cud absorp¬ 
tion, indicating that no decomposition of the thiazolidine 
ring had occurred during the lead acetate and hydrogen sul¬ 
fide treatment. In addition a sample of n-benzylpenicilloic 


acid was decomposed by heating at 110-112° for 1 hours 
in a stream of oxygen; the carbon dioxide and water were 
absorbed with ascarite and aiihydrone respectively. The 
amount of water was fletermini.d since all samples of 
n-benzyipcniciiloic acid gave low carbon analyses and 
high neutral equivalents. 

C/alc. for C’iflHjo 06 N 2 S: 

54.55; 11, 5 08; CXh, 12..50; neut. equiv., 176 
Found: 

C\ 52.87; 11, 5.76; CO 2 , 12.65; neut. equiv., 181; ll^O, 3 65% 
(V>rr. for 3.65% IIjO: 

54.87; 11, 5.59; Chlo, 13.13; neut. equiv., 174 

The resiilue from the di^composition was then analyzed; 
this should bo D-lum/ylpenilloic acid. 

Cnlc. for (bslhoOsNaS: 58.41; 11, 6 49; neut. equiv., 308 

Found: (\ 58.47; II, 6.32; neut. equiv., 294 

Monosodium n- 7 -BenzyIpenicilloate (J*fizer, 10). 

.4 .solution of J.tT g. of ^-(‘thvl D- 7 -bciizylpciiicilloatc, m p. 
150°, in 50 ml. of 0.24 A" sodiuin hydroxide was allowed to 
.stand for Three hours at rofun tiuriporaturc, then adju.sted to 
;>H 5 and lyojihihzcd The jiroduct did not crystallize. 

Di-benzylamine Salt of n- 7 -Benzylpenicilloic Acid* 
(Merck, U. Jd, 5). o-Midhyl j)-'>-i)cnzylpenjcilloatc* (l.Og.) 
was hydrolyzed in the usual way, acidified and quickly 
(•entnfnged. The prccqiilated acid w'as dissolveil in 
methanol and runitralizinl wuth henzylaraiiie. After the 
addition of a little etluM* the di-henzylamine salt crystal¬ 
lized . ni p. 156-158°. 

(ale. for (\,oil 38 () 6 N,S: (\ 63.58; U, 6.78; N, 9.89 
Found: C, 63.43, II, 7.09; N, 10.20 

Stability of n and DL-Benzylpenicilloic Acid in Barium 
Hydroxide (Cornell Bioch., />./5, 6 ). UL-Henzylpeuicilloic 
acnl (35 ing.) w'as scaJc'd in an anqnile with 2 ml. of 0.25 A 
barium liydroxide solution. After two weeks at room tem¬ 
perature the .solution had bi'coTin* .slightly yellow but no 
precipitation of barium carbonate had o<‘currcd. 

Similar treatment of a-ethyl n-beazylpenicilloali' showed 
no evidence of de(*arboxyhilioii 

Saponification of or-Methyl N^-Formyl-i)- 7 -benzylpeni- 
cilloate (Merck, M.XO, 10). This N-lonnyl dcrivativt* was 
found to hapoiiily rapidly at pll 10.5 in 15<; ct hanol .solution 
at room temperature. In less than thirt> minutes, back 
titration showial that a )>rMctically ipiantitativc yield of a 
very strongly acidie dibahic ]>roduet had been produc<*d. 
The .strength of the dibasic acid thu.s produced indicates 
that the N-forrnyl grouping is .still intact .since lo.ss of that 
grouping would have re.sulltal in a .substaru'e having pK 
values ol 3.1 and 5.3 characti*ristic of fre(‘ bcnzyipcnicilloic 
acid. The original .substance on titration with alkali gave 
equivalent weight 410 (calculated 391); pK 2.90. 

An attempt to hydrolyze tht‘ formyl group by expo.sure 
to pH 1 8 for two hours at room temperature followial by 
back titration faihal to give coin*lusivc <‘vidence of such 
hydrolysis. 

Attempted Preparation of N'*-Carboxy-n- 7 -benzylpeni- 
ciUoic Acid (Squibb, 10) «-Kthyl i)- 7 -benzylpeni- 

cilloatc (100 mg.) ^va.s dissolved in 30 ml. of 0.2 N barium 
hydroxide solution. After standing for thirty minuti's, the 
solution was treated with carbon dioxide until phciiol- 
phthaleiii was decolonzi'd. The barium carbonate W7i8 
filtered off and (‘thanol was added to the filtrate. The 
resulting precipitate was recrystallized f rom aqu(5ous ethanol, 
dried m vacuo at room temperature. 

(’ale. for (beHigOfcNiSHa: Ba, 28.1 
Found: Ba, 27.3 

Attempted Preparation of N<-Carbethoxy-D- 7 -benzyI- 
penicilloic Acid (*8.55, 3). A solution of 1.10 g. of D- 7 - 

* The oriainal report inoorroctly liata thi» compound as the N«-bewKoyl 
derivative. 
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benzylpenicilloic acid in 25 ml. of benzene and 10 ml. of 
pyridine was treated with a solution of 0.45 g. of ethyl 
chloroforraato in 25 ml. of benzene and the reaction mixture 
worked up. A gum was obtained which was granulated by 
trituratjon with hexane, 

N^-Acetyl-i)- 7 -benzylpenicilloic Acid 1). For the 

preparation of the fr(‘(‘ acid, a solution of 224 mg. of a-ethyl 
N^-acetyl“i)- 7 -beiizylpenicilloate (p. 692) in 2.0 ml. of 1 A 
sodium hydroxide and 5 ml. of water was held for three 
hours at room temperature, acidified with 1 A hydrochloric 
acid, and lyophilized. The residue was extracted with dry 
acetone, and the solution was again lyophilized after 
dilution with benzene. The residue, which was ash-free, 
was analyzed without further drying. 

Calc, for C 18 H 22 O 6 N 2 S; (\ 54.76; H, 5.62 
Found: C, 54.33; 11, 6.14 

The spectrum of the synthetic compound had an end 
absorption, Em 6,000 at 2,200 A; Em 9,900 at 2,150 A 
(solvent: 10% ethanol). The titration curve indicated 
apparent pK values of 2.7 and 3.85 (25 and 75% neutraliza¬ 
tion points). 

Di-benzylamine Salt of N*-Acetyl-D- 7 -benzylpenicilloic 
Acid {S.S0j 1). The synthetic acid formed a dibasic salt, 
m.p, 176-178®, as the sole product; [aln** 4*53® (in water). 

Calc, for C,Jl 4 oOeN 4 S: C, 63.13; H, 6.62; N, 9.20 
Found: C, 63.00; H, 6.81; N, 9.23 

N^-Benzoyl-D- 7 -benzylpenicilloic Acid (Merck, M.3S, 11). 
The dicarboxylic acid was obtained from a-methyl N*- 
benzoyl-T>- 7 -bcnzylpenicilloate (p, 586) by hydrolysis in 
aqueous sodium hydroxide at room temperature for 3t^ 
hours. After acidification the product was recrystallized 
from water; m.p. 174-176®. Satisfactory analyses were 
obtained after drying at 100®. 

Calc, for CaJhiNjO^S: C, 60.51; H, 5.30; N, 6.14 
Found: C, 60.65; H, 5.61; N, 6.23 

Saponification of a-Methyl N^-Carbophenoxy-i>- 7 -benzyi- 
penicilloate (M.3S, 3). A study of the saponification of the 
N-carbophenoxy derivative (p. 586) using potentiometric 
methods indicated that the a-methyl gfoup is easily saponi¬ 
fied, whereas the carbophenoxy group is relatively resistant 
to alkali. At pH 12 the a-methyl group was removed to the 
extent of 86% in thirty minutes at room temperature, but 
twenty hours standing under the same conditions produced 
no appreciable saponification of the carbophenoxy group. 
Saponification was accomplished at 100®, but the resulting 
carbamic acid appeared to undergo decarboxylation in 
neutral or even slightly alkaline solutions. 

An attempt was made to isolate N^-carbophenoxy-D- 7 - 
benzylpenicilloic acid, but the product did not crystallize, 
either as the free acid or in the form of salts with various 
amines. 

N<-Phenylacetyl-o- 7 -benzylpenicilloic Acid (Cornell 
Bioch., D.lB8y 6). A solution of 2 g. of syrupy a-ethyl N^- 
phenylacetyl-D- 7 -benzylpenicilloate (p. 693) in 9 ml. of 1 AT 
sodium hydroxide was allowed to stand at room tempera¬ 
ture for two hours. It was then extracted with ether. 
The aqueous layer was acidified with hydrochloric acid, 
and again extracted with ether. This ether extract was 
evaporated in vacuo to a syrup which weighed 1.66 g. and 
had a neutral equivalent of 237. The syrup was dissolved 
in approximately 10 ml. of methanol, filtered, and diluted 
with water until crystallization occurred. The mixture 
was then cooled and further portions of water were added. 
The crystalline product weighed 1.36 g., m.p. 111-114* 
(micro). 

Calc, for C* 4 HjoO«NaS* 2 HaO: N, 5.54; neut. equiv., 253 
Found: N, 5.78; neut. equiv., 250 

When the compound was heated in vacuo at 80^ for one 


hour the loss of weight was 5.59%. The resulting product 
melted at 111-114® (micro) and possessed a neutral equiv¬ 
alent of 239. 

N^-Carbobenzyloxy-n- 7 -benzylpenicilloic Acid (Merck, 
M,S7f 7). Saponification of a-methyl N^-carbobenzyloxy-n- 
7 -bcn/yIpeniejlloate (p. 687) was carried out by first 
neutralizing the free carboxyl group, then adding a second 
equivalent of I N sodium hydroxide solution 111 small por¬ 
tions as the reaction proceeded. Saponification of a 1-g. 
sample re(|uired about two hours at room temperature. 

The product which was precipitated on acidification of the 
solution was taken up in chloroform or ether, and the 
solvent was renioved at reduced pressure to leave a fluffy 
amorphous solid Efforts to crystallize this material from 
various solvents were unsuccessful. Salts of the acid with 
various amines were also non-erystalline. Analysis of one 
sample of the amorphous free acid gave the following 
results: 

Calc, for C24H2f,07N2S: 

C, 59.22; H, 5.39; N, 5.76 

Found: 58.11, 58.02; II, 5.82, 5.69; N, 0 02 

Titration of a sample showed an equivalent weight of 
262 as compared to the calculated value of 243. 

Levorotatory n-5-Benzylpenicilloic Acid by the Action of 
Cupric Sulfate on Benzylpenicillin (Squibb, 9; ^4^ 12; 

1; 50,10; 5^, 10; 50, 23, 55, 22). To a solution of 140 mg. 
of sodium benzylpenicillin (0.1 m. mole) in 10 rnl. of water, 
cupric sulfate solution (20) was added in small portions. 
After the addition of 1.0 ml. (0.8 m. mole) a nearly colorless 
precipitate began to form. The pH of cupric sulfate alone 
in the same dilution was 4.3. Further addition of cupric 
sulfate caused no apparent change. On standing, the 
precipitate gradually turned greenish-gray and was colh*cted 
after one hour when crystal formation in the supernatant 
had commenced; weight of dry precipitate was 95 mg.; m.p. 
165-160®. The clear deep-blue filtrate deposited overnight 
a crop of bright-blue crystals (52.6 mg.; m.p. 170-172®, 
dec.). The pil of the mother liquor w^as now 2.0, The 
crystalline compound is insoluble in water, alcohol, and 
dioxane. The analytical sample was dried in vacuo at room 
temperature. 

Calc, for C 16 H 22 O 6 N 2 SCU: 

C, 44.28; II, 5.10; N, 6.46; 8, 7.37; CXi, 14.68 
Found: C, 44.19; H, 5.02; N, 0.14; S, 7.30; Chi, 14.35 

The salt is obviously derived from a dibasic acid and 
the analytical values suggest a hydrate. However, no 
weight was lost on drying at 100® at 5 mm., and at 125® at 
20 mm. for three hours the weight loss was only 2.6% (about 
MH2O). 

It was found that the salt could be dissolved in methanol 
(100 mg. per 10 ml.) and recrystallized by the addition of 
water, but not of ether, hexane, or other organic solvents. 

A solution of 300 mg. of the cupric salt in ethanol was 
freed from the metal with hydrogen sulfide. The residue of 
the filtrate from the copper sulfide was taken up in ethanol. 
Prismatic rods (64 mg.) separated which after recrystalliza¬ 
tion from 90% methanol melted at 186-187® (dec.) and 
gave no depression when mixed with a sample of benzyl- 
penillic acid, m.p. 186®. The mother liquor failed to yield 
additional amounts of crystalline material. 

Calc, for Ci«Hi 804N2S: C, 67.30; H, 6.88 
Found: C, 57.40; H, 5.72 

The rotation value, [a]o +644® (in water), and ultraviolet 
spectrum (max. at 2,420 A, Em 4,550; min. at 2,260 A, Em 
8,800, in methanolic potassium hydroxide) left no doubt 
as to the identity of the compound with benzylpenillie acid. 
Hiis result is difficult to reconcile with the composition of the 
cupric salt (CitHisOeNsS after drying in vacuo at 125^) 
and with the fact that all efforts to prepare it directly from 
benzylpenillie acid have failed. In view of the low yield of 
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bexusylpenillic acid, it seems possible that the latter is 
formed in a second reaction during the conversion of the 
salt to free acid. The explanation for the isolation of 
henzylpenillic acid from the products may lie in the fact that 
the preparation used for this experiment was not recrystal¬ 
lized and may have contained some preformed henzylpenillic 
acid. 

An aqueous solution of n-a-benzylpenicilloic acid 1) 
was treated in the same manner with cupric sulfate. With¬ 
out the intermediate formation of the amorphous precipitate 
obtained in the reaction with sodium benzylpcnicillin, the 
solution slowly deposited clusters of blue iitH'dles. Like the 
product from benzylpcnicillin, this salt could be recr 5 '^stal- 
lizcd by dissolving it in pure methanol and adding an equal 
volume of water. The recrystallized preparation melted at 
168-170® (dec.) and did not depress the melting point of the 
sample obtained from benzylpenieillin (170- 172°). The 
analyses were carried out on desiccator-dried material. 

Calc, for C'leHigOjNaSCu IIaO: 

(\ 44.48; n, 4.66; N, 6.48; S, 7.40; (^u, 14.71 
Found; C, 44.41; H, 4.48; N, 6.36; Cu, 14.94 

The analysis of the salt from benzylpenicillin is also com¬ 
patible with this formula; 

Found: C, 44.19; II, 5.02; N, 6.14; S, 7.30; Cu, 14.35 

The ultraviolet spectra of the synthetic and ‘^natural” 
preparations were identical. The characteristics were as 
follows: 


A 

2,200 

2,300 

2,400 

2,500 

2,600 

2,800 

2,900 

3,100 

Km 

7,500 

5,500 

4,500 

1,300 

4,200 

3,400 

2,500 

1,000 


The reerystallization of the copper salt from methanol, 
which is diflieult to control and sometimes leads to decom¬ 
position and loss of crystallizability, was later abandoned. 
Instead the crude salt is treated with 1 N sulfuric acid, in 
which it dissolves readily to form a nearly colorless solution, 
leaving behind the accompanying penillic acid. To the 
filtrate enough sodium acetate solution is added to raise the 
pll to 4,0. This regenerates the blue color and results in 
the rapid deposition of the typical blue needles of the cupric 
salt. 

It was found possible to measure the specific rotation of 
the salts in 1 N sulfuric acid, in which they readily dissolve 
giving a solution only faintly colored. The rotation changes 
consequent to this treatment are given in terms of [«]d for 
free benzylpeuicilloic acid. 


Cupric Salt 

15 

mins. 

1 hr. 

5 lire. 

24 

hrs. 

144 

hrs. 

From sodium benzyl¬ 
penicillin, c «■ 0.665 


+ 86 ® 

+91® 

+95® 

+65® 

From i>-a-benzylpeni- 
cilloic acid, c *» 
0.610. 

+76® 

+85® 

+91® 

— 

+62® 


The cupric salt obtained from sodium benzylpcnicillin 
(127 mg.) was suspended in 26 ml. of water and treated with 
hydrogen sulfide. After thirty minutes the mixture was 
filtered and the water-clear filtrate was lyophilized. The 
colorless amorphous residue (92 mg.) melted at 115'’ after 
sintering at 105**. 

Calc, for CigHioNiOgS: C, 54.66; H, 5.68; N, 7.95 
Found: C, 63.65; H, 5.93; N, 8.12 

When a sample of the acid was dissolved in water and 
treated with an aqueous cupric sulfate solution, a crystalline 


cupric salt identical with the original compound in respect to 
appearance and melting point was obtained. 

The specific rotation [«]» of two samples in methanol 
showed the following changes: 



Since a preparation similarly regenerated from the syri- 
thetic cupric salt (see below) liad an initial negative rotation 
and the same trend of the niutarotatiou, the experiment was 
repeated. 

Recrystallized salt (246 mg.) obtained by the action of 
cupric sulfate on sodium benzylpcnicillin w'as suspended in 
25 ml. of water. The suspension was chilled in ice and 
treated with hydnigen sulfide. After ten minutes the solu¬ 
tion was filtered, frozen and lyophilized. The free benzyl- 
peiiicilloic acid thus obtained (150 mg.) melted at 111-112® 
(dec.) and on analysis gave figures similar to those previously 
reported 11 ) but, in contradistinction to the previous 

preparation it showed marked initial levorotation in meth¬ 
anol. The rotation of an 0.9 solution in this solvent 
changed with time as follows: 


Time (hrs.)_ 

0.25 

1 

5 

24 

06 

120 

Wn®*. 

-19® 

- 10 ® 

+ 11 ® 

+54® 

+70® 

+74® 


Several unsuccessful attempts have b(‘en made to identify 
the products resulting from the sixintaneous mutarotation of 
D- 6 -benzylpenicilloic acid in water or methanol. For 
instance, 93 mg. of crystalline coppiT salt obtained from 
sodium benzylpenicillin with <*upric sulfate were decomposed 
with hydrogen sulfide {S.Sd, 24). The filtrate from the cop¬ 
per sulfide was allowed to stand at room temperature and its 
rotation was followed. [a]D rapidly rose from its initial 
value ( — 17®) and became nearly constant after twenty- 
four hours at -f 85®. The solution was lyophilized, and the 
residue was treated with ethereal diazoinethane as described 
for the original D- 6 -acid (8.36^ 24). The resulting syrup 
refused to crystallize on seoiling with dimethyl n-a-benzyl- 
pcnicilloate or dimethyl D-y-henzylpenicilloate. 

D- 6 -Benzylpenicilloic Acid and Its Copper Salt (Squibb, 
S.31f 1: 30f 24; 38^ 22). A sample of «-ethyl D- 7 -benzyl- 
penicilloate (0.342 g.) was hydrolyzed with 1.66 ml. of 
1.087 N sodium hydroxide solution for thirty-five minutes. 
The cooled solution was diluted with 10 ml, of ice water 
and neutralized with 1.79 ml. of 1.004 N sulfuric acid solu¬ 
tion. To this solution there was added 5.1 ml. of a 10 % 
copper sulfate solution. A copper salt precipitated out 
very slowly so the solution was allowed U) stand for forty 
hours. The crystals were then centrifuged off, washed with 


Time 

Rotation 

10 mins. 

+58® 

20 mins. . 

+68 

60 mins. 

+86 

85 mins. 

+89 

18 hrs. 

+88 
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water and dried. The copper salt weighed 0.31 g. and 
melted at 162® with decomposition. 

The rotation of the copper salt was taken in normal 
sulfuric and solution at a concentration of 0.06%. The 
specific rotation was then calculated (see p. 577) for the 
D-beiizylpenicilloic and concentration in the solution 

(0.040 SO. 

The copper salt (0.2 g.) was suspended in 30 ml. of ice 
water and hydrogen sulfide bubbled through the solution to 
decompose the salt. The copper sulfide was centrifuged off 
and the supernatant licpud treated with a small quantity of 
Durco (1-00, filtered, and frecze-dri(‘(l. The D-i-henzyl- 
peiiicilloje acid weighed t )0 ing and melted with decomixisi- 
tion at 112 IIS®; -23.1® (r - 1 in ethanol). The 

ultraviolet ab.sorption curve for the aiud was almost ulentieal 
with the nirves for a-ethyJ n- 7 -benzylpeninIloate and benz- 
ylpeninlJoie acid isolated through the lead salt and the 
analyses were siniiKar to those of benzylpeiiinlloie acid 
isolated through the lead salt. 

Calc, for C'i Jl 2 o() 6 N 2 H: 

i\ 64.55; II, 5.68, (X),, 12.50, nout. cquiv., 187 

Found: 

(J, 53 23; H, 5.1H); J 1.01; II 2 O, 3.76, neut. equiv., 187 

In order to determine the percentage of carbon dioxide 
and water, the sample of benzylpenieilloic acid was heated at 
110 112® for one hour and at 115® for thirty minutes in a 
stream of oxygen. The carbon dioxide was absorbed with 
ascante and the water with anhydrone. The neutral 
equivalent of the product after decarboxylation was 319 as 
compared with 308 for benzylpeiulloie acid. 

A second hydrolysis experiment was earned out m a 
similar manner. The benzvlpenicilloic acid was precipitated 
as the copper salt as indicated abovi' and liberated by treat¬ 
ment of an aqueous suspension of the cop^ier salt with 
hydrogen sulfide. The benzylpenieilloic acid obtained in 
this exiierimi'iit did not have as large* a negative rotation as 
in the first run, but 111 this ease the rotation was followed 
over a period of time. The concentration of the penieilloic 
acid was 0.905% in ethanol. 


Time 

Rotation 

15 mins. 

-13.3® 

40 mins. 

- 9.9 

3.6 hrs. 

- 1.1 

20 hrs. 

+18.8 

26 hrs. 

+26.8 

37.5 hrs 

+35.4 

42 hrs. 

+36.5 

62 hrs. 

+45,5 

110 hrs. 

+52 0 


A cupric salt of identical appearance and properties also 
has been prepared from D-a-benzylpcnicilloic acid obtained 
by saponification of crystalline (“naturaF’) a-methyl n-a- 
benzylpcnieilloate. The free penieilloic acid derived from 
this salt was levorotatory and with diazomethane both 
yielded the same levorotatory diester, m.p. 117®. It is 
therefore possible that in the formation of the cupric salt 
from sodium benzylpcnicillin, D-a-benzylpenicilloic acid is an 
intermediale. 

Saponification of ar-£thyl o-Benzylpenicilloate in Sodium 
Hydroxide Solution at pH 11.2 (Cornell Bioch., 6 ). 

CJarbonate-frecj 0.1 sodium hydroxide (20 ml.) was added 
to 190 mg. of a-ethyl u-benzylpemcilloatc. The solution 
was kept under an atmosphere of nitrogen and immersed in a 
constant temperature bath at 30® during the course of the 
experiment. Ten minutes were required to bring the solid 
into complete solution. At this time a 1-ml. aliquot was 
removed and titrated potentiometrically with 0.01 N hydro¬ 


chloric acid under a stream of nitrogen. The titer showed 
that complete saponification of the ester had taken place. 
At the end of fifty minutes, titration of an aliquot by the 
method of Winkler (Treadw ell and Hall, Analytical Chemistry^ 
1942, Ed 9, Vol. II, p. 498, John Wiley and Sons, New York) 
show'ed no carbonate ion to be present. The carbonate 
ion was al.so nil after 21 hours. After 93 hours and 167.5 
hours the tiler of the solution indicated that approximately 
26of the alkali was due to carbonate ion. 

Benzylpenieilloic Acid (T)J5y !>). Saponification of 603 
mg of crystalline tt-elhyl benzylixuiieilloate was carried out 
with 26.5 ml. of 0.10 JV barium hydroxide at room tempera¬ 
ture overnight. The solution w as cooled to 0® and acidified 
with 26.6 ml. of 0.097 JV sulfuric acid. The precipitated 
barium sulfate was removed by centrifuging at a temperature 
not above -}-7® and the solution w'as lyophihzed. The white 
pow'der obtained possessed a micro melting point of HS¬ 
US®. The neutral equivalent was 221 (eale., 176). If the 
product is a mixture of bcnzyli)eniciLloic and benzylpenil- 
loic acids, it contains 70^i oi the former. 

L-Benzylpenicilloic Acid (Fpjohn, 10). a-Methyl 

L-benzyljienicilloate (p. 588) (3 66 g.) w^as dissolved in 
21,0 ml of 0.985 N sotliiim hydroxide solution. After fifty 
minutes the solution was cooled in an ice bath and 70 ml. 
of y acetic acid was added. Addition of 100 ml. of 10% 
lead acetate solution precipitati‘d the white lead salt. This 
was eolleeted, w ashed first with A" acetic acid and finally wdth 
w^ater. The dried salt WH'ighed 2.60 g. (48.6). 

A suspension of 5(X) rng. of the lead salt in 7.5 ml of 
water was frc'ated with an (‘xcess of hydiogen sulfide. Tin* 
lead sulfide was removed by centrifugation and the clear 
solution frozen and lyophihzed. Th(‘ vi(*ld of pure white, 
amorphous product w'as 230 mg. (71%). For analysis, a 
sainjile was dried over phosphorus pcmtoxide at 0 I mm and 
room temperature for about thirty hours. It melted at 
U0--115® (dee. and foaming); [^In —102.9® (c - 0.1 111 
absolute ethanol). 

Calc, for (%Jl2oN206S-i^H2(3: 

(\ 53.17; H, 5.85; N, 7.75; neut. equiv., 181 
Found: (\ 53 21; 11, 6.21; N, 7.89; neut. equiv., 179 

Hydrolysis of a-Ethyl DL-Benzylpenicilloate (Squibb, 
2). A solution of 380 mg. of «-ethyl DL-benzylp<*ineil- 
loate in 3 nil. of 1 JV sodium hydroxide was allowed to stand 
at room temperatun* for two hours, eool(‘d, and treated with 
3 ml. of 1 y hydrochloric acid. The solid was collected and 
washed with ice-cold water; yield 110 mg. It decomposed 
nt 120® and melted at 130-140®. 

Calc, for (h 6 H 2 o 06 N 28 : C, 54.56; H, 5.68; neut. equiv., 176 

('ale. for ('UH 20 O 8 N 2 S: Cy 58.44; H, 6.49; neut. equiv., 308 

Found: C, 56.66; H, 5.74; neut. equiv., 274 

6-Mcthyl-i>-benzylpenicilloic Acid (>S.,5.9, 1). A solution 
of 1 g. of rt-ethyl 5-methyl-D-bpnzylpemcilloate (p. 694) in 
4.7 ml. of 1.1 N sodium hydroxide was allowed to stand for 
thirty minutes at room temperature, cooled to 0® and treated 
with 20 ml. of 1 AT acetic acid followed by 30 ml. of 10% lead 
acetate solution. A pale yellow precipitate of lead salt was 
obtained, which was filtered off after two hours. The salt 
w^as washed with 30 ml. of 1 AT acetic acid and wuth four 
20-ml. portions of distilled water. The dried lead salt 
weighed 0.8 g. This was then suspended in 75 ml. of distilled 
water and hydrogen sulfide passed into the suspension to 
precipitate the lead as lead sulfide. The filtered solution 
was freeze-dried and yielded 210 mg. of a white amorphous 
solid. The solid partially melted at 52-55®, and decom¬ 
posed at 73-83®; [ajo** +61.2® (c « 0.5 in ethanol). 

Calc, for CirlljaCBNaS: C, 56.7; H, 6.02; N, 7.65 
Found: C, 66.66; H, 6.46; N, 7.61 

Bisodium Salt of DL-Xhiobenzylpenicilloic Acid (Abraham, 
Baker, Chain and Robinson, CPS.S4$y 4). The crude 
sodium salt of »i^a-amino-4-carboxy-5,6-dimethyl-2-thi- 
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azolidineacetic acid (520 mg.) was dissolved in 2 ml. of iV 
caustic soda and 2 ml. of ethyl alcohol and 360 mg. of methyl 
phcnylthioacetate addtMl to the solution. The mixture was 
shaken at room temperature for twenty-four hours, con¬ 
centrated to half its volume in vacuo^ and extracted with 
ether to remove unchaiigeil methyl phenylthioucetate. The 
aqueous solution was cooled iii ice and acidified with 2 N 
hydrochloric acid until no further ju-ecipitate formed. The 
crude thiazolidiiie was filtered off, washed twice with little 
water and dried (3S5 mg.). It had an equivalent weight 
of 190; (calc., 184). In contact with N hydrochloric acid no 
carbon dioxide was formed during fifteen minutes at room 
temperature hut on boiling carbon dioxide was rapidly 
evolved and aft<‘r one hour ainouut(‘(I to 0.86 mole. 

The tliiazolidine was converted to the disodium salt by 
dissolving it in 2 N caustic soda (pll 7.0) and evaporating the 
solution lyophilically. The crude sodium sail (350 mg.) was 
stirred witli 4 ml. of acetone wlien it mostly dissolved. On 
standing, the sodium salt separated slowly irom the solution 
as a white microcrystalline fMiW'der, leaving an orange- 
colored mother liquor. After UA^'enty-four hours this was 
filtered off, washed with acetone, and dried (220 mg.). The 
purified product was extracted with moist isobutyl alcohol, 
leaving a small amount of sticky residue which aa'hs rejected. 
On addition of acetone to the. isobutyl alcohol solution the 
hydrat(‘d sodium salt separated in the form of tme white 
needles; m.p. 21 O'* (diM*.). 

C^alc. for (^i 6 fIi 804 N 2 fc) 2 Na 2 ‘l ^OT 7 O; 

C. 43.8; II, 4.8; N, 6.4; S, 11.6 
Found: (', 43.8; II, 5.4; N, 6.7; S, 14.9 

The substance gave no coloration with ferric chloride 
or iiitroprusside. Addition of mercuric chloride to its 
aqueous solution (pll 6 . 8 ) produced an immediate pale 
yellow precipitate; addition of acid precipitated the free 
thiazolidine. Hydrolysis for one hour wuth N hydrochloric 
acid resulted in the evolution of 0.98 mole of carbon dioxid(\ 

i)L-Thiobenzylpenicilloic Acid {CPS.34J, 5). The crystal¬ 
line sodium salt of DL-thiobeiizylpenicilloic acid (90 mg.) was 
dissolved in 0.4 ml. of water, the solution cooled to O'* and 
0.1 ml. of N hydrochloric acid added with stirring. The 
white precipitate W'as filtered off', washed twice w^ifh a litiki 
water, and dried in vacuo at room temperature to a wdiitc 
powder (55mg.). On heating it melted w itli gas CA^olutioii at 
129-130". 

Calc, for C;i 6 ri 2 o 04 N 2 S 2 : C, 52.1; H, 5.4; N, 7.6; S, 17.4 
Found: C, 52.0; 11, 5,8; N, 7.6; S, 17.3 

Desthio-D- 7 -benzylpenicilloic Acid from a-Methyl 0 - 7 - 
Benzylpenicilloate (Merck, iVf.53, 16). a-Methyl p- 7 - 
benzylpenicilloate (2 g.) was dissolved in 30 40 ml. of water 
containing 5.5 rnl. of 1 AT^ sodium hydroxide* and the solution 
was add(*d to about 40 g. of Raney nickel catalyst in water. 
The mixture was then diluted to about 70 ml. with water, 
heated at 50® for twenty minutes while being stirred vigor¬ 
ously. The mixture AA^as filtered and the nickel washed Avith 
dilute sodium hydroxide solution. The filtrate Avas made 
acid with 10 ml. of 1 hydrochloric acid. Supcrcel was 
added and the mixture filtered. The filtrate was concen¬ 
trated in vacuo at 50® to about 5 ml. Chloroform (5 ml.) 
was added and after shaking the water layer Avas separated. 
The chloroform was extracted twice more with water 
(2X5 ml.) and the combined aqueous solution cooled in 
the refrigerator overnight. The solid, m.p. 178-182°, 
(135 mg.) was removed by filtration and recrysiallized from 
alcohol-water (4 ml.); m.p. 186-187°. This was reerystal- 
lized again from alcohol-water (2 ml.); m.p. 187-188°; yield 
45 mg.; [a]©** “f23.8° (c 0.9 in 0.5 N hydrochloric acid), 
Poteiitiomctric titration showed it was a dibasic acid of 
pK 3.41 and 8.78. 

Calc, for CiallttOftNa: C, 59.61; H, 6 . 88 ; N, 8.69 
Found: C, 59.36; 59.49; H, 6.73, 6.84; N, 8.66 
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D-(a-Chlorobenzy])penicilloic Acid (Pfizer, P,31^ 4; cf. 
Newberj" and Raphael, PPS.S7S). Three eipiiA^alenis of 
normal sodium hydroxide wore added to 9.0 g. of «v-metbyl 
D-(<v-chlorol)enzyl)penicilloate hydrochloride (p 599) AAnth 
vigorous .‘•lirring. As all of the «-methyl n-Ca-chlorobenzyl)- 
penicilioate hydrochloride did not dissolve* it was necessary 
to add a further 10 ml. of normal sodium hydroxide to 
complete the hydrolysis. The solution was treat(*d with 
charcoal, filtered, cooled to 0° and acidified slowly aa^IIi two 
equivalents of normal hydrochloric acid. The fine precipi¬ 
tate was filtered, washed with ice-water and dried in a 
vacuum desiccator over barium oxide. The jiroduet 
weighed 4.1 g. and decomposed at 120%- (a]r> 4-61° (r 2in 
methanol). 

(’ale. for CicllisOoN'iSCl: 

C\ 49 68 , ll, 4.92; N, 7.24; S, 8.28; C’l, 9.18 
Found: C, 50.5G; H, 5.29; K, 7.33; S, 8.93, (3, 4.83 

p-(«-ChloTobenzyl)penicilloic Acid (P..5Jf, 6 ). A mixture 
of 10.80 g. of a-ethy.l T)-{«-chlor(>benzyl)pcnicilloate hydro¬ 
chloride (p. 599) and 50 nil. of water was cooled to 5° and 
slowly treated with three equivalents of normal sodium 
hydroxide. After standing overniglit in an ice box the 
.solution Avas decolorized A\uth carbon, lilt (‘red, cooled to 
5° and acidilk'd with two equivalents of normal hydrochloric 
acid The D-(«-chlorol)enzyl)])emcilloic acid was Avashed 
with ice water and dried nt vacuo over barium oxide. It 
weighed 5.9 g., sinten'd at 90-95', and decomposed at 
120-125°; (f»]p 4-63° (c — 2 in methanol). 

i)i^(a-Chlorobenzyl)penicilloic Acid (Newbery and 
Rapha(4, (PS 373, 4) a-Methyl i)L-(«-chlorobenzyl)- 

peiucilloate h> droclilonde (p. 599; (10.52 g ) was treated 
AAith thn*(‘ (‘quivalents (69.3 ml.) of ;V sodium hydroxide 
and alluw'(*d to stand overnight I'lu* ice-cold solution was 
then neutralized sloAvly AMth tA\o equivalents (46.2 ml.) of N 
hydrocliloric aiud. The flocculent priTipitate w'as filtered 
off, waslu'd with ici‘ Avater and dried in vacuo. There was 
oblainc‘d 5.2 g. (58‘,) of Aviiite solid decomposing with 
Augorous effervescence at 85-90°. .4ttcmpted purification 
by crystallization and fractumal precipitation resulUjd in the 
production of gums; for analysis it was dried in high vacuum 
ov('r sulphuric acid for tw^eiity-four hours. 

(’ale. for (’,ain,Of.N 2 SCl: (’, 49.65; H, 4.95; N, 7.25 
Found: i\ 50.6; II, 5.6; N, 7.4 

On treatment with alcoholic mercuric chloride solution, 
a vigorous effervescence occurred, and addition of wat('r 
precipitated a mercury complex. The supernatant liquid 
was pouri'd into alcoholic 2 , 4 -dinitrophcn 3 dhydrazine 
sulphate, and the resulting yellow flocculent precipitate was 
filtered, washed with alcohol, and crystallized from glacial 
acetic acid to give yellow needh's, m.p. 185-186° undepressed 
by' authentic (a-phcnylchloroacctyl)aminoacetaldehyde 
2,4-din itrophenylhydrazone. 

DL-Diphenylmethylpenicilloic Acid (Mich. Chem., R./5, 6 ). 
To a solution of 100 mg. of sodium hj'droxidc in a few drops 
of AA^ater Avas added 13 ml. of ethanol and 450 mg. of at-('thyl 
Dii-diphciiylmethylpcnicilloate (p. 600). After tAvclve hours 
the solution was evaporated to about 1 ml. The residue* was 
dissolved in 20 ml, of water, and the solution was made 
strongly acid Avith 5‘>(' hydrochloric acid. The (‘olurlcss 
product (320 mg.) melted at 125° (dec.). A sample which 
had bc('n dried in vacuo over phosphorus pentoxide was 
analyzed. 

C’alc, for (’ 22 H 24 O 6 N 2 S: C’, 61.66; 11 , 5.65; neut. equiv. 214 
Found: C, 60.75; II, 5.87; neut. equiv. 230 

N^-Phenylacetyl-i>-penicilloic Acid (Merck, A/.37, 12; 
47 f 23). llydrolysis of a-ethyl N^-phenylacc*tyl-i>-penicil- 
loate (p. 601) with sodium hydroxide apparently j'iolded 
N*-phenylacetyl-i)-penicilloic acid, m.p. 196-198°; titration 
equivalent 210 . 
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Calc, for C^7H2oN206S: C, 63.8; H, 5.37; N, 7.40 
Found: C, 54.61; 11, 5.41; N, 7.63 

To 4 g. of a-ethyl N^-phenylacetyl-D-pcnicilloate in 40 ml. 
of 50'X methanol, 19 ml. of 1 N sodium hydroxide was added. 
After sixteen hours at room temperature the solution was 
acidified with hydrochloric acid to yield N^-pheiiylacetyl-n- 
penieilloic acid. 

Hydrolysis of N^-Phenylacetyl-n-penicilloic Acid (il/.47, 
23). N^-Phcnylacetyl-D-peniciUoic acid (from 4 g. of the 
a-cthyl ester) was luxated on a steam bath with 48 ml. of 
4 N hydrochloric acid until solution had taken place (fifteen 
minutes) and then allowed to stand overnight. 

Aft('r concentration under reduced pressure, a solid 
was obtained wliich was dissolved in 8 ml. of methanol. On 
aildition of ether, crystallization of the hydrochloride of 
ot-aniino- l-carboxy-5,5-diraethyl-3“phenylacetyl-2-thia2ol- 
idine-acetic acid ^ok place; m.p. 156-158°; yield, 2.2 g. 
(60%). 

Calc, for (\oH2iN 206SC1: 0, 49.41; H, 5.44; N, 7,21 
Found: C, 48.99; 11, 5.93; N, 6.60 

Drying the sample at 100° for varying lengths of time 
apparently caused tlie loss of water from the compound. 

Phenylpenicilloic Acid (Newbery and Raphael, CPS. 
^06f 4). Phenyli>enicilloic ethyl ester hydrochloride (p. 604) 
(2.21 g.) was treated with three equivalents of barium hy¬ 
droxide solution (36 ml. of 0.478 N) and the resulting clear 
solution allowed to stand for two days. A small amount of 
solid matter was centrifuged off and 5.9 ml. of 0.984 N 
hydrochloric acid was run in slowly with cooling. When half 
the theoretical volume of acid had been added a crystalline 
precipitate commenced to form. After standing for one 
hour, the solid was washed well with water, dried on a porous 
tile and purified by dissolution in glacial acetic acid, fol¬ 
lowed by careful precipitation with dry ether. The product, 
1.3 g., formed tiny prisms sintering at 210°; m.p. 215-216° 
and decomposing at about 220°. It contained nitrogen, 
sulfur, and barium, but no chlorine. The analysis cor¬ 
responded to the tetrahydrate of the barium acid salt of 
phenylpenicilloic acid. 

Calc, for C,oH, 40 ,oN 4 S 2 Ba- 4 H, 0 ; C, 40.75; II, 4.8; N, 6.35 
Found: C, 4r.l; H, 4.7; N, 6.3 

Phenylpenicilloic ethyl ester hydrochloride (1.04 g.) w'as 
treated with three equivalents (7.94 ml. of 0.976 N) of 
caustic soda and the resulting solution allowed to stand for 
fifteen hours. The theoretical amount (5.26 ml, of 0.984 N) 
of hydrochloric acid was then added slowly with stirring and 
cooling, and the flocciilent precipitate produced was filtered 
off and washed with water. The filtrate on standing for 
about two hours deposited a further crop of crystals. The 
combined dry crops weighed 0.6 g. (71%); m.p. 95-97° 
with extremely vigorous evolution of carbon dioxide. The 
compound crystallized rapidly in needles, m.p. 96-97° (dec.), 
on adding an equal volume of water to its solution in acetone. 
It could also be purified by careful precipitation from ethyl 
acetate with light petroleum (b.p. 40-60°). 

Calc, for CuHiaOoNaS i^TIaO: C, 51.85; 11, 6.55; N, 8.05 
Found: C, 51.7; H, 5.85; N, 8.25 

The constitution of the product was confirmed by treat¬ 
ment with alcoholic mercuric chloride. Vigorous evolution 
of carbon dioxide took place and mercury complex was pre¬ 
cipitated on addition of water. On treatment with an 
alcoholic solution of 2,4-dinitrophenylhydrazine sulphate, 
the filtrate gave a yellow 2,4-dinitrophenylhydrazone, m.p. 
200-202° (dec.), undepressed by a specimen of benzoyl- 
arainoacetaldehyde 2,4-dinitrophenylhydrazone, m.p. 203- 
204° (dec.). 

DL-PhenylpeniciUoic Acid (Beer, King; Abraham, Baker, 
Chain, and Robinson, CPSM8^ 3). Finely powdered dl- 
penicillamine hydrochloride (0.6 g.) was dissolved in 3 ml. 


of glacial acetic acid containing 1.0 g. of N-benzoyldiothoxy- 
alanine ethyl ester, and the solution warmed on a steam 
bath for ten minutes. Precipitation with dry ether (about 
50 ml.) gave 1.0 g. of an apparently deliquescent hydro¬ 
chloride, which was washed with ether by decantation and 
dried in a desiccator. This substance was also obtained, 
but in lower yield, by heating the two reactants at 100° 
without a solvent. The product was dissolved in 3 moles of 
N sodium hydroxide, and 0.34 g. (30%, of microcrystalline 
Dii-phenylpenicilloic acid precipitated on the next day by 
adding the calculated amount of N acid to the cooled solu¬ 
tion. Hydrolysis with ethanolic sodium hydroxide gave a 
similar yield. After being dried overnight in vacuo the 
product melted at about 120° (effervescence). It was puri¬ 
fied by dissolving in a small volume of acetone and reprecipi- 
tating from the filtered solution with distilled water. The 
material was dried in a high vacuum at 40° over phosphorus 
pentoxide for anabasis. 

C^ale. for C, 53 3; H, 5.3; N, 8.3; S, 9.6 

Found: C, 53.0, 53.3; H, 5.7, 5.9; N, 8.4; S, 9.0 

The dicarboxylic acid is easily soluble in 2 V hydrochloric 
acid, alcohol, n-butanol, and acetone, sparingly soluble 
in water, and insoluble m ethyl acetate. When heated with 
2 N hydrochloric acid, the thiazolidine rapidly evolved 
carbon dioxide in amount corresponding to the loss of one 
carboxyl group. 

A solution of 0 5 g. of 4-hydroxymcthylen(‘-2-phenyl-5(4)- 
oxazolone in 4 ml. of absolute ethanol was heated on a sti'am 
bath for thirty minutes, and when cool, 0.5 g. of oL-poni- 
cillamine hydrochloride and 0.57 g. of crystalline sodium 
acetate dissolved in 4 ml. of water was added. The yellow 
viscous oil which separated was extracted with chloroform. 
The extract was dried, the solvent evaporated and the glassy 
residue dissolved in 5 ml. of N sodium hydroxide. The solu¬ 
tion was left for 1 ^ hours at room temperature, filtered, and 
after cooling in ice, treated with N hydrochloric acid (1 
mole). The flocciilent preeijiitate was quickly collected; 
the dried material (0.25 g.) melted at about 80° (effer¬ 
vescence), and although less pure, it closely resembled that 
obtained by the alternative method. A further small 
amount (0.1 g.) which separated from the filtrate on standing 
was comparatively pure. 

2-Pentenylpeniciiloic Acid by Penicillinase Inactivation 
of 2-Pentenylpenicillin (Abraham, Chain, Duthie, Baker, 
and Robinson, CPS.21). The action of several penicil¬ 
linase preparations on highly purified penicillin was studied. 
The following is a typical experiment. A solution of 36 mg. 
of barium 2-pcntenylpenicillin (1,300 U./mg.; new standard) 
in 5 ml. of water was incubated at 37° with 1 ml. of the 
enzyme preparation (containing 8.2 mg, per ml.) for six 
hours. An acid group was liberated, and the p Hwhich was 
never allowed to fall below pH 6 was adjusted to 7 by the 
addition from time to time of a few drops of 0.1 N baryta 
solution. During the incubation period 0.75 ml. of 0.1 A 
barium hydroxide solution (equal to about 0.75 of one group) 
had to bo added to keep the pH at neutrality. The solu¬ 
tion was then cooled to 0° and extracted three times with 
aldehyde-free ether in the usual manner. On ro-extraction 
of the ether soluble material by aqueous baryta and evapora¬ 
tion to dryness of the water cxtra(*t, 12 mg. of barium salt 
wore obtained (eijual to 30% of total barium 2-pentenyl- 
ponicillin used) which had only a very small penicillm activ¬ 
ity. Tho other-extracted water si^lution containing the bulk 
of the material was concentrated to about 3 ml. in a desic¬ 
cator. On addition of mercuric chloride a heavy precipitate 
appeared and simultaneously carbon dioxide was liberated. 
The mercury precipitate after decomposition with hydrogen 
sulfide gave a residue which crystallized gradually giving a 
substance resembling penicillamine in all details though it 
was not identified crystallographically. The supernatant 
solution gave a heavy crystalline yellow precipitate witti 
2,4-dinitrophenylhydra2me which was collected and reorya* 
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tallized from alcohol. It was identified crystallographically 
as the 2,4-dinitrophenylhydrazone of 2-pentenylpenill()alde- 
hyde (Crowfoot and Low, private communication). Before 
mercury precipitation no trace of the yellow hydrazoiie 
was obtained. 

There seems to be no doubt that the action of the enzyme 
penicillinase on penicillin consists in breaking down the 
molecule with the formation of penicilloic acid. 

THE «-ESTERS OF THE PENICILLOIC ACIDS 

a;-Methyl i>-Amylpenicilloate Hydrochloride (Merck, 
9). To a solution of 1 g. of D-penicillumine (fi.7 milli¬ 
mole) in 10 ml. of water and 10 ml. of ethanol, 1.30 g. of 
or-formyl-N-caproylglycine methyl ester (6.7 millimole) vva.s 
added. Shaking produced a clear solution. After standing 
overnight the solution was concentrated under reduced 
pressure. An oil separated. More water was added and 
the oil taken up with ether. The ether layer was separated 
and dried first with anhydrous sodium sulfate and finally 
with drierite. Hydrogen chloride precipitated a semi¬ 
crystalline material from the ether. On treatment of the 
precipitate with boiling ethyl acetate, crystals were ob¬ 
tained. On standing overnight the ethyl acetate deposited 
a second crop of crystals; total yield, 1.2 g.; m.p. 100 ° (dec.). 
The material was recrystallized from metlianol-ether, m.p. 
159-101° (dec.). It did not give a test for sulfhydryl with 
nilroprusside but did give a strongly positive test for sulfur 
after fusion with sodium. 

Calc, for C 1 JL 7 O 6 N 2 SCI: (\ 47.04; 11, 7.10; N, 7.32 
Found: C, 47.14; II, 7.18; N, 7.41 

a*Methyl Amylpenicilloate Hydrochloride (Attenburrow, 
Elliott, Hems, and Robinson, 3). Methyl amyl- 

penaldate (5 g.) and penicillamine hydrochloride (2.3 g.) 
were warmed in 25 ml. of acetic acid and filtered from a small 
quantity of insoluble material. Ether was added to the 
filtrate until no further precipitation took place. The crys¬ 
talline solid (2.5 g.) was recrystallized from methanol-ctber 
and had a melting point of 170°. 

Calc, for C^JI 27 Ch,N 2 SCl: 

C, 47.0; H, 7.1; N, 7.3; S, 8.4; MeO, 8.1; Cl, 9.3 
Found: C, 47.4; H, 7.0; N, 7.4; S, 7.9; MeO, 8 . 0 ; Cl, 9.4 

a-Ethyl UL-Amylpenicilloate {CPS.383 ^ 2). a-Ethyl 

DL-amylpenicilloato hydrochloride, m.p. 171-172°, was 
prepared in 68 yield by the method given in PEN.II 4 
(see below). The free base was prepared by adding one 
equivalent of 0.5 N sodium hydroxide to an aqueous solution 
of the hydrochloride, and extraction into ether. The result¬ 
ing a-ethyl DL-amylpcnicilloate was crystallized from ether- 
petroleum (b.p. 40-60°) and formed dense prisms, m.p. 114°. 

Calc, for C, 6 lIa 8 N 20 z.S: 

C, 53.2; H, 7.8; N, 7.8; S, 8.9; OEt, 12.5 
Found: C, 53.7; 11, 7.75; N, 7.4; S, 8 . 8 ; OEt, 12.5 

Attempts to prepare DL-amylpenicilloic acid o-benzyl- 
amide from a-ethyl DL-amylpenicilloate failed to yield a pure 
product. 

a-£thyl DL-AmylpenidUoate (Abraham, Chain, Baker, 
and Robinson, CPS,39^ 1). The synthetic a-ethyl dl- 
amylpenicilloate {PEN, 114 ) has solubility and acid base 
properties as well as chemical properties, which arc very 
similar to those of methyl alcohol-inactivated penicillin. 

The a-ethyl OL-amylpenicilloate, although precipitated 
as a hydrochloride from acetic acid solution by ether, con¬ 
tains only a weakly basic group. From aqueous solution, in 
which the hydrochloride is largely dissociated, the thi- 
asolidine may be extracted by ether. Titration shows no 
group with a pK higher than 4.0 and this is probably the 
pK of the thiazolidine basic nitrogen, a second group of pK 2 
representing the strong acid carboxyl group. During 
alkaline titration hydrolysis of the ester grouping occurs and 
back titration after standing for twenty minutes at pH 12 


shows that a new group has been formed with pK 5.1. This 
behavior on alkaline titration xs almost identiexil with that of 
methyl-alcohol inactivated penicillin and of pemidllixi itself. 

a-Ethyl Amylpenicilloate Hydrochloride (BcMitley, ( atoh, 
Cook, Elvidge, Hall, and Heilbron, PEi\.114f ef. I.C.I., 
CPS.38, 16). Ethyl a-forinyl-N-capr(>ylan)iiK>acetHf(0.7 
g.) was warmed in 3 ml. of acetic acid with ().4S g. of jx'nicill- 
ximinc hydrocliloride and the clear solution precipitated with 
ether. The a-ethyl ainylpeiiieilloatc* hyilrocldoridt' was 
collected and crystallized from a mixture of iindhaiiol and 
ether when it melted at 167^ 168° with c*voliitioii of gas. 

Calc, for C, Jl 290 ftN 2 S( 4 : (\ 48.4; H, 7.1; N, 7.1 
Found: (\ 48.0; 11, 7.6; N, 6.9 

a-Ethyl N'‘-Acetyl-amylpenicilloate (Attiadnirrow, Elliott, 
Hems, and Robinsor, CPS.3SS, 3K a-Ethyl ainylp(*Mi<*il- 
loatc hydrochloride (500 nig.) mixed with 2 nil. of dry 
pyridine was trexited with 1 ml. of acetic anhydride. The 
solution became warm. After standing overnight, the 
volatile material was nunoved in vacuo, tin' rt'sidual gum 
dissolved in ethyl acetate, and the solution washed with 
5 ml. of A' hydrochloric acid and water. The ethyl aceUite 
solution was dried and evaporated almost to dryness. The 
residual gum crystalliztal, and aftc'r twenty-four hours the 
crystals were* pressed on a tile; yitdd, 300 mg. The product 
was recrvstallized from (‘thyl ncetatt‘-pctroleuiu (b.p. 4(h 60°) 
and in(4t(*d at 125 130°. 

(^alc. for (h 8 H 3 o 06 N 2 S: (53.7; H, 7.5; N, 7.0; S, 8.0 
Found: C, 53.8; H, 7.45; N, 0.9; S, 8.05 

Iodine Titration of a-Ethyl Amylpenicilloate and Its 
N^-Acetyl Derivative (Sykes ami Todd, CPS.fiM), 3). 
a-Ethyl amylpenicilloate reacted with 2.98mol(*s of periodate 
with the liberation of iodine, while its N^-aeetyl derivative 
consumed 0.96 moles of periodate and liberated no iodine. 

a-Ethyl N^-Benzyl-ni.-amylpenicilloate Hydrochloride 
from Impure Ethyl N-Benzyl-amylpenaldate (t'opp, Duflin, 
Smith, and Wilkinson, CPS.642, 9). Ethyl N-heiiz 3 d- 
amylpeiialdate (3.1 g.) and 1.44 g of i)L-penicilIainine were 
dissolved in a inixtunj of 10 ml. of pyridine and 5 ml. of 
water. A clear solution was formed on heating on a steam 
bath. After two hours the mixture was evaporated and the 
residue distributed between ether and 25 ml. of N sodium 
carbonatii. The aqueous layer was acidified with 12.8 ml. of 
2 N acetic acid and the preeijiitated gum taken up into ether. 
It was again extracted from ether with N sodium carbonate, 
the solution acidified and the precipitate taken into ether. 
The ethereal solution was dried over anhydrous sodium 
sulphate and evaporated. A viscid gum was obtained (2 g.) 
which could not be obtained crystalline or even solid. It 
gave no color with alkaline sodium nitroprusside or ferric 
chloride. It was accordingly taken up int-o 10 ml. of dry 
ether and a solution of dry hydrogen chloride in dry other 
slowly added until excess acid was present. A gum sepa¬ 
rated. After standing for one hour at 0 °.the supernatant 
ether was decanted and the residue treated with fresh dry 
ether when the gum solidified. 'l''hc ether wiis decanted, 
the residue washed once again with dry ether and dried in 
vacuo. The resulting hydrochloride was a pale j^ellow solid, 
m.p. 03-71°. 

Calc, for CaiHaftNaOfiSCl: C, 56.7; H, 7.2; N, 5.8 
Found: C, 55.7; IJ, 7.1; N, 6.2 

a-Methyl n-a-Benzylpenicilloate and its Benzylamine 
Salt from Sodium Benzylpenicillin (Abbott, A.J, U); 3, 3). 
At 40°, a solution of sodium benzylpenicillin in absolute 
methanol (dried with Mg) came to constant rotation, fa]i)*® 
-|-140° to 150°, in twenty-four to forty-eight hours. The 
methanol degradation product was nearly as fluorescent 
under ultraviolet light as was the sodium benzylpenicillin. 
A 92% yield of ether extractable material was obtaimHl, 

Calc, for CnHjiOtNiS: N, 7.66 
Found: N, 7.52 
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This prod\ict wab dissolved in absolute ether (in which 
the solubility is not very great, aiiproximately 5 ml. being 
required to dissolve 100 mg.) and a solution of benzylamine 
(1.1 moles) in absolute ether was added. A white powder 
precipitated. The yield of cnnle benzylamine salt was 
05 . 6 ^. 

On crystallization from ethyl aeetate-i'thyl alcohol, 
a 77^/, yield of needles melting at 127 132° was obtaiuf'd. 
One more crystallization gave material melting at 132-135°. 

Calc, for CaJlaiOfiiNiS: (\ 00.80; 11, 6.01; JN, 8.88 
Found: C, 00 87; II, 0.02; X, 8 01 

On decomposing the pure benzylamine salt with liydro- 
chloric acid and extracting with ether, the methyl eater aeid 
w’aa r(‘covered in vield. Tina eryatallizod from dibutyl 
ether-ethvl aeetate in 81', yield; in.p. 125 127° (hot stage). 

^-Methyl n-rv-Benzylpenicilloate (Sipiibb, S i, 1) in 
the jireparation of this compound by treatment of sodium 
benzylpeiucillin with absolute methanol at room tempera¬ 
ture, it was ohservi^d that the rate of the reaetion a.s indicated 
by till' rotation change' depended a good di'iil on th(» amount 
of \Miter present in the methanol. With methanol dried 
over niagiK'siurn, the spoedie rotation attained a eonstant 
value nmeh faster than when eommoreial “absolute'^ 
redistilled methanol was employe<i Kejm'sentative experi¬ 
ments are' deseribc'el bedow. 

Soehuni beuizylpemcillm (1)0 3 mg.) vva.s ,dissolveel in 
10 ml. of me'thaiiol elried over magnebiuin, and the rotation 
was feilleiweel in a 1 dm. tube at 22° te» 23°. 


Time 

1«Id 

1 

hrs. 

mins. 


10 

+304 5° 


30 

+270.0 


50 

+243.0 

2 

0 

+ 194 7 

^ \ 

40 

+ 109.3 

5 

10 

+ 107 4 

25 

0 

+ 150.0 

40 

0 

+ 157.0 


Most of the methanol was removed by vacuum elistillatjon 
and replaceel by water. The solutiejii was aeielifi(*d with 
phosphoric acid and extracted several times with ether. 
The ether solution was dried over sodium sulfate for one 
hour. Aftt'r filtration, most of IIk' edher was reme>ved by 
distillation. About 50 ml. of benzene was aeided and the 
distillation contained tn vacuo until the volume was about 
20 ml. The benzene solution was lyophilized and yielded 
a white, fluffy, very light material which had no definite 
melting point but began to sinter at 70° and melted at about 
100° with gas evolution. It showed no signs of hygroscopic- 
ity when handled in air. All attempts to crystallize the 
product from organic solvents faih'd. The substance was 
very readily solubli* in nudhanol, ethanol, and acetone, 
less readily in ether and ethyl acetate, sparingly soluble in 
water, and insolul)l(' in hexane; +1118° (r 0.5 in 

acetone). The absorjition spectrum in ether showed three 
distinct maxima at 2,820, 2,050, and 2,600 A all with Em 
of approximately 500. There was a shallow minimum with 
Km 400 at 2,520 A, followed by steep end absorption (Em 
1,200 at 2,3()0 A). Comparison of this curve with that of 
sodium benzylpemcillin shows that the ascending portion 
representing the end absorption is displaced in the curve of 
the ester by approximately 80 A towards the ultraviolet end 
of the spectrum. The small peaks at 2,600 A and 2,650 A 
are obviously due to the phenyl group, with the Em values 


raised by the contribution from the maximum at 2,820 A 
which is not evident in the benzylpeniciliin spectrum. A 
measureruent carried out on the aqueous solution before 
extraction with ethf'r gave a curve with the saiiK* ('liaracter¬ 
istics but with lower extinction coellicients for the 3 maxima 
(Em 300). Tins is in harmony with the fact that only about 
two-thirds of t)ie reaction product is ether-extractable. 
The compound was dri<*d in vacuo for analysis at room 
teiiqxjrature over phosphorus pentoxidc' and showed no 
signifi<*ant weight loss 

C'alc. for (\ 7 H,,().N.>S: 

(\ 55.70; 11, 0.05, N, 7.05; (^11.0, 8.47 
Found: (\ 55.83; 11, 0.37, N, 7.74, (11.0, 8.58 

Sodium benzylpi'nicillin (300 mg.) was dissolved in 25 ml. 
of “absolute*' reilist illed methanol and the rotation was fol¬ 
lowed as above. In this case, thri'i' days standing at room 
temperature w'as required to a I tain a constant [a|i> +108°. 
The solution was worki'd iij) as above c'xcept that sulfuric 
acid was used for ai'idifying ])efore the ether extraction, 
and yielded 210 mg. of the ether-soluble (‘ster. In addition, 
70 nig of material was n'covered iioin th(' acpieous phasi' by 
neutralization and freeze-(lr\ ing, the etlu'r-soluble product 
had [«iT> +101.1°. 

C'ale. for (57H2/)..N2S: 0(41,, 8 47 
Found: 0(41:,, 8 50 

In a thinl experiment with 737 mg. of sodium benzylpeni- 
eillin and methanol dried over magnesium, |a|i) was constant 
at +108° after 24 hours. Tlu' ether phase yielded 410 mg. 
of the ester. 

Benzylammonium Salt of ^-Methyl i)-«-Benzylpenicilloate 
(Squibb, SJ, 7; 2). a-Methyl n-a-lx'iizylpi'iiioilloato 

(23 mg.) w^as dissolved in aliout 5 ml of ether, and a small 
amount of insolubh' material was reiiiovcd bv filtration. On 
addition of 0.5 ml of eth('i\ eontaining 0.05 ml. of benzyl- 
amine, an oil dejiosited w hich solidified to a semii'rystalline 
mass in the refrigerator After standing overnight in the 
refrigerator, the precijutate w^as centrifuged and washed 
twice wdth ether. Kecrystallization from a few drops of 
80% ethanol and ether to turfudity yielded again a colorless 
oil which solidified to a mass of long neodlt's in the re¬ 
frigerator. The melting point was 140 113°. k sample 
mixed with tin* benzylammonium salt of the a-henzylarnide 
of i)-henzyIpenicilloic acid (m.p. 133-137°) melted at 
115-132°. 

Calc, for CgJIaiOfiNsS PT^O: (^HaO, 0.31 
Calc, for CjiHaiObNaS: CH,(), 0.50 

Found: CU,Oy 0.87 

The preparation was repeated with 50 mg. of the ester 
and 2 ml. of a 10% solution of benzylamine in ether. The 
mixture was allowed to stand for several hours at room tem¬ 
perature, when it formed a mass of long needles. The crude 
product weighed 22 mg. and melted at 134-135°. The 
recrystallizcd sample weighed 9.1 mg. and melted at 130- 
137.5°. This preparation did not depress the melting point 
of the benzylammonium salt of n-benzylpenicilloic a-benzyl- 
amide, and contained only traces of methoxyl. 

Evidently in this case the carbomethoxy group of the 
ester had reacted with excess benzylamine to form the 
benzylamide. Therefore, in sulisequent experiments, only 
1.2 moles of benzylamine were added per mole of the starting 
ester, and the resulting oil was separated immediately from 
the supernatant. 

The a-methyl n-a-benzylpenicilloate was crystallized 
directly from the crude product obtained by methanolysis 
of sodium benzylpeniciliin. This procedure is more con¬ 
venient and gives much better yields than the isolation via 
the benzylammonium salt (<8..%‘, 23). 

or-Me^yl n-a-Benzylpenicilloate (“NatutaJ*”) (Merck, 
M,B8y 9; 5;??, 3; 39y 3). The benzylamine salt of **natural'^ 
a-methyl n-a-benzylpenicilloate, m.p. 137-139° (micro* 
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block), [a]D** +102**, was converted to the free acid and crys¬ 
tallized from ethyl acetate and dihutyl ether; in.p. 134-136° 
(dec.) (micro-block); 1 ck]d®* -f 104° (r =* 0.37 in methanol). 

Calc, for C,rHa206N2S: C, 65.72; li, 6.05; N, 7.64 
Found: C, 55.71; JI, 5.95; N, 7.48 

A melting point of 125-127° (hot st«gc) has been reported 
also for this ester (Abbott, /I./, 10; 3). This difference 

may be due to variation in rates of heating. 

i^eparation of Deuteriomethanol (CH3OD) (Cornell 
llioch., JJ.39f 9). Approximately 5 g. of sodium was dis¬ 
solved in 50 ml. of anhydrous methanol, and the solution 
was evaporated and heated tn varuo in an oil bath at 170° for 
three hours. Tt was then allowed to cool under nitrogen. 
To the dry residue w^as added 30 ml of redistilled dimethyl 
phthalatc, followed by 3.5 ml. of 99.9^’; D^O, The flask was 
swirled to mix the two liquids somewdiat and to start the 
reaction, and it was then placed in an oil liath at 105° under 
reflux for thirty-six hours. The reaction mixture was then 
allowed to cool and the methanol collected by distillation 
in vacuo at room temperature as before. This distillate 
w^as dried with sodium as before, and redistilled, the final 
product amounting to 7 g., and having a deuterium content 
of 0.97 atom per molecule. 

Conversion of Sodium Benzylpenicillin to ethyl 
o-/^-Benzylpenicilloate in the Presence of CH3OD {D.3U, 9). 
A solution of 81 mg. of sodium benzylpenicillin in (’HsOD 
(containing 0.97 atom of deuterium per moleiuile) was al¬ 
lowed to stand at 30° for fort>-eight hours, by wdiich time 
the observed rotation was 1 45 The* .solution w^as then 
evaporated to dryness, the re.si<hie was dissolved in 8 ml. 
of water, and the or-ni(*thyl u-o-benzyliieiucilluate was iso¬ 
lated as the crystalline benzylamiiie salt m the usual way 
(Squibb, 2). The yiehi of salt w^as 60 mg., micro m.p. 
130-133'. It was recrystallized from ethanol-water and 
submitted for deuterium analysis. The results indicated 
that the compound contained 0.2 atom of deuterium per 
molecule. A methoxyl content of 7.04% was found, as 
compared to a calculated value of 6.56. 

In « control experiment, 155 mg. of sodium benzylpeiiicil- 
liii was dissolved in 15 ml. of anhydrous methanol, and the 
solution was allowed to stand at 30° for fifty-two hours. 
Th(* solution w^as tli(*n evaporated to dryness and allowed 
to stand in vacuo over phosphorus jimitoxidi' for several days. 
To the drs re.sidue was tluai added 3 ml of (dlaOI) (con¬ 
taining 0.97 atom of dcMitenum p(‘r molecule), and this solu¬ 
tion was allowed to stand for fort^ -idght hours at room tem¬ 
perature. The benzylamino salt of a-rnethyl D-ot-benzyl- 
ponicilloate was isolat<*d as in the preceding experiment. 
The unrccrystallized salt (135 mg.) was analyzed for 
deuterium and found to contain no significant amount. 

Deuterium Exchange in a-Methyl n-Benzylpenicilloate 
(“Natural”) (J) 10, 1). For the determination of the labile 
hydrogen atoms of the methanol-inactivation product, a 
sample of sodium benzylpeiiieillin which had given a value of 
1.07 labile hydrogim atoms by the deutiTiuiu mid hod was 
allowed to stand in solution in absolute methanol lor three 
days and the product was then again .subjected to the 
deuterium analysis technique. A value of 1.91 labile 
hydrogen atoms was obtained, in agreement with the 
expected value on the basis of the methyl 4-carboxy-5,5- 
ilimethyl-a-phenylacetamido-4-thiazoliduie-acctate sodium 
salt structure. 

Reaction of a-Methyl n-a-Benzylpenicilloate with 
Ethoxalyl Chloride (Merck, M.7Sy 6). A solution of 225 mg. 
of a-methyl o-a-bcnzylpenicilloatc in 10 ml. of chloroform 
containing 1 ml. of pyridine was treated dropwisc with 90 mg. 
of ethoxalyl chloride dissolved in 5 ml. of chloroform. After 
all of the ethoxalyl chloride had been added, shaking was 
continued for ten minutes longer; then the solution was 
washed twice with 20-inl. portions of water, filtered and 
concentrated to dryness to yield 203 mg, of a colorless oil. 
All attempts to crystallize this oil were unsuccessful. 


a-Methyl N^-Benzoyl-D-fv-benzylpenicilloate by Benz- 
oylation of “Natural” «-Methyl n-Benzylpenicilloate 

{M.28, 6). Sodium benzylpenicillin, 420 rng., w^as dissolved 
in 25 nil of absolute methanol and allowed to stand on the 
steam Initli (bi'Iow reflux ti'mjieratun*) for about eight 
liouis The lotation was then I«)i> -i-J55°, The solution 
was evaporatial to drMi(‘ss giving amorjihous sodium 
or-methyl D-btui/.\ Iiienicdloate. A crystalline benzylamine 
salt nu'lting nt 131 ]3(>’ (micro-block) was ob1an)t‘(l from 
this. .\ sanijilc of tli(‘ in.Mtcrial, 97 mg , was coiivertf'd to the 
fn*e acid and o))tain(*d as an amorphous .solid which was 
dissoIv(‘d in 1 ml. of dry jiyridine and iM'iited with one molar 
equivalent ol benzo,^l chloride in 0.5 ml. of dry pyridine at 
ice t<*nip§rature lor liv(‘ minutes. The Rolv(*nt was evajio- 
rat(‘d, and the residue dissolved in chloroform and (‘xtracted 
into 0 2 M sodium bicaihonato. 'rhe bicarbonate extract 
was acidifieil and extracted with chloroform. Evaporation 
of <1 h‘ chloroform and crystallization of the re.sidue from 
methanol-ether gave 50 mg. of whitt‘ ciystals melting at 171- 
173° (niiero-bloek), [ajj, +80° (c - 0.8S in methanol). 
Th(‘re was no ile-iue.ssioii of the melting point when this ma¬ 
terial was mix(*d with synthetic <^-melhyl N‘‘-benz<)Yl-i)-«- 
benzylpenicilloate \\hich nii‘lted at 171 173° (micro-block). 

(^alc. for <^4^lbN20oS: (\ 61.26; 11, 5.57; N, 5.95 
Found: C, 61 37; 11, 5.6S, N, 5.93 

Treatment of the “naturar’ a-methyl NMienzoA l-i>-a- 
l)enzyl)>enicilloate with diazomethane yielded only amor¬ 
phous products 

a-Methyl N*-Benzoyl-])-d-benzylpenicilloate by Benz- 
oylation of “Natural” a-Methyl n-Benzylpenicilloate 
{M.28y 7). Sodium bcn/vlpenicdlin, 212 mg., vias dissolved 
in 20 ml. of absohiti* methanol and refluxed for twtaity 
hours. The rotation was then |a|i> +82°. Kiforls to ob¬ 
tain a crystalline benzylamine salt of the a-inetliyl i)-])t‘iizyl- 
peiiicilloate produced were unsucci's^ful. The liee acid was 
then prepared from the amorphous Ixuizylanum^ salt and 
benzoylatcd in pyridine with one molar equivalent of benzoyl 
chloride at0°. CVystalhzation ol th(‘ product from methanol- 
etlier-petroleum ether ga\e crystals irudting at 228-231° 
(micro-block). There was no dejiression of the melting 
point on mixing this material with synthetic a-methyl 
NMienzoyl-u-^-benzylpenicilloate which melted at 235-236° 
(micro-bloek). 

Calc, for CnHieNjOfiS: C, 61.26; 11, 5.57 
Found: 61.18, 11, 5.61 

Kejietition of this experiment with a sample of sodium 
beiizylpeiiicilliu which had reached an fali> +83.9° on reflux¬ 
ing wdth methanol, omitting tin* efforts to obtain a benzyl¬ 
amine salt, gave a product which melted partially at 163- 
166° and finally at about 198° (micro-block). 

a-Methyl N*-Benzoyl-n-)^-benzylpeniciUoate {4T.28, 10; 

9d). Crude amorphous a-methyl D-beuzylpcuiciUoato 
(16.75 g.) was di.s.solved in dry pyridine and treated with 
benzoyl chloride at room tmnperature. Aft<*r five minutes 
the pyridine was evaporated and the residue dissolvi'd in 
chloroiorm and (*xtrHct(*d witli sodium bicarbonate solution. 
This w^as acidified to pH 3 and I'xtracted with chloroform. 
After evaporation, the residue was extracted wuth pt'troleum 
ether to remove benzoic acid and was taken into a little 
methanol, and ether was added. No cry,stals WH’re obtained 
from the methanol-ether solution so it was allovvtsl to evafX)- 
rate slowdy. After several days 500 mg. of ma.sbivc crystals 
were obtained; m.p. 230°. After recrystallization from 
methanol this product melted at 236-237'^ and was a-methyl 
N^-benzoyl-D-j8-benzylpcnicill(xite. 

Cale. for C24ll2«N20flS: C, 61.26, 11, 5.57; N, 5.95 
Found: C, 61.36; H, 5.66; N, 5.95 

The mother liquor was evaporated U) dryness and dis¬ 
solved in ether. After standing a compound, m.p. 115°, 



584 


PENILLOIC AND PENICILLOIC ACIDS 


Beparated. The inciting point wus not (jhangcd by two 
recryfitallizationB from methanol and ether. 

Tills compound was methylated with diazomethane to a 
dimethyl ester melting at 139 - M1”, When this was mixed 
with an authc’iitic sample of dimethyl N^-benzoyl-n-y-benzyl- 
penieilloate, there was no depression of tlii' melting point. 
Thus, this product must he a mixture of a-methyl N^-benz- 
oyl-D- 7 -bcnzylpenit‘illoatft and some other isomer. 

«-Methyl D- 7 -Benzylpenicilloate (il/.iJ, 6; cf. (kirnell 
Bioch., 5). A solution of 20.3 g. of 2-bcnzyl-4- 

hydroxymethylene-r)(d)-.oxazoloTie (0.1 mole) in 125 ml. of 
methanol was lu‘ated on the steam-bath for approximately 
five minutes, eooled and then jioured into a solution of 18.6 g. 
of D-peni(dllamine hydrochlorkh* (O.l mole; in 125 ml. of 
water. After adding 8.2 g. of anhydrous sodium acetate 
(0.1 mole) the solution Avas s(*eded with a few crystals of the 
corresponding ester. Oystallization startl'd at once. The 
mixture was allowed to stand in an unstoppi'red wide-mouth 
Erlenmeyer flask. After two days a first crop of 5.97 g. 
was eollected; after thirteen days more, a second crop of 
16.92 g. The aubataiiet' w^as rei*rystallized from methanol; 
m.p. 159-161° (dec.). The melting point varied somewhat 
with the rate of heating. 

Clalc. for C,7ll2206N2S:lC, 55.72; II, 6.05; ISJ 7.65 
Found: C, 65.97; II, 6.29; N, 7.63 

Preparation of a-Methyl D- 7 -Benzylpenicilloate (Merck, 
M,^S, 10). To a suspension of 32.5 g. of methyl a-phcnyl- 
acetamido-/ 3 -ben 20 xyacrylate in 150 ml. of absolute methanol 
at room temperature was added 40 ml. of 2.5 N sodium 
methoxide. To the yellow brown solution was added 150 ml. 
of wrater and 18.68 g. of D-penieillamiiie hydroehloride. 
After solution had taken place, 6 ml. of glacial acetic acid 
was added. Thi^ nearly colorless solution was allow(*d to 
stand overnight when an ecjual volume of water was added 
and the mixture extracted three times wdth chloroform which 
was washed once with waiter. The (*hloroform was ex¬ 
tracted with two portions of sodium bicarbonate solution and 
finally with water. The alkaline solution w'as made acid 
to Congo Bed and again extracted with chloroform, wdiich 
was washed wdth water, dried over sodium sulfati' and con¬ 
centrated to dryness. The colorless dry amorphous product 
weighed 33.5 g. (91.5% of theory) and melted at 50**70°. 

One-half of this product was dissolved in 2 ml. of methanol 
and 150 ml. of ether and allowed to stand in a refriger¬ 
ator overnight. The crystalline ester, m.p. 161- 163° 
(2.67 g.), separated. This product was a-methyl n-y-benz- 
ylpenicilloate. 

a-Methyl n- 7 -Benzylpenicilloate from a Condensation 
Using Hydrogen Fluoride iM.40j 9). (Condensation of 
methyl benzylpenaldate and D-penioillaminci in dioxane 
containing hydrogen fluoride yielded a gummy product. A 
methanol solution of the straw-colored gum (7.5 g.) was 
evaporated to a thick syrup and dissolved in 160 ml. of 
ether. After standing for five days at icebox temperature, 
707 mg. (9.4%) of a-methyl ix-y-benzylpenicilloate had de¬ 
posited. The product melted at 16"4"165° and showed no 
melting point depression with authentic material. 

a*-Methyl D- 7 -Benzylpenicilloate by Condensation of 
Methyl a-Phenylacetamido-/3,/£j-dimethoxypropionate with 
D-Penidllamine Hydrochloride in Acetic Acid (M.47, 19). 
A solution of 10.00 g. of methyl a-phenylacetamido-/3,/8-di- 
methoxypropionate and 6.60 g. of D-penicillamine hydro¬ 
chloride in 50 ml. of acetic acid was let stand five days at 
room temperature. The solution was then diluted with 
150 ml. of chloroform and washed with three 200-ml. por¬ 
tions of water. The chloroform layer was then shaken wdth 
three 50-ml. volumes of 5% sodium bicarbonate solution. 
The combined bicarbonate extracts w'ere acidified to 
Congo lied, and extracted writh throe 60-ml. volumes of 
chloroform. Evaporation of the chloroform extracts gave 
8.809 g. of mixed a-methyl D-benzylpenicilloates. By crys¬ 
tallization from raethanol-ether, 1.436 g. of a-methyl D-7- 


benzylpenicilloate, m.p. 165-166°, [a]i>*® -hi23° (c «■ 1 in 
methanol), was obtained. A mixed melting point determina¬ 
tion with authentic material showed no depression. 

Condensation of Methyl Benzylpenaldate Dimethyl Acetal 
with !>-Penicillamine (Squibb, 12). A solution of 

500 mg. of D-penicillamine hydroc'liloride and 755 mg, of 
methyl benzylpenaldate dimethyl jK'iJtal in 7 ml. of glacial 
acetic acid (synthetic 99.5pun*) was allowed to stand 
for two days at room temperature. The solution was then 
concentrated under reduced pressure without heating and 
the residue dissolved in chloroform- The chloroform solu¬ 
tion was extracted with aqueous potassium carbonate solu¬ 
tion and dried over anhydrous sodium sulfate. Upon 
concentration 534 mg. of a neutral oil, representing 71% 
recovery of the starting ac(;tal, Avas obtained. This was 
characterized by conversion to the 2,4-dinitr()phenyihydraz- 
one of methyl benzylpenaldate, m.p. 175-176°. 

The aqueous carbonate layer was acidified to yW 3 and 
extracted several tirii(\s Avith chloroform. The chloroform 
extracts were combined, Avashed and dried, and upon con¬ 
centration yieldiid 170 mg. (17^'(')) of amorphous a-mothyl 
benzylpemeilloate. 

Calc, for CuIl2206N,S: U, 55.73; ll, 6.02; N, 7.65 
Found: (\ .54.17: 11, 5.90; N, 7.64 

The amorphous material was crystallized from aqu(K)us 
alcohol and melted at l(i3 -164°. These crystals did not 
depress the melting point of an authentic sample of a-methyl 
D- 7 -benzy Ipen icil loa te. 

The condensation was repeated but the reaction mixture 
was allowed to stand for eight days instead of two. Only 
8% of the starting acetal was recovered and a 73Vi- yield of 
amorphous a-methyl o-benzylpcnicilloate Avas obtained. 

a-Methyl D- 7 -Benzylpemcilloate (Upjohn, U.ll, 15). 
To a solution of 3.24 g. (0.01 mole) of the once-crystallized 
benzylamine derivative of methyl benzylpenaldate in 18 ml. 
of warm methanol there was slowly added a filtered solution 
of 1.86 g. (tl.Ol mole) of D-penicillaminc hydrochloride in 
18 ml. of water. The turbid mixture was warmed gently 
on the steam bath to dissolve a small amount of yellow oil 
which had precipitated. After warming for five minutes the 
solution was allowed to stand at room temperature over¬ 
night. The clear, pale yellow solution was seeded with 
a-methyl D- 7 -benzylj)enicilloatc. After four days the crys¬ 
tals were collected, washed with cold 50% ethanol and dried 
in vacuo; yield, 571.3 mg. (15.6%,); m.p. 169-160°. A mix¬ 
ture of approximately equal parts of this compound and an 
authentic specimen of a-methyl D- 7 -penicilloate likewise 
melted at 159-160°. 

In a subsequent run analytically pure benzylamine deriva¬ 
tive of methyl benzylpenaldate was used. In this case the 
yield of the penicilloate, m.p. 165-156°, was raised to 37.7%; 
Wd** 4-135.7° (c * 1 in absolute ethanol). 

Calc, for CnHjiNiOiS: C, 66.72; H, 6.05; N, 7.66 
Found: C, 56.88; H, 6.31; N, 7.71 

a-Methyl D-T-Benzylpenicilloate by Fusion of n-Peni- 
cillaxnine Hydrochloride with Methyl OL-Benzylpenaldate 
Dimethyl Acetal (Squibb, S.SSy 6). One gram of n-peni- 
cillamine hydrochloride and 1.52 g. of methyl DL-benzyl- 
penaldate dimethyl acetal were fused in an oil bath at 110° 
lor nine minutes. Foaming occurred during the heating, 
but at the end of the heating period the foaming stopped and 
the melt became viscous and set to a hard mass upon cooling. 
The solid was dissolved in chloroform and the acid fraction 
extracted with sodium bicarbonate solution. The bicarb¬ 
onate solution was acidified to pH 3-4 and extracted with 
chloroform. Concentration of the dried chloroform solu¬ 
tion gave 1.3 g. (66%) of amorphous a-methyl n-benz- 
ylpenicilloate; [oJd** 4-42° (c ■■ 1.78 in chloroform). 
Reorystallization of 400 mg. of the amorphous solid from 
aqueous alcohol yielded 100 mg. of crystalline ester, m.p. 
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164r-165®, which did not depress the melting point of au 
authentic sample of a-methyl D-y-benzylpcnicilloate. 

Mutarotation of «-Methyl i)-7-Benzylpenicilloate in 
Methanol (Merck, M,34^ 4). A solution containing 10.6 
mg. of of-methyl D-T-benzylpcniciUoatc per ml, of redistilled 
methanol was heated in sealed tubes at 60® with the following 
results. 


Heating time 
(hrs.) 

|a|i)^' 

Km (at 2,825 A) 

0 

+130° 

15 

4 

82 

80 

8 

65 

180 

12 

68 

— 

16 

54 

— 

22.5 

53 

870 


Tht'se results show that under these conditions the muta¬ 
rotation of a methyl benzyipcnicilloate is essentially com¬ 
plete long before any significant amount of the product 
having the 2,825 A absorption band is formed (note that the 
2,825 A baud when developed to its full magnitude attains 
Em 10,000 17,000). Isolation of the product of this 
epimerizalion showed that it could be fractionated (on t)ie 
basis of solvent solubility) into a series of four amoiphous 
solids having specific optical rotations varying between 
+115 and +22®. 

Epimerization of a-Methyl o-i-Benzylpenicilloate iM.M\ 
7; 44, M). Ten grams of a-methyl i)- 7 -benzyli)enieilIoate 
was refluxed for sixteen hours (after which tune the rotation 
remained essentially constant) in methanol. The solution 
was concentrated and the residue was dissolved in sodium 
bicarbonate, which h*ft practically no non-acidic material. 
The acid ester was recovered and, after standing with a 
little methanol overnight, 1.2 g. of the original estc*r was 
obtained. An additional quantity (0,7 g.) of bcnzylaiuine 
salt of the starting ester was obtained. On conversion from 
the benzylamine salt to the /-('phedrine salt a little gelatinous 
material was obtained. The epliedrine was removed by 
acidification and the recovered acid was benzoylated in 
pyridine. Some colored non-acidic material was obtained 
as well as the colorless benzoylated product. The latter 
was dissolved in ether and about 200 mg. of a-inethyl 
N^benzoyl-n-a-benzylpenicilloate, m.p. 168-169®, separated. 
This compound had the same melting point behavior as a 
similar compound obtained from ‘‘natural” a-methyl n-a- 
benzylpenicilloate. Further evaporation of the ether 
yielded a few milligrams of a-methyl N^-benzoyl-D-/3-benzyl- 
penicilloate, m.p. 236-237®. 

a-Methyl D- 7 -Benzylpenicilloate Benzylammonium Salt 
{M,SS, 2). To 366 mg, of a-methyl D- 7 -benzylpenicilloato 
dissolved in a few milliliters of absolute ethanol was added 
0.12 ml. of benzylamine. Dilution with ether caused the 
separation of white needles, m.p. 154-166° (dec.), (»apillary 
placed in bath at 140°. The yield was 460 mg. (95 ). Twm 
additional crystallizations from the same solvent-s did not 
alter the melting point. 

Calc, for CsilluOftNiS: C, 60.84; II, 6.60; N, 8.88 
Found: C, 60.04; II, 6.69; N, 9.16 

The twice-recrystallized salt was dissolved in water and 
decomposed by acidification. The a-methyl D- 7 -benzyl- 
peniciUoate which crystallized from the solution had proper¬ 
ties identical with those of the starting material. It seems 
unlikely that the crystalline preparation contains more 
than one stereoisomer. 

Sodium a-Methyl p- 7 -Benzylpenicilloate (Shell, (ih.S, 22). 
A sample of a-methyl D- 7 -benzylpenicilloate (0.232 g.) sup¬ 
plied by the Merck Laboratories was dissolved in the theoret¬ 


ical amount (6.16 ml.) of 0.1029 N aqueous sodium hydroxide. 
The solution was evaporated to dryness at room temperature 
in a vacuum desiccator. The crystalline residue weighed 
0.248 g. (theoretical yield is 0.246 g.). 

Cleavage of a-Methyl i>- 7 -Benzyipcnicilloate with Sodium 
in Liquid Ammonia (Upjohn, V.24y 3; 20, 0). To a solution 
of 0.933 g. (0.00255 mole) of a-methyl T)- 7 -beiizylpenieilloate 
in approximately 100 ml. of dry liquid ammonia (distilled 
from sodium) was added 0.364 g. (0.0154 gram-atom) of 
metallic sodium in small pieces with adequate stirring. 
After all the sodium had dissolved, 0.9 g. (0 0165 mole) r)f 
ammonium chloride was added. Th(‘ ammonia was evapor¬ 
ated at room temperature and the linal trace.s of ammonia 
w^eru removed in vacuo ov(*r concentrated sulfuric acid 
The white residue was dissolved in 20 ml. of wnti'r and the 
aqiiwus solution extracted four times with lO-rnl. portions 
of chloroform. The chloroform solution contained 57.8 mg. 
of solids from which pure plienylacetamide wsb isolated. 
The aqueous extract was acidified to pH 2 with N hydro¬ 
chloric acid, and again extracted four times with 10 -ml. 
portions of chloroform This residue (38.1 mg.) did not 
crystallize. Tin* aqueous layer was frozen and lyoplulizcd. 
The nearly white resiilue was extracted twice with cold 
<*thanol ami the combined extracts were (waporated to 
dryness in vacuo. The dried residue was rc-extractt*d with 
10 ml. of commercial absolute alcohol and filtered. Evap¬ 
oration of the filtrate in a stream of dry nitrogen and finally 
in vacuo over phosiihorus pentoxide yielded 0.85 g. of white 
powder; m.p. 153® (dec.) after softemiig at 140-146®. The 
ferric chloride test for sulfhydryl wavS strongly positive and 
qualitative tests indicated the preseiiee of chloride ion. The 
infra-red absorption of the compound indi(*ate(l cleavage 
of the thiazolidine ring 1x4ween lb(’ sulfur atom and the 
carbon atom in positions 2. Analyses w(‘re in agreement 
with th(' values (‘aleulateci for a-f/3'-(phonylacotylamino- 
carboniethoxy)-ethylam ino |-/Sl-mt‘rcai>toi 8 ovaleric acid mono¬ 
hydrochloride monohydrate. 

('ale. for C', 7 H 2 i,N 2058 (l li 20 : 

C, 48.27; H, 6.44; N, 6.62; S, 7.58 
Found: C. 48.00; II, 6.72; N, 6.62; S, 7.60 

Isolation of Phenylacetamide from a-Mathyl D- 7 -Benzyl- 
penicilloate after Treatment with Sodium in Liquid Am¬ 
monia {U.20, 7). a-Methyl D- 7 -benzylpenicilloate (3.66 g.; 
0.01 mole) was treated with metallic sodium in liquid 
ammonia as descrilxal above. After evaporation of the sol¬ 
vent, the nearly colorless residue was dissolved in water 
and the alkaline solution extracted with chloroform. Tlie 
chloroform extract was dried over anhydrous magnesium 
sulfate and the solvent removed in vacuo. The residue 
weighed approximately 60 mg., m.p. 145-150° (micro¬ 
block). After recrystallizntion from water, the melting 
point rose to 155-156° and did not depress the melting point 
of phenylacetamide (m.p. 156-157°). 

Calc, for (JgHgON: C, 71.09; H, 6.71; N, 10.36 
Found: C, 71.44; 11 , 6.5G; N, 10.74 

The acid fractions which remained in the aqueous solution 
were not obtained in crystalline form. 

Pyrolysis of «-Methyl n- 7 -Benzylpenicilloate (Merck, 
10 ; 50, 6 ). A suspension of 5.0 g. of a-methyl 0 - 7 - 
benzylpenicilloate in 50 ml. of xyhuie was heated under 
reflux with agitation until ail the starting material was 
dissolved (about five minutes). llefluxing w’as continued for 
three hours. Then, on cooling, a mass of crystals deposited 
weighing 2.9 g. The product was thrice recrystallized from 
methanol to give diamond-shaped plates melting at 216°. 
The material was optically inactive. A qualitativ(» sulfur 
test was negative. Analyses indicate loss of hydrogen sul¬ 
fide and water from a-methyl i)- 7 -benzylpenicil]oate and the 
product appeared to be 2-benzyl-4-carbomethoxy-a-i80- 
propylidene- 1 -imidazoleacetic acid. 



586 


PENILLOIC AND PENICILJ.OK^ ACIDS 


(’ale. for CnIIi804Na: C\ 64.96; II, 5.77; N, 8.92; OCB,, 9.87; 

neut. equiv., 314 

Found: 

C\ 65.07, 65.20; II, 6.01, 6.33; N, 9.23, 9.16; OVlh 11.20; 

neut. equiv., 323, 318 

a-Mcth)^ i>-7-benzylpeni(‘ill()jito (300 mg.), suspended in 
toluene (15 ml.), did not dissolve appreciably during fifteen 
rninuU's r(*tluxing. Tin* addition of 10 mitTograrns of iodine 
caused quick solution with loss of the iodine color. Hydro¬ 
gen bulfid(‘ evolution was delectable in fifteen minutes and 
ceased alter two hours. On examination of tlie reaction 
solution after live, fifteen and thirty minute.s, .starting 
inati'nal was lecovered in each case. The prodmd secured 
from a two-liour run gave approximatidy 00* c of the imid¬ 
azole denvativc, m.p. 216°. 

a-Methyl N'*-Nitroso-n-7-ben2ylpenicinoate (M.47y 21, 
o/f, 11). solution of 0.51 g. of o'-methyl i)-7-bciizylpeiii- 
cilloat(‘ in 25 ml of 5^ iK|ueous hydrochloric acid was eoole<l 
in an n'c-liath to 5 . To this solution 0.1 g. of sodium 
nitrite' was added; it dissolved rapidly and caused the 
precipitation of a white solid. This was washed with 5 ml. 
of w'uler and dried in vacuo at room temperature; 0.52 g., 
m.p. 150-153" (dec.). Ui'crystallization from aqimous 

methanol yii'lded a prodiu't with the constant melting point 
of 151-155° (dec.). 

(^ilc. for (^7ll2lNsSO,: (\ 51.63; II, 5.35; N, 10 62 
Found: 51.83; H, 5.28; N, 10.67 

To a solution of 196 mg. of sodium nitrite in 3 ml. of water 
and 15 ml. of dioxane was added 172 mg. of a-methyl n-7- 
benzylpenicilloatc. The solution was cooled to 5° and 
treated with 1 30 ml. of I 95 \ sulfuric acid. After thirty 
iniimtcs at 5° I he mixture was poured into water. Extrac¬ 
tion with chloroform gave, on removal of the sol\ out, 184 mg. 
of Oil. C'rystallization from atpu'ous methanol yielded 
62 mg. of product, m.p. J52 155' (di'c,). The crystals 
gave a strongly positive Lu‘bermami lest. A mixture of 
this material and aiitbentic «-m(‘thyl N-mtroso-i)-7-benzyl- 
penicilloate, m.p. J 54-155” (dec.), melted without depression. 

Recovery of «-Methyl 0-7-Benzylpenicilloate from Its 
Nitroso Derivative {M.47, 21) A siisja'iisiori of 220 mg. 
of the iiitroHo derivative of a-methyl D-7-benzylpenicilloate 
in 5 ml. of 10% aqueous hyilrochlonc acid was heated on the 
steam-bath. The solid (piickly dissolved, after wdiich 
the solution was cooled and neutralized carefully with 
sodium bicarbonate. The turbid, mnitral solution was 
extracted with three lO-nd. portions of chloroform. (Con¬ 
centration of the extract to dryness in vacua yielded 130 mg, 
of a transpanmt gum. Tn'atmt'ut \vith aipieous methanol 
caused tlie gum to erystalhzi*. Tlie crystals obtained, 
which melted at 164-165°, did not depress th(» melting point 
of «-methyl i)-7-benzylpeniciIloHte, m.p. 164 166°. 

<>-Methyl N'*-Formyl-i>-7-benzylpenicilloate 5), 

a-Methyl D-7-bcuzylpeniciIloate (3 g.) was dissolved in 5 ml. 
of 85 % formic acid and then treated with 2 ml. of acetic 
anhydride. The solution was allowed to stand overnight 
at room temperature. (Crystals did • not form at this 
concentration, but in larger runs a considerable amount 
of the product crystallized in large beautiful rods.) The 
colorless solution was concentrated to dryness in vacuo to a 
semi-brittle white fluff. Trituration with 200 ml. of an¬ 
hydrous ether dissolved approximately half tlie product and 
caused the undissolved material to become granular. 
Crystals obtained from the ether extract melted at 169-170° 
while the granular material melted at 165 "169°. liecrys- 
iallization from methanol and ether gav'c a product of m.p. 
174-176°. 

Calc, for CuHaiNsOeS: C, 54.86; TI, 5.62; N, 7.11 
Found: C, 64.90; H, 5.80; N, 7.16 

a-Methyl N^-Acetyl-D- 7 «benzylpenicilloate (Af. 47 , 13). 
To a solution of 12,84 g. of a-raethyl i>- 7 *benzylpenicilloate 


(0.0351 mole) dissolved in 50 ml. of pyridine, 3.68 g. (3.3. ml.) 
of acetic anhydride (0.0351 mole) was added. After standing 
for three hours at room teiiqierature the solvent was removed 
under redueerl pressure. The residue was dissolved in 
chloroform and the chloroform solution was extracted with 
aqueous sodium bicarbonate. Acidification of the aqueous 
solution with an excess of hydrochloric acid followed by 
extraction w'lth chloroform, drying and evaporation of the 
chloroform left a residue of 17.49 g. On standing overnight 
a few crystals fornu'd. The material was recrystallized by 
dissolving it in methanol, adding other to turbidity and 
seeding. The following I'rojis of crystals w(*re collected: 
4.44 g., m.p. 111-142°: 6.72 g., 142 1^3°; 0.88 g., m.p. 140- 
143°; total vield, 12 04 g. (S4\). The aiuilvtical sample 
melted at 141-142°. 

Ciilv. for Cmir,,()B\,S: (\ 55 87, 11, 5.92; N, 6.86 
Found: C, 55.71; 11, 5.63; N, 0.55 

Preparation of a-Methyl N^-MethoxalyI-i)-7-benzyI- 
penicilloate (/If.5?, 11). To a solution of 732 mg of 
a-methvl r>-7-benzylpeiiicilloat(' in a mixture of 10 ml. of 
eth\lene diehlonde and 3 ml of fivrubne, 0.3 g of mothoxalyl 
chlornh* was added diopwise. \ft('r tlu' mixture' liad been 
allow'ed to btand for thirty imiiutes at room temperaturi', it 
was coneentratf'd to a small volume under reduced pressun*. 
Ether was arldcd, and the mixture \vas extracted with sodium 
bicarlumate solution. Acidification of the bjcarbonate 
extiact precipitated a gum which was extracted into ether. 
Evaporation of the ellu'r left a guru which crystallized from a 
mixture of acetone, ether and petroleum ether, llecrystal- 
hzatiou from the same mixtuie of solvents gave fiat prisms, 
in p. 180-181° (capillary). 

(’ale. for C2oH240»N2S: (\ 53.07; II, 5.35; N, 0.19 
Found: {\ 53.03; H, 5.43, i\, 6.06 

nr-Methyl N^-Isobutyryl-i)-7-benzylpenicilloate {MM6y 
15-16). A solution of 3(>.(> g of a-mcthyl n-7-bi'iizylpemcil- 
loate 111 500 ml. of chlorotorm w'as trcati'd with 8 g. of 
jiyndine and 10 g. of isobutvrvl cldornh' whicli was added 
dropwuse, with stirring, at room temperature. The solution 
was stirred for one-half hour and then w^ashed with ice-cold 
dilute hydrochloric acid and finally with writer. The solu¬ 
tion was dried over .sodium sulfate and concentrated in 
vacuo. An amorphous solid w'as obtaiiu'd by pumping off 
the residual solvent under high vacuum; yield, 45 g 

Calc, for (%iIl28NA).S: (\ 57.78; 11, 6.16; N, 6.42 
Found: i\ 57.72; H, 6.57; N, 6.39 

a-Methyl N^-Benzoyl-D-y-benzylpenicilloate {M.Siy 10). 
Synthetic a-rnethyl u-7-benzylpenieilloate, m.p. 162-164°, 
(0.73 g.) was dissolved in 10 ml. of dry pyridine and treated 
w'ilh 0.25 g. of benzoyl chloride at room temperature. 
After five minutes the pyridine was evaporated; the residue 
w'as dissolved in chloroform and extracted wdth sodium 
bicarbonate solution. This was acidified to pH 3 and 
extracted with chloroform. After evaporation, the residue 
w^as extracted wdth petroleum ether to remove benzoic acid 
and was crystallized from a little methanol and ether; m.p. 
190-191°. 

(^alc. for C24H2flN206S: (\ 61.26; II, 5.57; N, 5.95 
Found: C, 61.67, 61.66; 11, 5.89, 6.05; N, 6.05 

a-Methyl N^*Carbophenoxy-i)-7-benzylpenicilloate {M.SSy 
3; SJfy 2; cf/, 6). To a solution of 732 mg. of a-methyl D-7- 
benzylpenieilloate and 0.4 ml. of pyridine in 25 ml. of 
chloroform was added 0.26 ml. of phenyl chloroform ate. 
After the mixture had been allowed to stand for fifteen 
minutes at room temperature, it was extracted with sodium 
bicarbonate solution. Acidification of the bicarbonate 
extract precipitated a gum, which was taken up in ether. 
The solution was dried over sodium sulfate, then con¬ 
centrated. Addition of a small amount of petroleum ether 
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precipitatf^d a gum whi(‘L solidified when triturated. This 
material (0.8 g.) melted at 175 179“. Crystallization from 
alcohol and water gave prishis, m.p. 178-180“. A sample 
was recrystallized from a mixture of ethylene diehloride 
and petroleum eth(*r; rn.p. 178-180“. 

Calc, for r24H2G07N2S: (% 59.22; 11, 5.39; N, 5.76 
Found: (', 59.33; PI, 5.62; N, 6.06 

Fotentiornc'trie titration of this substance in 20^,; ethanol 
rev(*aled it to have an equivalent weight of 498 (calc. 486) 
and a pll Iof 3.20. It showed no tendency to decarboxylatc 
at pll 2 and 23“. 

In the pn’sence of 3.40 equivalents of sodium hydroxide 
(pU 11.75), it underwent 86% saponification at the a-posi- 
tion in thirty minutes at 23°. Saponification times (at 23°) 
up to twenty hours failed to give any indication of attack 
of th(‘ N ^-carbophenoxy group. After thirty minutes at 100“ 
back titration nwealed that atta(‘k at the .V-carbophenoxy 
group had occurred since evolution of carbon dioxide was 
observed in the pll range 8.6 to 5.5 and the saponification 
product now titrated like sodium jK'nicilloate with 
values of 2.9 and 5.2. In addition, a binding region with 
plhit 10 was also observed; phenol has a dissociation con¬ 
stant of 1 X 10'**“. 

«-Methyl N4-Phenylacetyl-i>-7-benzylpenicilloate [XJ 
5). «-Methyl i)-7-])enzylpenicilloat(* was treated in a 
chloroform solution with one mole of jiheiiylacctyl chlornle 
and two moles of pyridine. After nunoval of the chlorolorm 
and pyndjri(» hydrochloride, tin* product was recrystallized 
from methanol; m p. 200-1208 . 

C'alc. for (\ 61 96, H, 5.82; N, 5 78 

Found: (\ 61 79, (i2 11; 11, 5.94, 0.18, N, 5.88 

a-MethylN^-Carbobenzyloxy-i>-7-benzylpeniciUoate {M.S.i, 
4; ^)- To 1 1 g. of «-metliyl n-7-benzyIpenicilloate and 

0.8 ml of pyridine in 30 ml of chloroform, 0.5 ml of benzyl 
chlorolormali' was added dropwise. The solution was al¬ 
lowed to stand lor iiin<*ty minutes Jt was then extracted 
five times with sodium bicarboiuiti' solution and the product 
w'as precipitat(‘d from the extracts by acidification. The 
resulting gum was taken up in chloroform and the solution, 
after drying over sodium sulfate, was evaiiorated in vacuo 
The residual gum solidified when triturated wutli ether. The 
solution w\as diluted with petroleum ether and the product 
(0.9 g., m p 105-180°) was collected. After two crystal¬ 
lizations fn»m methanol and water, prisms (0,615 g., m.p. 
180 182°) were obtained. The analytical sample was 
recrystallized from etliylene diehloride without change in 
melting point. 

Calc, for (’2JI2HO7N2S: (\ 59.90; 11, 5.64; N, 5.60 
Found: C, 60.11; H, 5.G9; N, 5.68 

Potentiometric titration in 33% ethanol revealed it to 
have an equivalent w^eight of 546 (calc. 500.5) and a pWyi 
of 4.10. In the presence of 2.22 equivalents of sodium 
hydroxide (pH 12.0), it underwent 74 % saponification at the 
a-position in one hour at 23“ with binding region on back 
titration pll 4.6 to 2.9 and no evidence of carbon dioxide 
liberation. 

a-Methyl N ^-carbobenzyloxy-D-7-benzylpenicilloate (410 
mg.) in 125 ml. of methanol to which a drop of glacial acetic 
acid had been added was treated with hydrogen (pressure 
40 lbs.) for 2.5 hours using 400 mg. of palladium black 
catalyst. Most of the starting material (355 mg.) was 
recovered. 

4-Phenylacetamido-6*>p3rrazolone from Crude a-*Methyl 
D-Benzylpenicilloate (Af.4^» 20). Crude a-methyl n-benzyl- 
penicilloate (7.32 g.) was dissolved in 20 ml. of methanol and 
2.35 ml. of 85% hydrazine hydrate (2 equivalents) was added. 
The solution was refluxed for 3.5 hours and then allowed 
to stand overnight at room temperature. On concentra¬ 
tion, on oil separated which crystallized on the addition of 


water; yield of crude material, 1.9 g. It was rccrystallizi'd 
from 90% methanol; m.p. 222-223°. The analysis indicated 
that the compound was 4-phonylacotami(lo-5-pyrazolone. 

Calc, for (hiHiiNsOa: 60.8; 11, 5.07; N, 19.31 

Found: (', 60.91; H, 5.18; N, 19.13 
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«-Methyl 6-Methyl-i>-benzylpenicilloate (Sipiibb, 

2). Although till* acctsl group in methyl a-jilienylacel- 
arnido-«-mi*thyl-/5i,/3-ilictho\ypropionat(‘ is very stable and 
resists condensation willi pemcillanune under hydrolytic 
conditions, tlit\desirc(l condensation w-as apparently obtained 
by fusion of the reagents A mixtme of 0.5 g. of n-penicill- 
amine hydrochloride and 0.87 g of methyl a-plienylMci't- 
amido-a-methyl-/fy,/9-dielhoxypropionate wa.s giound in a 
mortar and then fused with stirring in an oil bath at 112' for 
twelve mimites The cooled melt was sliaken with eliloro- 
form and aqueous potassium carbonate* solution. The 
carbonate layer was acidifi(*d and extracted w ith chloioform. 
Concentration of the cldoroform layc‘r gave (>.83 mg. of an 
amorphous acid. 

(‘ale. for CisICiOfcN.S: (\ 56.80; H, 6.32; X, 7.37 

Calc for (hHll24(\N2S*ll20: 51.27; H, 6.53; N, 7.03 

Found: (\ 54.80; H, 6.19; N, 7.12 

Benzylamine Salt of ^-Methyl N^-Benzyl-n-benzylpeni- 
cilloate (Merck, XIMS, 5; 6*6', 13) A suspension of 1.15 g 
of a-(N-benzylphenvlacetamido )-j3,/3-dic*t hoxypropionic acid 
111 ether w^as treal(‘d vvnth a slight excess of diazomethane. 
The solvent was removed uialer reduced pressure and the 
remaining oil was mixed w’lth 0.55 g. of D-penieillamiiie 
hydrochlondi* and h<‘ated on u steam-bath under reduced 
pressun* for twenty minutes wh(‘n the evolution of ethyl 
alcohol seemed to lx* (*oinplete. The r(*a(*tion mixture was 
cooled and the yellow'-gii*en glassy residue ^^us tri'ateii 
with 0 25 g. of sodium acetate in a ^vate^ and niethvl alcohol 
mixture. After standing overnight, the* alcohol wuis re¬ 
moved under reduced pressure and the oil which pri'cqutated 
was treated wuth sodium bicarbonate solution and e\tracU*d 
twice w’ith ether. The* aqueous layer was acidified to pH 4. 
The oil whi(*h separatixl was extracted into chloroform which 
was removed by distillation, alti'r w^ashing and drying the 
solution; yield, 1.06 g. (77S') of an amorphous fiufTy while 
solid. 

This material was convert(*d to its benzylamine salt and 
was dissolved in ether containing a litth* methyl alcohol. 
Petroleum ether (30-60°) caused thi* precipitation of an oil 
which partially crystallized. The crystals were recrystal¬ 
lized from the same solvents to give the beiiz^dannne salt of 
a-methyl N’-benzyl-o-lienzylpenicilloate, m.p. 154“156°. 

(laic, for CnKiiNzOS: (\ 66.05; H, 6.62; N, 7.45 
Found: (’, 66.12; 11, 6.35; N, 8.45 

Another preparation of the above compound gave a 
better analysis; m.p 154“ 156°. 

Calc, for C3iH37N3(hS: (\ 66.05; H, 6.62; N, 7.45 
Found: (\ 65.78; H, 6.60; N, 7.(i0 

Condensation of Methyl d-Benzylpenaldate Dimethyl 
Acetal with n-Penicillamine (Sipiibb, SSI, 13) A solution 
of 500 mg. of n-peuicillanune byilrocbloride and 757 mg. of 
methyl d-benzylponaldati* dimethyl acetal in 8 ml. of glacial 
acetic acid was allowed to stand for seven days at room 
temperature. The reaction mixture was (‘on(*i*ntrated under 
reduced pressure without heating and the residue dissolved in 
chloroform. The chloroform vsolution wjus extracted wdth 
aqueous potassium carbonate solution and driixl over sodium 
sulfate. The aqueous solution was acidified to pH 3 and 
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extracted several tunes with chloroform. The chloroform 
extracts were combined, washed and dried. Concentration 
of the chloroform solution yielded an oily residue containing 
some crystals which wen* isolated by washing the oil with a 
benzene-ether mixture. These crystals, 70 rug., melted at 
159-160” after reeryatallization from aqueous alcohol and 
gave no depression when niixc'd with a sample of a-methyl 
D-7-beiizylpenicilloate. Cvoncc'ntration of the benzene- 
ether washings yielded 426 mg. of amorphous cf-methyl 
i)-benzylpemcilloate. The total weight of a-methyl i>-henz- 
ylpenicilloate was 490 mg., a 50S; yield. 

a-Methyl UL-Benzylpenicilloate from Methyl /-Benzyl- 
penal date Dimethyl Acetal and UL-Penicillamine Hydro¬ 
chloride (Merck, MmO, 25) A Hohitioii of 562 ing. of 
riH'thyl /-a-phenylacetamido-d,/51“<liniethoxypropionate and 
370 mg. of i)u-j»cnicillainine hydrochloruh' in 4 ml of glacial 
acetic acid \NaH I(‘t stand for twenty-four hours at room tem¬ 
perature. Treatment by tin' method previously employed, 
(j 1/..^7, 19) gave 78 mg of amor])hons a-methyl im-beiizyl- 
penicilloat(‘ winch sll()^^ed no optical activity in methanol or 
pyridine 

('ale. for (\7ll22()i,8N2: N» 7.65 
Found: N, 7.G0 

Condensation of Methyl Z-Benzylpenaldate Dimethyl 
Acetal with DL-Penicillamine (Squibb, S.3U 13; SS, 5). A 
solution of 150 mg. of methyl /-bcnzylpenaldate dimethyl 
acetal and 99 mg, of DL-penicillamine hydrochloride in 45 ml. 
of glacial acetic acid was allowed to stand for hve days at 
room tempc^raturc. The penieilloat(‘ fraction, which 
weighed 80 mg. (44 f';), showed no optical activity in 
chloroform, ethanol or 5% aqueous sodium carbonate 
solution. 

The following table lists the optical properties of the 
amorphous a-methyl ponieilloate fractions from a series of 
such condensations. 
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Since the fusion of the d-acetal with DL-penicillamine 
hydrochloride yielded a benzylpenicilloate with optical 
activity, it would seem that complete raeernization did not 
occur. However, fusion of the dU and d-acetal with n-peni- 
cillamine hydrochloride gave products with the same optical 
properties, indicating that complete raeernization had taken 
place. 

Condensation of D-penicillamine hydrochloride with either 
ett- or d-acetal in presence or absence of a solvent gives what 
seems to be a characteristic equilibrium mixture. The 
mutarotation of the D-7-i8omer in alcoholic hydrogen 
chloride also seems to form this equilibrium mixture. 

a-Methyl l- 7-Benzylpenicilloate (Upjohn, f/.ii, 16). 
The (jompound was prepared in the same manner as that 
described for the n-isomer; yield, 34.2%, m.p. 158--159”; 
(a]D** —129.1” (c « 1 in absolute ethanol). 

Calc, for Ci7ll22NiOjS: C, 55.72; H, 6.05; N, 7.65 
Found: C, 55.82; H, 6.85; N, 7.95 

a-Methyl UL-Benzylpenicilloate (U.4, 6). A mixture of 
236 mg. of crude methyl bonzylpenaldate, 120 mg. of crys¬ 
talline sodium acetate and 186 mg. of DL-penicillamine 
hydrochloride in 4 ml. of methanol and 2 ml. of water 
was allowed to stand overnight. Thirty drops of 5 % sodium 
bicarbonate were then added and the reaction mixture al¬ 


lowed to stand another twenty-four hours. The solvents 
were removed under redu(‘ed pressure, the residue dissolved 
in 5 ml. of 5% sodium bicarbonate, filtered and acidified. 
The gum, Avhich first precipitated, later solidified to a brown 
powder. 

a-Methyl i)L-Benzylpenicilloate Hydrochloride (l*nrke- 
Davis, PI).9, 2). This compound was prepannl from ethyl 
benzylpenaldate and nr,-penicillamine hydrochloride by the 
same procedure di'scnhed for the prejiaration of a-ethyl 
DL-benzylpenicilloate hydrochloride. The product was 
dosi(j(‘ated in vacuo at room ternpcTatiin* ov(‘r ])hosphoruB 
pentoxide. When slowly heated, it shrank at about 82° and 
effervesced about 96°; yield, 96 

Uale. for (^ 50.7; 11, 5.98 

Found: C, 50.23; II, 6.02 

Benzylamine Salt of a-Methyl i)L-Benzylpenicilloate 
(Abraham, BakiT, Chain and Kobinson, CPS.34^^ 2 ). 
a-Metbyl i>L-benzylpenieilloat(* flOO mg.; was dissolved in 
4 ml. of ether and 0.1 ml. of benzvlaniine added to the 
solution Th(‘ oily prf‘cipitiite which formt'd was allowed 
to stand at room temperature for forty-eight hours by which 
time it had crystallized comjiletelv in prisms. After wash¬ 
ing with ether the crystals inelt(‘d at 125 128°. 

(^ale. for (^JlaiOoNaS: (\ 58.9; H, 6.3; N, 8.6; 8, (5.4 

Found: (’, 58.3; H, 6.6; N, 8.7; S, 6.4 

Picrolonate of a-Methyl DL-Benzylpenicilloate {CPS. 

2). a-Methyl DL-benzylpenieilloato w^as dissolved in a 
small volume of alcohol anil 10% excess of solid picrolonie 
acid added to the solution. On warming the pierolouie acid 
went into solution and the picrolonati*, m.p. 159°, crystal¬ 
lized on standing. 

Calc, for C.rllioOuNcS: (', 50.1; II, 4.7; N, 13.0; S, 5.0 
Found: 50.0; H, 4.7; N, 12.7; 8, 5.0 

a-Methyl DL-Benzylpenicilloate and Its N^-Formyl Deri¬ 
vative (Merck, M.39y 9). Two grams of 2-benzvI-4- 
hydroxyniethylene-5(4)-oxazok)ne W7is refluxed with 15 ml. 
of absolute methanol for ten minutes. A solution was pre¬ 
pared containing 15 ml. of water, 1.8 g. of DL-penicillamine 
hydrochloride, and 1 g. of ix)tassium acetate and added to 
the methanol solution; the resulting clear mixture w’as al¬ 
lowed to stand at room temperature overnight when a heavy 
yellow oil separated. After decanting the supernatant, the 
oil was washed with 10 mi. of w^atei, dissolved in 15 ml, of 
saturated sodium bicarbonate solution and then filtered. 
After acidification, extraction with chloroform, and concen¬ 
tration of the chloroform, 1.28 g. of a brittle residue was 
obtained. 

About 300 mg. of the residue was formylated by dissolving 
in 2 ml. of 85 % formic acid, adding 1 ml. of acetic anhydride, 
and allowing to stand for twenty-four hours in the refrigerator. 
After concentration to dryness in vacuOy trituration with 
ether yielded a small amount of white solid which did not 
crystallize; m.p. 176®. 

Calc, for CigH22N,06S H20: C, 52.42; H, 6.87 
Found: C, 52.85; 11, 5,91 

Ethanolysis of Sodium Benzylpeuicillm [M.S4y 6). The 
following table shows the change of optical rotation and bio¬ 
logical activity of an absolute ethanol solution (2.41 mg./ml.) 
of sodium bcnzylpenicillin at 23°. 


Time (days) 

Wd” 

Potency (U./mg.) 

0 

+276® i 

1750 

2 

209 

1080 

7 

172 

480 

10 

158 

245 

12 

154 

150 

16 

151 

20 
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These data show agreement between the rotation change 
and the biological inactivation. 

«-Ethyl D-a-Benzylpenicilloate Benzylammonium Salt 
{M.12b, 3; 16a, 11; cf. Abbott, A .5, 1). Sodium benzylponi- 
cillin was dissolved in etlianol and allowed to stand over¬ 
night on the steam bath. The rotation was fajD 4*151°. 
Evax)oration left the sodium salt as a glass which was 
converted to a free acid. The acid ester faih'd to cryst allizo. 
It gave a benzylamine salt melting at 140 141°. 

Calc, for C36IT3BN3O5S: C, 61.58; H, 6.82; N, 8.62 
Found: C, 61.80; 11, 7.23; N, 8.10; 8.30 

This compound was titrated potentioinetrically with 
sodium hydroxide. This gave the expected value for the 
benzylammonium salt of a monobasic acid, ~ 0.25. 

The equivalent weight found was 504 ( 43^;), calculated 487 
for anhydrous salt; [aji)*® 4*103 (r « 0.30 in ethanol). 

With one equivalent of mercuric chloride per mole in 
ethanol the rotation changed from 4-103° to 

—34° in six minutes and remaim^d constant; [alD*"* —34° 
after 140 minutes. The ultraviolet absorption of the final 
solution was Em 17,400 at 2,800 A. 

^-Phenylethylamine Salt of «-Ethyl n-a-Benzylpeni- 
cilloate (Merck, M.2h\ 8). “Natural” a-cthyl i>-benzvl- 
penicilloate, [«]d -fl45° (in ethanol), was treated with 
/?-phenylethylamine. Th<* crystalline salt was recrys- 
tallizecl from methanol and (‘ther. It melted at 155-156° 
(micro-block). 

Calc, for CnlhbOfcN^S: C, 62.25; II, 7.03; N, 8.38 

Found: C, 62 45; II, 7.03; N, 8.77, 8.42, 8.38 

The melting point of this salt is the same as that observed 
for the /3-phenylethylamine salt of synthetic a-cthyl d-t- 
bonzylpenicilloatc but a mixed melting iKiint of the two was 
depressed to 141-147° (micro-block) showing that they are 
not identical. 

Hydrogenolysis of o-Ethyl n-a-Benzylpenicilloate (M.i?:?, 
11 ;li7, 1; i\S’, 10). a-Ethy 1 n-a-boiizyIpenicilloate (“ n atural ”) 
was subjected to hydrogenolysis with Raney nickel catalyst 
in 0.5^; aqueous sodium carbonate. When the aqueous 
carbonate solution was acidified and concentrated in 
vacuo, an oil was isolatcul which gave a salt with benzyl- 
amine melting at 140-141° (micro-block). The analysis 
agreed with that calculated for the benzylamine salt of 
pheiiylncet ylalanine. 

C^alc. for Ch JI22O3N2: C\ 68.77; H, 7.06; N, 8.91 
Found: (Sanij)le dried at room temperature) 

C, 68.99; 11, 7.39; N, 8.79 

The equivalent weight by titration was 313 (eale. 314.4). 

The benzylamine salt of L-jihenylacetylalanine was pre¬ 
pared and on reerystallization melted at 139-141° (micro- 
block) in good agreement with the uiikriowui. The known 
salt in 0.1 N' sodium hydroxide showed [alo —20.3°. The 
mixed melting point was inconclusive. 

The benzylamine' salt of i)L-phenylacetylalanine prepared 
as a reference compound melted at 140^ 142° (micro-block). 
This melting point is in good agreement with that of the com¬ 
pound isolated from the a-ethyl n-benzylpenicilloate (‘4ia- 
tural”). A mixed melting point was without depression. 
This evidence together with the optical inactivity shows 
the phenylacetylalanine isolated to be dl. 

It seems quite unlikely that any appreciable racemization 
could have taken place during the hydrogenolysis. To test 
this possibility, L-phenylacetylcystine melting at 134-136°, 
Wd®* —139° (c =* 1.63 in 0.1 N sodium hydroxide), was 
treated with Raney nickel catalyst under the same comlitions 
as those used in the above experiment for a-ethyl n-benzyl¬ 
penicilloate. The L-phenylacetylalanine resulting from the 
reaction melted at 107-109°, [a]©” -24° (c « 2.5 in 0.1 N 
sodium hydroxide). The benzylamine salt of this acid 
melted at 139-141° (micro->block) and had a rotation [a]D 
—20° (c ■■ 2.66 in 0.1 AT sodium hydroxide). 


From the aqueous mother liquor after extraclion of 
phenylacetylalanine, a second product was isolated. Upon 
recrystallization from watcir the needle crystals mclti*<l at 
192.5-193° With effervescence (micio-block). The analysis 
agreed with that calculated for n-desthiobenzylponicilloic 
acid. 

Calc, for CielliaOtN*: N, 8.69 
Found; N, 8.52 

Similar experiments with synthetic a-cthyl i)-'v-benz>l- 
penicilloate gave an oily product but in this case efforts to 
obtain a crystalline benzylamine salt were fruitless. 

Hydrogenolysis of a-Ethyl n-Benzylpenicilloate 
10). The a-ethyl esters of synthetic D-7- and “natural” 
n-benzylpenicilloic acids were subjected to hydrogenolysis 
using a large amount of Raney nickel catalyst in ethanol at 
125° and 200 atmospheres of hydrogen. The product 
isolated from the alcohol filtrate was insoluble in \ alkali but 
it was saponified at 70" in about one hour. When the alka¬ 
line solution was acidified crystalline plates of <‘yrlohexyl- 
aeetylalaiiiiK' were obtained. Rf‘crystallizafion from water 
gave a product, m.p. 160-161° (from synthetic ester) and 
158-160° (from “natural” ester) (micro-block). A mixed 
melting point of each with pi..-eyclohpxyIacetylalanjne was 
not depre.ssed. Ncithc'r sampl(‘ sho^ved optical activity. 

C^ale. for CnHieNO,: (\ 61.95; H, 8.98; N, 6.57 
Found: (synthetic) (\ 62.05; H, 9.27; N, 6.59 

Stereoisomeric Forms of a-Ethyl n-Benzylpenicilloate 
from an Amorphous Preparation (M..% 4). Condensation 
of ethyl benzylpenaldab' with i>-penicillamine was carried 
out in a 50^ alcohol-water mixtun*. After twenty-two 
hours standing (crystallization had not yet begun), the oily 
comlensalion product was preeipitalcd by dilution of the 
solution with water, and was taken up in chloroform. It 
was purified by extraction into bicarbonate solution, precipi¬ 
tation with acid, and extraction back into chloroform. 
Removal of the solvent left a glass from which a-ethyl n-a- 
benzylpeiiicilloate was separated by means of its insolubility 
in ether. The weight of this isomer amounted to about 
10*^^ of the total. 

C’alc. for (48H2406N2S: C, 56.80; H, 6.37; N, 7.37 
Found: C, 56.83; H, 6.39; N, 7.55 

The remaining amorphous solid nu'lted at 65-95°; [ajo** 
•410.9°. When dissolved in mixtures of alcohol, acetone, or 
dioxane with water, this amorphous material was converted 
to the D-7-isomer, which very slowly crystallized from the 
solutions. Amorphous salts were obtained from the amor¬ 
phous product with benzylamine, jfi#-phenvlethylamine and 
ephedrine. Crystallization attempts failed. 

A small amount of the a-ethyl N<-henzoyl-D-/8-beiizyl- 
penicilloatc melting at 233-235° was isolated from the prod¬ 
uct obtained by treating the material with benzoyl chloride 
and pyridine. The bulk of the product did not crystallize. 

a-Ethyl Desthio-n-a-benzylpenicilloate {MM6, 6). In a 
study of the reaction of the |8-lactam of desthio-n-a-benzyl- 
penicilloic acid (desthiobenzylpenicillin) with anhydrous 
hydrogen chloride in inert solvents, chloroform, which 
later w^as found to contain 0.7% ethyl alcohol, was used as 
a solvent. The reaction with hydrogen chloride in this 
solvent yielded a compound which is presumably a-ethyl 
desthio-n-a-benzylpenicilloate. 

Anhydrous liydrogen chloride was bubbled for three 
minutes into a solution of 240 mg. of the ^-lactam of 
desthio-n-a-benzylpenicilloic arid in 25 ml. of chloroform and 
the solution then heated on the steam-bath for three min¬ 
utes, The solution was concentrated in vacuo to one-half of 
its volume, 1 ml. of pyridine added and evaporation con¬ 
tinued until a viscous oil remained. To this oil, 2 ml. of 
ethyl alcohol was added and on scratching the walls of the 
flask, crystallization began. The needles, after being 
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washed with water and ether, and dried, softened at 188® 
and molted at 212'215® (dee.) (nii(‘r(»-block). They were 
twice recrystallized from liot tdhyl ah'ohol without change in 
melting point; - 55® (c - 0.57 in O.J N hydrochloric 

acid); yield, 150 mg. 

Calc, for CjgHacNsOi: 61.71; II, 7.48; N, 8.00 
Found: (’, 01.83; II, 7.44; N, 7.94 

«-Ethyl N*-Benzoyl-i>-a-benzylpenicilloate (^f.JSy 8; 
20, ‘t). Sodium bonzylpenicillin was refluxed in ethanol un¬ 
til the rotation hail fallen to fajn -f-145®. The free aei<l 
ester (150 mg.) from the crude sodium salt was dissolved in 
1 rnl. of dry pyridine and treated with 1.5 eiiuivalents of 
benzoyl chloride at room teiiipuTature. After fifteen min¬ 
utes the pyridine was evaporated m vacuo and the nvsidue 
dissolved in chloroform. The solution was washed with 
0.1 N hydrochloric acid, tluui with N sodium bicarbonate. 
The bicarbonate solution was acidified and extracted with 
chloroform. Evaporation of this dri(‘d chloroform solution 
left an oil which crystallized from ether; ni.p. 117-1 bS'" 
(micro-block). 

Calc, for V, 61.96; IT, 5.82; N, 5.78 

Found: C, 62.33,62.17; 11,5,95,6 14, N,5.77 

There was no depression in the molting point determina¬ 
tion wlien this N-beiizo 3 ’l derivative was mixed with a 
synthetic product melting at 116-118®. 

a-£thyl N^-Benzoyl-i)-/3-benzylpenicilloate 4, 

SSy 2). Heating of an alcoholic solution of crystalline a-(‘f h vl 
D- 7 -beiizylpenicilloate produced a rapid decline in rotation, 
[ajo +129° to +68.7® in tw'o hours at the reflux temperature 
A slower reduction in rotation occurs w'hen the ester was 
heated in pyridine. Addition of a small amount of sodium 
ethoxide to a solution of the sodium salt of a-ethyl i)- 7 - 
benzylpenicilloato in ethanol cause.s a rapid drop in rotation 
at room temperature. A slower decline in rotation takes 
place in pH 8 buffer solution. 

Unsuccessful attempts were madi' to isolate stereoisomeric 
a-ethjd D-bcrizylpeiiicilloates from the amorphous material 
produced by epimerization under tliese difterent conditions. 
In most cases a portion of the original isomer was recovered, 
but no other crystalline peniciUoate could be isolated 
either as the free acid or as a salt ol biMizylamine, /^-plienyl- 
ethylamine, or ephedrine. 

An amorphous epimerization product (alcohol tn'atment), 
from which the uiiehaiiged starting material had been r(‘- 
inoved, yielded a crystalline N-beiizoyl derivative of 
a-ethyl i)-/S-benz.vIpefiicilloate; rn.p. 233-235®. A product 
which appears to be the N-beiizoyl derivative of another 
a-ethyl i)-b('iizylpenicilloate has been separated from the 
same mixture, but the amount w'as small, and complete 
purification was not possible. 

Heating of a-ethyl i)- 7 -benzylpenicilloate in ethanol 
produced an amorphous epimerization product which was 
treated with benzoyl chloride and pyridine following removal 
of the ether insoluble fraction (starting material). Two 
crystalline materials were separated from the ether solution 
of the product. Tin* first crop melted at 233-234® after 
purification, and was identical with a-ethyl N^-bcnzoyl-u-iS- 
benzylpenicilJoate obtained from an amorphous preparation. 
The se<*ond (‘rop, after two erystalhzations from benzene, 
gave rosettes of sUiut needles, m.p. 114.5-116® (micro- 
block). A inixc‘d melting point with a sample of the N-benz- 
oyl derivative of fhe benzylpenicillm ethanol-inactivation 
product (D-a) w^asnot depressed; [alD**'' +54.3° (c — 0.958 in 
ethanol). 

Calc, for (\ 6 Jl 2 *OeN 2 S: C, 61.95; 11, 5.83; N, 5,78 
Found: C, 61.89; II, 5.74; N, 5,97 

a-Ethyl n-y-Benzylpenicilloate {M.tQa, 5; 12cj 14; 7/>a, 3; 
15Cf 7; 16, 1; 2S, 5; cf. C/omell Bioch., D.12, 6; Squibb, 


S.22, 1; Upjohn, f/.7, 22). A mixture of 4.2 g, (0.021 mole) 
of 2-benzyl-4-hydroxymethylene-5(4)-oxazolone and 26 ml. 
of absolute ethanol was heated for eight minutes on a steam 
cone, then treated wdth a solution of 3.85 g. (0.021 mole) of 
n-perucjllamin(‘ hydrochloride and 2 g. (0.021 mole) of 
potassium acetate in 25 ml. of water. The homogeneous 
mixture was allowed to stand in a stoppered flask for eight¬ 
een hours and w^as then seeded with crystals from a previous 
run. (Vystallization began immediately, but proceeded 
slowdy. Aft(*r three days, 2.5 g. of crude product, m.p. 
about 145“ (dec.), was filtered from the solution. J>iring 
the filtration an oil separated fnim the filtrate. This was 
redis.solved by addition of ethanol, and the solution was al¬ 
lowed to stand in an open flask for live days. At the end of 
this time an additional 2 g. of product had crystallized. 
Affcr removal of this second crop, the solution w^as allowed 
to cva]>orate slowOy for ten days longer, when a third crop of 
1 g was removi'd; total yield of crude product, 5.5 g. (70%). 
Kecrystallization from absolute ethanol, using 10 ml. of 
solvent per gram of crude product, gave felted needles, m.p. 
1.50’ (dec.) Hecov(*rv from crystallization was 65-75%. 
[«hj +128® (c ~ 0.391 in ethanoi). 

Ualc for (\HH 24 N 2 ()fcS: 

C, 56.80; II, 6.37; N, 7.37; Eq. Wt., 380.27 
Found: C, 56.09; 11, 6.15; N, 7.46; Eq. Wt., 380 

Apjiarcntl^" a purer product and a better recovery are 
secured by crystallization from 50ethanoI-wuitiT than by 
use of absolute ethanol, particularly in the ease of second 
and third crop (Tude products from the condensation. The 
crude ester is dissolvi'd in absolute ethanol, using 10 ml. per 
gram of niaicnal, the solution is filtered fret^ of insoluble 
mattiT, and the hot solution is ililuted with an equal volume 
of water Crystallization usually Ix'gins at once, and the 
solution becomes filled with a mass of felted needles on 
cooling. A 60 75'f recov(*rv of a wliite product, m.p. 
1.50® (dec.), wa.s obtained 

A sample of purified ethyl i)- 7 -l)enzylpemeilloate, m.p. 
150®, fa]i> +128®, w'as recrystallized repi'afedly from chloro¬ 
form, from 50c ethanol-watia* solution and from ethylene 
(lichionde without appriauablr* change in either the melting 
point or specific rotation. Then* was no evidence that the 
crystalline suf>stance contained more than one stereoisomer. 

In p\\ 8 buffer, the initial rotation was fa]i) +171° and at 
the (*nd ol eighteen hours this value had fallen to [a]D +153®. 
The initial rotation in methanol wa.s fain +127®. 

Idtraviolet absorption in pli 8 buffer: 


Wavelength (A) 

Em 

2,'JOO 

380 

2,500 

235 

2,600 

196 

2,700 

55 

2,800 

15 

2,900 

14 

3,000 

1 


The (at midpoint of neutralization span) was 4.10, 
titrated in 25% ethanol. By saponification at pll 12.0 
and back titration, the equivalent weight found (computed 
by measurement of unbound alkali) was 368. On further 
titration, to determine bound alkali, (larbonate was observed 
and tlie equivalent weight computed from the observed 
neutralization span was 330 with a pK of 3.48. 

One equivalent of mercuri<5 chloride per mole of a-ethyl 
o- 7 -benzylpenicilloate in ethanol at 23° caused the following 
change in rotation: 
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Cone, penicilloate 
(g./lOO ml.) 

Time 


0.391 

0 

+128” 

0.313 

6 min. 

+ 23 

0.313 

2 hrs. 

+ 23 


Ultraviolet absorption of final solution: 10 m 9,000 at 
2,825 A. 

a-Ethyl i)-7-Benzylpenicilloate (CV)riH‘ll Iliocli , D.U, 4; 
15, 6; i‘f. Upjohn, U.IO, 5; 11, 13). To 18.1 ji;. of the bonzyU 
amine derivative of ethyl lienzylpenaldate in 100 ml. of 
ethanol was added 10.0 g. of D-pemeilhiniine hydroeliloride 
in 100 nil. of water. A seed crystal of «“elhyl o-y-bonzyU 
penicilloate was added and the solution was alhnved to stand 
at room temperature. Rosettes of fine n(*(‘dl(‘s appeared in 
the first few hours. Aft(‘r eighty-four hours t he solution was 
Ihltered and tin* product collected. It softened at 137° and 
melted at 143-148° (micro-block). After thorough drying 
in vacuo at room temperature tins amounted to 0.8 g. An 
additional crop was collected aft(*r 108 hours. It melted at 
143-115° and amounted to 1.9 g. Tims the total amount of 
crude product was 8.7 g., representing 42S of the theoretical 
yield. After om* recrystallization from about ten volumes 
of ethanol the product was obtained as needles, melting at 
147-149°. The amount recoven‘d was 0.9 g.; thus a yield 
of 33.4<)1 recrystallized material was obtained. 

A sample for analysis was r(*(*rystallized a second time. 
It melted at 150.5 151.5” and possessi'd a rotation of 
-1-132” (c 0.5 ill ethanol). The rotation was unchanged 
after eighteen hours. 

Ualc. for (’1HII24O iS: 

i \ 50.8; H, 0.37, N, 7 37; S, 8.42; neut. equiv., 380.4 
Found: 

50.8; H, 0.01; N, 7.45, S, 8.39; nout. equiv., 382 

With tile conditions and quantities described above and 
a period of filteen days for eomplction of the crystallization, 
a yield of 10 5 g., micro melting point 147-149°, was ob¬ 
tained. This represents 52of the theoretical quantity. 

In another preparation, 1 04 g. of D-penicillamme hydro¬ 
chloride and 3.2 g. of the benzylamiiie derivative of ethyl 
penaldat(‘ in 18 ml. of 50ethanol deposited a total of 
2.3 g. of a:-eth3d n-benzylpenicilloate, which was collected in 
four fract ions over a period of twenty-five days. This repre¬ 
sents a yield of crude material of 08% of the theoretical 
amount. 

a-Ethyl D-7-Bcnzylpenicilloate (Pfizer, P.14, 10). Iso- 
propyhdene n-penioillamine hydrobromide (3 g.) was 
evaiiorated several times with water to remove the acetone 
and taken up with 10 ml. of water. To tliis solution was 
added 3.7 g. of the benzylamine derivative of ethyl penaldate 
in 30 ml. of ethanol. The mixture was allowed to stand 
overnight and evaporated to dryness. The residue was 
extracted with water, dissolved in 20 ml. of absolute ethanol 
and the hot solution treated with an equal volume of dis¬ 
tilled water and a few seed crystals. One gram of a-ethyl 
D-7-benzylpenicilloate, m.p. 160”; [ajn +128”, was obtained. 

a-Ethyl i)-7-Benzylpenicilloate (Parke-Davis, PD.IO, 2; 
1^, 3). D-Penicillamine hydrochloride (5.15 g.) and 13.2 g. 
of sodioethyl benzylpenaldate (60%) were dissolved in 
75 ml. of 66% ethanol and pH adjusted to less than 2 by 
addition of 5 ml. of eoncentrat(‘d hydrochloric acid. After 
standing for eighteen hours the pH was adjusted to 4 with 
sodium bicarbonate and the solution extracted wdth ether. 
The ether extract was washed with sodium bicarbonate 
solution and this wash acidified in presence of ether to pH 2 
using 2 N sulfuric acid (in the cold). The ether layer plus a 
second ether extract of the acidified layer was washed free of 
sulfate with distilled water, dried with magnesium sulfate 


and evaporated to dryness; residue 7.5 g. After standing 
overnight with 10 ml. of 50'ethanol, crystals had formed. 
These were purified by repeated washing with 50% ethanol 
tA) give 0.5 g., m.p. 15G-157”; +157” ±5” (r - 2 iu 

pll 8 butfer); +155” ±2.5° (r — 1 in absolute 

ethanol). 

Calc, for CbftH,,05X28: (\ 56.81; II, 6.36 
Found: C, 57.00; H, 6.13 

By concentration of the combined washings of the aliove 
crystals and allowing to stand overnight, five subscupient 
crops were obtained: 0.46 g., 0.28 g., 0.24 g., 0.30 g., 0.22 g.; 
total 2 00 g. 

On standing at room lempenituro the solutions shifted 
in rotation at* follows- 


Timi' 

pH 8 

FtOlI 

0 

+ 157° 

+ 155° 

26 hrs. 

125 

131 

48 hrs. 

104 

105 

96 lirs. 

71 5 

103 


The ultraviolet a)>sorption curve showed no significant peaks 
beyond the charact(‘ri.stic benzene ab.sorpition. An a<*id-buse 
titration (Lilly Resi'arch Laboratoinss) showed a pll value 
4.1. A preparation of etliyl L-benzvlpenieilloate which had 
previously l)i‘en an oil gave crystals when seeded with tin* 
above material. 

A sample of the oily mother liquor from ethyl n-benzyl- 
pemeilioate above gave crystals on tn*atment with henzyl- 
atuine. 

«-Ethyl i)-7-Benzylpenicilloate from the d-a-Phenyl- 
ethylamine Derivative of Ethyl Benzylpenaldate i('orni‘ll 
Bioch., D.l/j, 6). A mixture of 199 mg. of the r/-a-j)henyl- 
othylamine diTivative of ethyl benzylpenaldat(\ 

—40.5”, and 180 mg. of D-penicilIamini' hydrochloride was 
dissolved in 5 ml. of 50'0 ethanol and allowed to stand for 
one week at room temperature The crystalline product 
which had separated was remov'-od and dried over phosphorus 
pentoxide. It weighed 85 mg., melted at 147-118° (eorr.; 
capillary) and hail lali)”* +130° (r = 0.5 in absolute ethanol). 
After another week a si'cond crop of crv^stals w us removed. 
This product melted at 145-146" ((‘orr.; cainllary) and 
weighed 59 mg The rotation was + 126° (c « 0.5 in 
absolute ethanol). 

a-Ethyl D-7-Benzylpenicilloate from n-Penicillamine 
Hydrochloride and Ethyl a-Phenylacetamido-/3-N-piperi- 
dinoacrylate (Parke-Dnvis, PI>.22, 3). An aqueous alcoliol 
solution of 10.14 g. of the piperiiliiie derivative of ethyl 
benzylpenaldate and 5.9 g. of i)-penicillairiine hydrochloridi* 
yielded 2.1 g. of a-ethyi D-7-benzylpenicilloate; m.p. 142— 
144”, after five days. 

Benzylamine Salt of a-Ethyl i>-7-Benzylpenicilloate 
(Merck, M.12a, 5). Unlike the non-crystalline ethanol 
“inactivation product” of bonzylpenicillin, the synthetic 
product failed to yield a crystalline benzylamine salt. An 
amorphous material was precipitatini whim ether was added 
to a chloroform solution of a-cthyl D-y-benzyljx'iucilloate 
containing a slight excess of benz^ larnino. This precipitate 
melted at about 120". Its analysis was unsatisfactory. 
When precipitated from absolute (‘thanol solution hv adili- 
tion of ether, a more crystalline apfiearing substanci* 
melting at about 85” was obtained. It appeared to bi‘ 
hygroscopic. N(‘ith(‘r of the products resembled the salt 
from the natural ester (in.i). 142—144°). 

With one equivalent of mercuric chloride per mole of 
the benzylammonium salt of a-ethyl i)-7-benzyIpeiiiciIloate 
ill ethanol at 23”, the rotation f(41 from +118” (r « 

0.391 in ethanol) to —58” (r =» 0.313) in nine minutes; after 
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thirty-four niimites, —58“. Uliravioiot absorption of final 
solution: FJm 21,000 at 2,825 A. 

^-Phenylethylamine Salt of a-Ethyl D- 7 -Benzylpeni- 
cilloate (M.fUS, 5; 29^ 3). To a solution of 180 mg. of 
a-othyl i)- 7 -benzylpoiiiciIloato in 6 - 8 ml. of absolute ethanol 
was added 0.1 ml. of /y-phenyl(‘thylamine. When the solu¬ 
tion was diluted with sc'veral volumes of ether a crystalline 
salt separated. The yu‘ld was 210 mg. (89of a product 
melting at 1G0-Ifil‘', (capillary, placed in bath at 160®). 
After two crystallizations from ethanol and ether, flat 
prisms, ni.p. 103-104®, were obtained. 

Talc, for CuUui C, 02.33; 11, 7.05; N, 8.39 

Found: C, 02.17,02.47; 11, 7.07, 7.10; N, 8.24 

^a-Phenylethylamine Salt of Synthetic «-Ethyl i>- 7 “ 
Benzylpenicilloate {^f 22^ 5; 3). Tliis salt was prepared 

by th(* same jirocedure described above for the /^-phenyl- 
ethylamine salt. A nearly quantitative yield of a crystalline 
salt, m.p. 122-132®, was obtained. (Vystnllization from 
absolute ethanol produced beautiful needles, but the melting 
point remained indefinite, and appeared to dejiend entirely 
on the rate of heating. By the capillary method, using 
rapid heating, it was 120-128®; on the micro-block it was 
100-106®. 

Ephedrine Salt pf Synthetic a-Ethyl D- 7 -Benzylpeni- 
cilloate 3). Tlie ephedrine salt was prepared in a 

similar way. It melted at 102-103®. 

Calc, for CiiUnO.NS: 61.01; II, 7.21; N, 7.81 
Found: (; 61.88; H, 7.19; N, 8.01 

Salts of Synthetic a-Ethyl 0 - 7 -Benzylpenicilloate with 
Other Amines 5; 3). A well-dcfim*(l crystal¬ 

line salt, m.p. 125®, was obtained with piperidine in a similar 
manner. Salts derived from morpholine, d-a-phenyl- 
ethylamine and cinchouidine had less satisfactory crystal¬ 
lizing properties. There was no evidence of the separation 
of stereoisomers by use of any of the salts examined. 

Homogeneity of Crystalline Synthetic a-Ethyl n- 7 - 
Benzylpenicilloate {M.29f 3). Decomposition of the 

^-phenylethylamine salt of crystalline sjuithetic a-ethyl 
D- 7 -bcnzylpciiicilloate 5) yielded the original crystal¬ 

line i>- 7 -benzylpeniciIloate without change in properties. 
Similar results 'were obtained from the ephedrine salt (m.p. 
162-163®). There is no mason to believe that the crystal¬ 
line product contained more than a single diastereoisomer. 

Reaction of a-Ethyl D- 7 -Benzylpenicilloate Sodium Salt 
with Hydrazine (Parke-Davis, PD.W, 1). To a solution of 
1.90 g. (0.005 mole) of a-ethyl n-benzylpenicilloate in 75 ml. 
of absolute alcohol and 75 ml. of sodium-dried benzene were 
added 12.95 ml. of 0.386 M sodium ethoxide in absolute 
alcohol and 1.0 ml. of 100% hydrazine hydrate. The flask 
was fitted with a Soxhlet extractor containing 27 g. of Drierite 
in its thimble, and the reflux condenser was protected with a 
calcium chloride tube. The solution was vigorously refluxed 
on the steam-bath for sixteen hours. 

Solvent was distilled at reduced pressure by means of a 
water bath beJow 55®. The orange re.sidue was then desic¬ 
cated in a high vacuum over sulfuric acid, dissolved in 16 ml. 
of water, cooled in ice and rendered strongly acid with 10 % 
acetic acid. A white precipitate which slowly formed was 
collected, washed with ice water and dried in vacuum; 
weight 0,30 g.; m.p. 216-217® (dec.). Concentration of the 
orange mother liquor in a desiccator yielded 0.11 g. of addi¬ 
tional compound. 

Recrystallization from absolute alcohol gave small color¬ 
less crystals, m.p. 216.5-217.5® (corr.) with darkening. 
Boiling with water apparently decomposed the compound. 
It gave a negative ferric chloride and nitroprusside test. A 
qualitative test for sulfur was negative. 

Calc, for CiiHiiOaNi: C, 60.8; H, 5.11; N, 19.3 
Found: C, 60.22; H, 5.32; N, 18.67, 18.69 


The compound is evidently 4-phcuylacetylamino-6- 
pyrazolone, (cf. Merck, ilf.47,4,20; Squibb, S.34t 16). 

a-Ethyl N^-Acetyl-D- 7 -benzylpenicilloate (Merck, M,16c\ 
8 ; 5; 33, 5; 4 /, 19). To a solution of 1,14 g. of a-ethyl 

ii- 7 -benzylp('nicilloate and 0.6 ml. of pyridine in 30 ml. of 
chloroform, 0.3 ml. of acetyl chloride was added dropwise. 
After the mixtuie had been allowed to stand for one hour, 
the solvent was removed at redueod pressure, and the resid¬ 
ual gum was dissolved in sodium bicarbonate solution. The 
solulion was extracted with ether and acidified to precipitate 
the product, which was taken up in chloroform. Removal 
of the chloroform left a gum which crystallized in the form of 
largo prisms, m.p. M6“148®, from alcohol and water. The 
yield of crystalline material was 590 mg. 

for C 2 oIl 2 « 0 «SN,: C, 56.87; II, 6 . 21 ; N, 6.64 
F'ouml: (\ 50.91; II, 0.34; N, 0.58 

When synthetic a-ethyl ivy-benzylpeiiicilloate, dissolved 
(>r susp(jndi‘d in chloroform, benzene, or absolute ethanol, 
was treated with ketene in tht* hope of acetylating the nitro¬ 
gen of tlie thiazolidine ring, an oil or gum was produced 
which could not be crystallized. 

Another preparation melting at 144-140® had [aln*^ 
-f 73.5® (c ~ 0.912 in ethanol). The ultraviolet absorption 
spectrum is typically phenyl-like w ith Em 205 at 2,580 A. 

Potentiometric titration in 20 % ethanol showed a single 
binding span of pHyz 2.98 and equivalent weight 426 
(calculated 422.4). At pH 12 and 24® it consumed 93% 
of an additional equivalent of sodium hydroxide. On back 
titration, a continuous binding sjian in the rc'gioii of pli 
between 2.4 and 4.3 was observed. The 25 and 75^/f neutral¬ 
ization pf)iiits occurred at pll 2.05 and 3.75, respectively. 

a-Ethyl n- 7 -beiizylpenicilloat(» was treated also wdth a 
number of acetylating agents, among them a(‘etyl chloride, 
thioacetic acid, acetic anhyilrido and pyridine, and acetyl 
chloride and pyridine. The last two combinations of rea¬ 
gents gave products with the (‘xpected solubility properties, 
but the materials were glasses which could not be crystallized 
or otherwise purified. 

a-Ethyl N^-Carbomethoxy-i>- 7 -benzylpenicilloate iMMS, 
25). To a suspension of 380 mg. of a-etliyl D- 7 -bcnzyl- 
periieilloate in 10 ml. of dry chloroform, 0.2 ml. of pyridine 
was added; to the resulting solution 0.12 ml. of methyl 
chloroformate was added dropwise with shaking. After one 
hour, most of the chloroform w^as removed in vacuo and the 
residue was extract'd with five 2 -ml. portions of 10 % sodium 
bicarbonate solution. The bicarbonate solution was then 
acidified and extracted wdtli chloroform. The chloroform 
was evaporated to give a gum which solidified upon tritura¬ 
tion with petroleum ether and other. It was recrystallized 
from acetone-ether-petroleum ether; m.p. 138-139°. 

Dale, for C’^uUzoOrNaS: (^ 54.78; H, 5.98; N, 6.39 
Found: C\ 65.08; H, 0.07; N, 6.15 

a-Ethyl N^-Carb 6 thoxy-D- 7 -benzylpenicilloate (Squibb, 
S,35, 2)37,1). A solution of 1.15 g. of a-ethyl i)- 7 -benzyl- 
penicilloate in 25 ml. of benzene and 10 ml. of pyridine was 
cooled in an ice-bath and a solution of 0.45 g. of ethyl 
chloroformate in 25 ml. of benzene added dropwise with 
vigorous stirring. The stirring was continued for 2.5 hours 
after all the ethyl chloroformate had been added, and the 
reaction mixture was then allowed to stand overnight at 
room temperature. Ether was added to the solution which 
was then extracted several times with saturated sodium 
chloride solution. The organic layer was dried over 
magnesium sulfate and then concentrated under reduced 
pressure to a gum. This gum slowly granulated upon 
repeated trituration with benzene. 

The solid was prepared for analysis by dissolving it 
in benzene, treating with decolorizing carbon, and freeze- 
drying the filtered solution. The white amorphous solid 
melted at 55-65®. 
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Calc, for CtiHtiOTNaS: C, 55.75; H, 6.19; N, 6.19 
Found: C, 55.98; II, 6.22; N, 6.13 

a-Ethyl N^-Benzoyl-i)- 7 -benzylpenicilloate (Merck, M.23^ 
4; SOy 12 ). To a solution of 1 g. of a-ethyl n-y-henzylpeni- 
cilloate in 12 ml. of dry pyridine, 0.4 ml. of benzoyl chloride 
was added. After the mixture had been allowed to stand 
for ten minutes, the pyriditie was removed in vacuo at 
room temperature, and the residue was taken up in chloro¬ 
form. The solution was exiractt'd with sodium bicarbonate 
solution and the gum, precipitated f)y acidihcation of the 
bicarbonate solution, was extracted into ether. The 
product (0.5 g., m.p. 155-160°) crystallized from the ether 
solution when the solvent was allowed to evaporate slowly. 
After recrystallization from an alcohol-water mixture, 
prisms, m.p, 162-163°, were obtained; Md -f 125° (c = 1.69 
in ethanol). 

Calc, for CajHagOeNaS: C, 61.95; H, 5.83; N, 5.78 
Found: C, 62.11; 11, 6.13; N, 6.07 

A sample of this substance was titrated and the equivalent 
weight found was 482 (calculated 485); pK 2.90. At pH 12 
and room temperature it gave evidence of very rapid 
saponification to give a dibasic acid in quantitative yields, 
with piiyi values of 1.7 and 3.8. 

Attempted Epimerization of a-Ethyl N^-Benzoyl-n-T- 
benzylpenicilloate (M.S7, 7). The enhanced stability of the 
thiazolidine ring in the penicilloates when the nitrogen 
is acylated is clearly demonstrated by the failure of a-etbyl 
N*-benzoyI-i)- 7 ~bonzy]peiiicilloatc to undergo mutarotation 
in boiling ethanol. The initial rotation, -fl24^' (r = 

1.50), was maintained during t\v(‘lv(‘ hours at the reflux 
temperature. LO])im(*rization of the aH>minetnc caibon 
external to the ring, which accompanies mutarotation of 
a-methyl and a-ethyl n-y-benzylpenicilloates under similar 
conditions, was not observed in this case. 

a-Ethyl N^-Pbenylacetyl-D-y-benzylpenicilloate (Cornell 
Bioch., 6 ). A solution of 1.9 g. of a-ethyl D-y-bcnzyl- 
penicilloate in 20 ml. of chloroform and 0.8 ml. of pyridine 
was coohid in an ico-liath and .shaken while 0.66 ml. of 
phenylacctyl chloride was added dropwjse. The resulting 
mixture was allowed to stand at room temperature for fifteen 
minutes. Tt was then washed successively with dilute 
hydrochloric acid, water, and saturated sodium chloride 
solution. Upon removal of the solvent, a syrup remained. 
This syrup was extracted with im‘tlianol, and the extract 
was diluted with water until the solution became turbid. 
When thi.s mixture was cooled overnight, it deposited a thick 
syrup (2.5 gj, which possessed a neutral (‘(pnvalent of 520 
(calculated 499). This material was not purified further but 
was converted directly to the diestcr, or to the diacid. 

Reaction of Phenyl Isocyanate with a-Ethyl n-y-Benzyl- 
penicilloate (Merck, M.2Sy 4). a-Ethyl n-y-benzylpcni- 
cilloate (300 mg.) was warmed with 2 ml, of phenyl iso¬ 
cyanate until it dissolved. After the mixture had been 
allowed to stand overnight it was diluted with other, and the 
precipitated material was crystallized twice from a mixture 
of chloroform and ether. The product melted almost com¬ 
pletely at 115°, graduall 5 '^ resolidified until it was again 
entirely solid at 130°, and finally melted quite sharply at 
205-206°, [a]D +33° {c « 0.408 in ethanol). 

Found: C, 64.86; H, 6.22; N, 10.04; S, 5,61; OCallg, 7,2 

The empirical formula in best agreement with these 
figures is C 8 iH 8 g 06 N 4 S. The compound dissolves very 
slowly in sodium hydroxide solution. Its ultraviolet 
absorption spectrum (band of 495 at 2,420 A) indi¬ 

cates the presence of the benzamido group. 

Reaction of a^Ethyl n-a-Benzylpenicilloate with Phenyl 
Isocyanate {M.lShy 8 ; ISCy 9; 33^ 13). The derivative 
obtained at room temperature from “naturaU^ a-ethyl 
D-benzylpenicilloate with phenyl isocyanate was a crystal¬ 
line solid. The melting point was peculiar in that the com¬ 


pound seemed U) undergo a transition al 172" from micro- 
plates to blades which melted at 193-195°. The analysis, 
however, is inconclusive. 

Found: C, 64.79, 64.72; II, 6.27, 6.33; N, 9.90, 10.43, 10.08. 

Phenylthiohydantoin of D- 7 -Benzylpenicilloate from 
a-Ethyl jil-Methyl i)- 7 -Ben 2 ylpenicilloate and Phenyl Iso¬ 
thiocyanate ((’orneli Bioch. J) 30j 9) A solid ion of 300 mg. 
of the ester and 100 mg. of phenyl iso thiocyanate in 3 ml. 
of warm ethanol was warmed for one hour at 70°, TIh' .moIu- 
tion was evaporated in vacuo and the residue was dissolved 
in a small volume of ether. On addition of a few drops of 
petroleum ether, crystals separated. These in ere colh^cted, 
dissolved in a small v'olunu' of ether containing a f(‘w drops of 
ethanol and recrystalb/ed }>y addition of petroleum edher to 
yield 2.5 mg. of needles m ]) 17K-180^ (niiero). The analyti¬ 
cal values of the comj/ound eorresijoiid lu'st to those calcu¬ 
lated for the tliiohydantojn ol a-ctliyl i>- 7 -})euzvIpenicilloatc. 

Talc, for (^bIT2704 N8S2. .V, 8 46, S, 12.88 
Found: N, 8.50; S, 13.^18 

A seccind crop of crystals (230 mg ) was oldained from 
the original mother liquor by thc‘ further addition of jietro- 
leum etlier. This material consisted of a mixture of the 
thiohydant/oin and the starting material, from which 
only a small amount of the former was isolated. 

Reaction of a-Ethyl n- 7 -Ben 2 ylpenicilloate with Phenyl 
Isothiocyanate (D,30, 9). a-Ethyl D- 7 -bcnzylpeTucilloate 
(380 mg.) was dissolved in 4 ml. of ethanol and 1 ml. of 1 N' 
sodium hydroxide. To this solution was added 135 mg. 
of phenyl isothioeyanate. The mixture was heated at 70° 
for fifteen minutes, cooled and neutralized with 1 ml. of 1 N 
hydrochloric acid. The crystalline precipitate was col¬ 
lected, dissolved in 2 ml of ethanol, titrated with 0.1 N 
sodium hydroxide until alkaline to phenolpht.hnlein, and 
then diluted with several volumes of water. The cr 3 ^stalline 
precipitate was collected, washed and dried. The yield of 
needles was 70 mg. The inatijrial possessed a imdling point 
of 178-180° (micro) and a mixture of this compound with the 
one isolated in the preceding experiment showed no depres¬ 
sion in melting point. Acidification of the alkaline filtrate 
yielded 100 mg, of crystalliiu' material whicli appean'd to be 
unchanged starting material. 

a-Ethyl i)-Benzylpenicilloate (Upjolui, VM, 7). When n 
60% ethanolic solution of (‘thyl benzylpenaldate and 
D-penicillamiiie (prepared by passing n-penicillainine hydro¬ 
chloride through a “ I )e-acidite ” column) was allowed to 
stand at room temperature for scweral da.vs, a low yield of 
crystalline substance was obtained. Upon crystallization 
from absolute ethanol this substance melted at 220 - 222 °. 

Calc, for Ci 8 H 8406 NaS: N, 7.37 
Found: N, 7.45 

a-Ethyl Benzylpenicilloate and Its Hydrochloride (Parke- 
Davis, PD,6y 1 ). To a solution of 0.93 g. (0.005 mole) of 
penicillamine hydrochloride in absolute alcohol there was 
added 1.3 g. (0.0052 mole) of etiod benzylpenaldate dis¬ 
solved in a minimum of warm alcohol. The resulting clear, 
pale yellow solution was stoppered in a flask and allowed to 
stand at room temperature for twenty-four hours. The 
solvent Nvas removed on the steam-bath in a curre^nt of air. 
A solid formed when residual alcohol was subse¬ 

quently removed in a vacuum desiccator. The resulting 
povrdered solid was thoroughly extracted with dry ether and 
then taken up with a minimal amount of dry chloroform 
and filtered. The chloroform filtrate was diluted with 10 
volumes of dry ether and the precipitate collected on a filter. 
The pale yellowish a-ethyl benzylpenicilloate hydrocliloride 
so obtained began to soften and effervesce at about 82°. 

Calc, for CigH^iOsNiSCl: C, 51.8; II, 6,03 
Found: C, 52.5; H, 6.0 
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To a solution of 1.80 g, of penicillamine bydrochlorido 
(0.01 inolej in 20 ml. of absolute alcohol was added a solu¬ 
tion of 2,71 g. (0.01 mole) of the sodium enolale of ethyl 
penaldato. l^pon thorough mixing, a gel of sodium chloride 
appeared. After twenty hours the sodium chloride was 
remov(‘d by tiliration and the clear filtrate^ evaporated lii 
vacuo. The residual ycdlowish powder, 3.8 g., softcuis at 
about 60^ and melts with effervescence at about 87*^. 'Hiks 
protluct is tt-ethyl bcnzylpODicilloato. 

Degradation of cK-Ethyl n-Benzylpenicllloate with Sodium 
in Liquid Ammonia (rpjohn, 30). a-Kthyl n-benzyl- 

penicjlloatc* (0.85 g.; 18 millimoles) was degraded with 
sodium in Jiiimd ammoma; approximately four (‘(piivalents 
of sodium were consumed. The residin' from the reaction 
w'as freed from ammonia, dis.solv(‘d in 50 ml. of w'ater and 
hltenid. The filtrate was extracti'd wdth three 25-inl ])or- 
tions of chloroform and th(' chloroform extracts discanled. 
The aiiueous layt'r was acidified w ith 50 ml. of \ liydro- 
chlonc acid to pll 3~4 and extracted six tiinc.s with 25-ml. 
portions of chloroform. The extracts wcri' coirifuncd and 
concentrated in a stream of nitrogen. 

The aqueous layer (after the above cliloroform extraction) 
was evaporated to dryness in vacuo The solnl residue was 
extracted with several portions of slightly warm, absolute 
ethanol. The combined alcoholic extract was concen¬ 
trated to a small volunn* in a stn'am of nitrogen and dilutei! 
with about an equal voluiiK' of dry etlicr. The resulting 
white precipitate, after chilling thoroughly, W'as c()llcctcd, 
washed with dry ether and dried 27i vacuo over phosphorus 
peiitoxide; yield, 1.3 g.; m.p. 82 85°. 

«-Ethyl N‘-Carbobenzyloxy-D-benzylpenicilloate (('oriudl 
Bioch., D,/.9, ()). \ 7(i0-mg. samjile of «-ethyl n-benzylpcnj- 

cilloute was dissolved in 5 ml. of pyridine. C/arbobenzyloxy 
chloride (0.7 ml.) w^as added dropwusc and the solution 
was allowed to stand for fifteen minutes. The pyridine 
was evajiorated in vacuo and the rt'sidue was dissolved in 
chloroform. The chloroform solution was washed in turn 
with 1 A" hydrochloric acid, 5% sodium bicarbonate solution 
and saturated sodium chloride solution. The chloroform 
solution was dried over anhydrous sodium sulfate and 
concentrated to a glass which could not be induced to crys¬ 
tallize. A sample dissolved in ethc'r w^as treated with an 
excess of benzylamine. After a few moments crystals in 
the form of fine filaments separated. The product, the 
benzylamincsah of a-ethyl N^-carbobenzyloxy-D-benzylpeni- 
ciUoatc, W'as rccrystallized from acetone-hcxarie and melted 
at 164-105°. 

Calc, for CsaHjaNsOyS: C, 63.75; H, 6.32; N, 6.76; S, 5.16 
Found: C, 64.25, 64.25; II, 6.72, 6.49; N, 6.85; S, 5,11 

a-Ethyl 5-Methyl-D-benzylpenicilloate (Squibb, 2). 
A mixture, of 1.0 g. of o-periicillamiiie hydrochloride and 
1.47 g. of ethyl a-phenylacptamidoacetoacetate w^as fused in 
an oil bath at 105-115° for an hour under reduced pressure. 
The condensation of a small amount of water on the upper 
part of the flask was observed during this heating. The melt 
was allowed to cool to room temperature, suspended in 5 ml, 
of water and dissolved by the addition of 15 mi. of saturated 
sodium bicarbonate solution. A small amount of insoluble 
oil was removed by extraction with 10 ml. of ether. The 
solution was treated with decolorizing carbon, filtered and 
acidified with hydrochloric acid, when a light tan gum 
deposited. The gum was washed with water and then 
triturated with 25 ml. of light petroleum, followed by tritura¬ 
tion with a mixture of light petroleum and benzene. How¬ 
ever, granulation did not take place. Addition of ether to 
the mixture caused the gum to dissolve. Removal of the 
solvents under reduced pressure left a gummy residue. 
This was dissolved in benzene and the solution freeze- 
dried. The residue which weighed 245 mg. was an amor¬ 
phous solid. This softened at 39® and melted at 41-44°. A 
mixed melting point of the product with the starting ethyl 


a-phcnylacetainidoncetoacetate, m.p. 43-45°, showed a 
marked depression, being 33-36°. 

Calc, for Ci.lU.KiGS: N, 7,11 
Found: N, 6.36 

Preparation of a-Ethyl 6-Methyl-i)-benzylpenicilloate 
{S.S9y 1). One gram of n-pcnicillanune hydrochloride and 
1 43 g. of ethyl a-phenylacetamidoiic(*toac(*tate w'ere fused 
on a steam bath for tlire«' hours under 40 mm. pressure. The 
pooled mass w'as extractiMl with a mixture of 10 ml. of 
saturati'd sodium bicarbonale solution and 5 ml. of water, 
the insoluble fraction wuis removed by extraction with ether. 
The aqueous layer was then acidified w'lth 20\ hydro¬ 
chloric acid and extracted with ether. The residue, after 
removal of llu' I'ther under reduced pressure, was dissolved 
in dr\ b(‘nzeiie and the solution dried over anhydrous 
s()diiiTn sulfat(‘. The filtered solution w'as then freeze-dried 
to giv'c 700 mg. of a wdiite, amorphous solid, m.p. 43-49°; 
[u\W-* +44.9° {c 0.6 in ethanol). 

(ale. for (\«lly6N2()5S: i\ 57.9; 11, 6.60; N, 7,11 
Found: 5S.77; 11, 6.96; K, 6.92 

a-Ethyl L-7-Benzylpenicilloate (Pfizer, P.17, 2). A mix¬ 
ture of 16.6 g. of isopropylidi‘ne-L-penicillainine hydro- 
bromide and 50 ml. of water was warmed to 50° for a short 
time and the water evaporated at redui'C'd pressure. Tlie 
residue w'as taken up in 50 ml. ol w’ater containing 6 g. of 
potassium bicarbonate and treated with a solution of 12 g, 
of 2-b<‘nzvl-4-hydroxymethylene-5(4)-oxazolone in 70 ml. of 
alcohol which had previously been lu'ated for ten iniiiuteH. 
After standing overnight tlu' alcohol was removed in vacuo 
and the rosulting oily product w^ashed with water and 
crystallized from 50 Vp alcohol. The first crop w^eighc'd 2.3 g. 
and melted at 143-145°. Then' w as also obtaim'd a second 
crop w^eighiiig 2.6 g. melting at 144-116°. After recrystal¬ 
lization from ethanol, the product melted at 150° and had 
Hd -132°. 

Calc, for r,Jl24N205S: C, 56.80; H, 6.37; N, 7.37 
Found: C, 56.93; 11, 6.09; N, 7.39 

«-Ethyl n-Bcnzylpenicilloate (Parke-1 )avis, PD.ll, 1). 
i>-Penicillamine hydrochloride (0.5 g.) wa.s condensed with 
1.5 g. of ethyl bcnzylpciialdate sodium enolate in 50% alco¬ 
hol solution at pll 4. The solution was evaporated, 
extracted with ether, thi* ('tlier washed with 5% sodium 
bicarbonate solution whicli was then cooled, covered with 
ether and acidified to pll 2 with 2 N sulfuric acid. This 
ether extract was washed with saturated salt solution, dried 
and evaporated to give a creamy yellow powder softening at 
64° and gradually melting over a considerable range; Em 
8,300 at 2,800 A. 

Calc, for C18II24N2O5R: C, 56.7; H, 6.34 
Found: C, 57.05; 11, 6.27 

a-Ethyl T)T.-Benzylpenicilloate {PI).9, 2; U), 2; of. Tilly, 
L.5, 2), To a suspension of 343 mg. of oc-ethyl DL-benzyl- 
pcnicilloate hydrochloride in 175 ml. of ether was added 
69 mg. of sodium bicarbonate and 10 ml, of water and the 
mixture was shaken until all solid had dissolved. The 
aqueous layer showed a pII of 4 and gave a positive thiol 
test with ferric chloride. The ethereal layer was dried for 
three hours over sodium sulfate and solvent was evaporated 
in a current of air. The dried glass (310 mg.) was dissolved 
in a minimum of dry ether and petroleum other (b.p. 35-60°) 
was slowly added until precipitation was complete. After 
cooling in an ice-salt bath, the ivory powder was collected by 
suction and dried in vacuo over phosphorus pontoxide; 
weight, over 200 mg. The product decomposed to a foamy 
mass at 78 • 80°. 

Calc, for CuHjiOftNiS: C, 66.7; H, 6.34 
Found: C, 56.60; H, 6.24 
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Preparation of «-Ethyl j)L-Benzylpenicilloate (ATerck, 
12). A compound having the general properties and 
a satisfactory analysis for a corn pound of this structun* was 
prepared by heating a mixture of th(‘ ethyl benzylpenaldate 
with i)i>-pemeillamine in (Hhyl alcohol. 

a-Ethyl i)L-Benzylpenicilloate from the Benzylamine 
Derivative of Ethyl Benzylpenaldate (Cornell Bioeh., I> 7, 4), 
Water was added to a solution of 773 mg of T>L-penieill- 
ainine hydrochloride and 1342 mg. of the benzylaniino 
derivative of ethyl b(*nzylpeiialda1e in 10 ml. of ethanol 
and 3 ml. of water until incipient cloudiiH'ss was produced. 
The solution was warmed to fiO 70® and then allowed to 
stand at room temperature overnight. The solution was 
evajMirated to dryness and the rcsidm* was dissolviai in 
chloroform. The product was extracted with sodium 
birarboiiat(‘ and the extract Avas shaken wuth eth<»r. Acidi¬ 
fication of the bicarbonate solution produced a gum which 
was extracted into chloroform. The chloroform solution 
w^as dried and evaporated to a clear glass. This weighed 
5()0 mg. (3l)Sr). It was pulverized and dried in vacuo over 
phosphorus pent oxide. 

C^dc. for C\sll24()r.N2S: N, 7.30; S, 8.42 
Found: N, 7.10; S, 7.80 

Preparation of «rEthyl DL-Benzylpenicilloate (Sipiibb, 
2). A mixture of 2.03 g. ol 2-henzyl-4-hydro'cy- 
methylene-5(4)-oxazolone in 15 ml. of absolute alcohol was 
heated on a steam liath for right minut(‘s uiuh*r nitrogen 
The solid went info solution during this heating The 
solution was cooled and added under nitrogen to 15 ml. of a 
eool(*d aqueous solution containing 1.85 g. of nn-jienicill- 
amine and 0.08 g. of potassium acaMati' The flask was 
filled with nitrogen and allowed to stand overnight. The 
solution w'as diluted VMth water and an oil separated. This 
oil was cool(‘d in a “dry ice’’-alcohol bath and washed 
repeatediv with water until it granulatisl. The granular 
product was dissolvi'd in anhydrous (‘IImt and repreeipitated 
wuth hexane. It was dried m vat uo iner phosphoru.^ 
jientoMde, in.p. 75-80®. 

(’ale. for (’igllnOftNaS: (’, 50.85; 11, 6.37 
Found: (’, 57.71, II, 6.14 

ce-Ethyl ni.-Benzylpenicilloate (Midi (’hem., B 1, 7; 5, 3) 
A solution of 4.7 g. of ethyl benz\lpenaldute, 3.3 g, of Dii- 
peiueillamine liydroehlor'di* nionohydrate and 1.3 g. of 
sodium acetate in 50 ml. of 50^ aqueous alcohol was al¬ 
lowed to stand at room temperat un* for eightc'cn hours. The 
dear solution was evaporatc3(i, tlie residue was In'uted with 
5^;;. sodium bicarbonate, and after an extraction with ether, 
the aqueous solution was acidified. The viscous oil which 
preci])itated was dissolved in chloroform and the dried solu¬ 
tion was evaporated under reduced pressure. In this man¬ 
ner 5.5 g. of a light cream eoJoied powder was obtained, 
which gave no color with alkaline sodium nitroprussidc 
solution and which analyzed for a-ethyl uL-benzylpenicil- 
loate. 

Calc, for CulUiOtNiS: C, 56.8; H, 6.35 
Found: C, 56.7; 11, 6.15 

Hydrolysis of 760 mg. of this cornixmnd wdth 8 ml. of 
0.5 N sodium hydroxide in 10 ml. of methanol at room 
temperature for twenty-four hours, followed by acidification 
with 8 ml. of 0.5 N hydrochloric acid, gave 305 rag. of 
solid which was purified by dissolving it in 5% sodium 
bicarbonate solution and reprecipilating wuth acid. The 
analysis of the solid (rn.p. 115-136°) eorresponding more 
closely to a monocarboxylie a<‘id (uL-penilloic acid) than 
to a dicarboxylic acid. 

a-Ethyl Desthio-uL-benzylpenicilloate (Heydcn, 11.12, 1). 
Ethyl phenylacotamidocyanoacetate (7.5 g., 0.30 mole) in 
200 ml. of methanol was reduced with 0.5 g. of Adams 
catalyst in the presenc<3 of 2.0 ml. of acetic acid at an initial 
pressure of 6 atm. The theoretical amount of hydrogen was 


absorbed. The catalyst was removed by filtration; the 
filtrate was neutralized to pll 7 W'lth about 35 ml. of 1 A 
sodium hydroxide m methanol. 

To the solution was adiled 3 04 g. (0.031 mole) of 
dimethylpyruvic acid. Aft(*r the mixture had been shaken 
for one hour, it was allowed to stand for three hours longer. 
Then 0,500 g. of platinum oxide catalyst was added and the 
mixture W'as reduced at an initial pressure of 5 atrn. Again 
the theoretical amount of hydrogiui was absorbed 'Die 
catalyst was reinovi'd by filtration and the filtrate(‘vajiornted 
under reduced jiri'ssure. Tiie residual glass W’Jis si irred W’ltii 
5Si aqueous sodium earl)onate until th(‘ /dl remained above 
10. The solution was pour(*d from the gummy residue, 
filtered, acidified to ;dl 3 and allow’ed to stand. A granular, 
yellowish solid scparat(*d, weighing 0.80 g. It iru'lted 
at 187-188°. 

A portion of the product was dissolved in dilute sodium 
bicarbonate solution, repn‘cipitated with acid and wmsIumI 
wuth w'ater. It melted at 200.5-201.0" 

(’ale for (’iHlLoOfiN.: 7.00 

Found: 8.0, 8.1 

Preparation of a-Ethyl UL-Benzylpenicilloate Hydro¬ 
chloride and Its Monohydrate (Parke-Da ms, ri).9, 2) A 
mi\lur<‘ of 3.12 g. (0 0125 mole) of ethvl Ixaizylpenaldate, 
1.86 g. (0.01 mole) of uh-peuicilJamme hydrochloride and 
35 ml. of absolute alcohol was shaken until a cleai solution 
was obtained. After three days at room timi^xTature the 
alcohol was rc^moved at Ix'low 50" in a mirient ol air, and 
desiecatiou in vacuo trauslornied the oily resi<iu(* into a fluffy, 
pale yellow' solid. Tlie pioduet was brokiai up ami shaken 
lor a few minutes with 70 ml. of anhydious ether. After 
decanting the .solution, 50 ml. of dry etlier was added and the 
suspension w’as inechunieally shaken for oiu' hour. Fol- 
low’ing decantation the process was reiioated with 30 ml. 
of ether. Filtration and desiccation nt vacuo o\er phos¬ 
phorus pentoxide yielded 3.75 g. (86.1' o) of an ivory powder. 
When slowly li(‘at(*d tin* monohydrate began to draw to- 
gi‘ther at about 73®, gradually became foamy in app)(‘arariec 
and was practically clear at 113®. 

(’ale. for (’»JI2,()5N2S(’M1A>: (\ 40 70; H, 6.28 
Found: (’, 40 70, II, 6.21 

The anhydrous hydrochloride, which W'as obtaini'd by 
desiccating the nionohydrate over phosphorus pentoxidi' in 
high vacuum at 80° for eighteen hours, W'as hygroscopic. 
It began to draw together at about 82°, oily droplets w'cro 
visible at about 0(i° and the product became foamy at 
about 125°, 

(’ale. for CisH2r.OfrN2S(’l: (’, 51.8, H, 6.03 
Found: (’, 51.10, 11, 6.20 

a-Ethyl nn-Benzylpenicilloate Hydrochloride (Mich, 
(’hem., B.5j 3). a-Etliyl DL-benzylponieilloate (766 mg.) 
dissolved instantly in 30 ml. of 0.12 .V hydrogen chloride in 
chloroform. The gum w'hieli was obtained on evaporation 
of the solvent under reduced pressure w'as dissolved in 10 ml. 
of cold ethyl acf'tate; from the solution small colorless crys¬ 
tals deposited slowly: weight, 270 mg.; m.p. 182 184® (dec.). 
Its analysis corresponded to that of the hydrochlorule of 
a-ethyI DL-1 )on zy 1 pen i c illoa to 

(’ale. for (’uHaftOfiN.Sf’l: C, 51.85; H, 6.0 
Found: (’,61.4; 11,0.7 

The ease with which a crystalline hydrochloride was 
obtained from «-ethyl DL-benzylpenicilloaie (whieli was not 
crystalline) sugg(‘st(*d a similar experiment wdth ‘‘naturaP' 
a-meth>l D-henzylpenicilloatc. It was of interest to <le- 
tormiiu‘ whether it would form a hydrochloride or would 
bo rearranged to methyl pcnillate. Treatment of 24.8 mg. 
of crude methanol-inactivated bonzylpenicilliii (from 30 mg. 
of the sodium salt) with 2 ml. of 0.12 N hydrogen chloride 
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iij chloroform resulted in a clear solution. Upon evaporation 
of the solvent a gum remained which was soluble in ethyl 
acetate, but no crystalline product separated from the 
solution. 

a<-£thyl N^-Formyl-DL-benzylpenicilloate (B.S, 5; cf. 
Parke-Davis, PD.12, 2). The condensation product from 
equimolar amounts of OL-pcnicillamine hydrochloride and 
ethyl benzylpenaldatc in 50% alcohol was purified by 
extraction with sodium bicarbonate. The oil obtained 
upon acidification of the sodium bicarbonate extract was 
extracted with chloroform. The' gum obtained from the 
chloroform extract did not crystallize hut on long standing 
was gradually transfornuMl to a hard glass winch upon 
trituration with petroleum ctlicr W'as transformed to a 
yellow powder. 

When 200 mg. of gum was added to 2 ml. of formic acid 
and 1 ml. of acetic anhydride, solution occurred readily. 
After twenty-four hours the solvents were evajiorated with 
a current of air and a yellow gum was obtaiiu'd. Tritura¬ 
tion w'itli ether gave a small iiinount of crystalline material. 

o-Ethyl Thiobenzylpenicilloate [B tl, I). To a solution 
of 0.50 g. of a-amiiio-4-carboxy-5,5-dimethyl-2-thiazolidine- 
noetic acid ethyl ester {BJO^ 4, Acid hydrolysis) in 3 ml. of 
2 N sodium hydroxide and 3 ml. of alcohol was added 0.36 g. 
of methyl jihenyldithioacetate; after a few minutes of 
shaking a clear solution resulted. After twelve hours the 
solution was extracted with ether and acidified. The oil 
which precipitated was taken up in chloroform, and the 
chloroform solution W'as dried over magnesium sulfate and 
evaporated. After trituration with boiling 30 60° petroleum 
ether several times, the material was lyophihzed to a powder 
(decomposed at 115-120'’); weight, 0.2 g. Its ultraviolet 
absorption curve indi(;ated that the product possessed a 
thioainide group and was probably «-etliyl thiobenzyl- 
peuicilloatc. Aft(‘r having been heated in boiling butanol 
or tetrachloroethaiie, the thioamicle maximum had disap¬ 
peared but no penillic acid maximum was discernible. 

Attempted Condensations of Penicillamine with N-Phenyl- 
thioacetyl-jtl,i3-diethoxyalanine Methyl Ester (Lilly, 

16). A solution of 7.5 g. (0.040 mole) of L-penicillamine 
hydrochloride, and 13.0 g. (0.040 mole) of N-phenylthioacet- 
yl-jtf,/3-diothoxyalanine methyl ester in 125 mi. of dry 
n-butyl alcohol was refluxed for one hour. The cooled 
solution was diluted with 125 ml. of ether and washed with 
four 50-ml. portions of water. The butyl alcohol-ether 
Bolution was then evaporated to dryness under vacuum. 
The crystalline residue was taken up in ether and tlie ether 
solution extracted with 100 ml. of 5% sodium bicarbonate 
solution. Acidification of the sodium bicarbonate extract 
yielded about 100 mg. of yellow gum which was not identified. 
The ether solution was evaporated and the residue recrystal¬ 
lized from petroleum ether to yield 8.0 g. (85%) of 2-benzyl- 
4-thiazolecarboxylic acid methyl ester, m.p. 68-^4° and mixed 
with an authentic sample, m.p. 63-64°. 

A mixture of 1.86 g. (0.01 mole) of DL-penicillaminc hy¬ 
drochloride and 3.25 g. (0.01 mole) of N-phenylthioacetyl- 
/9,^-diethoxyalanine methyl ester in 7 ml. of glacial acetic acid 
was heated at 90-100° for forty-five minutes. The reaction 
mixture was poured into 175 ml. of anhydrous ether. The 
ether solution was decanted from the gummy precipitate 
and saturated with dry hydrogen chloride. The resulting 
white precipitate of the hydrochloride of 2-benzyl-4-thi- 
azolecarboxylic acid methyl ester, weight 2.0 g. (75%), was 
treated with water and the resulting free 2-ben zyl-4-thi- 
azolecarboxylic acid methyl ester was recrystallized from 
petroleum ether and identified by a mixed melting point. 

A mixture of 3.72 g. (0.02 mole) of Dh-ponicillamine 
hydro<;hloride, 6.5 g. (0.02 mole) of N-phenylthioacctyl-^,^- 
diethoxyalanine methyl ester, 20.0 ml. of 1.03 N hydro¬ 
chloric acid and 25 ml. of methanol was shaken at room 
temperature for twenty-four hours. Upon working up the 
mixture, 4.0 g. (86% yield) of 2-bonzyl-4-thiazolecarboxylic 
acid methyl ester was obtained. 

Likewise, penicillamine hydrochloride and N-phenylthio- 


acetyl-i9,j5-diethoxyalanine methyl ester when heated to¬ 
gether without any solvent gave only 2-benzyI-4-thiazole- 
carboxylic acid methyl ester in 65% yield. 

D-Penicillamine and N-Phenylthioacetyl-/3,/3-(iiethoxy- 
alanine (fjJ4j 17). A solution comiiosod of 3.76 g. (0.02 
mole) of i)-penicillamine hydrochloride, 6.6 g. (0.02 mole) 
of N-ph(*iiylthioacetyl-/3,/3-diethoxyalanine, 20.0 ml, of 

l. 03 N hydrochloric, acid and 30 ml. of alcohol was allowed 
to stand at room temperature in a nitrogen atmosphere for 
forty-eight hours. The solution was neutralized with 4.8 ml. 
of 4.16 AT sodium hydroxide and evaporated to about 15 ml. 
The white solid which was present at this stage was col¬ 
lected and dried. It weighed 3.3 g. This material was 
taken up in dilute sodium hydroxide. The solution was 
filtered and acidified with hydrochloric acid to precipitate 
a white solid which molted at 147-150°. This prodiict when 
rccrystallized first from alcohol-water and then from ethyl 
acetate molted at 163.5-164.5° and the melting point was 
not depressed when mixed with authentic 2-benzyl-4-thi- 
a/olecarboxylic acid. 

('ale for (hillaNOaS: N, 6.40 
Found: N, 6.54 

Attempted Condensation of Methyl Benzylthiopenaldate 
Diethyl Acetal with i>-Penicillamine in Acetic Acid (Squibb, 
aS’. 5/, 9). A solution of 875 mg. of methyl benzylthio¬ 
penaldate diethyl acetal and 500 mg. of D-pcnicillamine 
hydrochloride in 8 ml. of glacial aeotii^ acid was allowed 
to stand at room temperature for eight days (some hydrogen 
sulfide formed). The solution was then concentrated to 
dryness under reducjed pressure and the residue dissolved 
in chloroform. The chloroform solution was extracted 
with aqueous potassium carbonate solution and, after 
drying over anhydrous magiiesium sulfate, concentrated 
to an oil. The neutral fraction was dissolved in 5 ml. 
of anhydrous ether and cooled to —35°. Kecrystallization 
did not raise the melting point above 63-64°. The initial 
crop of crystals weighed 175 mg. A mixed melting point 
of this compound with an authentic sample of 2-benzyl-4- 
thiazolecarboxylic acid methyl ester, m.p. 63-64° (Lilly, 
LJ4t 36) showed no depression. 

Calc, for CrJIiiNCLS: C, 61.77; H, 4.75; N, 6.01 
Found: 61.59; If, 4.96; N, 6.66 

The ultraviolet absorption curve of the compound dis¬ 
solved in ethanol was unexpectedly similar to the penillic 
acid absorption curve, showing a peak at 2,350 A, 

370; a dip at 2,250 A, 343 and sharply rising end 

absorption. 

A second run was carried out with identical amounts of 
starting material, at 110° for twelve hours. The reaction 
mixture was then worked up in the same way to give 604 mg. 
of neutral fraction from which the compound melting at 
63-64° was isolated. The acid fraction, 118 mg., began to 
crystallize during the concentration of the chloroform. The 
crystals were collected and washed with a small amount of 
chloroform-ether (1:1) mixture. The solid molted at 162- 
164° and after rcorystallization from chloroform melted at 
165-166°. A mixed melting point of this compound with 
an authentic sample of 2-benzyl-4-thiazolecarboxylic acid, 

m. p. 166-166° (Lilly, 16), showed no depression. 

a-Benzyl D-a-Benzylpenicilloate (Merck, 3). 

Sodium benzylpenicilUn was dissolved in benzyl alcohol and 
allowed to stand at room temperature for three days; [ajo 
+130°. It was concentrated in vacuo to a small volume and 
the sodium salt ester was obtained by diluting with ether. 
The crude amorphous product was dried. 

Calc, for C«H8,N20aSNa; C, 69.47; II, 5.43; N, 6.03 
Found: C, 68.61, 68.40; H, 6,72, 5.62; N, 6.09 

Benzylamine Salt of a-Benzyl n-a-Benzylpenicilloate 
9). The a-benzyl benzylpenicilloate sodium salt 
(MJBhf 3) was converted to the benzylamine salt and 
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recryiitallized from methanol and other. The molting 
point was 162-163® (micro-block); [a\iy -f 86 ® (c « 0.765 in 
methanol). 

Calc, for CaollacNaOfeS: C), 65.55; II, 6.41; N, 7.64 
Found: (\ 65.76; li, 6.45; N, 7.74 

The melting point of the “naturar* «-benzyl o-benzyl- 
ponicilloate benzylamiiio salt was in good agreement with th(» 
mtjliing point of a synthetic compound which melted at 
163.5"165® (micro-block). The melting point of a mixture 
of the two salts was depressed to 15S-160° (micro-block). 

a-Benzyl o-a-Benzylpenicilloate Benzylammonium Salt 
(NRRL, C./j^ 1). Fifty milligrams of the sodium salt of 
benzylpenicillin was warmed at 90® for two hours with sulfi- 
cient benzyl alcohol for solution and the benzyl alcohol the.ri 
removed in vacuo. The gummy residue was di.ssolved in 
2 ml. of water and extracted once with ether. The aqueous 
solution was aciilifiiKl w'ith dilute hydrochloric acid, ex¬ 
tracted twice with ether, and the ether solution concen¬ 
trated to a glass weighing 62 mg. This product was 
dissolved in a few drops of 85% alcohol. Adilition of two 
drops of benzylamine and then ether to cloudiness gave 
pellets of fine needles. Filtration yi(‘l(led 41 mg. of material 
melting at 156-157®. Recrystallization from 90alcohol- 
ether gave 19 mg. of fine needh's melting at 101—165®. 

Calc, for C^ 3 uHa.N.,OftS: (\ 65.5; Jl, 6.42; N, 7.61 
Found: i\ 65.1; H, 6.42; N, 7.58 

a-Benzyl n- 7 -Benzylpenicilloate (Upjohn, 22-23; 

13a, 5; Uf\ 17). Using a procedure based upon that de¬ 
scribed by the Merck group, a mixture of 3.0 g. of 2 -benzyl- 
4-hydroxymethyl(uie-5(4)-oxazolonc, 1.6 g. of benzyl alcohol 
and 25 iid. of anliydrous benzene was gently heated undiu* 
reflux for forty-five minutes. The Ixiiizene was nunoved in 
vacuo Avith a bath at room tcunperatiire. The tan colored, 
seini-solid residue was taken up in 20 ml. of purified dioxane 
and to this solution was added a .solution containing 2.8 g. 
of n-peuicillannne hydrochloride and 1,25 g. of sodium 
acetate in 20 ml. of water. Within a short time a yellow- 
brown oil separated. After standing overnight the solvent 
was removed in vacuo and tin* residue taken up in 100 ml. of 
chloroform. The yellow solution was washed with two 
100 -ml. portions of water, dried and the chloroform removed 
in vacuo to give 5.7 g. of sticky gum. For analysis, a sample 
of the gum was tak(*n up in chloroform, filtered from some 
insoluble material and lyophilized. 

Calc, for C, 62.42; II, 5.92; N, 6.33 

Found: C, 62.56; 11, 6.04; N, 6.02 

A mixture of 330 mg. of recrystallized D-penicillaraine 
hydrochloride, 710 mg. of the benzylamine derivative of 
benzyl benzylpenaldate and 5 ml. of ethanol was warmed 
gently on the steam bath until all the solids had dissolved. 
After standing for approximately sixteen hours, the clear 
solution was transh^rred to an evaporating dish and the 
solvent allowed to evaporate spontaneously in a desiccator 
over potassium hydroxide. When nearly all of tlie ethanol 
had evaporated, clustered needle-likc crystals began to 
appear. However, the crystals were contaminated with 
benzylamine hydrochloride, and the usual solvents for 
washings caused the crystals to become gummy. After all 
the ethanol had evaporated, the residue was taken up in 
chloroform, washed with water, dried and allowed to 
evaporate slowly to a concentrated solution. Cyclohexane 
and more chloroform were then added and the solution 
(containing a few fine, needle-like crystals) kept in a stop¬ 
pered flask overnight in the refrigerator. A yield of 50 mg. 
of very fine noodles was obtained; m.p. 147-149®; Wd®* 
4-125.5® (c «» 0.1 in absolute ethanol). Recrystallization 
from chloroform gave silky needles, m.p. 152.5--153.5®. 

Calc, for CsiHjsNaOfcS: C, 62.42; H, 6.92; N, 6.33 

Calc, for CaiHieNjO^S-HjO: C, 69.98; H, 6.13; N, 6.08 
Found: C, 60.06; H, 6.09; N, 6.27 


A mixture of 4.0 g. (0.01 mole) of the benzylamine deriva¬ 
tive of benzyl benzylpenaldate and 1.86 g. ( 0.01 mole) of 
o-periieillamine hydroidilorido was dissolved in 30 ml, of 
warm ethanol and the clear solution warmed on the steam 
bath for about ten minutes. Tin* solution was filtered and 
water added slowly with swirling until I be solution became 
quite turbid (18 to 20 ml. requireil». Seed crystals wore 
added and the turbidity removed by warming on the steam 
bath. On eooimg, the product began to crystallizi* and 
after several days a crop of crystals was rcnnivisi aud washed 
with .50% ethanol The dried ])ro(lu(‘t weighed 1.98 g. 
(15%) and melted at 147 IKS®. Hecrystallization from 
95 ‘5- ethanol gave pure, white dust its of needlt^s melting at 
159-160® (<lec.). 

(^alc. for (^.ill.ttNaOsS: (’, 62.42; 11, 5.92; N, 6.33 
Found: 62.15; II, 6.00; N, 6.56 

After several recrystallizations from methanol, ethanol 
and alcohol-water inixliir(‘s, the compound molted con¬ 
stantly at 1 (» 2 - 163® (con*.). Tin* observed specific rotations 
at dilTerent concentrations were as follows: -f’ 97 ® 

(c ~ 0.1 in methanol); ^ -f 117° (c ~ 1.0 in methanol). 
A samiile of the a-benzyl ester was hydrolyzed to benzyl- 
penicillojc acid melting at 110-114® (dee). The melting 
piiint was not depn'ssed when the sample was mixed with 
D-benzylpenieilloic aiad, prepared by the same method, from 
«-mcthyI D- 7 -benzyIpenicilloat(‘; m.p. 159-161®, 4-131® 

(c = 2.0 in methanol). The method of isolation, melting 
point and specific rotation sugg(*st that the compound is 
probably of the. 7 -eoufiguratiou. The hydrolysis experi¬ 
ment IS of questionable significance, for the configuration of 
the D-beiizylpenicilloic ncid is doubtful. 

Preparation of a-Benzyl D ^-Benzylpenicilloate fM(»rck, 
M.dSy 15). To a solution of 1.2 g. of benzyl bonzylj)cnLild- 
ate ill 4 ml. of alcohol was adde.d a solution of 716 mg. of 
i)-penicjIlamino hydrochloride and 378 mg. of potassium 
acetate in 4 ml. of water. The mixture was allowed to stand 
for two days in an open flask. No crystalline precipitate 
appeared during this tinu*. The solvents were removed at 
reduced pressure, and the residue was taken up in chloroform 
mixed with a small amount of ether. The solution was 
washed with water, then extracsted twice with sodium 
bicarbonate solution. Acidification of the bicarbonate 
extract precipitated a gummy solid which was extracted into 
ether. Removal of thii ether at reduced pressure left a 
cream-colored glass. When this material was triturated 
with ether it beiiame gummy, then partially dissolved leaving 
a solid residue. This n'sidue crystallized readily from alco¬ 
hol-water to give fine neiKlIes, m.p. 164-165® (capillary). 
The crystalline product amounted to 0.2 g. 

Calc, for CajlUeOftNaS: C’, 62.40; 11, 5.92; N, 6.33 
Found: C\ 62.15; H, 5.86; N, 6.50 

The ether-soluble portion of the product was recovered 
by evaporation of the solvent, and was redissolved in an 
alcohol-water mixture to which a drop of 2 N sulfuric acid 
had been added. The solution Avas seeded with the crystals 
previously obiaiiied and allowed to stand in an open flask. 
In the course of a week's time an additional 0.45 g. of 
crystalline product separated, m.p. 164-165® after washing 
with ether. 

The specific rotation of this product was [aju^*’ 4“116® 
(c » 1.16 in ethanol). The benzylainnioniiim salt melted 
at 149 "150®. The high specific rotation of this product 
would seem to indicate that it belongs to the 7 -series of 
beuzjdpenicilloates. It is probably the same as the crystal¬ 
line a-benzyl D-benzylpenicilloate described by the Upjohn 
group (U.lGj 17) but different in configuration from the 
a-bonzyl D-henzylpenicilloate, previously obtained in the 
Merck laboratory (Af.^.9, 9), the benzylammonium salt of 
which melted at 16^164® and had [ajo*® 4*44.4® (c » 0.55 in' 
methanol) 9-10). 
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Benzylammonium Salt of a-Benzyl i)-7-Benzylpenicilloate 
(Upjohn, U.lOy 17). Benzylamine (0.05 ml.) was added to a 
solution of 250 mg. (0.566 millimole; of a-benzyl D-7-benzyl- 
penicilloate dissolved in 5 ml. of commercial absolute 
methanol. The solution was concentrated nearly to dryness 
under a stream of nitrogen. Dry ether (about 20 ml.) 
was added and, on stirring, the salt crystallized rapidly. 
After standing at room temperature overnight, the product 
was collected and dried; yield 260 mg. (81.5%). Recrystal¬ 
lization from a methanol-ether-pi^troleuin ether mixture 
gave white, felted needles, m.p. 146 146.5*^; (alD®* +112® 
(c *» 0.2 in methanol). 

Calc, for CaolUiOftNjS: C, 65.55; II, 6.41; N, 7.64 
Found: (^, 65.00; II, 6.16; N, 7.51 

<y-Benzyl N*-Acetyl-i)-7-ben2ylpenicilloate (r.th\ 22). 
As in tile procedure described (Merck, M.47, 13) for the 
a-methyl ester, 885 mg. (0.002 inoh') of a-benzyl n-y-benzyl- 
penicilloato was dissolved in 3 ml. of dry pyridine and 
treated with 204 mg. (0.002 mole) of acetic anhydride. 
After standing at room temperature for thr<'e hours, the 
pyridine was removed m vacuo, Tlie resulting oil was 
taken up in chloroform and extracted with dilute sodium 
bicarbonaU*. After s<‘paration, tlic aqueous layer wa.s 
acidihed and extracted with chloroform. The combincid 
chloroform extracts were dried, and most of tlie solvent 
removed in a current of nitrogen. The resulting oil crystal¬ 
lized upon removal of the last traces of solvent in v(U'uo; 
yield, 830 mg. (86%): m.p. 166-167°. 

Calc, for C26H28O6N2S: 

(\ 61.97; H, 5.82; N, 5.78; S, 6.62; neut. equiv., 481 

Found: 

C, 60.75; IJ, 5.82; N, 6.52; S, 6.28; neut. equiv., 484 

a-Benzyl N^-Carbophenoxy-D-7-benzylpemcilloate (Merck, 
M,66f 16). a-Bcnzyl D-7-benzylpenicilloate (1.3 g.) was 
suspended in 35 ml. of ethylene dichloride and 1.1 mb 
of pyridine was added. Almost all of the suspended ma¬ 
terial dissolved. To this solution was added 0,5 g. of phenyl 
chloroformate, and the mixture was allowed to stand for 
thirty minutes at room temperature. The solvents were 
removed at reduced pressure and the residue was taken up in 
chloroform to which a little ether had been added. The 
product was extracted into sodium bicarbonate solution 
and precipitated by acidification of the extract. The gummy 
precipitate was taken up in ether, and the ether solution 
was dried over sodium sulfate, then evaporated under 
reduced pressuni. A colorless gla.ssy residue was obtained 
which was powdered by grinding under petroleum ether. 
The product did not crystallize, la the amorphous condi¬ 
tion it began to rnclt at about 70°. 

Calc, for CaoHaoOyNaS: C\ 64.02; II, 5.38; N, 4.98 
Found: C, 64.12; 11, 5.59; N, 4,68 

Benzylamine Salt of a-Benzyl n-Benzylpenicilloate 

9). Six grams of 2-benzyl-4-bydroxymethyleno-5(4)- 
oxazolonc were refluxed with 3.2 g. of benzyl alcohol in 50 ml. 
of dry benzene for forty-five minutes. A portion of this 
benzyl ester solution yielded almost the quantitative 
amount of a 2,4-dinitrophenylhydra2iiie derivative, m.p. 
182*. The analysis was in agreement for the 2,4-dinitro- 
phenylhydrazone of benzyl benzylpenaldate. 

Calc, for CaJlaiNftOT: C, 58.70; 11, 4.31; N, 14.26 

Found; C, 58.67, 58.87; 11, 4.66, 4.43; N, 14.44 

The benzyl ester solution was freed of benzene and taken 
up in dioxane. One-half of the dioxane solution was treated 
with a solution consisting of 2.86 g. of D-ponicillamine 
hydrochloride, 1.5 g. of potassium acetate, and 20 ml. of 
water. After standing overnight at room temperature, the 
solution was concentrated to dryness in vacuo. The residue 
was taken up in 100 ml. of chloroform and washed twice with 


1(X) ml. of water. The chloroform solution was concentrated 
to dryness in vacuo to yield 6 g. of a brittle white residue. 

A solution of 1.0 g. of this residue in 5 ml. of absolute 
ethanol was treated with 2 ml. of anhydrous ether. To this 
was add(‘d 0.406 g. of redistilled benzylamine in 1 ml. of 
absolute ethanol and 2 ml. of anhydrous ether. Approxi¬ 
mately 20 ml. of petroleum ether were added to the point of 
incipient turbidity. Crystals, m.p. 162-163°, separated on 
standing for three days at room temperature. Uecryatal- 
lization from absolute ethanol and petroleum ether raised 
the melting point to 163-164°. 

Calc, for CjolbuNaObS: 65.55; II, 6.41; N, 7.64 
Found: C, 65.61; 11, 6.45; N, 7.98 

When this synthetic, product was compared with the 
‘^natural'^ a-benzyl ester (m.p. 162 1()3°), the melting point 
was depressed to 158-160 \ 

a-Benzyl L-Benzylpenicilloate (Upjohn, U.llj 24). A 
mixture of 2.0 g. of benzyl benzylpeiiahlate, 1.19 g. of L-peni- 
cillaniiue hydrochloride, 0.52 g. of sodium acetate and 10 ml. 
of drv dioxane was warmcMi on th<* steam batli for a short 
time with swirling. The reaction mixture was iiltered free of 
solid (presumably sodium chloride) and the clear, pale yellow 
solution allowed to stand at room temperature for approxi¬ 
mately fifteen hours. Water was added and the oil which 
separated was extracted with chloroform. After washing 
three times with water, the chloroform solution was dried 
and then allowt^d to evaporate slowly in a vacuum desiccator 
after seeding with a crystal of the crude D-isomer. Fine 
nee<lles began to crystallize soon. After standing overnight, 
250 mg. of colorless crystals were collected and dried; m.p. 
140-147° (dec.). 

Calc, for C2ali26N206S: C, 62.42; II, 5.92; N, 6.33 
Found: C 62.18; II, 6.11; N, 6 32 

a-Benzyl L-Benzylpenicilloate (Pfizer, P./5, 11). Four¬ 
teen grams of iaopropylidene L-peaicillamiiie hydrobromide 
was decomposed with 50 ml. of warm water and treated 
with 5 g. of potassium bicarbonate. To this mixture was 
added a solution of 15 g. of benzyl benzylpenaldate in 100 ml. 
of dioxane and the solution was allowed to stand overnight. 
The mixture was then evaporated to an oil which was treated 
with water and extracted with chloroform. To the chloro¬ 
form solution methylcyclohoxaiic was added until precipita¬ 
tion began. On standing overnight in the icebox the 
product crystallized. It was filtered and washed with 
petroleum edher to give 4 g. of a-benzyl L-bonzylpenicilloate 
melting at 154-155°; — 113®. 

Calc, for CaallseNjObS: C, 62.42; 11, 5.92; N, 6.33 
Found: (J, 62.32; 11, 5.75; N, 6.24, 6.37 

a-Benzyl -Methyl-L-benzylpenicilloate (Upjohn, 

4). A mixture of 207 mg. (1 m.mole) of N-methyl-L-peni- 
cillainine hydrochloride and 400 mg. (1 m.mole) of the 
benzylamine derivative of benzyl benzylpenaldate was 
warmed in 5 ml, of ethanol until all was in solution and 
several minutes thereafter. The solution was filtered and 
about 3.5 ml. of water added. On cooling some crystalline 
material separated. This was collected and found to be 
19-15 mg. of the benzylamine derivative of benzyl penaldate. 
After standing for several hours, small globules of oil 
separated. Efforts to crystallize this oil failed. A small 
amount of amorphous solid (m.p. about 60°) was obtained 
by concentrating an ethanol-water solution of the oil. 

a-p-Witrobenzyl D-Benzylpenicilloate Benzylamine Salt 
(Abbott, A.5, 3). From p-nitrobenzyl alcohol degradation 
of sodium benzylpcnioillin, a crystalline benzylamine salt 
was obtained which melted ai 148-152® (hot-stago). 

a-Methyl n-Benzyloxypenlcilloate (Merck, 19; 

60^21), a-Carbobenzyloxyamido-j8,/8-dicthoxypropionicacid 
in ether solution was esterified with diazomethane. The 
oily ester prepared in this way (1.05 g,) was dissolved in a 
solution prepared from 0.63 g. of n-penicillamine hydro- 
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chloride, 1.7 ml. of 2 hydrochloric acid, 3.6 ml. of water 
and 11.4 ml. of methanol, and the mixture was heated for 
fifteen minutes on a steam cone. To the cooled mixture, 
0.7 g. of potassium acetate was added. A solid began to 
crystallize from the solution but redissolved when more 
water was added. 

After the solution had been allowed to stand for five days 
at room temperature, the solvents were removed at reduced 
pressure, water was added to tlu* residin', and the mixture 
was brought to a pH of 2-3. The product was extracted into 
eth(‘,r, then extracted from the ether solution into an aqueous 
sodium bicarbonate solution. Acidification of the bicarb¬ 
onate extract precipitated a gummy material which was 
extracted into ether. The dried ethereal solution was 
concentrated and diluted with petroleum ether. The prod¬ 
uct was precipitated a.s a light-jndlow powder. The product 
could hot be induced to crystallize. 

Calc, for CnUuO.NS: C, 53.36; If, 5.81; N, 7.33 
Found: C, 54.72; II, 6.52; N, 6.93, 6.92 

The preparation was repeated using essentially the same 
procedure. From 2.1 g. of methyl a-carbobenzyloxyamido- 
/5,/3-diethoxypropionate and 1.26 g. of i)-pcnicillaminc 
hydrochloride tliere was obtained 1.2 g. of an amorphous 
white powder. It melted over a wide rangi‘ beginning at 
about 60°. The rotation was +‘11.6° (r — 1.0 in 

ethanol). The composition of this product approached 
more closely the calculated values. 

Found: C, 53.83, 51.09; II, 5.95, 5.90; N, 7.14 

a-Methyl i)L-Benzyloxypenicilloate (Abraham, Baker, 
Chain and Bobinson, 2). dl-P enicillamine 

hydrochloride (1.18 g.) was mixed with N-carbobenzyloxy- 
diethoxyalariine methyl ester (2.0 g.) and the mixture was 
heated first at 100° for ten minutes and then at 75° for a 
further thirty minutes. Water vas then added, the pH 
adjusted to 2 and the thiazolidine extracted with chloroform. 
The chloroform solution was shaken with incretising amount 
of 2 A caustic soda until the pli of the aqueous layer was 7. 
The resulting aipieous solution of tin* thiazolidine sodium 
Balt was aeidifi(*d to pH 2 with 20‘/t hydrochloric acid and 
the thiazolidine again extracted with cliloroform. The 
chloroform solution was dried over anhydrous sodium 
sulfate and the solvent removed in vacuo. The thiazolidine 
remained as a brittle wdiite solid (1.90 g.). 

Calc, for CnIHaOoNaS: 7.3; S, 8.4 
Found: N, 7.4; S, 7.9 

a-Methyl D>(a-Chlorobenzyl)penicilloate Hydrochloride 
(Pfizer, P.Sl, 3). A mixture of 6.1 g. of i)-penicillaminc 
hydrochloride monohydrate (0.03 mole), 13.5 g, of methyl 
(a-chloiobcnzyl)penaldatc dietliyl acetal and 28 ml. of 
acetic acid was warmed on a steam bath until a clear solution 
Was obtained and then heated for an additional thirty min¬ 
utes. The reaction mixture was cooled and slowly added 
to 600 ml. of anhydrous ether with vigorous stirring. The 
precipitate was filtered, washed with ether and dried in a 
vacuum desiccator over barium oxide. The product 
weighed 9.8 g. It sintered at 120° and decomposed above 
140®; [«]d +67° (c « 2 in methanol). 

Calc, for CiTHsaOtNjSda HaO: 

C, 44.84; H, 6.27; N, 6.15; S, 7.03; Cl, 16.6 
Found: C, 45.08; 11, 5.46; N, 6.19; S, 7.94; Cl, 14.46 

a-Methyl Dj>Ca-Chlorobenzyl)penicilloate Hydrochloride 
(Newbery and Raphael, CPS.S78^ 4). A solution of 3.3 g. 
of methyl (a-chlorobenzyl)pcnaldatc acetal in 7 ml. of 
glacial acetic acid was treated with 1.5 g. of DL-pcnicillamine 
hydrochloride monohydrate and the mixture heated on a 
steam bath for thirty minutes. After being cooled, the 
solution was slowly dropped into dry ether (160 ml.), the 
precipitated solid washed by decantation with ether and then 


filtered. 7'h(* dry solid weighed 2.83 g. (81%); it began to 
sinter at 95° and decomposed at 110°. Attempts to crystal¬ 
lize the product were unsuccessful. 

Calc, for C, 7 H,,N 50 jSCl 2 ll20: 

(\44.8; 11,5.3; N, 6.15; Cl, 1,5.6 

Found: C, 44.7, 44.8; H, 5.5, 5.8; N, 6.5, 6.2; Cl, 14.8 

a-Ethyl u-(a-Chlorobenzyl)penicilloate Hydrochloride 
(Pfizer, P.Sl^ 6). A mixture of 6.1 g. of D-peiiicillaminc 
hydrochloride monohydrate, 11 g. of (‘thyJ (a-chlorobenzyl)- 
peiialdate diethyl acetal and 28 ml. of acetic acid was 
warmed on a steam hath until a clear solution wa.s obtaiiu'd 
and then heated for an additional thirty minutes. The 
reaction mixture w’as cook'd and slowly adili'd with vigorous 
stirring to 650 ml. of anhydrous ether cooled to 0°. The 
precipitate was lilt(*re 1, washed with c'thcr and dried in 
vacuo. The a-cthyl i''-(a-chIorobenzynpeinciIloate hydro¬ 
chloride sintered at 90-9,5” and decompo.sed at 133-136°; 
[«Jd +65° {(' = 2 in methanol). 

(^alc. for C,8H,4N20MSCb-H20: 

(\ 46.06; H, 5.51; N, 5.97; S, 6.82; Cl, 15.11 
Found: 45.67: 11, 5.64; N, 6.23; S, 7.95; (1, 14 01 

a-Ethyl D-Cyclohexylmethylpenicilloate Hydrochloride 
(P.SSj 7) A mixture of 1.3 g. of 2-cyclohexylinethy 1-4- 
form yl-5(1)-oxazoIone (P.8^^, 12) and 8 ml. of ethanol was 
warmed on a steam bath until a clear solution was obtained 
and cooled. To this mixture 0.93 g. of D-penicillamine m 
8 ml. ol \vat(*r w'a.s added. The clear solution soon deposited 
an oil w’hicli could not hi' induced to crystallize. The reac¬ 
tion mixture w^as extracted with chloioforiii, w'ashcd with 
water and the chloroform removt'd m vacuo. A solid wasF 
obtained w hi(‘h melted over a ten degn'c range (60 70°) amt 
wdiich coukl not be recrystalli/od. The product was dis¬ 
solved ill ('ther, treated with anhydrous hydrogcMi chloride,, 
filtered and washed with anhydrous ether. It w'oigheil 
1.4 g and melted at 167-170°. This after two recrysfalliza- 
tions from ethanol-ether, yielded 0.3 g. of protluct melting at 
182-183° (dec.); [a]D*^ +61° (c = 1 in methanol). 

Calc, for Ciell.iNaO^SCI: 

C, 51.12; H, 7.31; N, 6,63; Cl, 8.10, S, 7.57 
Found: (\ 51.25; H, 7.53; N, 6.71; Cl, 8 11; S, 7.14 

Diphenylacetylglycine Ethyl Ester (Mich. Chein., IS. 14 ^ 1). 
A mixture of 250 ml. of water, 40 g. of sodium carbonate 
monohydrate, 50 ml of chloroform, and 20 g. of glycine ethyl 
ester hydrochloride was stirred in an lee-sait batli while a 
solution of diphenylaeetyl chloride, obtained from 21.2 g. 
of diphcnyiacetic acid wdth thionyl chloride, in 20 ml. of 
chloroform w^as added dropwise. After completion of the 
addition of the acid clilorido, the icc-salt bath was removed 
and the mixture st irred for twenty minutes. The chloroform 
layer w'as separated, washed with 5% hydrochloric acid, 
with water, and dried over aiiliydrous magnesium sulfate. 
The product was precipitated by the addition of petroleum 
ether. There was obtained, in two crops, 24 g. of colorless 
diphenylacetylglycine ethyl ester, m.p. 118-120°. llecrys- 
tallization of a sainph' from bcnzene-ligroin yielded colorless 
needle.s, m p. 118-119°. 

(^alc. for Cnlh^OzN: (\ 72.71; H, 6.44 
Found: (^ 72.67; H, 6.35 

a-Formyl-N-diphenylacetylglycine Ethyl Ester {P.I 4 , 2). 
Formylation of 9.9 g. of diplienylacetylglycine ethyl ester in 
ether-benzene with sodium ethoxide and ethyl formate in the 
usual fashion yielded 7.0 g. of product as a light yellow gum. 
The yellow 2,4-dinitrophcnylhy<lrazoiie was rccrystallized 
from ethanol-benzene; m.p. 200.5°. 

Calc, for C2ai2807N6: C, 59.40; II, 4.59 
Found: C, 59.12; 11, 4.59 

The benzylaniine derivative was obtained by treating the 
formyl ester in ether with bcnzylaininc, followed by evapora- 
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tion of the ether and trituration of the residue with methanol. 
Heerystallization from metluiiiol yielded eolorless needles, 
m.p. 118-120°. 

Tale, for C ^2 JLeOsN.,: i\ 75.34; H, G.32 
Found: C, 75.08; H, 0.31 

a-Ethyl nn-Diphenylmethylpenicilloate {BJ4^ 3; //7, 6). 
A solution of 1.40 p;. of i)L-penieilIumin(‘ in 10 ml. of 50^';, 
ethanol-water and 5 ml. of O'",' hy<lroehl()rie acid was added 
to a solution of 3.25 g. of thr formyl ester in 15 nil. of ethanol. 
After the addition of 5 ml. of 4 N sodium aceUite solution, 
the mixtiin* was allow'cd to stand for twelve hours. The sol¬ 
vents were evaporated (air atieain) and the residue was 
treated with water and ether until sf)lution w’as complete. 
The ether solution was washed with 2^; hydrochloric acid, 
with w^ater, and wdth 50 nd. of 5'^ potassium carbonate 
solution The aqueous alkaline solution W'as woiahed twice 
with etlier, then ai'iditied to ydl 4 with ihliiti* hydrochloric 
acid. The penicilloat(» was (‘xtracted with ether; the 
ether solution w’as waslu'd with water, dried over anhydrous 
niaKn(‘sium sulfate and the solvent evaporated. The prod¬ 
uct after drying /?? vacno^ w^as obtained as a colorless powder; 
yield, 2.8 g.; m p. 88-95° (dec.). 

Calc, for CaJIagOfiNsS: 63.13; TT, 6.18 
Found: 63.48; 11, 6.18 

CK-£thyl D-Diphenylmethylpenicilloate (/I 7/T, 6). From 
the reaction between 600 mg. of D-penicillninine hydro¬ 
chloride and 1.1 g. of ethyl diphenylmethylpenaldate, follow¬ 
ing the usual procedure, there w'as obtained 820 mg, of 
colorless crystalline material; m.p. 110° (dee. with previous 
i^hrinking). The product wuis recrystiillized from ether 
containing a little petroleum ether. 

a-Methyl n-Ethoxypenicilloate Hydrochloride (Lilly, 

^ IjMy 19). A solution of 12.2 g. (65 millimoles) of n-peni- 
cillamine hydrochloride and 17.2 g. (65 millimoles) of N-carb- 
Cthoxy-i3,3-diethoxyalanine methyl ester in 25 cc. of aeetie 
arid w^as kept nt 40-50° for forty hours. The erystalline 
product was collected, washed with acetic acid and then 
w'ith ether; 15,2 g., m.p. 175-176° (dec.). A further 1.4 g., 
m.p. 175-176° (dec.), was obtained by diluting Ihe acetic 
acid filtrate with ether and recrystallizing from 5 ee. of 
warm water with the addition of 1 cc. of concentrated hydro¬ 
chloric acid. 

Calc, for CisHsiOflNjSCl: C, 40.39; H, 5.93; N. 7.84 
Found: C, 40.30; 11, 5,98; N, 8.15 

The same product was obtained when an equimolar mix¬ 
ture of the components in aeetie acid was heated at 90° for 
forty minutes and poured into ether. 

a-Mcthyl L-Ethoxypenicilloate Hydrochloride (L.74, 11). 
A solution of 0.74 g. of i^pcnicillamine hydrochloride, 1.31 g, 
of methyl cr-carbethoxyamino-3,3-diethoxypropionate and 
4 ml. of acetic acid was heated on a steam bath for one-half 
hour. The reaction product was poured into 40 ml. of 
anhydrous ether and cooled. The resulting salt melted 
at 169-160° without purification. 

Calc, for Ci2H2iN 20«SCI: (\ 40.3; II, 5.93; N, 7.84 
Found: C, 39.4, 39.5; H, 6.13, 5.98; N, 7.74 

Benzylamine Salt of a-Methyl Heptylpenicilloate (Abbott, 
A.^5, 2; 1). To 371 mg. of sodium heptylpenieillin was 

added 15 ml, of magnesium-dried methanol. This solution 
was kept at 40° for forty-eight hours and at room tempera¬ 
ture for sixteen hours more. The solution w’^as taken to 
dryness. The residue was dissolved in a little water and 
several volumes of ether were added. After cooling in 
an ice bath, the pll was lowered to 2 and the a-methyl 
heptylpenicilloate was extracted into the ether. The solu¬ 
tion was evaporated to dryness in a stream of nitrogen. 
The weight of the solid was 369,7 mg. This was dissolved 
in 6-10 ml. of dry ether and an equivalent amount of 


benzylamine (103 mg.), dissolved in ether, was added. The 
ether was evaporated. The residue was dissolved in about 
1 ml. of ethyl acetate and ether was added until the solution 
was slightly turbid. Upon cooling to —5° a mushy solid 
of questionable crystallinity was formed. It was washed 
with ether and dried. The weight of the dry, hygroscopic 
material w as 340.7 mg. It melted at 48-51° (open capillary 
tube). 

C'alc. for C'24H*80 aN»S: 60.00; H, 7.97; N, 8.74 

Found: (\ 59.27; 11, 7.08; N, 8.56 

Approximatelj' 230 mg. of this sample was dissolved in 
0.5“ 1.0 ml. of warm cliisopropyl ether. On cooling in an ice 
bath, a small amount of fibrous needles separaled. Upon 
cooling to —5° the amount of solid very slowly augmented 
and after three days th(* solution set to a solid mass of 
crystals. Tiie motlier iKpior wuis separati'd and the crystals 
were washed with a small amount of cold diisopropjd ether. 
'Lhe w^eight of the dry solid was 115 mg. 

When the melting point was d(‘tcrinined on the micro¬ 
block tlie compound showed softening in some parts of the 
field at 64° and nearly complete mt'lting took place at 68- 70°, 
but at the same time partial conversion to stubby needles 
was observed. All crystals harl melted wlien a temperature 
of 74° wuis reached. In an open capillary melting point 
tube, nearly complete melting took place at 74-76° with 
solidification taking plac(‘ tberc'after. The new solid melted 
al 80-83°. 

It is well kiiow^n that the a-methyl i)-benzylpenicilloatcs 
epimerize on warming with metlianol (Merck, 3). 

From tlip difficulty in crystallizing the benzylamine salt 
of a-inethyl h(*pt.> Ipeniciiloatc* and from the relatively poor 
yield of this crystalline derivative and from th(‘ melting point 
behavior, it appears that the «-m('thyl D-heplylpcnicilloate 
epimenzes more readily than a-ineth\l i>-benzyli>enicilloate 
{A.i, 3). 

Attempted Preparation of a-£thyl i>-Heptylpenicilloate 
Hydrochloride (Pfizer, P 1). A mixture of 1.2 g. of 
2-n-heptyl-4-formyl-5(4)-o\azolone and 8 ml. of ethanol was 
heated on a steam bath for five minutes, eooli'd and mixed 
with 0 85 g. of i>-penicillaminc‘ in 8 ml. of w^ater. The mix¬ 
ture w'as treated with bone-black filtered and allowed to 
stand at room temperature. The viscous oil was taken up 
in ether, washed wuth w^ater and concentrated to dryness in 
vacuo. The residue was pulped with petroleum ether and 
dissolved in ether. The ether solution was treated with 
anhydrous hydrogen chloride and concentrated to dryness 
tn vacuo. The gum obtained was pulped with anhydrous 
ether and filtered. The product melted at 175-177°. This 
w^as crystallized from ethanol containing a trace of anhydrous 
hydrogen chloride, by the addition of anhydrous ether and 
yielded 0.1 g. of product, melting at 190-191° (dec.); [op]** 
-1-81° (c « 1 in methanol). 

The analysis checked very well for the loss of a carbethoxy 
group. 

Calc, for CuIl2»N20iSCl; 

C, 51.06; H, 8.23; N, 7.94; S, 9.08; Cl, 10.07 
Found; C, 61.12; H, 8.41; N, 7.92; S, 9.53; Cl, 10.24 

a-Mcthyl D-p-Methoxybenzylpenicilioate {P.Wy 9). A 
solution of D-penicillamine hydrobromide was prepared by 
dissolving 7.6 g. of n-isopropylidene-penicillamine hydro- 
bromide in 50 ml. of water, removing the water by distillation 
under reduced pressure, repeating this treatment and finally 
taking up the residue in a fresh 60 ml. of water. This peni¬ 
cillamine solution was treated with 2.8 g. of potassium 
bicarbonate and a solution prepared by refluxing 6.1 g. of 
2-p-methoxybenzyl-4-hydroxymethylene-5 (4)-oxazolone in 
60 ml. of methanol for fifteen minutes. The reaction mix¬ 
ture was allowed to stand overnight and as no crystalliza¬ 
tion occurred, it was extracted with chloroform. The 
chloroform layer was extracted with potassium bicarbonate 
solution, the bicarbonate layer was acidified with acetic acid 
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and extracted with benzene. The benzene solution was 
lyophilized to give 0.45 g. of white powder which did not 
crystallize. 

Calc, for CigH*4N20flS: C, 54.54; 11, 6.07; N, 7.07 
Found: C\ 50.36; TI, 5.99; N, 0.16 

ot-Methyl N^-Methyl-n-penicilloate (Lilly, L.2Sy 5; 7). 

A solution of 3.71 g. of D-ponicillaniine hydrochloride and 
4.1 g. of methyl N-metiiyl-a*forrnaTnido-iS,/?-diinethoxy- 
propionate in 15 cc. of acetic acid was heated on the steam 
bath for two hours, then poured into 1500 ec. of ether. 
The penicilloate hydrochloride (yield 0.0 g ) had m.p. 155- 
157*^ (dec.). 

Calc, for CnlligOiiNaSri: C', 40 4 ; H, 5,80; N, 8.0 
Found: C, 41.06; H, 0.7; N, 8.9 

A mixture of 20.0 g. of methyl N“nietliyl-«-formamido-/S,i8- 
dimethoxypropionate, 18,1 g. of i)-penicillamine hydro¬ 
chloride and 50 ce. of acetic acid was wanned until solution 
was complete, and then allow^ed to stand for four hours. 
The solvent was removed in vacuo and the residue was 
dissolved in hot methanol. Dry otlier was added until the 
solution became milky, and then the excess ether was 
boiled ofF. Upon chilling, 8.03 g. of the free ester crystal¬ 
lized; m.p. 156.5-158.5° ((lee.). 

Calc. CiiIIigOgN^S: (\ 45.50; H, 0.25 
Found: C, 44.93; II, 0 27 

a-Ethyl D-Penicilloate (Parkc'-Davis, PD.20y 5). A 7.2-g. 
sample of the sodium enolate of N-forniyl-«-formyl-glycine 
ethyl ester was allowed to react wuth 6.0 g. of i)-penicillamine 
hydrochloride in 60 ml. of 50' n ethanol for thr(*e days at 
room temperature. The solvent was evaporated tn vacuo 
and the dry residue extracted \Mth absolute methanol and 
filtered. Th(^ residue from vacuum evaporation of the 
methanol was a gum which was taken up in 9:1 dioxane- 
water and allowed to stand. \ft(*r (*ight days, crystals had 
formed which were filtered out, washed wuth hot methanol 
and dried; m.p. J94' 194.5°. 

Calc, for (^lUigOfiNaSmiO: (\ 40.4; IT, 6.74; IS, 8 6 
Found: C, 40.1, 40.3; H, G.7, 6.8; N, 9.0 

A 0.5-g. sample of the above crystals w\as allow'ed to 
stand for forty-eight hours iii absolute alcoholic hydrogen 
chloride. Itemoval of the alcohol in an air stream gave 
crystals wdiich turii(*d pink at 157 ’, darkened to red on fur¬ 
ther heating and melted at 202-203° (dec.). 

a-Ethyl L-Penicilloate (Lilly, L.//, 5). To a s(jhition of 
200 mg. of L-penicillamine hycirochloridc in the minimum 
volume of absolute alc.ohol was added 240 mg. of the sodium 
eiiolato of a-formyl-N-formyl-glycine ethyl ester dissolved 
in the minimum volume of watcjr. A slight cloudiness was 
removed by filtration. Five drops of pyridine was added 
to the clear yellow filtrate and 1 he solution was placed in the 
refrigerator overnight. By morning a slight cloudine.ss had 
appeared. The entire solution was evaporated to dryness 
m vacuo at room temperatun' to a thick yellow oil. This w^as 
placed in a viicuum desiccator over phosphorus pentoxide. 
After about thirty minutes the oil solidifiecl to a light yellow¬ 
ish fluffy mass. Short exposure to the air caused the solid to 
revert to a gummy mass. Crystallization of the material 
was unsuccessful. 

Calc, for CuHiBNaGfiS: N, 9.65 
Found: N, 9.41 

ocEthyl Penicilloate (Mich. Chem., B.7, 4). The an¬ 
hydride-like character of the enol benzoate of ethyl penaldate 
suggested that it might be split with an amine in anhydrous 
media; 0.262 g. (0.001 mole) of the benzoate was suspended 
in 5 mi. of dry ethanol and 0.109 ml. (0.001 mole) of benzyl- 
amine was added dropwise with swirling. With a few min¬ 
utes of shaking all the benzoate dissolved. After fifteen 


minutes at room temperature the solution was c.vaporated 
to an oily residue and dissolv(»d in 5 ml. of 50^'c alcohol (some 
amide undissolv(*d) and 0.149 g, of penicillamine was (hen 
added. After twelve hours the solution was evaporjited to 

1- 2 ml., diluted with 4-5 ml. of water and the solid filtered 
and dried. There w’as obtained 0.20 g. ((h21 g theoretical) 
of a white solid, m.p. 92-97°. After recrystallizntion from 
acetic acid-water the mixed melting point w^ith Ixuizyl- 
benzamid(* was unchanged at 104.5 105.5°. 

To the a(pi('ous filtrate w'as added 0.084 g. of sodium 
biciarbonate, Die solution w'as w'ashed w-ith etlier and 2.0 ml. 
of 0.5 N hydrochloric acid w^as added. After evaporation 
of the solution to dryiu'ss under reduced pressure at 40°, the 
residue w^as dissolved iii ab.soliite alcohol, filterc'd, re-evapo¬ 
rated, and the produet lyophilized to a white powder, which 
was very sensitive to nu^isture. Probably because of the 
latter prop(*rty, a satisfactory analysis wuis not obtain<}d. 

('ale. for Ci.ILaN^O.S: (', 45.50; II, 0.23 
Found: (\ 43.89; 11, 0.00 

Acid Hydrolysis of ot-Ethyl Penicilloate (B./f), 3). A 
mixture o( 0.3 g of a-ethyl penicilloate and 5 nil. of 1.5 N 
acpieous hvdrogeii chloride was allowed to stand at 40° for 
forty-eight hours. The water was riunoved and the product 
lyopliiUz(‘d to a pow^der which had a neutral equivalent of 
110 and contained 22.5'chlorine. In other runs at OO'" for 
SIX and lor twelve hours a product wuth a neutral equivalent 
of 101 and chlorine (‘cmterit of 20.1', w'as obtained. These 
value.s are in agre(*ment with «-anuno-4-carl)oxy-5,5-di- 
methvl-2-lhiazolidincacetic acid ethyl ester dihydrochlorido 
(calc, for ( moILoN 204S(’L: neut. equiv., Ill; (i, 21.5). 

Alkaline Hydrolysis of nr-Ethyl Penicilloate 3K A 

solution of 0.3 g. of a-ethyl penicilloate in 10 ml. of 0.5 N 
sodium hydroxide in HO',,' alcohol was aJlow^C'd to stand at 
room t(Mnperature for forty-eight hours; Dien 5 ml of 2 N 
alcoholic hydrogen chloride (an excess) was added and the 
solution was evaporated to dryness at room temperature. 
The product was dissolved in cold absolute al(*ohol and the 
filtered solution wuis evaporatcsl. The jiroduct had a 
neutral o<jUiVHlent of 108 and contained 21.9';) chlorine. 
Fracticallv tlie same r(\sult was obtained under a variety 
of eonditions. 

Wh(*n only two equivalents of 0.5 N alkali wore used, 
it was found by tit ration o1 the alkali rcunaining that only one 
equivalent was used up in the hvdrolysis. Huns w'(*re also 
made w’lth 1 N and 5 .V sodium hydn^xido (tw'o (Hpiivaleiits) 
at various teTnperatu^e*^. 

Addition of two-thirds of the (*alculated amount of alkali 
to a solution of the presumed a-ainino-4-carboxy-5,5-(b- 
niethyl-2-thiazolidineacetic acid ethyl ester dihydrochloride, 
evaporation, extraction of the dried product w’ltli methanol 
and evaporation of the filten'd solution gave an amino acid 
compound (formaldehyde effect on titration) with a neutral 
equivalent of 213-298 (calc. 203). 

Reaction of a-Ethyl Penicilloate with Alcoholic Hydrogen 
Chloride {B.JO, 3). Treatment of a-othyl penicilloate with 
cold ethariolic hydrogen chloride at room tc'injierature for 
twelve hours f()llow(*d by three hours of refluxing and 
evaporation under reduced pressure gave what presumably is 
the dihvdrocliloride of a-nmino-l-carbethoxy-5,5-dimethyl- 

2- thiazolldin('acc*tic acid ethyl ester. The lyophilized 
powder had a neutral equivalent of 183 and contaiiuMl 19.3% 
chlorine (calc, for C'i2H24N2()4S(32: neut. equiv, 181; 
Cl, 19.2). 

a-Ethyl N*-Phenylacetyl-i>-penicilloate (Merck, Af.S7y 
10). To a solution of 12 g. of D-pcnicillamine hydrochlorid(» 
in 50 nd. of water was added 20 g of crude soclium enolate 
of of-formyl-N-formylglycine ethyl ester, 15 ml. of ethanol 
and 4 ml. of acetic acid. The solution W’as filtered and al¬ 
lowed to stand overnight, when it was extracted with chloro¬ 
form which was washed, dried, and evaporated giving 12.7 g, 
of a tan solid. 

To a solution of 6.9 g. of this product in 50 ml. of chloro- 
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form and 2.4 ml. of pyridine was added 3.2 ml. of phcnyl- 
acctyl chloride while the reaction mixture was cooled to 
about 15®. After standing for one hour at 15®, the solution 
was washed with dilute hydrochloric acid to remove the 
pyridine and then (*xtracted with sodium bicarbonate. 
This solution was cooled to 0® and treated with 2.5 N hydro¬ 
chloric acid in the presen<‘e of chloroform until the aqueous 
layer was acid to Congo Ked paper. The combined chloro¬ 
form extracts were washtnl wjth water, dried and evaporated 
leaving 0 g. of brown oil. This oil was extracted four times 
with boiling petroleum ether to remove the ]ihenylacetie 
acid. The residual oil was then treated with ether which left 
a white solid which nu'lted at 214 216'’ after two recrystalli- 
eations from ethanol. 

Calc, for C^ 9 Il 24 N^OcS: (\ 55.87; II, 5.02; N, 0.86 
Found: C, 55.00; 11, 0.10; N, 7.10 

a-Ethyl i)L-PeniciIloate (Squibb, 8). solution of 
6 g. of iJL-penicillamine hydrochloride and 7.5 g. of the 
eodium salt of N-formyl-of-formvlglyeine ethyl ester in 25 ml. 
of water was adjusted to pH 4 by the addition of 10% sul¬ 
furic acid. A few drops of alcohol were add«»d to obtain 
complete solution and the reaction mixture allowed to stand 
overnight. The solution was then extracted with chloro¬ 
form. The chloroform extracts were washed, dried and 
concentrated under reduced pressure, leaving a re.sidue of 
4.6 g. of a white powder, ra.p. 71-75°. The crude product 
which was very water soluble was analyzed. 

Calc, for CuHisNoOftS: 

C\ 45.51; H, G.20; N, 9.66; neut. equiv., 290 
Found: C, 43.31; H, 6.20; N, 9.54; neut. equiv., 299 

A second condensation was carried out in a similar manner 
and the reaction mixture concentrated to dryness. The 
organic material was extracted with absolute alcohol, which 
was then concentrated under reduced pressure. The amor¬ 
phous solid thus obtained was contaminated with inorganic 
salts and gave the following corrected analy,sis. 

Found: C:, 46.31; 11, 7.18, N, 9.82 

Since these condensations did not yield a pure product, 
amine derivatives of the N-formyl-a-formylglycine ethyl 
ester were prepared and these crystalline derivatives con¬ 
densed with penicillamine. 

A solution of 1.856 g. of Dir-penicillamine hydrochloride 
and 2.48 g. of the aniline derivative of N-formyl-a-formyl- 
glycine ethyl ester in 25 ml. of alcohol and 15 ml. of water 
was allowed to stand at room temperature for live days. 
The reaction mixture was then extracted twice with 25 ml. of 
chloroform. The combined chloroform extracts were shaken 
twice with 20 ml. of water and then with aqueou.s sodium 
carbonate solution. (The noii-acidic fraction remaining in 
the chloroform layer consisted of an appreciable amount of 
unreacted anil.) The carbonate layer was acudified to pll 4 
and extracted with chloroform which was concentrated after 
drying to give 200 mg. of a glass. 

A similar condensation was attempterl in which the solu¬ 
tion was refluxed for two hours. The reaction mixture was 
worked up as described above, but only about 50 mg. of 
acid was obtained. 

Calc, for CiiHisNzOfiS: C, 45.51; TI, 6.20; N, 9.66 
Found: C, 45.29; H, 6,19; N, 8.72 

Methyl Alcohol Inactivation of 2-Pentenylpenicillin (Car¬ 
rington, CFSMf 12). This was first reported by Abraham 
and C'hain (Brit. J. Exp, Path,, fSS, 103 (1942)). No details 
of the product of the reaction were given, except that it 
was said to contain no methoxyl grouping. 

Sodium 2-pGntenylpenicillin in methyl alcoholic solution 
at room temperature lost one half of its biohigical activity in 
about seventy-five minutes, and was completely inactivated 
in six hours. During this time the rotation of the sample 
fell from 4*240° to 110°. This fall in rotation was 


unexpected, for it was thought that the product would 
probably be a half-ostcr of 2-penten34penillic acid. 2-Peii- 
tenylpenillic acid has a rotation of [aln** 4-527°, and Ameri¬ 
can workers have shown that benzylpenillic acid and its 
dimethyl ester both have rotations of the same degree of 
magnitude, considerably higher than that of the benzyl- 
penicillin from which they are d(*rived. It is therefore 
unlikely that a monoestor of penillic acid would have a much 
lower rotation. 

The inactivated product was dissolved in water and 
brought to pH 2.4 but this treatment, similar to that cmising 
the peniciilin-pcnillic acid change, produced no rise in 
rotation. 

Henzylpenicillin is inactivated by methyl alcohol at about 
the same rate as 2-pentenylpenicillin. This observation is 
significant in view of the American technique of recrystal- 
lizing sodium benzylpenicillin from methyl alcohol-ethyl 
acetate mixtures. 

a-Methyl i)-2-Pentenylpemcilloate by the Methanol In¬ 
activation of 2-Pentenylpenicillin (Boon, (’alam, Carrington, 
and Freeman, CPS.4'^, 1). The rate of the methanol in- 
HCtiv’^ation varies considerably with the purity of the sodium 
2-pen tenylpenicillin used, the purer samples reacting more 
slowly. I'lie reaction appe.ars to be catalyzed by impurities 
in the cruder penicillin, and this explains the success of the 
Ameri(*an workers in rcerystallizing sodium benzylpenicillin 
from alcoholic solvents, a procedure which from experience 
with less pure material was at first considered dangerous in 
the extreme. 

The rates of inactivation at 37° of two samples of differ¬ 
ent activity and the accompanying changes in optical 
rotation are shown in the following table: 



1 

Time (hrs.) 

Activity (U./mg.) 

Wi> 

Sample 1 

0 

1,550 

4*254° 


48 

810 

182 


96 

220 

152 


164 

75 

114 

Sample 2 

0 

1,060 

4-132° 


7 

540 

100 


23 

155 

66 


Sodium 2-pcntenylpcnicillin (0.45 g., about 1400 U./mg.) 
was inactivated in methanol. The mi'thanol was removed 
in vaevo, the residue was dissolved in water and the inacti¬ 
vated product was transferred to other after acidification 
with hydrochloric acid at 5°. The ether solution (50 ml.) 
was put on to a chromatographic column (3.4 X 27.5 cm.; 
120 g. silica, 58 ml. 25% potassium phosphate buffer, pH 
6.3) which was developed with ether. A narrow yellow 
band moved rapidly down the column, followed by a color¬ 
less band containing the product. Yellow material remain¬ 
ing in the column contained only traces of sulphur and 
methoxyl. The product was isolated by titration with 
baryta at 5° and the barium salt (OJ 75 g.), after being dried 
lyophilically, was obtained as a pale yellow powder; [a]©** 
4-92° (c « 0.5 in water). 

Calc, for CuH,iOftN*SMBa: N, 6.8; S, 7.8; OCHi, 7.6 
Found: N, 8.1; 8, 8.2; OCH«, 7.86 

Satisfactory carbon and hydrogen analyses for this 
product wore not obtained, and it was certainly not pure. A 
second chromatographic treatment brought about no further 
purification. A sample of the barium salt was converted to 
sodium salt and this was further purified by fractional procip* 
itation from acetone and ether. The product which 
had (a]D** 4^169*^ {c 0.296 in water) was not obtained 
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crystalline. It gave no coloration with either ferric chloride 
or sodium nitroprusside. 

Calc, for CiJhaOfiNiS-Na: N, 7.65; OCII,, 8.45 
Found: N, 7.1; OCII3, 8.1 

The barium salt of methanol-inactivated 2-pentcnyl- 
penicillin (0.608 g.) dissolved in absolute methanol (7 ml.) 
was treated with mercuric chloride (0 «S31 g.) in methanol 
(10 ml.) in a .stream of nitrogen. There was an immediate 
cream-colored precipitate. C'arbon dioxide, (Mjuivalent to 
1.2 ml, of 0.1 N baryta, i.e., 3.9% of 1 molecule per molecide 
of barium salt of inactivated penicillin was evolved. A 
further precipitate of mercuric chloride complex was 
obtairied after removal of the methanol from the supernatant 
solution and addition of water (15 ml.). The combined 
precipitates were resu.spended in watc'r and the mercury 
removed as mercuric sulphide. The supernatant solution 
was evaporated to dryness in vacuo at rfiorn temperature 
and gave a small yield of colorless needle's, arranged in 
rosette.s. This product, which was not obtained in sufficient 
<piantity for further purification, gave po.sitive thiol reac¬ 
tions with ferric chloride and sodium nitroprusside and 
appeared to be penicillamine hydrochloride. 

The aqueous supernatant solution and washings were 
treated with an excess of 2,4-dinitrophenylhvdrazine in 2 N 
hydrochloric acid and gave a yellow amorphous precipitate 
of methyl 2-p(*ntenylpennldate 2,4-dinitrophenylhydnii5one 
(0.273 g.). The crude 2,4-diiiitrophenylhydrazone fin p. 
133°) was recrystallized from warm absolute ethanol and 
obtained as long yellow needles, m.p. 146°. 

Calc, for (boHiaN^Or: (\ 48 8* H, 4.83; N, 17.8; ()(^Ih, 7 88 
Found : C, 48.7; 11, 4.85; N, 17.6; 0(41,, 7.3 

a-Methyl D-2-Pentenylpenicilloate (Abraham, Chain, 
Baker and Itobinson, CPS.^J^ 3, 1). The product of 

methyl alcohol-inactivated 2-pentenylj)(‘nicillin, considered 
to have the thiazolidine structure, w^as show'ii by titration to 
po.S8e.sH only a very weakly basic group (probably of pK 3.8). 
This was in harmony with its ready solubility in organic 
solvents. 

On the acid side of the curve, how'over, there is evidence 
that two groups are being titrated with pK\s of 3.8 and 
less than 2, and it is possible tliat the former is a weak basic 
group. During alkaline inactivation the .substance under¬ 
goes hydrolysis liberating a new acid group of pK 5.0. A 
group of the same pK is liberated during the alkaline titration 
of penieilhii (Abraham and ('hain, Brit. J. Exp. Path., 28^ 
103 (1942)). 

CK-Methyl N^-Methyl-n-phenylpenicilloate (Mi'rck, 

2). A solution of 12.7 g. of «-forinyl-N-benzoyl-sarcosine 
methyl ester (0.054 mole) in 70 ml. of methanol w'^a.s mixed 
with 10.7 g. of D-peiiicillamine hydroeliloride (0.054 mole) 
in 100 ml. of water. In the resulting solution 4.4 g. of 
of anhydrous sodium acetate (0.054 mole) was dissolved. 
After standing overnight 8.09 g. of a wdiite crystalline solid 
separated; m.p. 151-156°. A second crop of 1,05 g. was also 
obtained. The material was puriQed by reerystallization 
from acetone; m.p. 157-157.5°; [aln” +28.2° (c 0.8 in 
methanol). 

Calc, for Ci7U2aN206S: C, 55.72; H, 6.06; N, 7.65 
Found: C, 55.62; H, 6.32; N, 7.89 

After standing for two weeks the filtrate from which 
the second crop had been obtained had deposited an oil. 
The oil was extracted with chloroform and the extract 
washed with water and dried. P3vaporation under reduced 
pressure gave a viscous oil which yielded a glassy powder on 
treatment with ether; [«]»*• +63.2° (c » 0.8 in methanol). 

a*Bthyl N^*Metliyl«D«phenylpenicilloate (Copp, Duffin, 
Smith and Wilkinson, CPSM4^f 10). A solution of o-poni- 
cillamine (6.72 g.) in ^ ml, of water was added to a solution 
of 7*71 g. of ethyl N-methyl-phonylpenaldate in 45 ml. of 


alcohol, together with 3.03 g. of anhydrous sodium acetate. 
After standing for tw'enty hours at room temperature a 
crystalline solid slowly separated. The solution was kept 
at 0° for forty-eight hours, the solid collected, washed with 
fresh alcohol-water mixture and dried in vacuo (3.6 g.); 
m.p. 151°. This product was pure enough for further 
preparative work. For analysis it was crystallized from 
acetone when it separated in hexagonal plates, m.p. 152 ' 
153°; fab 46 i“ +29.8° (c - 1.274 in alcohol). 

Calc, for CiJI, 4 N 205 S: (\ 56.8; II, 6.4; N, 7.4 
Found: 57.0; II, 6.5; N, 7.6 

On standing for a week at 0° the combined original 
mother liquors and washings deposited a further quantity of 
crystals, m.p. 152°; +32° (c = 1.301 in alcohol). 

a-Ethyl -Acetyl-N’-methyl-D-phenylpenicilloate {CPS. 
64^) 12). a-Ethyl N-methyl-r>-phcnyli)enicilloate (760 ing.) 
was dis.solvcd in 3 ml. of dry pyridine and 210 mg. of acetic 
auhj^dride added. Aft(‘r three hours at room temperature 
the pvridini' was remov(*d in tacuo, the residue dissolved in 
chloroform and extracted with aqueous sodium bicarbonate. 
Aciflitication gave a gum. This was taken up into chloro¬ 
form, the solution drii'd, (‘oncontrated to a small volume and 
dried ether added to llu* residm*. A clear solution formed 
from which separated long needles, m.p, 159- 160° (590 mg.). 
The pnnluct could be recrystallizcsi by dissolution in ethyl 
acetate and addition of dry etlier w hen the product separated 
in needh's, m.p. 156-157°; +127.5° (c — 1.2 in 

alcohol). The optical rotation was not altered by twenty- 
four hours’ contact with mercuric chloride*. 

(\*ilc. for CaoHaeN.OeS: (\ 56.9; II, 6.2; Ac, 10.2 
Found: (’, 56.9; 11, 6.5; Ac, 10.0 

«-Ethyl N^-Isobutyryl-N^-methyl-i>-phenylpenicilloate 

(CPS.(}/f.\ 12). This was jirepared trom a-ethyl N^-methyl« 
D-f)hcnylpenicilloatc (380 mg.) and 106 mg. of isobutyryl 
chloride in 2 ml. of dry pyridine in the manner described for 
the acetyl derivative. It crystallized from boiling ethyl 
acetate in colorless needles, m.p. 197°; +60.4® 

(c » 0.612 in alcohol). 

Calc, for C2JIaoN602S: C, 58.6; 11, 6.8; N, 6.2 
Found: C, 58 9; H, 6.6; N, 6.3 

a-Ethyl N^-Benzoyl-N’-methyl-D-phcnylpenicilloate (CPS, 
642^ 13). a-Ethyl N’-inethyl-D-phcnylpenicilloate (200 
mg.) w^as benzoylati'd w'lth 71 mg. of benzoyl chloride in 2 ml. 
of dry pyridine. After one hour the mixture was poured into 
w’^ater and the clear .solution acidified. The crystalline 
precipitate w'as dried in vacuo (200 mg.). It was extracted 
once with lioiling light pi'troleum (b.p. 40-60°) and crystal¬ 
lized from ethyl acetate; m.p. 221°. 

Calc, for C2J12 hN 20..S; C, 61.9; H, 5.8 
Found: C, 61.4; 11, 6.1 

Reaction of a-Ethyl N^-Methyl-n-phenylpenicilloate with 
Hydrazine Hydrate (CPS.642, 11). a-Ethyl N^-rnethyl-D- 
jihonylpenicilloate (1 g.) was dissolved in 10 ml. of alcohol 
togcth<*r with 1 ml. of hydrazine hydrate. The solution w as 
then refluxed on a steam bath for four hours. The mixture 
was cooled, scratched to induce crystallization and kept at 
0°. The solid was collected and the mother liquors worked 
up separately. The solid w’as dried in vacuo (150 mg.) and 
crystallized from hot water in dark red needles which 
slowly decomposed at 195°. It w^as not identified. 

Found: S, 5.3; N, 23.9 

The mother liquors were evaporated in vacuo, the residual 
gum was dissolved in water and the solution acidified with 
2 N acetic acid when a pale pink solid separated. This 
was collected and crystallized from hot water in colorless 
rectangular plates (420 mg.), m.p. 238-*240°, undepressed in 
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admixture with an authentic specimen of 4-(N-methyl-. 
benzamido)- 6 -pyrazolone. 

Calc, for CnHiiNaOi: (\ 60.8; H, 5.1 
Found; i \ 60.85; 11 , 5.3 

of-Ethyl OL-Phenylpenicilloate (Nficli. Chem., B.i, 5; cf- 
Upjohn, U.Sf 7). To a solution of 118 mg. of ethyl a-formyl- 
hippurate in 0.8 ml. of alcohol was added 0.8 ml. of water 
and then 93 rag, of i:)i.-penicillamine and 60 mg. of sodium 
acetate. The pH of the clear solution was about 4. After 
ton hours, 6 % sodium bicarbonate was added until the 
solution became turbid and twelve hours later the solution 
was evaporated; the residue was dissolved in bicarbonate 
solution and the filtenKl solution was acidified; a white 
powder preeipita t ed. 

a-£thyl DL-Phenylpenicilioate Benzylammonium Salt 

(Copp, Duffin, Smith and Wilkinson, CPS,4'^4., 2). a-Ethyl 
Dii-phenylpcnicilloate hydrochloride was converted into the 
free base, obtained as a white amorphous solid, (cf. Newbery 
and Raphael, CPS.SOO). A dry ethereal solution of the 
product on treatment with henzylamine gave an immediate 
crystalline precipitate of «-ethyl Di.-phenylpeiiicilloate beiiz- 
ylaminonium salt, m.p. 138%- yield quantitative. 

Calc, for CaJhiOfiNjS: N, 9 0; S, 6.8 
Found: N, 9.2; S, 6.5 

a-£thyl DL-Phenylpenicilloate Hydrochloride {CPS. 

2). A mixture of 2.7 g. of DL-penicillamine hydrochloride 
and 6 g. of pure crystalline ethyl phenylpenaldate diethyl 
acetal was warmed on the steam bath for one-half liour with 
12 ml. of glacial acetic acid. The resulting solution was 
cooled and slowly poured with vigorous stirring, into 500 ml. 
of cold ligroin. The white amorphous solid th\is obtained 
was collected and dried immediately over silica gel in a 
vacuum desiccator. The dried product, on careful crys¬ 
tallization from dry methanol-ether, gave long colorless 
needles (4.2 g.), decomposing rapidly at 117-118®. 

Calc, for CtilhiO,N 2 SC\: N, 7.0; S, 8.0; EtO, 11 .'2 
Found; N, 7.3; S, 8.0; EtO, 11.6 

a-Ethyl Phenylpenicilloate Hydrochloride (Mich. Chcin., 
B,0f 1). A solution of 366 mg. of a-elhyl phenylpenicilloate 
in 15 ml. of 0.12 N hydrogen chloride in chloroform W'as 
evaporated to dryness and the residual gum was dissolved in 
5 ml. of ethyl acetate at room temperature. The following 
day 130 mg. of hard wdiite prisms w^ere filtered from the 
solution; m.p. 188-190® (dec.). 

Calc, for CaHaiOftNaSCl: C, 50.7; II, 5.75 
Found; C, 50.6; H, 6.15 

«-Ethyl Phenylpenicilloate Hydrochloride (Newbery and 
Raphael, CPS.BOOy 4). A mixture of 3 g. of formylhippuric 
ester acetal, 1.35 g. of penicillamine hydrochloride and 6 ml. 
of glacial acetic acid was warmed on a steam bath for 
thirty minutes and thej cooled reaction mixture poured 
slowly with stirring into 150 ml. of dry ether. The white 
flocculent precipitate was allowed to settle, washed several 
times by decant^ation wdth ether, filtered, w'ashed further 
with ether and air-dried. The white solid slowdy sintered and 
became elear at 92-97® and decomposed at 105®; attempted 
crystallization produced gums. 

Calc, for CnHjaOiNaSCl: C, 60.7; H, 5.76; N, 6.95 
Found; C, 50.8; H, 6.0; N, 6.95 

a*Ethyl N^-Benzyl-DL-phenylpenicilloate and Its Hydro¬ 
chloride (Copp, Duffin, Smith and Wilkinson, CPS4^4i 3; 
^4^, 9). Ethyl N-benzyl-phenylpenaldate (975 mg.) and 
447 mg. of Dii-peniclUammc were dissolved together in a 
mixture of 1 ml. of water and 2.5 ml. of pyridine and heated 
on a steam bath for three hours. The resulting clear yellow 
solution was evaporated in vacuo on the steam bath. A gum 
was obtained which was completely soluble in ether or 


chloroform. Jt was dissolved in ether and the resulting 
solution extracted w'itli 5ml. of N aqueous sodium carbonate. 
The extract was neutralized with 2.7 ml. of 2 N acetic acid 
and the precipitated gum taken up into ether. The solution 
was washed with water, dried with anhydrous sodium 
sulphate and evaporated in vacuo. The residue (300 mg.) 
was dried thoroughly in a vaciuam desiccator when a 
glassy solid was formed; m.p. 50-55®. 

Calc, for C 34 H 2 SN 2 O 5 S; 

(\ 63.1; 11, 6 . 2 ; N, 6.2; 8 , 7.0; OEt, 9.9 
Found: C, 63.1; H, 6 . 0 ; N, 6.4; 8 , 6.3; OEt, 9.3 

The product gave no color with aqueous ferric chloride 
but it gave a bright green color with alcoholic ferric chloride; 
its solution in dilute ammonia gave no color with sodium 
nitroprusside, neither did it give a ninhydrin reaction. The 
free base was converted into the liydrochloridc by treating 
an ethereal solution with dry ethereal hydrogen chloride. 
It was a pale yellow solid, m.p. 76- 84°. 

(^alc for C,,lh,N20,SC\: C, 58.5; H, 5.9 
Found; 58.9; II, 5.9 

Attempted Reaction of a-Ethyl N^-Benzyl-i)L-phenyl* 
penicilloate with Hydrazine Hydrate {CPS.6 4 ^^ 10). 

a-Ethyl N’^-benzyl-DL-pherjylpenicilloatc (0.5 g.) was dis¬ 
solved in 2 ml. of methyl alcohol together with 0.4 ml. of 
hydrazine hydrate and the whole refluxed for oiu* hour. 
The alcohol was then removed in vacuo and the residue 
tnken up into water and the solution acidified with acetic 
acid. A solid separated. This vas eollecteci and dried in 
vacuo; m.p. 94-97® (300 mg.). It was insoluble in niimiral 
acids and was evidently \mehanged starting material. 

(’ale. for N, 6.1; OEt, 9.9 

Found: N, 6.5; OEt, 9.4 

a-Benzyl oL-Phenylpenicilloate (Boon, (’arrington, Davies, 
Jones, Ramage and Waring, CPS.SJfG^ 2 ). Benzyl a-formyl- 
hippurate {CPS.274) ( 8.6 g.) was di.ssolved in 60 ml. of cold 
dioxane and 5.65 g. of ni.-penicillamine hydrochloride was 
added, followed by 2.9 g. of i)otahsium ac'etate in 25 iid, of 
water. The solution was allowed to stand at room tem¬ 
perature for forty-eight hours. Most of the solvent was 
removed at 20-25° at 20 mm , and the residue was dissolved 
in chloroform; the solution was washed with water and dried 
over sodium sulphate. Removal of the solvimt left 12.1 g, of 
a thick gum, which was dissolved in bicarbonate and the 
solution filt€»red. After nearly neutralizing with 2 N hydro¬ 
chloric acid and filtering from a little solid, the product 
precipitated by making the solution slightly acid. After 
filtering and washing with water it was dried ?n vacuo. 

Calc, for C 22 H 24 N 2 O 6 S: C, Cl.7; H, 5.6; N, 6.5; 8 , 7.5 
Found: C\ 60.8, 60.8; H, 5.6, 5.5; N. 6.65, 6 . 8 ; 8 , 7.15, 7,45 

THE /^-ESTERS OF THE PENICILLOIC ACIDS 

/3-Methyl i)-Amylpenicilloate (Merck, A/.47, 14). To 3 g. 
of dimethyl D-amylpcnicilloate hydrochloride (0.0076 mole), 
dissolved in 50 ml. of methanol, 25 ml. of water and 138.5 ml. 
of 0.1095 iV sodium hydroxide (0.0162 mole) were addcnl. 
(The second equivalent of alkali was introduced in portions 
over a period of five hours.) After standing overnight the 
solution was concentrated under reduced pressure to about 
60 ml. After washing with ether, adding a layer of chloro¬ 
form and cooling in ice, 67.6 ml. of 0.1126 N hydrochloric 
acid (0.0076 mole) was introduced. The chloroform ex¬ 
tracts were dried and evaporated under reduced pressure 
leaving 2.17 g. of a white, fiulTy gloss. From titration of a 
portion of this material with alkali it was calculated to con¬ 
tain 94% /3-methyl n-amylpenioilloate. In stability, this 
substance resembles its benzyl analogue. It may be kept 
for several days in the solid state when stored in dry iee. 
An aqueous solution of the free acid was decarboxylated 
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to tho extent of 69% after standing overnight at room 
temperature. 

A hotter yield of j3-mcthyl D-amyIpcnicilloate was obtained 
by omitting the isolation of the dimethyl ester hydrochloride. 
In the simplified procedure a-methyl ivnmylponicilloate 
hydrochloride was suspended in water. F'iXactly one 
equivalent of sodium bicarbonate was added to neutralize 
the hydrochloride salt, and the resulting oil was taken up in 
ether. The ether extracts were dried, treated with diazo¬ 
methane and evaporated under reduced pressure. 'I'he oily 
residue was saponified as described above. 

/3-Methyl n-a-Benzylpenicilloate {M.47, 12 ) To 2 g. of 
dimethyl n-a-benzylpenicilloate perchlorate (0 00116 mole), 
dissolved in 50 ml. of methanol, 25 ml. of water and 76.0 ml. 
of 0.1095 N sodium hydroxide (0.00832 mole) were .added. 
The second equivalent of alkali was introduced in portions 
over a period of several hours. After standing overnight 
the solution was concentrated under reduced piessure and 
extracted with ether. After cooling in ice a layer of ehloro- 
form was added and 37.00 ml. of 0.1125 iV hydrochloric acid 
introduced. The chloroform extracts were dried and 
evaporated, leaving 1.40 g. of a white fluffy glass. This 
material resembles the 7 -iHorner in stability. It may be 
kept for several days in the solid state when stored in dry ice. 
An aqueous solution of tho fr(‘e acid was decarboxylated to 
the extent of 72% on standing oviTiiight at room temperature. 

Benzylamine Salt of /3-Methyl o-^-Benzylpenicilloate 
22 ). \ solution containing 200 mg. of dimethyl 

D-of-bcnzylfienicilloatc in 50methanol, was lr(‘nted uith 
one equivalent of 0.1 sodium hydroxide solution over a 
period of four hours and then allowed to stand overnight. 
The neutralized solution was evtracted with chloroform, the 
eldoroform solution washed with water, dried, and evapo¬ 
rated to dryiu'ss in vacuo at 25 ’. After several attempts at 
cry.staIhzatioii of the chloroform residue it was treated wuth 
benzylamine in ether solution A benzylamine salt, which 
after two reeryatallizations fiom methanol-ether melted 
at 138 14(r (dec ) (micro-block), v\as obtained. 

Calc, for CaaiaiOfcNjS-HxO: C, 58.63; II, 6.77; N, 8 55 
Found: 58 19; II, 6.06; N, 8,35 

Sodium ^-Methyl n-Benzylpenicilloate from Methyl 
Benzylpenicillin (M SO, 8 ). A sample of 213 8 mg. of 
crystalline methyl benzylpenicillin w^as dissolved in 18 ml. 
of methanol and 7 ml. of w'ater. To this solution was added 
5.29 ml. of 0 1054 N sotlium hydroxide during a period of 
thirty-five minutes. The solution was eoneentrated in vacuo 
to remove methanol, filtered, lyophilized and dried in vacuo 
over phosphorus pentoxide yielding 242 mg. of a white 
powder. The rotation was la]i>®' 427.8° (e - 0.231 in 
ethanol). 

Calc, for CnlljiNjOsSNa: OCH., 7.99 
Found: C)(’H,, 7.20 

/3-Methyl D- 7 -Benzylpenicilloate {M.29, 5; SS, 6 ). A 
sample of dimethyl i)- 7 -beixzylpcnicillonte in 60% ethanol 
was saponified potcntiometrieally at pll 32. One of the 
ester groups appeared to be hydrolyzed pr<*ferentially. 
The solution was adjusted to pll 2 and allowed to stand 
overnight. About 60% ol the titratablc group was lost. 
Apparently, the penaldic ester group was hydrolyzed more 
rapidly under these conditions. 

To 2 g. of dimethyl i)- 7 -benzylponieilloate (6.26 milli¬ 
moles), dissolved in 50 ml. of methanol, 20 ml. of water was 
added. An equivalent amount of 0.119 A sodium hydroxide 
(44.2 ml.) was run in during the course of two to three hours. 
The resulting solution was allowed to stand overnight. 
The solution, which was neutral to phenolphthalcin indi¬ 
cator, was then concentrated to dryness under reduced 
pressure at room temperature. The sodium salt, obtained 
m this manner) was a glass. 

Although the free acid had been found to be rather un- 
stablO) an apparently satisfactory preparation was obtained 


in the following manner. An aqueous solution of the sodium 
salt, cooled to 0 ®, was acidified with a slight excess of hydro¬ 
chloric acid and extracted with chloroform. The chloro¬ 
form extract was washed with ice w^ater, dried over sodium 
sulfate, and evaporated to dryness under reduced pressure. 
A white, fluffy solid remained, which was not obtained 
crystalline. Titration of the material gave 88 % of the 
theory, ealeulated as the pure acid. On standing for several 
days carbon dioxide was slowly evolv(*d and the material 
gradually liquefied. 

/ft-Methyl i)- 7 -Benzylpenicilloate by Hydrolysis of «-Ethyl 
0 -Methyl r)- 7 -Benzylpenicilloate (Sipiibb, S.27, 1 ). The 
hydroly.sis of the a-(*thyl 0 -inethvl i)- 7 -benz.ylpenicilloate 
was aceomi>hshpd liy the method di'scnbed for dimethyl 
i>- 7 -benzylpen 1 Cj floate (Merck, M.SS, 6 ). The 0 -methyl 
D- 7 -benzvlpcnicjlIoate was obtaimnl as a wdiitc solid, m p. 
50 60°. 

Calc, for Cj 7 H 2 iO*N 2 S: neut. equiv., 366 
Found: neut. equiv., 411 

Partial Hydrolysis of a-Ethyl 0 -Methyl n- 7 -BenzyIpeni- 
cilloate and Isolation of 0 -Methyl i>- 7 -BenzylpeniciUoate 
(Parke-Davis, PI).10, 1 ). To a solution of 1.14 g. (0.00298 
mole) of or-ethyl 0 -methyl i>- 7 -benzylpenicilloatc in 25 ml. of 
methanol and 5 ml. of water was aclded 28.6 ml. of 0 1008 N 
sodium hydroxide solution while cooling the flask in an ice- 
bath. After standing lor IWTnty-four hours at room tem¬ 
perature the solution was stored in the refrigerator for 
twenty-four hours. 

The neutral solution was treated wuth 3.6 ml. of 10 % lead 
acetate solution, cooled in the ic(' bath for a f(‘W minutes and 
the lead salt w\'ia fiIt(U‘ed and w^ashed thoroughly w'ith 
cold water. Aft(‘r desiccation in vacuo overnight over 
phosphorus pentoxide the wliite pioduct weighed 0.90 g. 
( 66 . 2 %,). 

The pulverized salt was suspended in 30 ml. of water and 
tlic lc‘ad was precipitated w ith an wxcess of hydrogtm sulfide. 
The solution was decanted thiough a filter paper and the 
lead sulfide was suspended in 20 ml. of water, centrifuged 
and the solution filtered. Combin(‘d filtrates w’orc lyopliil- 
ized to yield 0.370 g. (34.9‘'.r) of white fluffy product, m.p. 
76^100° (dec. with evolution of gas). After desiccation for 
one we<*k m vacuo over phosphoius pentoxide the product 
decomposed at 87-100° with jirevious sintering (varies 
with the rate of heating). 

(^ale for CiTlIiiO,N 2 S: (\ 55.6; 11,6.04 

Found: V, 55 35, 55.10; H, 6.05, 6.20 

Hydrolysis of a-Ethyl 0 -Methyl D- 7 -Benzylpenicilloate 
(Upjohn, V.U), 20). On treatment with alkali, a-ethyl 
0 -methyl n- 7 -benzylpemcifloate yielded a 0 -methyl i>-benz- 
ylpenirilloate melting at 75-76° (dee.) with previous soften¬ 
ing. One-tenth normal sodium hydroxide was used for the 
hydrolysis, and the half-ester isolated through the leail salt. 
Best results have been obtained W’hen the lyophilizations 
were carried out at concentrations of approximate!}’’ 2 g. of 
the 0-inethyl benzylpeiiicilloate per 50 ml of dioxane. 
When the Ivophiiizntioii was conducted at a final pressuic of 
about 0.05 min. the product w'as obtained free from solvent 
of crystallization. The free acid ester, w’hen isolati'd in 
this fashion, is a W’hite pow'der which can be stored in a 
vacuum desiccator, at room temperature, for at least several 
weeks; }«)d*’ 436° (r 1.0 in methanol). 

Calc, for CnllviO.NiS: 

C, 65.72; H, G.05; N, 7.65; neut. eauiv., 366 
Found: C, 54.70; H, 6.49; N, 7.4i; neut. equiv., 365 

There w^as always a small amount of ether-insoluble 
material. This material was found to deearboxylate easily 
and probably consisted of n-benzylpenicilloic acid. This 
view is supported by the observation that neutral equivalent 
values for 0-methyl D- 7 -benzylpenicilloate were generally 
slightly low. 
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Benzylamine Salt of jiS-Methyl n-T-benzylpenicilloate (Cor¬ 
nell Hioch., J).28,7). To 2.26g. of a-c*thyl jS-methyl D- 7 -l><‘nz- 
ylpcnicilloatc {JJ.15, 7), diHsolvcd in 50 ml. of methanol, 
40 ml. of water and 58 ml. of 0.10 N sodium hydroxide were 
added in 5 *' 10 -ml. portions over a period of otie hour. Be¬ 
fore eaeh addition the solution was tested to he sure that it 
was aeid to phenolphthal<*in. Tlie .solution was concen¬ 
trated to a volume of iO ml and allowed to stand for a day 
at 5®. After ice and ether had been added to this solution, 
the resulting mixture was made acid to Congo Bed by the 
addition of 1 N hydrochloric acid. The layers were sepa¬ 
rated, and O.GO ml. of redistilled ben 7 />lamine was added to 
the extract. An oil formed ami began to crystallize after 
the addition of seed crystals. The ether solution was con¬ 
centrated to a volume of 40 ml. and the crystals, in.p. 122- 
128® (corr.), were collected. The product wa.s rcerystallized 
from a minimum volume of methanol by tht' alow addition of 
absolute ether. This product neighed 755 mg., m.p. 144- 
145® (eorr,). Three more crops of crystals (327 mg.), which 
had a slightly lower melting point, were obtained from the 
methaaol-eUier mother litpiors. These were eombiiuMl 
and rcerystallized to give 210 mg. of material, m.p. 113 115® 
(corr.). Part of this material was recrystallized for anahsis 
from acetone and hexane in the presence of a trace of 
benzylamine. 

Calc, for CjJIsiOfcNaS: 

(\ 60.09; fT, 6.60; N, 8.89; OCMU, 6.55 
Found: C, 59.22: H, 6.75; N, 8.46; OClh, 6.98 

/9-Methyl N^-Formyl-n-y-benzylpenicilloate (Merck, 
Af.55, 7; SSy 2 ). Synthetic oi-rnethyl N^-formyl-D--y-benzyI- 
penicilloate (186 mg.) was converted to its non-crystallinc 
dimethyl ester by treatment with diazoinethane. The 
entire product was titrated with sodium liydioxide poten- 
tionietrically. At pll 11.5 in 50% ethanol and at room 
temperature, this compound oonsuniod one eciuivahmt of 
alkali very rapidly (less than thirty minutes) to produce a 
very strong acid. Back titration of the latter, after stand¬ 
ing at pH 2 for eighteen hours (room temperature), showed 
that neither decarboxylation nor deformylation of the 
saponification product occurred under these conditions. 

For preparative work, larger amounts (2 grams) of the 
a-methyl N^formyl-D- 7 -bcnzylpenieilloate were converted 
by diazomethane to the oily dimethyl N*‘-formyl-i)-T- 
benzylpenicilloate, which was sub.sequentl.v hydrolyz(‘d in 
aqueous methanol by the gradual addition of one equivalent 
of sodium hydroxide solution. Evaporat ion of the methanol, 
acidification of the resulting aqueous solution, extraction 
with chloroform, and evaporation of the chloroform under 
reduced pressure gave /S-methyl N^-formyl-n-y-benzyl- 
penicilloate in the form o^ a vvliite fluffy solid. It did not 
crystallize. 

This compound shows an absorption very similar to that 
displayed by benzylpenieilloic acid, i.e., an enhanced phenyl 
absorption with Em 230 at 2,585 A (in ethanol). 

Di-(benzylammonium) Salt of /S-Mcthyl N*- 0 xalyl-D- 7 - 
benzylpenicilloate {MM3, 23), Potentioinetric saponifica¬ 
tion equivalent determination disclosed that alkaline 
hydrolysis of two of the three ester groups of dimethyl 
N^-methoxalyl-i>- 7 -benzylpenicilloate occurs rapidly, while 
the third is less readily saponified. Consideration of the 
properties of the penicilloates and of the oxalates makes it 
appear likely that the saponification product is / 5 -mcihyl 
N^-oxaIyI-i>- 7 -benzyIpenicilloate sodium salt. 

To a solution of 466 mg. (1 millimole) of dimethyl N^- 
methoxalyl-i)- 7 -benzylpeiiiciJloate in alcohol, 2 ml. of 1.00 N 
sodium hydroxide solution was added in 0.25 ml. portions 
over a period of two hours. The solution was acidified with 
dilute hydrochloric acid to pH 2 and concentrated to dryness' 
under reduced pressure. Acetone was added to the oily 
residue and the insoluble material (sodium chloride) was 
removed by filtration. Concentration of the acetone solu¬ 
tion left a cream-cnlored gum which did not crystallize. 


Additiou of excess benzylamine to an acetone solution of the 
add precipitated an oil which crystallized from a mixtuie of 
absolute alcohol and other to give needles, m.p. 204° (dec.) 
(capillary). 

Calc, for C,ai 4 oN,S 08 : C, 60.70; II, 6.18; N, 8.59 
Found: C, 60.94; Jl, 5.91; N, 8.35 

Barium Salt from Dimethyl N<-Methoxalyl-i>- 7 -benzyl- 
penicilloate {M.7S, 7). To a solution of 466 mg. (1 milli¬ 
mole) of dimcthvl N<-methoxalyI i)- 7 -bcnzylpenicilloato 
in a little alcohol, 3.64 ml. of 0.55 A barium hydroxide 
solution (one millimole) was added in small portions. 
Saponification proceeded rapidly; when the addition was 
nearly complete the barium salt precipitated from the solu¬ 
tion. After the saponification was finished, more alcohol 
wjus addeil to the solution, and the barium salt was removed 
by filtnition. The weiglit of white amorphous salt was 
O.o g , after drying at 100® under reduced pressure. The 
salt was stable up to 260- 270®. 

/9-Methyl N^-Acetyl-i>- 7 -benzylpenicilloate (3f.>^7, 13). 
To 5.2 g. of dimethyl N^-acctyl-i>- 7 “benzylpenit*illoate (12.3 
millimoles), dissolved in 100 ml. of methanol, 50 nil. of 
water was added. During the course of three hours, 112 ml. 
of 0.1095 N sodium hydroxide (12.3 millimoles) was intro¬ 
duced in portions. After standing overnight the solution 
was conci*ntratcd to about 50 ml., extracted with ether, 
acidified with hydrochloric acid to pH 2 and extracted with 
chlorriform. The chloroform extracts were evaporated 
under reduced pressure. Treatment of the residue with 
ether gave a crystalline product: 4.60 g. (92^); m.p. 185- 
187®. The material was recrystallized from acetone-ether; 
m.p 186-187®. 

(^alc. for Ci,H 240 .N 2 S: C, 55.87; H, 5.92; N, 6.86 
Found: C, 55.70; 11, 5.96; N, 7.07 

/3-Methyl N^-Isobutyryl-n- 7 -benzylpenicilloate (M 5Y/, 16; 

11 ). To 15 g. of dimethyl NMsobufyryl-r)- 7 -bcnz 3 d- 
pcnicilloatc one equivalent of sodium hydroxide in methyl 
alcohol-water solution was added. I'lie alcohol was removed 
by distillation, some unhydrolyzed ester was filtered 
and one equivalent of hydrochloric acid was added to 
precipitate the acid as a syrup which ciystallizcd on the addi¬ 
tion of an ether layer to the mixture. After stranding over¬ 
night, the mixture wavS filtered and the product was dried; 
yield 12 g. After rccrystallization from ethyl acetate, the 
melting point was constant at 200-207®. 

Calc, for Cs.HzgNaOoS: C, 57.78; H, 6.46; N, 6.42 
Found: C, 58.24, 57.98; H, 6.49, 6.18; N, 6.65 

fl-Methyl N<-Isobutyryl-i>- 7 -benzylpenicilloate Sulfone 
(MMO, 17). A solution of 1 g. (0.002 mole) of / 8 -methyl 
N*-isobutyryl-i)- 7 -benzylpenicilloate in 40 ml. of 80^ acetic 
acid was treated with 0.3 g. (0.003 ecpiivalent) of potassium 
permanganate. After shaking for a few minutes the per¬ 
manganate color disappeared and the manganese dioxide 
was dissolved with hydrogen peroxide. The solution was 
diJutefl with water and evaporated under reduced pressure to 
a small volume. On dilution with water, crystallization 
commenced. After filtering and drying, the crystals melted 
at 215-217®; yield, 0.3 g. 

Calc, for CiiHjsNgOsS: C, 53.83; H, 6.02; N, 6.98 
Found: C, 64.11; H, 5.95; N, 6.09 

/ 3 -Methyl N«-Benzoyl-D- 7 -benzylpenicilloate (M.16, 1; 
33, 7; 44, 14). To a solution of 4,43 g. of dimethyl N<-bens- 
oyl-D- 7 -benzylpenicilloate (9.15 millimoles) in 200 ml. of 
methanol and 40 ml. of water, 77.0 ml. of 0.119 N sodium 
hydroxide (9.16 millimoles) was added gradually over a period 
of five hours. The solution was allowed to stand overnight, 
filtered and concentrated under reduced pressure in order 
to remove the methanol. The aqueous solution was ex¬ 
tracted with chloroform, acidified and again extracted with 



PENILLOIC AND PENICILLOIC ACIDS 


607 


chloroform. The latter extract was dried over sodium 
sulfate, filtered and evaporated under reduced pressure. 
The crude crystalline product weighed 2.7 g.; m.p. 1^2-194®. 
The material was somewhat difficult to purify. Washing 
with a small amount of aceU>ne, followorl by recrystalUza- 
tion from methanol, gave a product with melting point of 
208-210®: |aji>*' +140® (c - 1.52 in methanol). 

Calc, for r 24 Hi«OBN 2 S: 

C, 01.26; 11, 5.57; N, 5.95; neuf. equiv., 470 
Found: C, 61.21; 11, 5.83; N, 6.07; neut. equiv., 467 

Methyl N^benzoyl-u-T-benzylpenicilloato proved to be 
resistant to decarboxylation. It was uncbangivl by re¬ 
fluxing in xylene and in 0.1 N Iiydrochloric acid. On heating 
under nitrogen in a metal batli to 20 (>'- 210 '’ it melted, evolved 
bubbles of carbon dioxide and simultaneously changed into a 
black tar. When refluxed in xylene containing siiflicienl 
pyridine to cause all the material to dissolve, no carbon di¬ 
oxide; could be detected. The addition ol copper chromite 
to this solution gave an intractable black colloidal solution. 
Carbon dioxide was evolved on refluxing in dimethylaniliiie 
but only tarry products were found. 

Cleavage of ^-Methyl N^-Benzoyl-i)- 7 -benzylpcniciIloate 
with Two Equivalents of Alkali in Methanol 8 ). 

One-half gram of ^-methyl N^-benzoyl-D-y-bcnzylpenicil- 
loate was titrated in aqueous methanol witli 0.119 N sodium 
hj'droxide to the phenolphthalein cnebpoint; 9.00 ml. (1.07 
millimole) were required: neut. equiv. calc. 467; neut. eipiiv. 
found, 470. The resulting solution was evaporated to 
dryness under reduced pressure. To the residue, 12.7 ml. 
of 0.0843 N potassium hydroxide in methanol (1.07 milli¬ 
mole) was added. After standing overnight the solution 
was evaporated to dryness under reduc(*d pressure. Ether 
and water were added to the residue. From the ether layer 
0.03 g. of material was obtain(‘d. Tt was rccrystallized 
from acetone-ether. Th(» ill-dofln(‘d crystal aggregate 
partially melted at about 128" (micro-block) and ro.solidified 
to give fine needles which finally melted at 139-142® (micro¬ 
block). An authentic sample of methyl jS,j 8 -dimethyl-a- 
benzoylnminoacrylate likewise exhibited a transition point. 
The original thick needles jiartially melted at about 126® 
(micro-block) and then resolidifh'd into much finer needles 
whicli finally melted at 139-141® (micro-block). The isola¬ 
tion of methyl /3,/S-diinethyl-ar-bcnzoylaminoacrylate provides 
confirmation that the penicillamine carboxyl group is 
actually the one esterified in /3-inethyl NM)enzoyl-i>- 7 - 
benzylpeniciJJoate. 

/5-Methyl N^-Carbobenzyloxy-i)- 7 -benzylpenicilloate (Cor¬ 
nell Hioch., D.SO, 5). To a solution of 522 mg. of a-ethyl 
/5-methyl D- 7 -bfinzylpenicilloate in 5 ml. of dry benzene and 
3.2 ml. of dimethylaniline was added 2.7 ml. of carbo- 
benzyloxy chloride. The solution wa.s allowed to stand 
for four days. It was filtered to remove dimethylaniline 
hydrochloride. The filtrate was washed with sodium 
bicarbonate solution, hydrochloric acid, and water in turn 
and then was dried over magnesium sulfate. 

After the benzene was evaporatod, the odor of carbo- 
bonzyloxy chloride was still present in the residue, so it was 
treated with pyridine and then with one equivalent of 
sodium hydroxide in methanol. The methanol was removed 
in vacuo and the aqueous solution was extracted with ether. 
The alkaline solution was cooled with ice, acidified, and 
extracted with ether. The ether extract was washed with 
water. A slight excess of benzylamine was added. The 
product, the benzylamine salt of /S-methyl N^-carbobcnzjd- 
oxy-D- 7 -benzylpenicilloate, crystallized after a time. 

The product was recrystallized from cther-methanol. 
After the crystals were dried in vacuo over phosphorus 
pentoxide, they weighed 114 mg. and melted at 162.5-163® 
(corr.). 

Calc, for CuHmOtNiS: N, 6.92; S, 5.27 
Found; N, 6.94; S, 5.89 


A suspension of 1.056 g. of thtj benzylamine salt of a-ethyl 
N^-carbobcnzyloxy-D- 7 -bcnzyipcnicilloate (7).i.9, 6 ) in ether 
was shaken with 2 N sulfuric acid until all the material was 
dissolved. The ether solution was washed with water, dried 
over sodium sulfate, and then treated with an excess of 
diazomethane. After the ether was evaporated, the residue 
was dissolved in ethyl acedate and this solution was shaken 
with sodium carbonate solution. The ethyl acetate layer 
was dried over magnesium sulfate, filtered, and eva|>oratod 
to 806 mg. of an oil. This oil was dissolved in methanol and 
saponified by the dropwise addition of 1.3 ml of 1 A' sodium 
hydroxide. After the solution had stood overnight, the 
methanol was evaporated and the alkaline solution was 
extracted with etluT. The ether solution was cooled in an 
ice hath and acidified. An amorphous solid separated and 
was dissolved in ethyl acetate. The solution was washed 
with acid and with water and was drii'd. When this ethyl 
acetate solution was concentrated to a small volume, the 
material crystallized in two crops of 350 and 111 ing., 
respectively. After three recrystallizatioiis from ethyl 
ac( tate-hexane, the/5l-mcthyl N^-carbobeazyloxy-D- 7 -bcn/yl- 
pcnicilloale molted at 173-173.5° (corr.). 

Calc, for CjJIssOTNaS: N, 5.60; S, 6.40 
Found. N, 5.80; S, 6.78 

A sample was converted to the benzylamine salt; m.p. 
158-159® (corr.). Admixture of this salt with the benzvl- 
amine salt of ^-methyl N^-carbobenzyloxy-o-y bcuizvl- 
penicilloate prepared from a-ethyl /5-methvl n- 7 -benzyIpeni- 
cilloate produced no depression in the melting point. 

Preparation of /3-Methyl i>- 6 -Benzylpemcilloate from 
Dimethyl i)-5-Benzylpenicilloate (Squibb, 2). To 

380 mg. of dimethyl D- 5 -benzylpenicilloate (m.p. 115-J17®; 
[all)*® —43®), dissolved in 10 ml. of methanol, 9.5 ml. of 
0.105 N sodium hyilroxide solution was added dropwusc! over 
a period of ninety minutes. The hydrolysis mixture was 
allowed to stand overnight at room temperature and was 
then concentrated to dryness under reduced pressure at 
room temperature. The re.sidue wms dissolved in 20 ml. of 
saturated sodium chloride solution and filtered. The filtrate 
was cooled to 0® and 9.8 ml. of 0 102 N hydrochloric acid 
was added. The solution was extracted with three 20-ml. 
portions of chloroform w hich were combined and dried over 
magne.siuin sulfate, (kincentration of the chloroform solu¬ 
tion under reduced pressun* left a syrup which was dissolved 
in benzene and freeze-dried. The /5-methyl i>- 6 -V)enzyl- 
penicilloate which weighed 275 mg. was obtained as a white 
powder; [a]D*‘ +4° (c =» 0 5 in methanol); +10® (after 5 
hours); +24® (after 24 hours). 

Calc for Ci 7 H 220 fcN;S: C, 55.74; H, 6 01; neut. equiv., 366 
Found: C, 55.07; H, 6.10; neut. equiv., 437 

The high neutral equivalent indicates that there wna 
decarboxylation during the reaction. 

Saponification of a-Benzyl |S-Methyl i>-Benzylpenicilloate 
in Ethanol-Water Solution (Merck, A/.47, 5). Using po- 
tentiometric saponifieation techniipie, hydrolysis of a-benzyl 
/5-methyl benzylpenicilloate was studied in 66 % ethanol- 
water .solution. Suflicidit 1 03 N sodium h>droxide was 
added to raise the apparent pH of the solution to 12.9 and 
then alkali added portion-wise to hold the pH constant 
as hydrolysis progressed iiiiLil one equivalent had been used. 
This requirevl 89 minutes at 24®, The system was then 
titrated with 1.03 N hydrochloric acid and was found to have 
a binding span nt pHp^ 5.1 and a span length equal to 92% 
of one theoretical equivalent In order to determine 
whether this binding was due to the liberation of the a or 
the /5 carboxyl, the titration system was allowed to stand 
at pll 2.5 and 24° for twenty hours following which it was 
back titrated with 1.03 N sodium hydroxide. Hack titra¬ 
tion showed that only 25% of the original 5.1 span remained. 
Since decarboxylation under these conditions is known to 
occur at the a position of benzylpenicilloic acid, the above 
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results indicate that at least 75^ of the original methyl ester 
must have hydrolyzed to ^-methyl benzylpenicilloate under 
the conditions used. No trace of any binding in the region 
of pH above 7 was observed at any time and hence no 
benzylpenillic acid was formed at pfi 2.5. Of the 26% 
of binding in the pH 5.1 region following the pll 2.5 treat¬ 
ment, two explanations seem possible. Twenty-five % of 
the a-benzyl /tJ-methyl n-benzylpenicilloate may have been 
converted to benzylpeniciiloic acid at pH 12.9, followed by 
decar])oxyIation at pll 2 5 to penilloic acid wJiich mani¬ 
fested itself on subsequent back titration. This seems 
unlikely since under such circumstances the residual binding 
region should have moved to a higher pH (penilloic acid 
being weaker than /i-methyl ponicilloate). Actually the 
forward ami reverse binding spans lay in identical pH 
regions. More likely the decarboxylation of the /!i-methvl 
pcnicilloate was merely incomplete under tlic arbitrary condi¬ 
tions of 20 hours at 24® and pH 2.5. 

d-Methyl n-Benzylpenicilloate (Upjohn, IJASa^ 10). An 
aqueous solution of the sodium salt of /3-methyI penicilloate 
obtained by the hydrolysis 7) of 2.0 g of «-benzvl 

/?-mcthvI i>-l)enzvlpem(‘illoatc was treated with 7.2 nil. of 
10 % lead acetate solution. The w’hite precipitate was 
collected, washed witli water and dried in a vacuum oven 
at 40®. The yi(*ld was 1.33 g. (65%). A suspension of 
150 mg. of this lead salt in about 7 ml. of water ivas treated 
with an (^cess of hydrogen sulfide. The lead sulfirle was 
removed by centrifugation. After removing the excess 
hydrogen sulfide in a stream of nitrogen, the water-clear 
solution was frozen and lyophilized to give 50 mg (43%) of 
the pure white, fluffy /i-methyl i>-berizylpenicilloate melting 
with decomposition at 91-100®. The pure compound 
appeared to be rcasomibly stable. It dissolved imineduitely 
and completely in bicarbonate solution with evolution of 
carbon dioxide. Analyses indicate the dihydrate. 

Calc, for CnUnNiOi,S'21hO: C, 50.73; 11, 6.51; N, 6.96 
Found: C, 51.00; H, 5.88; N, 7.26 

The ly-isomcr was also prepared by this method. 

Total Mercuric Chloride Degradation of /3-Methyl 
D-Benzylpenicilloate (UAdy 9). To a solution of 15.5 mg. 
(0.0446 millimole) of /i-methyl D-benzylpenicilloate in 1 ml. 
of 50% ethanol was added 0.2 ml. of 0,25 M mercuric 
chloride in 50% ethanol. A white flocculent precipitate 
formed immediately. After standing at room temperature 
for 4.5 hours, with occasional stirring, the mixture was 
centrifuged. The residue was washed with 0.5 ml. of 50% 
ethanol and tlie combined supernatants treated with a solu¬ 
tion of 9.4 mg. of 2,4-dinitrophenylhydrazine in 4 ml. of 5% 
sulfuric acid. After chilling overnight, the yellow precipi¬ 
tate was collected, washed with cold 50% ethanol and air- 
dried; yield, 12.0 mg. (81.8%,); m.p, 190-191®. When 
mixed with a known sample of the 2,4-dinitrophenyl- 
hydrazone of phenylacetylaininoacetaldchyde, m.p. 196- 
198®, the mixture melted at 193.5-194.5®. 

Sodium Salt of d-Methyl n-Benzylpenicilloate (UASuy 7). 
To 457 mg. (1 millimole) of a-benzyl /?-methyl D-benzyl- 
penicilloate, dissolved in 11 ml. of methanol and 4 nil. of 
water, 10.2 ml. (slightly more than one equivalent) of 0.016 
N sodium hydroxide was added over a period of three hours. 
After standing for one hour, the solution was diluted with 
more water and extracted with ether. The clear aqueous 
solution was then evaporated to dryness in a vacuum 
desiccator over phosphorus pentoxide. The yield of slightly 
yellow, brittle sodium salt was about 230 mg. (59%). 
Accurate weighing of the material was difficult because of 
its exceeding hygroscopicity. 

Calc, for CnHjiNjOftSNa: N, 7,21; S, 8.25 
Found: N, 6.68; 8, 7.84 

Benzylammonium Salt of ^-Methyl n-Benzylpenicilloate 
7). A solution of 366 mg. (1 millimole, less a small 
amount of insoluble material) of /5-m6thyl n-benzylpenicil- 


loatc in 35 ml of commercial anhydrous ether was treated 
with 0.10 ml. of benzylamine. An oily pecipitate separated 
immediately. The ether was removed in a stream of nitro¬ 
gen and the residue taken up in 5 ml. of methanol. I’he 
methanolic solution was diluted with 25 ml. of dry ether and 
petroleum ethcT added to faint turbidity. After refrigera¬ 
tion overnight, the product crystallized in white burrs, m.p. 
128-129° (micro-block). Recrystallization gave needles, 
m.p. 141-142® (dec.). 

| 8 -Methyl 0 - 7 -Benzylpenicilloate HCl (UAOy 6 ). A filtered 
solution of 0.4 g. (1.09 millimole) of d-methyl D- 7 -benzvl- 
penicilloate (from the hydrolysis of a-ethyl /3-methyl 
D- 7 -benzylpenicilloate) in 100 ml. of anhydrous ether 
was chilled in an bath and an excess of dry hydrogen 
chloride bubbled in. The flocculent, white firecipitate 
was collected and washed with cold ether. During the 
filtration and washing the precipitate was kept covered with 
a layer of ether. The otlier-rnoist product, after drying 
in vaniOy weighed 235 mg. (53.5%'; m.p. 106 110® (uncorr.)). 
When mixed with the degradation product, methyl pseudo- 
berizylpenicillin monohydrochloride monohydrate, m p. 103- 
107® (U./5, 4), the mixture melted at 101- 108.5®. 

Reaction of /3-Methyl i>-Benzylpenicilloate with Anhy¬ 
drous Hydrogen Bromide {VAdy 29). An excess of hydro¬ 
gen bromide was passed into a filtered solution of 0.4 g. 
(1.09 millimole) of /3-iuethyl i>-henzylpenicilloate in 100 ml. 
of commereial anhydrous ether. A copious white precipi¬ 
tate formed almost immediatelv. After one minute, the 
preeipitat(‘ was collected, washed can'fully with dry ether, 
and dried in a vaeiuim dcsierator. The product weighed 
160 mg. and melted at 110-113® (dec.). 

In a second run, a solution of 0 2 g. (5.4 millimoles) of 
^-methyl i)-bonzylpenicilloale in 50 ml. of ether was ehilled 
in an iee bath and treated with an excess of hydrogen brom¬ 
ide; yield of cnidi' produet, 166 mg. The product showed 
no ab.sorption maximum in the ultraviolet between 2610 and 
3300 A; -f61® (r ** 0 2 in ethyl acetate). 

Calc, for CnHisOftNsSBr: 

C, 45 64; H, 5 18; N, 6.26; S, 7.16; Br, 17.84 
Found: C, 44.91; H, 5.27; N, 0.54; S, 7.26; Br, 18.29 

Reaction of /3-Methyl Benzylpenicilloate with Phosphorus 
Tribroinide (f/./7, 0). A solution of 109.8 mg. (0.3 milli¬ 
mole) of ^-methyl benzylpenicilloate in 2 ml. of chloroform 
was flushed with nitrogen and 812 mg. (0.285 ml.; 3 milli- 
nioles) of phosphorus tribroinido was added. The tube was 
filled with nitrogen, stoppered and allowed to stand at room 
temperature, with occasional swirling, for thirty minutes. 
The yf'llowish-orange solution was diluted with approxi¬ 
mately 20 ml. of sodium-dried ether and the light-yellow 
product separated by centrifugation. After two wash¬ 
ings with sodium-dried ether, tlu* product was dried in vacuo 
over phosphonis pentoxide; yield, 130.1 mg. The product 
softened at 87“109® and melted, with decomposition, at 
109-121®; 96.8 at 2,930 A. 

Calc, for C,7H2i04N2SBr: 

C, 40.55; H. 4.93; N, 6.53; S, 7.47; Br, 18.61; CH.O, 7.23 
Found. 

Vy 41.41; H, 5.02; N, 6.00; 8, 6.81; Br, 19.18; CHiO, 6.10 

Reaction of ^-Methyl n-Benzylpenicilloate Hydrobromide 
with Phosphorus Tribromide (f/.77, 9). To a solution of 
103.6 mg. (0.231 millimole) of /3-methyl n-benzylpenicilloate 
hydrobromide in 2 ml. of chloroform was added 628 mg. 
(0.23 ml., 2.31 millimoles) of phosphorus tribromide while a 
stream of nitrogen was passed into the reaction vessel. The 
latter was stoppered, and allowed to stand at room tempera¬ 
ture, with occasional swirliiig, for one hour. The solution 
was decanted into a clean tube, the reaction vessel washed 
with a small portion of chloroform and the combined chloro¬ 
form solution diluted with approximately ten volumes of 
sodium-dried ether. The pale yellow precipitate was col¬ 
lected by centrifugation and, after three washings wil^ 



PENILLOIC AND PENICILLOIC ACIDS 


G09 


anhydrous ether, dried in vacuo over phosphorus pentoxide; 
yield, 89.5 mg.; 113.2 at 2,920 A. 

Calc, for (\ 7 Hj„ 04 N., 8 Br: 

C, 47.55; II, 4.93; N, 0,53; S, 7.47; Br, 18,61; CII»0, 7.23 
Found. 

(\ 44.17; II, 5.80; N, 6.94; S, 7.19; Br, 18.48; ClUO, 5.60 

/51-Methyl N^-Acetyl-benzylpenicilloate (U.lb\ 22). Crude 
a-bcnzyl /j-meiliyl N^-acetyl-bfiizylpenicilloate (1.11 g.; 
2.2 inilliniolcs) (U.10\ 21) was disHolv('d in methanol and 
hydrolyzed with 18 ml. of 0.0990 N sodium hydroxide 
(80of one equivalent) added in small portions over a 
period of ninety minutes. Af 1 (‘r stsnding at room tem¬ 
perature for nn additional ninety miinites, the solution was 
eoncentrnted in vacuo to a small volume and extracted with 
ether. The aqueous phase wan acidified with hydrochloric 
acid, extracted with chloroform and tin' chloroform solution 
dried. The chloroform was e\a])orated in a current of 
nitrogen, the last tract's of the stdvent being nunoved in 
vacuo whcreujion th(‘ oil solidified; yield, 600 mg. ( 66 *^’;), 
in p. 166 168‘. 

C^ale. for ('loHi/KN .S: 

(\ 55.87; H, 5.92; N, 6 . 86 ; neut. eqiiiv., 408.5 
Found: C\ 56.16; H, 6.13; N, 6 . 86 , neut. etpiiv., 407 

Action of Carbobenzyloxy Chloride on the Sodium Salt of 
^/-Methyl o-Bcnzylpenicilloate ((brncll Bioch., DJi), S). 
7 ''he diied sodium salt of ^i-inethvl i)-benz.vlpenicilloate was 
dissolved m 2 ml. of pyridine and 0.4 ml. of earbobenzyloxy 
chloride was added dropwise to the cold solution. After iif- 
teen minutes at loom tempeiaturo the pvndiiK* was evapo¬ 
rated in vacuo 4'he residue was dissolved in chloroform and 
extracti'd wutli 1 N hydrochloric acid, 5^;, sodium lu- 
carbonatc solution and saturated sodium chloride solution. 
The solution was dried over sodium sulfate and evaporated 
to an oil uInch weighed 346 mg. 1 1 was biologically inactive 
in a penicillin assay. A portion was hydrolyzed with 
sodium hydroxide in pyridine solution. The hydrolysis 
product was biologically inactive. 

A 264-mg. sample of the oil was mixed with nn equal quan¬ 
tity of benzylainine. Benzene, ether, and h(‘xane were 
added after fifteen minutes. This produced a water- 
soluble cryHlalline product which was recrystallized from 
methanol-ether. An estimated 25 mg. of purified material 
was obtained, in.p. 208-211" (micro-block). 

Found: C, 57.74; H, 7.16; N, 9.38 

/3-Methyl n-Benzylpenicilloate (Upjohn, UJ6, 19). 
/3-Methyl L-benzylpenicilloatc was prepared from diastereo- 
isomeric a-benzyl jS-methyl L-benzylpenicilloate, [ajo*® +6.5® 
(c - 0.1 in methanol); m.p. 60-70® (dec.), by hydrolysis 
with 0.1 N sodium hydroxide, and the half-ester isolated 
through the lead salt. Best results were obtained when the 
lyophilizations were carried out at concentrations of ap¬ 
proximately 2 g. of the /3-methyl D-benzylpenicilloate per 
60 ml. of dioxane. When the lyophilization was conducted 
at a final pressure of about 0.05 mm. the product was ob¬ 
tained free from solvent of crystallization. The |3-methyl 
i..-benzylpenicilloate thus isolated is a wdiito powder which 
can be stored in a vacuum desiccator at room temperature 
for at least several weeks; Wd*® —46.4® (c * 1 in methanol). 

Calc, for CuHasOftNaS: C, 56.72; H, 6.05; N, 7.65; 8 , 8.75 
Found: C, 65.40; II, 6.01; N, 7.95; S, 8.94 

There was always a small amount of ether-insoluble 
material. This material was found to decarboxylate easily 
and probably consisted of benzylpenioilloic acid. This view 
is supported by the observation that neutral equivalent 
values for /3rmothyl benzylpcnicilloate were generally low. 

/3-Methyl n-Benzyloxypenioilloate (Cornell Bioch., D.SS^ 
11). A mixture of 1.18 g. of D-penicillamine hydrochloride 
and 2.0 g. of N-oarboben 2 yloxy- 5 ,/ 3 -diethoxyalaTune methyl 
ester was heated at 100 ® for ten minutes and then held at 
70® for forty-five minutes. The pale, viscous oil was dis¬ 


solved in a large volume of chloroform. The solution was 
washed su(3ceRsively with dilute hydrochloric acid, with 
water, vith dilute sodium hydroxide so that the aqueous 
layer had pU 7, and finally with pll 7 phosphate bulTer. 
The neutral washings were combined, washed with chloro¬ 
form and acidified. The product w^as taken into chloroform, 
dried over magiu'hiurn sulfate and evaporated. The residual 
oil weighed 1.65 g. An elherenl solution of 1.0 g. of this oil 
wa«? treated with slightly less than oiu' equivalent of diazo- 
methane and eva])orated aft(*r the evolution of nitrogen had 
censed. The n'sidue w as tnaited witli ethyl acetate and the 
solution washed successivelv with sodium carbonate solution, 
water, and saturated aqueous sodium chloride. It wuis then 
dried over magnesium sulfate and evaporated. The result¬ 
ing oil (657 mg.) w.is dissolved in a mixture of dioxane, 
methanol and water, and hydrolyzed by the gradual addition 
of one equivalent of sodium hydroxide. After three hours 
the organic solvents were evaporated; the aqueous solution 
was shaken with ethyl acetate, <*ooled in ice and acidified. 
The precipitate was taken up in ethyl acetate. The solu¬ 
tion was washed w4th water, dried and evaporated, when 
200 mg. of a pak* yellow^ gum remained. 

Calc, for N, 7.32; S, 8.38 

Found: N, 7.74; «, 8.34 

/3-Methyl N-Formyl-desthio-n-a-benzylpenicilloate (Merck, 
MSS, 3). A solution of 900 mg. of a-methyl N-formyl-n- 
a-benzylpenieilloate in 5 ml. of methanol was tn*ated with 
an excess of diazorru'thane in ether The solution was con¬ 
centrated to drynt'ss in vacuo and the resulting gum was 
dissolved in 100 ml of ether. After washing with tw^o 
25-ml. portions of 5S' sodium bicarbonate solution and twice 
witli water, the ether solution on concentration to dryness in 
vacuo yielded 900 mg. of colorless gum. 

Calc for C 19 II 24 N 2 OCS: C, 55.92; II, 5.92; N, 6.86 
Found: (\ 55.60; 11, 6.03; N, 7.13 

The gum was dissolved in 10 ml. of methanol and treated 
wdth 90 mg. of sodium hydroxide in 10 ml. of water. After 
refrigerating this solution overnight, it was concentrated 
to 5 ml. in vacuo to remove the methanol, then diluted to 
100 ml, with water. This aqueous solution was washed 
twice with 60-ml. portions of ether. The yield of ether- 
soluble material was only 10 mg. The pll of iho aqueous 
solution was 9.0. The solution was stirred for one hour at 
26® with 9 g. of Raney nickel catalyst followed by stirring 
for one-half hour at 60®. After filtering, the solution was 
washed with 50 ml. of chloroform and the aqueous solution 
was brought to pH 2.0 with hydrochloric acid and extracted 
with four 50-ml. portions of chloroform. Concentration of 
the chloroform solutions to dryness yielded 123 mg. of 
colorless gum that did not crystallize. 

A solution of 100 mg. of the ^-methyl N-formyl-des- 
thio-D-a-benzylpenicilloate in 15 ml. of methyl isobutyl 
ketone was refluxed for one hour (about 120 ®). After 
concentrating the solution to dryness in vacuo, the gum was 
treated with 5 ml. of chloroform and the solution con¬ 
centrated to dryness again to remove the last traces of the 
ketone*. The gum was dissolved in 10 ml. of chloroform 
and the solution was washed once with 10 ml of lec-cold 
w^ater. Concentration of the chloroform solution to dryness 
in vac'uo yielded 4.5 mg. of a neutral product. The aqueous 
wash solutions were combined and acidified with hydro¬ 
chloric acid to pll 4.0. Extraction of this solution with two 
20 -niI. portions of chloroform and concentration of the 
chloroform solution to dryness yielded 93 mg. of colorless 
gum. This acidic material w^as crystallized from chloro¬ 
form-petroleum ether; m.p. 142° (micro-block). This 
produ<*t w'as unchanged /3-niethyl N-formyl-desthio-i)-a- 
ben zy Ipeiiicilloat e. 

Calc, for C^gHjiNzOe: C, 59.32; H, 6.64; N, 7.69 
Found; C, 68.98; H, 6.63; N, 7.53 
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^-Methyl N-Isobutyryl-desthio-D-a-benzylpenicilloate 

5). A solution of 600 mg of a-mothyl N-isobutyryl- 
D-a-benzylpc‘ni(‘illoat(* in 50 ml. of othyl otlu'r was treated 
with exeess diazoiiietlinne in 50 ml of ethyl ether. When 
evolution of gas ceased, the solution was concentrated 
to 75 ml. and washed with a 25-ml. portion of 5Co sodium 
bicarbonate solution followed by two washes with 25-ml. 
portions of w^ater. The ether solution was eonecuitrated to 
dryness to 5 leld 580 mg of the dimethyl ester as an iincrys* 
talhzable gum. The dimethyl ester (560 mg.) was saponified 
by dissolving it in 10 ml. of methanol and treating the 
solution with 10 ml. of water containing 50 mg. of sodium 
hydroxide After standing overnight in the refrigerator, 
the solution was concentrated in vacuo to 5 ml. and diluted 
to 100 ml. with water. The solution was adjusted to /ill 
0 . 0 , then stirred at room temperature with 10 g of Haney 
nickel catalyst. The stirring was continued for one hour 
at room temperature and the suspension filtered to yield a 
colorless filtrate. The filtrate was washed with 50 ml. of 
chloroform; then it was acidified to ;>11 4.0 with hydrochloric 
acid ami extracted four times with 50-ml. portions of chloro¬ 
form. Concentration of the combined chloroform solutions 
to dryness yielded 126 mg. of (i methyl N-isobutyrybdea- 
thio-n a l)enzylpenicilloate ns a colorless gum. 

/^-Methyl N-Isobutyryl-desthio-n-'y-benzylpenicilloate 
(A/.5*,9, 11). A solution of 1.00 g, of ^-methyl NMsobutyryl- 
i)- 7 -benzylpenicilloate (M,6‘5*, 16) in 15 ml. of ethanol was 
treated with 2.40 ml. of 0.965 N sodium hydroxide (I 
equivalent); then 10 g. of Raney nickel catalyst and 25 ml. 
of water were added. The mixture was stirred for an hour 
at 75° and filtered. The nickel collected w'as stirred for 
twenty minutes at 75° wuth 25 nil. of 0.05 N sodium hydrox¬ 
ide. The filtrate was combined with that first secured and 
the combined filtrates were partially evaporated m vacuo to 
remove alcohol. The concentrate was acidified to Congo 
Red and extracted with ether. The ether extractives 
crystallized from ether-petroleum ether gave 810 mg. of 
product melting at 02-04°. After two further crystalliza¬ 
tions from ether the /3-methyl N-isobutyryl-desthio-D- 7 - 
benzylpeiiicilloate melted at 65-66°. 

Attempted Preparation of ^-Methyl D-(«-Chlorobenzyl)- 
penicilloate (Pfizer, 10). A mixture^ of 0.7 g. of 

dimethyl d (a-chlorobenzyl)penicilloate and 5 ml. of ethanol 
was cooled in an ice bath, treated with 5.6 ml. of 0.3 N 
sodium hydroxide in ethanol over a period of five hours and 
then placed in an ice-box overnight. The sodium chloride 
was filtered and weighed 50 mg. (theory, 99 mg.). The alco¬ 
hol was removed in vacuo and 5 ml of water was added to the 
residue. The mixture was extracted with ether, the aqueous 
layer was decolorized with charcoal, cooled to 5° and acidified 
with dilate hydrochloric acid. Only a trace of precipitate 
was formed; it sintered at 95-100° and decomposed at 
105-110°. 

^-Methyl D-Phenylpenicilloate (Merck, ilf.57, 6). Two 
grams of dimethyl D-phenylpenicilloate hydrochloride 
(4.97 millimoles) was dissolved in 200 ml. of 50% methanol. 
The theoretical amount of 0.1190 N sodium hydroxide 
required to liberate the base (4.97 millimoles, 41.72 ml.) was 
added. An additional 41.72 ml. of the alkali was run in 
gradually during the course of about five hours. The result¬ 
ing solution was allowed to stand overnight. The methanol 
was removed by concentration under reduced pressure. 
Water was added to the residue, and the aqueous solution 
extracted with ether. The aqueous layer was cooled to 0°, 
acidified with the equivalent amount of 0.1128 N hydro¬ 
chloric acid (44.04 ml.). The free acid was removed 
by thorough extraction with chloroform. The chloroform 
extracts, after drying with sodium sulfate, gave 1.75 g. of a 
viscous material. 

/Si-Methyl N^-Methyl-D-phenylpenicilloate (M.6S, 4). 

TVo grams of a-methyl N^-mcthyl-D-phenylpenicilloate 
(5.47 millimoles), suspended in chloroform, was treated 
with a slight excess of ethereal diazomethane. The solvent 
was removed under reduced pressure and the residue was 


dissolved in 60 ml. of methanol. A drop of phenolphthalcin 
indicjitor solution and 10 ml. of water were added. Then 
48.0 ml. of 0 1136 N sodium hydroxide (5.46 millimoles) was 
intro(lu<*ed in several portions. The initial amounts of 
alkali were rather rapidly consumed (within ten minutes). 
Decolorization of the solution after the last additioTi of alkali 
required two to throe days. At the end of this time most of 
the methanol was removed under reduet'd pressure, water 
was added, and the mixtun' was extracted w’ith chloroform. 
Acidification of the aqueous solution with 48.5 ml. of 
0.1125 IV hydrochloric acid (5.16 millimoles), extraction 
with chloroform, drying and evaporation of the chloroform 
extracts gave a glassy material, +30.2° (c =* 0.7 in 

methanol). 

Calc, for (U7lJ22N,0,S‘hUA'>: (^ 51 37; IT, 6.17; N, 7.46 
Found: C, 51.07; 11, 5.85; N, 7.53 

A portion of the crude material was titrated in methanol- 
water wnth standard alkali; 9Co of the theoretical amount 
of acid was found. To this solution from the titration one 
equivalent of hydrochloric acid was ndd(‘(l. After standing 
overnight, the titration with alkali w^as repeated Ap¬ 
parently, 39% of the original acid had deearboxvlated. 

A neutral oil w;ik obtained by extraction with chloroform 
of the aqueous solution after the equivalent amount of alkali 
hail been allo^ved to react and after most of the methanol, 
used as a solvent, had been removed by evaporation. The 
oil remaining after the chloroform had been evaporated 
depositial crystals on standing. A little carbon tetrachloride 
was added and tin' crystals w'erc colli'cted; rn.p. 145-155°. 
Two recrystallizations from benzene raisi'd the melting point 
to 154-159°. After two more recrystallizations from acet¬ 
one the melting point reached a constant value of 167-168°. 
Qualitative tests showed the prcsiuu'e of nitrogen and the 
absence of sulfur. The ultraviolet absorption spectrum 
showed a maximum at 2,925 A, Em 10,700. 

The substance probably is a-[N-(d'-carbomethoxy-/3'-N- 
methylbenzaniidovinyl)-aniinol-Benecioi(’ acid methyl ester. 

Calc, for CUH 22 N 2 O 5 : C, 62.41; II, 6.40; N, 8.09 
Found: C, 62.40; H, 6.16; N, 8.27 

Attempted Preparation of /3-Methyl N^-Methyl-n-phenyl- 
penicilloate (Copp, Duffin, Smith and \^’ilkln 8 on, 

11). a-Ethyl NMncthyl-i)-i)henyIpciiicilIoate (900 mg.) 
was suspended in chloroform and treated with excess 
ethereal diazomethane. Nitrogen was evolved and a clear 
solution was formed. The excess diazomethaiic and the 
solvent were removed in vacuo and the residue dissolved in 
3.0 ml. of methyl alcohol and 23 ml. of 0.0917 N sodium 
hydroxide was gradually added over a period of forty min¬ 
utes. The solution was then kept until neutral to phenol- 
phthalein (thirty-six hours). The solution was evaporated 
in vacuo and the residue distributed lietwcen ether and water. 
Evaporation of the ether gave 550 mg. of a gum which 
gradually crystallized. It was dried thoroughly in a 
vacuum desiccator and then treated with a little dry ether 
when a crystalline solid separated. This was collected and 
crystallized by dissolution in warm ethyl acetate and slowly 
adding light petroleum (b.p. 40-60°); ^-[N-(isopropylidene- 
carbomethoxymethyl)amino]-a-(N-mcthylbenzamido)- 
acrylic acid ethyl ester separated in colorless prisms, m.p. 
146°. 

Calc, for CitHuNjO.: C, 63.3; H, 6.7; N, 7.8 
Found: C, 63.4; H, 7.0; N, 8 . 1 ; S, nil 

The aqueous portion was mode acid to Congo Red and the 
precipitated gum taken up into ether, the ethereal solution 
washed, dried and evaporated. The residual gum (230 mg.) 
was dried thoroughly in vacuo. Analysis was in approxi¬ 
mate agreement with /3-ethyl N ’^-methyl-n-phenylpenicilloate. 

Calc, for C„H» 4 N,OftS: C, 56.8; H, 6.4 
Found: C, ,67 7; H, 6.7 
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This acid (200 mg.) was treated with excess mercuric 
chloride. After standing overnight at room temperature it 
was poured into a mixture of water and ether. The ether 
layer was separated, washed with water and evaporated in 
vacuo. The residue was treated with alcoholic dinitro- 
phcnylhydraziiie reagent and after three hours at room tem¬ 
perature it was poured into 2 N sulfuric acid; the amorphous 
precipitate, collected and treated with water, rapidly went 
to a gum which slowly crystallized. After twenty-four 
hours the crystals were collecte'd, m.p. 115--122° (50 mg.). 
It was taken up into alcohol, treated with charcoal, filtered 
and the filtrate treated with light petroleum ether (40-60°) 
when a yellow crystalline precipitate slowly separated; m.p. 
132-133°. Its melting point was unchanged by further 
crystallization and undepressed in a mixture with an 
authentic specimen of the 2,4-dinitrophenylhydrazone of 
ethyl N-mcthylphenylpcnaldat e. 

Calc, for N, 10.3 

Found; N, 16.2 

Attempted Preparation of /5-Methyl N ^-Acetyl-N^-methyl- 
D-phenylpenicilloate (CPS.f)4^f 12). To a solution of «500 
mg of a-ethyl N^-acetyl-NMnethyl-D-phenylpenicilloate in 
acetone an excess ethereal solution of diazomethane wuis 
gradually added. The excess diazornethane and solvents 
were removed in vacuo and the residual gum dried in vacuo. 
It w'as an uncrystallizable resin; [Qf] 646 i*® -f22.2° (c = 0.77 
in alcohol). 

Calc, for CiilljsN^OeS: C, 57.8; IT, 6.5; N, 6.4 
Found: (\ 57.5; II, 0.8; N, 6.35 

This gum (455 mg.) was dissolved in 6 ml. of methyl 
alcohol and graduallv treated with 10.2 ml of 0.1 N sodium 
hydroxide. The solution was kept at room temperature for 
twenty hours, evaporated to dryness, the residue treated 
w ith water, a little scum removed bv shaking with ether and 
the aqueous layer separated and acidified. The precipitated 
gum was taken up into ctluT, the ethereal solution washed, 
dried ami evaporated. A fluffy w^hite solid was obtained 
(313 mg.); 4-45.3° (c « 0.64 in methyl alcohol). 

Calc, for C, 55.8; 11, 5.1); N, 6.9; S, 7.8 

Calc, for CjoH26Nv06S: C, 56,9; JI, 6.2; N, 6.6; S, 7 6 

Found: C, 57.7; 11, 6.4; N, 6.6; S, 8.0 

On treatment with mercuric chloride the optical rota¬ 
tion was unchanged after twenty-four hours at room 
temperature. After evaporation the mixture was treated 
with water and other. There was no insoluble mercuric 
complex present and after ewaporation of the ether layer 
the residue gave only a trace of 2,4-dinitrophcnylhy- 
drazone (from 200 mg. of the starting acid) which was 
amorphous and uncrystallizable. 

/3-Ethyl x>L-Phenylpenicilloate (Newbory and Raphael, 
CPS.37Sf 3). To a solution of 2.3 g. of diethyl ni -pheiiyl- 
penicilloate hydrochloride in 10 ml. of alcohol was added 
slowly in the cold two equivalents (11.4 ml.) of 1.02 N 
sodium hydroxide and the mixture allowed to stand over¬ 
night. The alcohol was evaporated in vacuo and one equiva¬ 
lent (5.8 ml.) of A hydrochloric acid added slowly with cool¬ 
ing. A sticky solid was precipitated, ivhich hardened upon 
being left in a vacuum desiccalor. The crude product was 
purified by solution in ethyl acetate and careful precipita¬ 
tions with light petroleum (b.p. 40-60°). This produced 
1.7.g. (87%) of an amorphous white solid, decomposing 
vigorously at 60-66°. 

Calc, for CiTH^NjOfiS: C, 55.7; H, 6 05; N, 7.65; Mol. Wt. 366 
Found: 

C, 56.2; H, 6.35; N, 8.06; neut. equiv. (phenol red), 384 

Treatment of the acid with alcoholic mercuric chloride 
produced a vigorous effervescence. The mercury complex 
was precipitated with water, centrifuged off and the super¬ 


natant liquor treated with alcoholic 2,4-dinitri)phenyI- 
hydrazinc sulfate. The yellow precipitate so produced 
crystallized from alcohol in needles, m.p. 199-201° (dec.) 
undepressed on admixture with authentic benzoylamino- 
acetaldehyde 2,4-dini trophcnylhydrazone. 

THE DIESTERS OF THE PENICILLOIC ACIDS 

Dimethyl n-Amylpenicilloate Hydrochloride (Merck, 
M.47, 14). One gram of a-methyl n-amylpenicilloatc 
hydrocliloride {AfJocy 9) was suspended in 50 ml. of ehloro- 
form. An ether solution of diazornethane was added with 
swirling until solution was complete and the yellow color 
persisted. Evaporation ol the solvent left an oil. The oil 
was dissolved in dry erlu'r and treatt'd with dry hydrog(‘n 
chloride. An oil precipitated Treatment of the oil with 
ethyl acetate produced crystals. First crop: 0.48 g., m.p 
104-107°; second crop: 0.20 g., m.p. 125-128°, On recrys- 
Ifillization from ethyl aietate the substance melted at 128- 
130°. 

('ale. for JlsrOfiNaSri: C', 48.41; II, 7.36; N, 7.00 
Found: C, 48.69; 11, 7.38; N, 6 99 

Acylation Experiments on the Dimethyl n-Amylpeni- 
cilloate (71/./5c, 10). None of the following reagents gives a 
crystalline derivative of the gum-like dicster: acetic anhy¬ 
dride, acetyl chloride, benzoyl ehloiidc, beiizenesulfonyl 
chloride, phenyl isocyanate, or phenyl isothiocvanale. 
However, it was possible to obtain oily acyl derivatives by 
using quite strenuous conditions. 

Dimethyl N^-Acetyl-o-amylpenicilloate (ilf./5r, 10). 

Acetic anhydride has no apparent action on dimethyl o- 
amylpenicilloate, either on warming in the presence of 
sodium acetate or in pyridine solution. However, acetyl 
chloride did give the desired product. 

To 0.82 g. of dimethyl n-amylpcnicilloate (2.5 millimoles) 
dissolved in 10 ml. of pyridine, 0.81 ml. (0.89 g.) of acetyl 
chloride (11 millimoles) was added. The solution was 
warmed on the W’^ater bath for fifteen minutes at 50°. The 
color ilarkened. The solution w^as cooled, whaler was added, 
and the mixture extracted with ether. The ether (*xtracts 
were washed with cold dilute hydrochloric aeifl and thtm 
with water. Evaporation of the dried ether extracts gave a 
dark residue which was placed in a molecular still. An 
amber-colored syrup sublimed at about 105° at loss than 
0.001 mm. pressure. The yield was poor. 

Calc, for Cull.oOeNaS: C, 53.71; H, 7.51; N, 6.96 
Found: C, 53.48; H, 7.49; N, 6.75 

Saponification of the Dimethyl N^-Acetyl-n-amylpeni- 
cilloate {M.^Sy 6). To a solution of 0.59 g. (1.46 millimoles) 
of the acetyl derivative, dissolved in 10 ml. of methanol, 
12.1 ml. of 0.241 N potassium hydroxide in methanol 
(2.92 millimoles) was added. After standing overnight the 
methanol was removed under reduced pressure. The 
residue was taken up in water and ether. Only a trace of 
oily residue w’as obtained on evaporation of the ether layer. 
(Ai? described in M.ldCy 11, saponification of the correspond¬ 
ing benzoyl derivative yielded /^,/i-dimctbyI-a-bcnzamido- 
acrylic acid methyl ester at this stage.) The aqucou.s layer 
w^as acidified and extracted wu’th ether* On evaporation of 
the ether 0.14 g. of an oil remained. This mat<‘rial gave on 
bioassay in vitro a value of 0.32 U/mg. (The corresponding 
product from the N-benzoyl derivative had given 0.15 U /mg.) 

Hydrolysis of Crude Dimethyl N ^-Benzoyl-n-amylpeni- 
cilloate (4/./5c, 11). To 1.3 g. of dimethyl D-amylpenicil- 
loate (3.C millimoles) in 10 ml. of pxridine, 1.01 g. of benzoyl 
chloride (7.2 millimoles) was added. The solution was 
heated to boiling for one minute and allowed to cool. The 
volatile material was removed under reduced pressure. 
Water was added and the organic material taken up in 
chloroform. The chloroform extract was washed with so¬ 
dium carbonate solution and then with water, dried, and 
evaporated under reduced pressure. The residue was 
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further dried in a vacuum desiccator over concentrated 
sulfuric acid. The crude product was a dark-colored gum. 
Unlike the starting material it was insoluble in 2.5 A' hydro¬ 
chloric acid. 

To 1.95 g. of the crude benzoyl derivative (4.2 millimoles — 
calculated for the pure substance) in 10 ml. of methanol, 
10.2 ml. of 0.82 N rnethanolic pota.ssium hydroxide (8.4 milli¬ 
moles) was added. After standing overnight the methanol 
was evaporated under redu<‘ed pressure and the residue taken 
up in w’ater. The alkaline solution was extracted with ether. 
On evaporation of tlie ether extracts a crystalline material 
was obtained; weight 0.41 g. It was insoluble both in 
aqueous alkali and acid. After washing wuth petroleum 
ether it melted at 1)12" 134"'. It was recrystallized from 
acetone-ether; m.p. 130.5-137.5”. No sulfur was found 
by the sodium fusion t(;st. The substance w'as identified 
as /Sf,/^-diinethyl-a-benzoylaminoacrylic acid methyl ester. 
The mixed melting point with an authentic sample w'as 
136.5-137”. 

Calc, for CuHifiO.N; C, 66.92; 11, 6.48; N, 6.00 
Found: (', 67.15; JI, 6.81; N, 6.24 

The alkaline solution, after extraction with ether, was 
acidified with dilute sulfuric acid. An oil precipitated. No 
crystalline material could lx* isolated. 

Dimethyl tt-Thiol-D-amylpenicilloate 25; 17). 

First ail attempt was made to catalyze the metliyl mercaptan 
reaction with N-cthylpiperidiiie. From the observation of 
the absorption .spectra it was learned that no reaction had 
taken place. However, when a catalytic amount of sodium 
methyl mercaptide was added, the absorption band at 
3,150 A completely disappeared in a few minute's. 

A small piece of sodium was allow^cd to react with ap¬ 
proximately 3 g. of methyl mercaptan in 30 ml, of benzene 
One gram of methyl f)-arnylpeuicillenate was added and the 
mixture was kept at room temperature overnight. The 
benzene was removed by distillation and the oily residue 
was taken up in ether. A floceulent precipitate was dis¬ 
carded and the ether was evaporated. The residue was 
dissolved in ether and treated with petroleum ether; the 
yellow gum which precipitated was discarded. The clear 
solution was left in the refrigerator overnight when crystal¬ 
line lumps separated. They were rcc.rystallized from ether- 
petroleum ether; m p. 92-93” (micro-block). Analyses 
show that this compound is probably one of the isomers of 
the a-methylthiol ester of /Sl-methyl D-araylponicilloate. 

Calc, for C,«H, 8 N 204 S 2 : C. 51.03; II, 7.50; N, 7.44; S, 17.03 
Found: C, 50.91; H, 7.42; N, 7.29; S, 14.79 

Methyl i>-Amylpenicillenate and Its Reaction with Ethyl 
Mercaptan (Uopp, DufTm, Smith and Wilkinson, CPS. 
642^ 9). A solution of the sodium salt of 2-n-amyl-4- 
hydroxymethylcne-5(4)-oxazolonc (1.046 g.) and 1.013 g. of 
jD-penicillamine methyl ester hydrochloride in 5 ml. of water 
and 8 ml. of peroxide-free dioxane was kept at room tem¬ 
perature for thirty minutes. The solution was concentrated 
in vacuoj treated with dry ether and the precipitated sodium 
chloride filtered. The ethereal solution was treated with 
charcoal, filtered and concentrated to small bulk in vacuo. 
After several days in the ice box, crystalline methyl D-amyl- 
penicillenate slowly separated out. Rccrystallization from 
acetone-ether gave colorless needles (410 mg ), m.p. 104®; 
[ajo** 4-70” (r ■■ 1 in methanol). 

Methyl D-amylpenicillenatc (400 mg,), 7.5 ml. of ethyl 
mercaptan and 7.5 ml. of dry benzene together with a small 
piece of sodium were heated at 50° for one hour. The solu¬ 
tion was kept at room temperature overnight and the 
solvent then removed in a stream of carbon dioxide. The 
product was a pale yellow resin which was not obtained 
crystalline. 

Dimethyl n-a-BenzylpeniciUoate (Squibb, S.6, 1; 9, 1). 
The cr-methyl ester prepared by methanol inactivation of 
sodium benzylpenicillin readily reacted with diazomethane. 


The amorphous product obtained by evaporation of the 
diazomethane-ether solution analyzed as follows: 

(^alc. for (\8ll2406N2S: C, 56.80; II, 6,35; OCH,, 16.32 
Found: C, 56.40; II, 6.14; OCH,, 15.60 

At,tempts to convert the dieater into a crystalline mono or 
dihenzylamidc failed. 

In other cases, the ester was prepared via th(5 free ponicil- 
loic acid. Sodium benzylpenicillin was dissolved in one 
equivalent of 0.01 N sodium hydroxide and allowed to stand 
at room temperature until most of the added alkali had been 
bound (titration). Two equivalents of hydrochloric acid 
were then adiled and the solution was lyophilized. The 
residue was treated in ether solution with excess of diazo- 
methaiie and after filtration from the sodium chloride 
brought to dryness. For some experiments, the D-benzyl- 
penieilloic acid was prepared by the Merck method (sodium 
ben/ylpenicillin dissolved in one equivalent of 0.01 N sodium 
hydroxide, followed by gradual addition of O.l N sodium 
hydroxide to keep the pll constant at 12 for two hours, and 
finally addition of hydrochloric acid equivalent to all the base 
present). 

Action of Methanol on Sodium Benzylpenicillin and 
Benzylpenicillin Methyl Ester (Pfizer, P,14i 10). A 1% 
solution of benzylponicilliu metliyl ester in absolute methanol 
had [a|D 4-289°. After twenty-four hours it still had 
l«li> 4-288°. A 1% solution of the crystalline sodium salt 
of benzylpenicillin in absolute methanol had [«li:) 4-299°. In 
tw’o hours this has dropped to 4 250°, in four hours to 4-235° 
and in twenty-four hours to 4-159°. 

A solution of benzylpenicillin methyl ester in absolute 
methanol was treated wdtli a molecular portion of sodium 
benzoate. The [a]i> fell to 4251 ° in two hours, 4233° in four 
hours and 4-115° in twenty-four hours. The indications of 
this experiment are that in the absence of sodium (or other 
metal) ions, benzylpiuiicillin methyl ester is stable in methanol 
for twenty-four liours. However, when sodium ions (in the 
form of sodium benzoate.) are added, the drop in rotation is 
similar to that of sodium benzylpenicillin itself. 

Crystalline **NaturaP’ Dimethyl i>-a-Benzylpenicilloate 
Perchlorate (Merck, 4). A Hamjdc of 46 rng. of 

crystalline benzylamine salt of a-metliyl i)-a-benzylponicil- 
loate (from methanol inactivation of sodium benzylpeniijillin 
to fajo** -hl50°) melting at 137-139° (micro-block), [a]n 
4102°, was converted to the free acid, then to the dimethyl 
ester with diazoinethane in ether. The glassy residue left 
after evaporation of the solvent was dissolved in 0.4 ml. of 
glacial acetic acid, treated with two drops of 70% perchloric 
acid, and diluted with ether. Scratching caused the separa¬ 
tion of needles. These were twice recrystallizcd from 
ethanol-ether giving 16 mg. of needles melting at 147-149° 
(micro-block), (ajo** 4-56.2° (c ■■ 0.8 in ethanol). The 
melting point when mixed with synthetic dimethyl D-a-benz- 
ylpenicilloate perchlorate, m.p. 147-150° (micro-block), 
[a)D*® 4-56,3° (c ■« 1.1 in ethanol), was 147-150° (micro¬ 
block). 

Calc, for CuHjiNjOiSCl: C, 44.93; H, 5.25; N, 5.83 
Found: C, 44.67; li, 4.85; N, 6.10 

Dimethyl n-a-Benzylpenicilloate from Methyl Benzyl- 
penicillin {M.46^ 17). Methyl benzylpenicillin was treated 
with one mole of sodium hydroxide in aqueous methanol 
to give sodium jU-methyl o-benzylpenicilloate. The free acid 
from the sodium salt was converted to the corresponding 
dimethyl ester with ethereal diazomethane. A sample of 
this dimethyl D-bonzylpenicilloate (102.6 mg.) was con¬ 
verted to the perchlorate, giving 99.0 mg. of crude crystalline 
material. This was converted back to the dimethyl ester 
giving 79.4 mg. of product. Crystallization gave 29.4 mg. 
of needles which melted at 8^87° (micro-block), [ab** 
4-81.5° (c « 0.98 in methanol). One recrystallizalion gave 
20 mg. of crystalline dimethyl n-oe-benzylpenicilloate melt* 
ing at 87-89® (micro-block). Mixed with ^‘synthetic'' 
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dimethyl D-of-beuzylpenicilloatc (melting at 87--88.6° (micro¬ 
block)), the melting point was 87“80®. 

Calc, for Cj8n24N205S* C, 56.80; H, 6.37; N, 7.37 
Pound: C, 56.40; H, 6.44; N, 7.35 

“Synthetic” Dimethyl D-a-Benzylpenicilloate (Af.44, 12). 
Purified perchloric acid salt of dimethyl D-a-bonzylpenicil- 
loate (1.2 g.) was decomposed by suspending it in dilute 
sodium bicarbonate solution and extracting the free base 
into chloroform. The chloroform extract was dried over 
sodium sulfate and concentrated under reduced pressure to 
leave a colorless gum. The first efforts to obtain the free 
penicilloate in crystalline form were unavailing, but crystals 
were finally secured by dissolving a portion of the gum in an 
ethanol-water mixture and allowing the solution to evaporate 
slowly over a period of several days. When seeded with 
these crystals, the gum immediately solidified. The product 
was readily recrystallized by dissolving it in acetone and 
adding ether and petroleum ether. Prismatic needles 
(0.8 g.) were obtained: m.p. 87-88® (capillary), lain” 4-78.7® 
(r ~ 0.947 in ethanol). 

Calc, for Ci8ll240fcN2S: C.’, 56.80; 11. 6.37; N, 7.37 
Found: 0, 56.85; H, 6.57; N, 7.70 

The use of seed crystals of this material caused the crys¬ 
tallization of the dimethyl n-a-benzylpenicilloate obtained by 
inactivating sodium benzylpemcillin with methanol and 
esterifying the resulting cr-m ethyl D-a-bcnzylpenicilloate 
with diazomethane. Comparison of the “natural” and 
“synthetic” products demonstrated their identity. 

Crystalline “Natural” Dimethyl D-of-Benzylpenicilloate 
Directly from Methanol Inactivation Product 5; cf. 

Abbott, A.5, 1). The free acid obtained from 40 mg. of 
sodium «-methyl n-benzylpenicilloate produced by methanol 
inactivation of crvstalliiie sodium benzylponicillin was con¬ 
verted to the dimethyl ester with diazomethane in ether. 
The glassy residue left aftt‘r removal of solvent w^as dis¬ 
solved ill 0.5 ml of ether, seeded witli synthetie crystalline 
dimethyl i)-a-benzylpenieilloate and treated with about one 
volume of petroleum ether. Large crystals formed quickly. 
The product was recrystallizcd twice from acotone-ether- 
petrolciim ether giving 20 mg. of white crystals melting at 
86-88® (micro-block). The melting point of a mixture of 
this product with the synthetie dimethyl D-a-bcnzylpenicil¬ 
loate melting at 87-89° showed no depression. The rota¬ 
tion of the “natural” dimethyl ester was 4-75.7® (c ** 
1.07 in ethanol). The synthetic sample had [alo’** 4-78.9®. 

Calc for (^ai24N208S: C, 56.80; H, 6.37; N, 7.37 
Found: C, 57.11; H, 6.66; N, 7.21 

Hydrogenolysis of Dimethyl n-a-Benzylpenicilloate {M.60, 
20). A quantity (445 mg.) of dimethyl D-a-benzylpcnicil- 
loate was dissolved in 10 ml. of pure dioxane. After the 
addition of 5 ml. of water, 8 g. of Haney nickel catalyst w’as 
added and the suspension was stirred at room temperature 
for 1.6 hours, then at 70® for fifteen minutes. The catalyst 
was removed by filtration and the filtrate was concentrated 
to approximately 4-ml. volume. A thin oil separated. 
This concentrate was diluted to 10 ml. with water and then 
extracted with three 26-ml. portions of ether. The ether 
solution was concentrated to approximately 4 ml. and petro¬ 
leum ether was added dropwise to the point of turbidity. 
All attempts to crystallize the oil were unsuccessful. The 
attempts to form a crystalline hydrochloride or perchlorate 
salt were also unsuccessful. The base was recovered and 
amounted to 135 mg. Its specific rotation was 
4-21.6® (c ■■ 1.3 in methyl alcohol). 

Stereochemical Stability of Dimethyl n-a-Benzylpeni- 
cilloate during Saponification of the a-Carbomethoxy Group 
{M46^ 17). In order to determine whether epimerization 
occurs during the selective saponification of the cr-carbo- 
methoxy group with aqueous methanolic sodium hydroxide, 
65 mg. of sodium i9-metkyl n-benzylpeniciUoate (prepared by 


esterification of pure a-methyl D-a-bcnzylpenicilloatc with 
ethereal diazomethaiie and saponification with one molar 
equivalent of sodium hydroxide in aqueous methanol) was 
converted to the free acid and re-cstcrified with ethereal 
diazomethnne. The crude ester, 51.2 mg., was dissolved 
in glacial acetic acid, treated with excess perchloric acid, and 
caused to crystallize by addition of ether. The crude 
crystalline percdilorate weighed 49.1 mg. This was mois¬ 
tened with 2-3 drops of nu'thanol, dissolved in chloroform 
and freed of perchloric acid by extraction with 0.2 M sodium 
bicarbonate. The chloroform solution on evaporation to 
dryness in vanw gave 39 8 mg. of amorphous diester. This 
was crystallized giving 21.3 mg. of <‘olorle 88 needles melting 
at 85-87.5® (micro-block); 4-78® (r « 1.07 in methan¬ 

ol). Oiu* recrystallization gave 17.1 mg. of product melting 
at 88'80,5® (micro-block). Mixed with “synthetie” di¬ 
methyl D-a-bcnzylpcnicilloate, m.p. 87-88.5® (micro-block), 
the melting point was 87-89®. 

Calc, for C 18 TI 24 N 2 O 6 S: r, 56.80; H, 6.37; N, 7.37 
Found: (\ 57.08; H, 6.38; N, 7.26 

Epimerization of Dimethyl D-a-Benzylpenicilloate (Af.^0, 
20). A solution of 10 mg. of anhydrous hydrogen eddoride 
(one equivalent, 9.4 mg.) in 2 ml. of dibutyl ether was added 
to 98 mg. of dimethyl n-a-benzylpenicilloatc. This was 
suspended in 8 ml. of dibutyl ether and addition of 5 ml. of 
dioxane with slight warming was required to dissolve the salt. 
This solution had a specific rotation of [aln^^ -1-35.3® (com¬ 
puted as the free ester). 

The solution was heaU'd at 100® for five minutes, then 
allowed to stand for several hours to permit a slight turbidity 
to settle. This solution showed a specific rotation of 
4“56.9®. The heating was repeated on the remainder 
of the solution for fifteen minutes. The specific rotation was 
now (a]D®^ 4*69.2®. Another heating period of thirty minutes 
at 100® caused the lotation to rise to [aln** 4'81.5®. An 
additional one hour at 100 ® caustnl decomposition as evi¬ 
denced by the yellow oolor of the solution and a drop in 
the specific rotation to -h61.5®. 

Perchloric Acid Salt of Synthetic Dimethyl n-a-Benzyl- 
penicilloate {M.Sl, 13; //>, 11:4^, 19; 47, 10; 60, 22). To a 
solution of 15 g. of dimethyl i)- 7 -henzylpenicilloate in 
375 ml. of methanol, 0.15 ml. of concentrated hydrochloric 
acid was added. After the mixture had been kept at the 
reflux temperature for five hours, the rotation of the solution 
had fallen from -M12.5® to -f41.2®. (An 

equilibrium value of 4-38.1® had been obtained 

previously.) 

The solvent was removed at reduced pressure, the residual 
gum was dissolved in (;hloroform and the solution was 
washed with dilute sodium bicarbonate solution, then dried 
over sodium sulfatci. Ckincentration of the solution under 
reduced pressure left a gum, which was dissolved in warm 
ether. (Pooling in an ice bath caused the separation of a gel, 
which was filtered from the solution and dried in a vacuum 
desiccator. The product, a sticky solid, weighed 13 g. 

To a solution of this material in 50 mi. of glacial acetic 
acid, a solution of 6 g. (one equivalent) of 70% perchloric 
acid in 100 ml. of glacial acetic acid was added. The solution 
was diluted with ether until it became turbid, then was 
cooled and scratched to induce crystallization. After a con¬ 
siderable amount of solid had separated, more ether was 
added to complete the precipitation. The yield was 11.8 g. 
of material melting over the range 133-140®; (a]D*® 4*38.1® 
(c « 0.996 in ethanol). The bulk of this product (10.8 g.) 
was further purified by another crystallization from acetic 
acid-ether, then three crystallizations from absolute ethanol- 
ether. In this way 1.6 g. of slender, felted needles was 
obtained; m.p. 160-152°, !«]©” 4-59.7° (c «■ 0.973in ethanol). 
Samples were dried at 56® in vacuo. 

Calc, for C,8H,405N,S HC104: C, 44.93; H, 5.25; N, 5.83 
Found: C, 45.12; H, 4.97; N, 5.89 
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A comparison of this salt with one obtained from sodium 
penicillin by methanol dof^radation followc*d by esterification 
with diazomethane and formation of the perchloric acid salt 
showed them to be identical in ineltinjr point and optical 
rotation The imdting ixunt of a rni\tnre of the “natural^’ 
and svntlK'tie materials was also 150-152®. 

A portion ol the criidi* p(‘rchloiic acid salt apjieared to 
be relatively inst)luble in ii(‘etic acid at 35”. Kepeated 
extraction of the salt witli acetic acid at this temperature 
left a residue with a .s<‘('min(;lv constant melting; point of 
08 102\ Th(' rotation was |a|i)** 4 30.8” (c = 1.0 in 
ethanol). 

One Kram f>f this niateiial was converted to the fre«' base 
W'hich was dissohed in a small volume of acetone. Dilution 
of this solution with ether and [>ctioleum (‘(her caused the 
separation of \irtualiy pun* dimellu 1 i)-')-beny> Ipmiicilloati*, 
m.p. 105 I07\ bdi,-’ +lt)7' {( - 3.1 in etlianol). A total 
of 255 mg;, of tlie T-isonier scpaiated, thr(*e additional 
crops being; obtained wIk'Ii the solution was diluted with 
mon* petroleum ether 

further dilution of llu* solution with p«*(roIi*um ether 
caused the mixture to set to a gel wlien eooli <1 'Die gel was 
collf'cted and reeonviTted to tin* jierehloiie acid salt The 
crude salt melted ovc'r a langi* stalling at about 130'*. 
After two crystallizations from an absolute ethanol-ethcr 
mixture, 50 mg. of tine uecdl(*s, in p 140-151 \ was obtained 
The free base pri'paied fiom this salt melted at 80 S 8 ‘,and 
the melting point was not lowered when this pioduet was 
mix(*d with a sample of diuielh\I n-or-benzylpimieilloale 

'J'he above procedure w as repeati’d using a hirgm* (plant ity 
( 2 ‘i g.) of the “aeetie acid insolulile” pt'reblone aeid salt. In 
this instance, however, the crude p<*rchlori<‘ acid salt b(*gan 
to melt at about 100 ”, and n'crystallization from absolute 
(‘thanol-elher ga\e, us the first crop, a material vith this 
same melting point. After two furth(‘r rrcrystaliizations 
from etlianol-cther stout needles w’cre ot)tained, m.p. 0 (M) 8 ® 
(micro-block), A\hieh appeared to be homogeneous. The 
rotation was -f47” (c ~ 1.02 in (‘(hanol). The free 

dimethyl n-bonzylpeiiieilloate regen('rat(*d from the salt 
proved, how'cvor, to be th<‘ 7 -isomer, rn.p. 108 109", but the 
yj(»Id was not quantitative and the salt is probably not 
that of th(' pure 7 -form. The mother liquor from the first 
recrystallization contained the salt of the or-form. 

Conversion of Dimethyl 0 - 7 -BenzylpeniciUoate to Di¬ 
methyl i)-«-Benzylpenicilloate Perchlorate Mf./JO, 22). 
EpinuTization of dimethyl i)- 7 -henzylpenicilloate, using 
perchloric acid as the catalyst, as well as the salt-forming 
acid, yi(‘lds the a-form. 

^\Tlen dimethyl i)- 7 -beiizylpenieilloate (380 mg.) was 
heated for 4 5 hours at 00" with 70S perchloric acid (110 ing.) 
in a mixture of glacial acetic acid (15 ml.) and ether (10 ml.), 
the salt which crystallized after the mixture was diluterl 
with additional ether melted over the range of 110-140°. 
It was apparently a mixture of isomers very much like that 
obtaiiuni from the hydrochloric ai*id isomerization product, 
10 ). This product w'as dissolved in acetic acid and 
the solution was diliitod wdth ether until a precipitate began 
to form. The mixture was then heated under a reflux con¬ 
denser for three hours at 40°. The crystalline precipitate 
which gradually form(*d during this time (150 mg.) melted 
at 140-146°. Ih'petition of the treatment yielded 90 mg. of 
material, m.p. 146-149°. This product was crystallized 
once from an absolute ethanol-ether solution to give 62 ing. 
(13/f') of the pure salt of the a-form, m.p. 150-151° (capil¬ 
lary, placed in hath at 140°). 

An experiment similar to tlie above in which p-toluene- 
aulfonic acid was used in an acetic arid-other solution re¬ 
sulted in the separation of the salt of the 7 -isomer rather 
than the desired product. 

Perchloric Acid Conversion of Dimethyl D-/ 3 -Benzylpeni- 
cilloate to the n-a-Isomer {M.44y 12 ; ^7, 12 , 18). To a 
solution of 749 mg, of dimethyl D-/ 3 -benzylpeniciIloate in 
2 ml. of acetic acid was added 3.3 ml. of an 8 . 6 % solution of 
70% perchloric acid in acetic acid. Immediately after 


mixing, ethor was add(*d to turbidity. Scratching induced 
quick crystallization. After standing overnight in the cold 
room, 474 mg, of perchlorate* was filtered, melting after slight 
softening at 146 147°. Hecrvstallization from absolute 
ethaiiol-ethcT gave 320 mg. of imKiiict im'Iting sharply at 
147-I48‘; 4 54.2*" (c - 1 m absolute ethanol). The 

jjerchlorate did not d<‘pii*ss the molting point ol dim(*thyl 
i>-rt-ben 7 yl] 3 enieilloate ))erehlorate mc'lting at 148 149°. 
The mother liquors from the hrst crystallization gave further 
crops ol lower rni'lting material. 

Deeoiiiposition of 295 mg of pen'hlonitt* in(4ting at 
147 1 48* ga\ e 152 mg. of ether-reervstallized base as jinsins 
melting at 86 - 88 " (mi(*r(>-blo(*kb 4 75.7° (c — 1 in 

elluinol), and sluAving no dtquession on adnnxtun* with 
autlieiitie dim(‘(hyl i>-«-benz.\ Ipenieillontc* melting at 86 88 ". 

Dimethyl n-rt-Benzylpenicilloate Perchlorate from Benzyl- 
penicillin with Hydrogen Chloride (Boon, (\srrington and 
Snow, 3) Fr(‘e benzvIixMiicillin was (’xtracted 

into 22 ml of ('tlier Irorn an aeidilied aipieoiis .solution ol 1 g. 
ol «lu‘ 11 ieth\ lammonium s.alt, and tl»e extiact w as dne<l ov(*r 
anhvdious magiK’sium sulpimti* Dry etiiereal hydrogen 
ehloride (6 95 inolc'enlat efpiixalents of M solution) was 
add(*d and tin* pr(‘eipitate was allowe(l to settle lor two 
hours. The ethereal .solution was «leean(ed from the .slightly 
stiek\ n‘.sidue, and tin* latt(*i was allow(sl to stand over 
phosphorus pemtoxide hi nu uo (dry weight 0 848 g.>. An 
excess (5 mol(*(‘uIar (*(pii\ alents; of <liazomethanc* in dry 
otb('r (25 ml) was added; tlie precipitate di.ssolved with 
<‘\oliition of nitrogen. The etbei(‘al solution was washed 
with dilute arpieous aeetie aeid, aquisnis sodium biearlionato 
and water, and dri(‘d ov'it magnesium suljihate The(*ther 
was removed and the product was allowed to stand over 
phosphorus pentoxide in vanio (0.762 g.) It w\'is di.ssnlv(*d 
in dry ether and treated with (dliercail peiehlone aeid (1 
molecular equivalent jireparial by the action of I'then'al 
hydrog(*n chloriih* on an elhen'al solution of silvi'r per¬ 
chlorate, tested for freedom from silver and chloride and 
estimated by titration). Tbe pi'ielilorate separated as a 
ery.stalhne solid (0.892 g.). Fractional crystallization from 
aeetono-etber gave no evidi'iice of the pres(‘nce of more than 
one product, and the m(4ling point, 142.5". remained un- 
chaiig(*d after thrc'c recrystalhzations. 

(’ale. for (hHll24()oN S ll(’l 04 : 

C\ 41.95; II, 5.2; N, 5.85; OCIU, 12.9 
Found: C, 45.2; II, 5.05; N, 6.1; OCH,, 12.8 

The pioduct mutarotated both in neetono and ah'oholic 
solution: 

4-61° 4-47.5° (30 minutes) —> 

4-28.5" (equilibrium after 24 hrs.) 
(r — 0.96 in acetone) 

[aW* 4*59° +65° (30 minuttxs) 

+28.5° (('quilibrium after 24 hrs.) 
(r = 0.9 in ethanol) 

Crystalline “Natural” Dimethyl n-or-Benzylpenicilloate 
p-Toluenesulfonate (Merck, 71/.+?, 5). A samphi (45.4 mg.) 
of/»-niethyl n-benzylpenicilloate (from methanol inactivation 
of sodium Ixuizylpcnicillin to Hd*** +150°) was converted to 
the dimethyl ester with ethereal diazomethano and isolated 
as a glas.sy solid. This wras dissolved in ether and treated 
with ethereal p-toluenesulfonic acid. Fine needles ap¬ 
peared. After two recr>'stallizations from ethanol-ethcr, 
the product w'cighed 16 mg.; m.p. 135-138" (micro-block). 
A few crystals did not melt until 143°. When mixed with a 
sample of synthetic dimethyl n-a-benzylpenieilloate p-tolu- 
enesulfonale, m.p. 134-138° (micro-block), there was no 
depression of the molting point. In all cases there appeared 
to be a few crystals which did not melt until 143°. The 
rotation was [chJd +41.7° (c ** 0.984 in ethanol). 

Calc, for CnJIiaNjOsS,: C, 54.31; H, 5.84; N, 6.07 
Found: O, 64.02; H, 5.66; N, 6.48 
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p-Toluenesulfonic Acid Salt of Synthetic Dimethyl 
i)-a-Benzylpenicilloate 5; ID- Puritied per¬ 

chloric* acid salt of dimethyl D-a-bcnz.ylpenicilloate (O.f) g.) 
was decomposcMl by snsiHindinK it in sodium bicarl)ona 1 (* 
solution and extracting the free base into chloroform. The 
chloroform solution was dried over sodium sulfate and eon- 
coTitrated under roduc(*d pnvssure to leave a colorlc'ss gum. 

The gum was dissolved in ether and treacted with an 
othc'real solution containing an (’xcf‘ss of 7 >-toluenc‘sulfonic 
aci<l. A gummy precipitaU*, which formed imme<liately, 
quickly solidifU'd wlum seratclicd. The product c^as crys- 
talliz(‘d from absolute (*thanol-ether to yield felled nei'dlc's, 
m.p. 145 -117° (capillarv, placed in bath at Kk5°); m.p 134 
138° (micro-block); la]i> 4-53.7° (c - 0.475 in ethanol). 

(^alc. for r.JIa-iOsN.S,: (\ 54.31; II, 5.84; 5.07 
Found: (\ 51.57; H, 5.67; N, 5.34 

Dimethyl N'^-Nitroso-n-a-benzylpenicilloate {M.7H, 6 ). 
a-Methyl n-a-b(‘nzylpen]cilloate (500 mg.) was treated 
with a slight excess of diazonu'thane in 30 ml. of ethyl c'ther. 
The solid dissolve*! eompletelv and nitrogen was liberated. 
The solution was concentrate**! to remove unused diazo- 
nu'thane, then diluted with ethyl ether to 50-ml. volume. 
The ether solution was washed twice* with 20-mI. portions of 
5*^; sodium bicarbonate solution and twice* with 20 -ml. por¬ 
tions of vate*r. After filt(*nng, the etlier was r(‘moved tn 
vacuo leaving a crystalline resnlue* of dimethyl n-a-bcnizyl- 
penicilloato. The <li(*ster was dissolved in 25 ml. of 15^; 
hydrochloric acid and the* solution was coolenl to 5°. A solu- 
tie)n containing 100 mg. ( 10 '. (‘xc(\ss) of sodium nitrite* in 
5 ml. of water was cooled to 5 and pourc'd into the acid 
solution. An iuinu'eliate precipitation of the N-nitros*) 
d(*rivative* insulted. The precipitate* was se‘parateMl by 
centrifuging, washe**! with 25 ml. e>f ice waten* and e*e*ntri- 
fugc*d again. The* N-nitroso derivative was fairly stable be¬ 
low* room temperature but rapidly turned to a gum and 
deM*ompost'd at room tempe'rature. 

Dimethyl i)-/^-Benzylpenicilloate .HI^ 8 ), ('onelensa- 

tiem of D-pcnicillarnine methyl este*r and methyl penaldate 
in beuling tolue*ne* gave* a reaction jireiduct which was e'on- 
vcrte’el to the liydrochlorielc, then crystallize*d freuu etlmr, 
yieleling appre>xiniate*ly 30',' of dimethyl i)-'>-he»nzylpenieil- 
loate hyelrochlorido. The ethereal mother liquor W'as 
dilutee! to 100 ml. vadurne, then washed with feiur 50-ml. 
portions of 5'’,', .sodium bicarbonate. Tlie ether laye'r w*as 
then liltered and evaporated to dryne*ss, giving the* fr(‘e e.ster, 
whieli w'lis taken up in 25 ml. eif eth(*r. From the solution, 
after five days, 3.1 g. of partly gel-like, partly crystalline 
product was obtaine'd. Ueerystallization yielde^d 260 mg. of 
mate*nal as soft nee*elle*s melting at 113-114". lliis produe*! 
gave no depression in melting peiint on mixing w'ith the 
dimethyl i>-/i“benzylpenicilloate secured by heating di¬ 
methyl i>- 7 -l)enzylpenieilloate in xylene. 

Conversion of Dimethyl n- 7 - and i>-a-Benzylpenicilloate 
into Dimethyl u-jS-Benzylpenicilloate 8 ; 50, 19). A 

solution of 1.00 g. of dimethyl i)- 7 -benzylpenicilloato in 
10 ml. xylene was heated under n'flux for three hours. 
The xylene was then removed in vacuo and the residue 
crystallized from ether. After two successive recrystalliza- 
tions, 120 mg. of the D-/?-isomcr was obtained as long silky 
needles melting at 113-114°. The compound sharply de¬ 
pressed the melting point of dimethyl D-'>-bonzylpenieilloale. 
It showed typical penirilloate ultraviolet absorption; |a]D^* 
•+•24.5° (c » 0.79 in methanol). 

Calc, for C,gH 240 DN 2 S: C, 56.82; H, 6.32; N, 7.37 
Found: C, 66.93, 66.94; H, 0.83, 6.84; N, 7.67 

One batch of dimethyl j)- 7 -ben 7 ylpenicilloate was un¬ 
affected by this treatment. A solution made from 100 mg. 
of dimethyl i>- 7 -benzylpenicillontc from this “stable'^ batch, 
dissolved in 10 ml. of toluem* was treated with ten micro- 
grams of iodine and refluxed for two hours. There was 
obtained 11 mg. of recr 3 ’' 8 tallized dimethyl i>-/tt-benzylpenicil- 


loate melting at 113-114° which showi**! no melting point 
depression with an authentic .sample. Approximately the 
same re.sult was secured on Iieating dinu'tliyl o-a-lienzyl- 
penieilloaie in toluene contiiining iodine, Iti'', of tin* dilfi- 
enltly crystallized dimethyl o-/'-J-benzylpenicilloate, m.p, 
112 114', being secured. The values of the crude, 

treate*! a- and 7 -benzyli)enicilloates were 4-25"' and 4-26° 
(c «= 1 in methanol). 

In refluxing xylene solution containing jo*liii(*, the di¬ 
methyl i)-a- and i)-'>-benzylp**nicilloate.s leacted as in 
toluene. 

Conversion of a-Methyl i)- 7 -Benzylpenicilloate to Di¬ 
methyl i)-jS-BenzyIpenicilloate 13). solution of 

10.0 g. of «-methyl i>-'>-benzylpeiii*-illoale in 150 ml. of 
methanol was n‘fluxe*l for tliirty-six hours. The solution 
was then cori(*(“ntrated ni vacuo to a thick syrup whi**li wa.s 
taken up in 200 ml. of ether. Aflt'r standing for forty-('ight 
hours, 2.107 g, of a-methy! i)-'y-])(*nzylp(‘mcilloate melting at 
161 105" was n*eoven*d. I'ln* nudher liquor malenal 
weigh***! 7.412 g. This was treated in chloroforin-c'lIx'r 
solution with *‘xeess diazomethane. The unus***! diazo- 
iiiethane find etlier wa'n* reinovaal and th** chloroform 
solution was washed with flilut** biearbonjite s*>lutn)ii an*l 
evaporatc'd to dryness, givdng 7.501 g. of inix*'d diriK'thyl 
n-benzylp*'nieilloates. The product wa.s tlissolvc'd in lOOml. 
of etlier an*l chilled to 0" for one hour. A eolorh'ss g**) precijn- 
tated wa'ighing 4.108 g. This 1 ra(*lion, when ervslallized 
from *‘ther containing a tnice of methanol gave 1.2 g. of the 
dimethyl n-/^benzylpeni**illoate melting at 113-114", 

Conversion of Dimethyl n- 7 -Benzylpenicilloate to Di¬ 
methyl i>-/I-Benzylpenicilloate (4/ 4^^ 12). A solution of 
10.0 g. of dimethyl n-'y-lH'nzylpc’nicilloate in 120 ml. of 
methanol containing 0.2 ml. of conc(‘ntrat(*(l hydrochloric 
acid W'as r(*tluxed for five liours. Tlu* solution was evapo- 
rate*I to ilryne.ss in vacuo and tlu* n'^idue was di^s*dved in 
50 ml. of methanol containing l.O g. of hydrogen ehhinde. 
The solution w\*is eoncentrat**d to fipproxiinately 30-inl. 
volume, then 200 ml. of ether was a*Mecl. After thri'c da vs 
th<* crystalline hydrochloride w4iich dcpositiul was n'lnoved 
by filtration. The produ**t incite*! at 91-93° with prelimimiry 
softening and weighed 7.518 g. Decomposition of this 
liydrochlorule by shaking with chlor*)form arul *lilute bi¬ 
carbonate and subsequent crystallization of the fi(‘e base 
from ether gave 6.380 g. of crude dimethyl i)- 7 -benzylpenicil- 
loate melting at 100-102°. The mother liquor from the 
hydrochloride crystallization was slnike.n w'ith three 5()-ml. 
portions of 5S' sodium bicarbonate solution. The ether 
layer, evaporated to dryness, gave 2.412 g. of amorphous 
base, by crystallization from etlufr, 780 mg. of dimethyl 
i)-f^-benzylpenicilloate, in.j). 113 114°, wuis secured. 

Stability of Dimethyl i)- 7 -Benzylpenicilloate in Pyridine 
( 4 /. 4 ^ 1 , 12 ). A 5' 4 ^ solution of dimethyl o-y-benzylpenicil- 
loate in pyridine show’cd an^*’ 4-5-70° (I dcm.) on mixture 
and ai> 2 '‘ 4-5.79° after luxating one liour at 100°. .Vft<‘r 
twenty hours heating at 100 ", starting material was re¬ 
covered in excellent yield. 

A solutum of 500 mg. of dimethyl D- 7 -benzyIp(*iiicill()ato 
in a mixture of 10 ml. of pyridine and 10 ml. of methanol w'as 
refluxed tor tw^enty Jiours. The starting mate’ial was re¬ 
covered in excellent ^ield. 

Conversion of the a-Ethyl /3-Methyl i>-/l-Benzylpeni- 
cilloate to the Dimethyl o-^t-Benzylpenicilloate {M.44, 17; 
4 /, 15). lOxactly 0.236 g. of a-etliyl /3-nu*thyl iHt-bcnzyl- 
penieilloate, m.p. 101-102', w^as<lissolve*l in 5mi. of methanol 
an*l 2 ml. of water and a drop of ph(*nolphthalein solution 
added. The solution was treated with one equivalent 
(6.37 ml. of 0.094 N solution) of sodium hydroxide. On 
working up in tlie u.sual manner, the acidic fraction w^as 
obtained as a w’hitc* fluffy solid. This was taken up in ether 
and e.sterificd with diazomethane to give 170 mg. of neutral 
oil. 

Th(* product appeared to be chromatographieally homo¬ 
geneous; it wuis eluted from activated alumina by ether con¬ 
taining 2% of methanol. From dilut-e methanol was depos- 
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ited j>oorly crystiilline material of m.p. 107-111®; -|-18® 

(c « 2.12 in absolute ethanol). Slow concentration at room 
temperature of an absolute ethanol solution of the material 
gave cryiitals melting between 110 and 114°. These observa¬ 
tions indicate that «-ethyl /-f-methyl i>-/i-benzylpenicillt)ate, 
m.p. 101 102 °, in configurationally related to dimethyl d-/ 3 - 
benzylpenicilloate, m.p. 113-114° and 4-21.5° (in 

methanol). In confirmation of this, a mixture of the latter 
compound and the material of m.p. 110-114° described above 
melted at 112.5-114°. 

Hydrogenolysis of Dimethyl u-jS-Benzylpenicilloate {MM), 
25). A solution of 250 mg. of dimethyl D-/3-bonzyIpenicil- 
loato in 5 ml. of dioxane and 15 ml. of water was treated with 
3 g. of freshly prcparetl Haney nickel catalyst. The mixture 
was stirred for 1.5 hours at room temperature and then 0.5 
hour at 65°. The nickel was removed by filtration and 
washed with 15 ml. of methanol. The combined filtrate 
and washings were evajiorated to a few milliliters in vacuo 
up to 50°. The oil was extracted from the water with ether 
and the extract was then washeil Avell with water. The 
ether layer gave 98 mg. of colorless oil upon evaporation. 
This oil could not be crystallize<l. No crystalline salt was 
found. The oil gave a negative azide sulfhydryl test; [ajD^* 
4 - 22 ° (c « I in methyl alcohol). 

Calc, for CigH 2 « 0 *Na: C, 61.70; H, 7.48; N, 8.00 
Found: C, 61.99; II, 7.47; N, 8.01 

Dimethyl N^-Benzoyl-D-/3-benzylpenicilloate {M.44, 15). 
a-Methyl N^-benzoyl-n-/3-benzylpenicilloate, m.p. 227* 229°, 
was methylated in a methanol-ether solution wdth diazo¬ 
methane. After removal of the solvents, the residue was 
crystallized from ether by adding petroleum ether. Tlie 
product crystallized in needles, m.p. 83-84°. 

Calc, for CagHasNaOeS: C, 61,96; II, 5.82; N, 5.78 
Found; C, 61.28; II, 5.91; N, 5.81 

Dimethyl N<-Benzoyl-D-/9-beiizylpeiiicilloate and the Con¬ 
figuration of the Dimethyl n-Benzylpenicilloate Melting at 
113 - 114 *^ (M.47, 18). A solution of 525 mg, of dimethyl 
n-jS-benzylpenicilloate melting at 113-114° in 3.34 g. of 
dimcthylaniline was treated at 0 ° with 1.93 g. of benzoyl 
chloride. After one-half hour, the solution wa.s removed 
from the ice bath and let stand at room temperature over¬ 
night. The reaction mixture was diluted with 25 ml. of 
ether, then washed with six equal volumes of N hydro¬ 
chloric acid and three equal volumes of 5 . 0 % sodium bi¬ 
carbonate solution. The ether layer was evaporated to dry- 
i^ess and the residue extracted with three 10 -ral. volumes of 
petroleum ether to remove benzoyl chloride. Efforts to 
crystallize the dark colored residue were unsuccessful. The 
product, dissolved in 20 ml. of 2:1 ether-petroleum ether 
mixture, was passed over a Brockmann alumina column 
(20 cm. long, 1.5 cm. diameter). Elution was continued 
with pure ether. The first 50-ml. eluate gave 325 mg. of 
almost colorless product from which was secured by crystal¬ 
lization from ether-petroleum ether, then thrice from ether, 
41 mg, of constant melting rod-like crystals melting at 
79-^80° (micro-block), [afo** 4-12.7° (c « 1 in ethanol). 
This N-benzoyl derivative did not depress the melting point 
of authentic dimethyl N^-benzoyl-D-zS-benzylpenicilloate 
prepared by methylation of a-methyl N^benzoyl-i>-^- 
benzylpenicilloate. The observed constants on the latter 
material were: m.p. 80-81° (micro-block); Wd” 4-14.5° 
(c « 1 in ethanol). 

Calc, for C,gH,tO*NjS: C, 61.97; H, 5.82; N, 5.78 
Found: C, 61.38, 61.50; H, 5.58, 6.05; N, 6.05 

Preparation of Sjmthetic Dimethyl D- 7 -Benzylpenicilloate 
7; cf. Shell, Sh.S, 22). To a solution of 2 g. of syn¬ 
thetic a-methyl n- 7 -benzylpenicilloate in chloroform, ethereal 
diazomethane was added until the yellow color persisted. 
After a few minutes the solvent was removed under reduced 
pressure. Ether was added to the residue. On scratching, 


the material crystallized; yield, 1.47 g. The substance was 
recrystallizcd from acetone-ether; m.p. 109-110°. 

Calc, for CuHagOgNgS; C, 56.81; II, 6.32; N, 7.36; OCHi, 16.3 
Found: C, 56.44; H, G.41; N, 7.27; OCH,, 14.7 

Dimethyl D- 7 -Benzylpenicilloate (Upjohn, U.ll, 16; 
17, 3), To a suspension of 435.3 mg. of finely divided 
a-methyl D- 7 -benzylpenicilloat(* in 25 ml. of anhydrous 
ether was added an excess of freshly prepared, cold, diy 
ethereal diazomeihane followed by approximately 0.5 ml. of 
methanol. The mixture was swirled at room temperature 
occasion all j*- during the lively evolution of gas. When 
essentially all of the solid had dissolved, the reaction mixture 
was warmed gently to complete the reaction and remove 
excess diazomethane. The solution was filtered and the 
filtrate wa.shed once with 5.0% sodium bicarbonate, then 
twice with water, and dried over anhydrous magnesium 
sulfate. The dried solution was filtered and the filtrate 
allow'ed to evaporate spontaneously whereupon the diester 
ciystaliized in burrs of slender white needles; yield, 408.4 mg. 
(90.6' J, m.p. 107-109°; fab*" +100° (e =« 6.13 in absolute 
ethanol). 

Calc, for (^8Il24N20fiS: C, 56.81; II, 6.32; N, 7.36 
Found: C, 57.01; II, 6.45; N, 7.42 

To a solution of 0.361 mg. of the diinetliyl n-y-bonzyl- 
penicilloate in absolute ethanol was added 0.257 mg. of 
mercuric chloride in absolute ethanol. The volume was 
made up to 10 ml. After s 6 venty minutes, the reaction mix¬ 
ture showed an absorption maximum at 2,800-2,810 A; 
Eiom.1% 258.3. 

Regeneration of Dimethyl u-y-Benzylpenicilloate from 
^-Methyl D- 7 -Benzylpenicilloate (Merck, M40, 9 ; 41, 14). 
To a chloroform solution of 2.15 g. of jS-rnethyl n-y-benzyl- 
penicilloate (prepared by saponification of dimethyl 0 - 7 - 
benzylpenicilloate), ethereal diazomeihane was added until 
the yellow color persisted. Evaporation of the solvent under 
reduced pressure gave an oil which crystallized on rubbing 
with ether; yield, 0.83 g.; m.p. 106-108°. Authentic di¬ 
methyl D- 7 -bcnzylpeniciIloatc melted at 108-109°. A 
mixed melting point was 108-109°. 


An ethanol solution containing 0.524 g. per 
dimethyl D-beuzylpenicillonte was treated with 
lent of mercuric chloride per mole of substrate, 
lion changed as follows: 

100 ml. of 
one oquiva- 
Thc rota- 

Time after HgCU addition 1 

fab” 

Before addition. 

4 mins. 

+ 112 ° 

+ 35° 

+ 30° 

+ 26° 

+ 24 2° 

+ 24.2° 

+ 24 2° 

10 mins. . 

33 mins. 

62 mins. 

91 mins. 

160 mins. . 



After 160 minutes it showed a 2,800 A band, Em 7,460. 


When the above experiment was repeated with one equiva¬ 
lent of henzylamine added before addition of the mercuric 
chloride, the following change took place: 


Time 


6—7 mins... 

-18.6° 
-19.6° 
- 21 . 6 ° 
- 21 . 6 ° 

16-17 mins. 

48 mins. 

86 mins. 



After 86 minutes it showed a band of 2,800 A of Em 17,300. 
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Dimethyl D-7-Ben2ylpenicilloate from a-Methyl i>-7- 
Benzylpenicilloate (Squibb, 2). A solution of 3.0 g. 
of a-methyl D-7-benzylpenicilloate in chloroform was 
treated with ethereal diazomethane until the yellow color 
persisted. The solution was then concentrated under 
reduced pressure and the residue dissolved in a small 
volume of chloroform. The addition of ether to this solu¬ 
tion caused the precipitation of 2.23 g. of solid, m.p. 110- 
110.5®; -f 122® (r =* 1 in methanol). Merck reported 

a melting point of 109-110®. 

A second crop of 0.5 g. was obtained by the addition of 
hexane to the mother liquor. This second crop of material 
melted at 108-109®. 

Preparation of Dimethyl D-7*Benzylpenicilloate from 
D-7-Benzylpenicilloic Acid (<8..^/, 2). To an ethereal sus¬ 
pension of 100 mg. of benzylpenicilloic acid, prepared by the 
hydrolysis of a-ethyl D-7-benzylpenicilloaie and isolated via 
the lead salt, ethereal diazomethane was added in small 
portions until the yellow e.olor persisted. After thirty 
minutes, the solution was concentrated in a stream of nitro¬ 
gen. The crystalline residue was waslu’d with a small 
amount of absolute ether. The product weighed 60 mg. and 
melted at 100-105°. 

The product was dissolved in chloroform, filtered from 
a small insoluble fraction and concentrated to a syrup. 
Crystallization was started by the addition of a small amount 
of ether. The crystals were filtered off and washed with 
ether. They weighed 40 mg. and melted at 100-108°. A 
mixed melting point with a sample of dimethyl ester (m.p. 
110-110.6®) was 108-110®. The rotation was [aW^ -fin° 
(c « 1 in ethanol) as compared with -f 122® (c = 1 in 

ethanol) for the dimethyl ester prepared from a-methyl 
D-7-benzylpenicilloatc. 

Heats of Combustion and Formation of Dimethyl 0-7- 
Benzylpenicilloate (Rossini, Prosen and Johnson, BS.^t 1). 
Measurements of the heats of combustion were made with 
the apparatus and procedure described in J, Res. Nat. Bur. 
Standardsf 27, 289 (1 94 1) and S3, 255 (1 944 ). The procedure 
was modified in several details since this compound con¬ 
tained sulfur. These modifications were used to obtain a 
more clear-cut reaction in the bomb and to improve the 
analysis of the products of combustion. 

Before combustion, the sample.s were dried for eighteen 
hours in vacuo over phosphorus pentoxide. The material 
was formed into pellets for combustion, with about 0.75 g. 
being used in each experiment. A pellet of about 0.75 g. of 
NB8 Standard Sample benzoic acid was burned along with 
each sample. The amount of reaction in each calorimetric 
experiment was determined from the mass of carbon dioxide 
produced from the sample. There was calculated the 


Heats of Combustion and Formation of Dimethyl 
D-7-BenzylpenicilIoate 


Formula 

No. of 
ex pis. 

Mass of COs formed 

Heat of 
oombustion,* 
-AHc® 
at 25®C. 

Heat of 
formation,b 
4aHf® 
at 2n^C. 

Mass of CO 2 oalod. 

CiiHmOiNsS 

2 

0.09698 ± 0.00040 

kcal/mole 
2279.3 ±28 

kcal/mole 
-233 5 ± 2.8 


*AHc^ representa the heat evolved in the combustion of the given 
■ample in the solid state in gaseous oxygen to form gaseous carbon 
dioxide and liquid water and gaseous nitrogen and crystalline sulfur 
(rhombic) at 25^ and constant pressure, with all the reactants and 
products in their appropriate standard reference states, according to the 
following reaction: 

CitHt40iNi8(Q) + Os<f) •• 18 COa(g) + 12 HaO(0 + Ns(c) 4* S(o.rii> 

^ represents the increment in the heat content of the process of 
forming the given compound in the solid state, from its elements, at 25^, 
with all the reactants and products in their appropriate standard refer¬ 
ence states, according to the following reaction: 

18 C(c. graphite) + 12 Hi(c) + H Ot(s) 4 Ni(*) + S(e,rh) 

■■ CiiHsiOiNiSto) 


ratio of the mass of carbon dioxide formed in the combustion 
to the mass of carbon dioxide calculated stoichionietrically 
from the m.*iss of sample placed in the bomb for combustion 
From the tneasureil heat of combuslion per mole of carbon 
dioxide produced there was calculated the licat of combustion 
per gram-formula-veight Combination witli th(‘ ajipro- 
priate values for the luails of formation of carbon dioxide 
and wat(‘r yield(*(l values lor the heats of formation of the 
compound from tlie elements. The results are summarized 
in the preceding table. I'ln* uncertainties given are c‘Hti- 
mated overall uncertainties. 

Epimerization of Dimethyl D-7-Benzylpenicilloate in 
Methanol with Sodium Methoxide (Merck, AI. 40 , 13). 
Dimethyl D-T-benzylpenicilloate (5 g.) was dis.solvcd m 
»50 ml. of absolute* methanol m which S2 mg. of sodium had 
been dissolved. This solution showeal a specific rotation of 
[alo** 4-41.0® but after refluxing for three hours, the rota¬ 
tion could not be observed because of the dark color. The 
solution was cooled, diluted with 100 ml. of chloroform and 
wtished twice with 50-ml. portions of water. The filtered 
chloroform solution was concentrated to dryness in vacuo 
to yield 3.39 g. of an amber colored gum. Attempts to 
obtain a crystalline hydrochloride of this dimethyl o-bcnzyl- 
penicillo.ate were unsuccessful. 

Perchloric Acid Salt of Dimethyl D-7-Benzylpeiiicilloate 
(M. 47 , 10). To a solution of 760 mg. of dimethyl D-7-bonz- 
ylpenicilloate in glacial acetic acid, 0.3 g. of 70perchloric 
acid was added. When the solution was diluted with ether, 
a gel was formed. This material was removed by filtration, 
washed with ether and dissolved in acetone. Addition of 
ether to the acetone solution caused the separation of clusters 
of slender noodles. (The attempted use of acetic acid-ether 
and ethanol-efher for crystallization had previously been 
found to result in gel formation.) The product was crystal¬ 
lized a second time from acetone-ether and dried at 56*^ 
(1 mm.). It melted at 126-127° (capillary, placed in the 
bath at 110®) with some preliminary sintering at 120°. 
The rotation was [a]D** +93.5® (c ^ 0.984 in ethanol). 

Calc, for Ci 8H,406N2S HC104: C, 44.93; II, 5.25; N, 5.83 
Found: C, 44.88; H, 5.48; N, 5.92 

Dimethyl Desthio-D-7-benzylpenicilloate (Af.tfO, 19). A 
solution of 1 g. of dimethyl i>-7-benzylpenicilloate in 15 ml. of 
pure dioxane was diluted with 15 ml. of water and 20 g. of 
Raney nickel catalyst was added. The suspension was 
stirred at room temperature for 1.5 hours, then at 70® for 
fifteen minutes. The catalyst was removed by filtration. 
The filtrate was concentrated m vacuo to a volume of 
approximately 5 ml. The crystals that formed during 
the concentration were separated by filtration and dried. 
The yield of crystals was 240 mg., m.p. 77-79°. Extraction 
of the aqueous concentrate with chloroform and removal of 
the solvent in vacuo, etc., yielded 230 mg. of gum that did not 
crystallize even when seeded with the crystals isolated 
in the preceding step. Two recrystallizations of the crystals 
from ether-petroleum ether gave a product with the constant 
melting point of 79® and [a]©** +28.0® (c * 1.0 in methyl 
alcohol). 

Calc, for CislIacNaOj: C, 61.69;‘ll, 7.47; N, 7.99 
Found: C, 61.90; fl, 7.13; N, 8.33 

Dimethyl Desthio-i)-7-beiizylpenicilloate Hydrochloride 

{M.66. 12). An ether solution (3 ml.) of 37 mg. of dimethyl 
desthio-i>-7-benzylpenicilloate {M .50, 19) was treated with 
an excess of anhydrous hydrogen chloride. Tlie resulting 
oily precipitate readily crystallized after standing for a few 
minutes; m.p, 144-148®. After two recrystalUzaiions from 
methanol-cther, the slender needles melted at 145-148® 
(micro-block); [aln** +30.6° (c » 3.92 in methanol). 

Calc, for CisHwNsOiCl: C, 65.83; H, 7.04; N, 7.25 
Found: C, 55.79; II, 7.00; N, 7.45 . 



618 


PENILLOIC AND PENICILLOIC ACIDS 


Dimethyl N^-Formyl-n-T-benzyloenicilloate (M (>; 
53, G). To a susponsioii of a-methyl N^'-formyI-i>7-horizyl- 
penicilloate in rlilorofonn, an excess of diazomethane in 
ether was added. Heuction took place readily. Kvapora- 
tion of the solvent rapidly \uidcr reduced pressure Rave a 
solid powd(*r. The material could not be recrystallized, 
however, since treatment u ith solvents gave an oil. The oil 
was purified by distillation in a molecular still and a fraction 
which collected at a bath temiierature of 125-130" at 0.5 
micron was analyzed. 

CVlc. for (\ 55 8G; 11, 5.02; N, 6 8G 

Found: (\ 5G.04, H, G 03; N, G.Ol 

IVealinent of ilinic‘thvl n-'y-benzylpcnicilloate w'ith formic 
acid and acetic anhydride gave a similar product. 

Dimethyl N^-Formyl-L)-7-benzylpenicilloate (Upjohn, 
r\/?, 3). Using the procedure of the University of Michigan 
group 5), 175 mg of crystalline dim(*thyl n-7-benzyl- 
penicilloate was treated with a mixture of 2 ml. of formic 
acid and 1 ml. of acetic anhydride. The solution was al¬ 
lowed to stand at room temperature for twenty hours and 
the excess reagents were nmiov'ed in vacuo. The glassy 
residue was highly soluble in ether and sparingly soluble in 
petroleum ether. All attempts to crvstalli/e the gla.ss failed. 
Without further characterization, the enuh* prtjduct was 
used for treatment with phosphorus piMitasulhde (below). 

Dimethyl N^-Formyl-n-7-thionbenzyloenicilloate (U U\ 
4). The glass presumed to be the N-formyl comjKniiul 
(121 mg.) was heated under reflux with 55 mg of phos¬ 
phorus pentasulflde in 25 ml. of benzene (procedure based 
on that of (hitewood and Johnson, J. Am Chrrn Soc , ^3, 
2900 (192G)). After heating for 1,5 hours, the solvent was 
remcjved in vacuo and the residue digested with several 
portions of pelroleum ether. In this w'ay 20 mg. of resinous 
solid was obtained. 

Dimethyl N'‘-Acetyl-D-7-benzylpenicilloate (Merck, 

13). All ether solution of diazomethane was added to a 
solution of G.JO g. of «-methyl NMicetyl-i)-7-benzylpenicil- 
loate (14.9 millimoles) in 100 ml. of chloroform until the 
yellow color persisted. p>aporation of the solvent gave an 
oil which partially crystallized on standing overnight. 
Ether was added and the product filtered; yield, 5.45 g., 
m.p. 103 -105"; second crop, 0.G4 g., m.p' 102-103"; total 
yield, G.09 g. (97<;). The material wa.s recry.stallized from 
acetone-ether. The analytical sample melted at 102-103". 

Ualc. for (\ 56.85; H, 6.20; N, 6.63 

Found: C, 57.12; H, 6.03; N, 6.23 

Attempts w(Te made to cause the a-methyl ester group to 
form a benzylamide by treatment with benzylamiue. Only 
starting material was recovered even after refluxing in 
xylene solution. 

Preparation of Dimethyl N^-Methoxalyl-i)-7-benzylpeni- 

cilloate (M.fiO, 17; 6*3, 22). An exci'ss of ethereal diazo- 
methane was added to a suspension in chloroform of 
«-methyl N‘'-methoxalyl-i)-7-beiizylpenicilloate. The sus¬ 
pended material dissolved as it reacted, lleinoval of the 
solvents at reduced pressure loft a gum which crystallized 
from a mixture of acetone, ether and petroleum ether. 
Recrystallization from the* same mixture of •solv'cnts gave 
elongated pri.sms, m.p. 150-151"; +183" (r — 1.18 in 

ethanol). 

Calc, for C^iHseOsN+S: C\ 54.04; JI, 5.63; N, 6.01 
Found: C, 54.29; 11, 5.82; N, 6.05 

Dimethyl N^-Isobutyryl-D-7-benzyloenicilloate (M. 6 * 6 *, 
16). To a suspension of 45 g. of «-methyl N^-lsoliutyryl-n- 
7-benzylpenieilloate in (*ther, diazomethune was added until 
the reaction was complete. The esler crystallized readily; 
yield 16.5 g. After recrystallization from ether the melting 
point was constant at 123r-124". 

Calc, for rwIhoN.OeS: (\ 58.65; H, G.71; N, 6.22 
Found: C, 58.87; II, 6.76; N, 6.21 


The equivalent weight was found to be 455 (theory 450) 
by adding an excess of lithium hydroxide solution and 
back-titrating with hydrochloric acid. It appears that one 
ester group was readily hydrolyzed. 

Dimethyl N^-Benzoyl-n-y-benzylpenicilloate {M.IGy 1 ; 
33, 7). To 7 g. of a-methyl N^-bcnzoyl-n-7-benzylpeiiicil- 
loate, susi)endeil in 150 ml. of chloroform, ethereal diazometh- 
ane was add(*d with swirling until the yellow color persisted. 
The solvent was evaporated under reduced pressure. A 
eolorl<\ss oil remained, which became crystalline on stirring 
with ether. The dimothvl N^-bonzoyl-n-y-benzylpenicil* 
loate, m.p. 137-138", weighed 6.7 g. It was recrystallized 
from acetone-ether; m.p. 137-138°. 

('ale. for UJl^HOcNaS: (', 61.96; H, 5.82; N, 5.78 
Found: C\ 61.90; II, 6.04; N, 5.98 

Dimethyl N^-Benzoyl-o-y-benzylpenicilloate Sulfone 
(A/0'/, 4), nimethyl N‘-benz()vl-i)-7-beiizvlpenicilloate 

(32 0 mg.) was dissolved in 1 0 ml. of glacial acetic acid. 
To the solution were added small portions of an aqueous 
solution of potassium pcn iiiaiiganate (104.6 mg. in 50 ml. of 
watei; until a permanent permanganate color persislcal, in 
all 6.0 ml. being reipiired 'Pins corresponds to approxi¬ 
mately t\\o atoms of oxygen j)er mole of pemeilloate. 'riien 
after addition of 1.0 ml of gliieuil ae(‘tie acul, sulfur dioxide 
gas was pa.ssed into the solnliori, deeolonzing it almost 
instantlv. (Concentration to 0.5 ml. caused the separation 
of a colorless oil which was e\tr;icted willi two lO-ml por¬ 
tions of ether. Ev.aporation of tlii' ether left l‘.kl mg. of 
neeilles melting at 169-170" (micro-block). Ueerystalliza- 
tion Irom eth(‘r diil not raise the imdtmg point of the di¬ 
methyl NM)eiizoyl-i)-7-benzylpeiueilloate sulfone, 

('ale. for C26ll2«N208S: C\ 58.13; H, 5.46; N, 5.42 
Found: U, 58.31; 11, 5.51; N, 5.80 

Oxidation of dimethyl X’“l)erizoyl-o-7-benzvlpenicilloate 
was also carried out on 26.6 mg using 0 02 ml. of 30^(i 
hydrogen peroxide in O.l ml. of glacial acetic acid and allow¬ 
ing it to staiul at room temperatiin* for four davs. The .solu¬ 
tion WHS treated with solid manganese dioxide, filtered and 
the filtrate was evaporated to drvnesH in vacuo and oxtracU^d 
with ether. Evaporation of the other left a gum which 
was crystallized by adding petroleum ether to its benzene 
solution. The product melted at 163 168" (micro-block). 
Kecrystallization from ether gave 14.3 mg. of crystals melting 
at 167-168" (micro-block). 

With jierbenzoie acid m chloroform, dinu'thyl NMx'iiz- 
oyl-n-7-beTizylpenieill()ate used up an amount of the 
reagent corresponding to two atoms of oxygen per mole of 
penicilloate. 

Reaction of Dimethyl N^-Benzoyl-n-y-benzylpenicilloato 
Sulfone with Oxalyl Chloride {M.df), 6). Finely powdered 
dimethyl N^-beiizoyl-i>-7-b('nzylpenieill()ate sulfone (300 mg.) 
was treated with 10 ml. of oxalyl chloride-xylene mixture 
(1:5). Solution was completed in approximately ten 
minutes. After forty minutes, the mixture was evaporated 
to dryness in vacuo and the residue was crystallized from 
benzene-petroleum etluT, giving 199 mg. of product; m.p. 
180-185". .\ftor tw(j reerystallizations from benzene- 
pi'troleurn ether, the oxazolidinedione, pale yellow needles, 
melted at 203-204°; —68" (c « 0.37 in benzene); 

Em 9,600 at 3,525 A (in tetrachloroothane). 

('ale. for (^,7H2flOloSN2: N, 4.91 
Found: N, 4.63 

Attempted Reaction of Dimethyl N^-Benzoyl-D-7-benzyl* 
penicilloate with Nitrous Fumes (A/./14, 6). A solution of 
1 g. of dimethyl N‘‘-benzoyl-r)-7-benzylpcnieilloate (m.p. 
137-138") in 5 ml. of acetic acid was cooled to 8". Nitrous 
fumes were passed in until the solution was green (fifteen 
minutes). The mixture was allowed to stand at 8" for an 
additional hour, and then at 25° for fifteen minutes. The 
solution was poured into water and the resulting precipitate 
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filtered, washed witli water, and dried in vacuo. The pr(»duct 
weighed 0.8 K. and melted at 121 -132°. It K^ve a n<‘gative 
Lieberrnann (nitro.samine) test. The inatenal on reervstal- 
lization from aeetoiie-ether-petrol(Mini ether yielded 0.5 g. 
of unchanged starting material, in.p. 136.5-138”. 

Attempted Reactions of Dimethyl N ♦-Benzoyl- 1 )- 7 - 
benzylpenicilloate with Acetic Anhydride {M.56^ 13). A 
solution of 2.00 g. (1.17 millimoles) of dimethyl NMienzoyl- 
D- 7 -benzylpenicilloate, m.p. 137“'138”, in 3.04 ml. (11.7 milli- 
nioles) of acetic anhydride was lieated for twenty-five 
mmutes at 100 ”. The colorless solution was cooled and 5 ml 
of water and 0.65 ml. of pyridine were added. (Vystals 
began to form immediately. After ten minutes 4.13 ml. of 
1.05 .V sulfuric acid and 20 ml. of water were added. The 
crystals weighed 1.05 mg. and melted at 130-137.5” after 
recrystallization from acetone-ether-petroleum ether. 

A solution of 1 g. of dimethyl NM)enzoyl-n- 7 -benzyIpeni- 
eilloate m a mix tun* of 3 ml. of pyridine, 3 ml. of acetic 
anhydride and 9 ml. of xylene was refluxed for one hour. 
Water was then added to decompose the acetic anhydride. 
Sulfuric acid equivalent to the pyridine present was added 
ami the solution was extracted with ether. The ethereal 
solution was washed with bicarbonati*, the. ether was re¬ 
moved by distillation, and the residue was crystallized from 
acetone-ether-i)otroleum ether, yielding 0.80 g. of starting 
material, m p. 136.5 137.5”, m the first crop. The bicar¬ 
bonate washings (acid fraction) were examined for phenyl- 
acetic acid but none could bo detected. 

In a final experiment, l.OO g. of dimethyl NM)enzoyl-i>- 7 - 
benzylpemcilloate was reflinxcd for two hours with 4 ml. of 
ac(*tic anhydride. The solut ion was cooled, and water and a 
small amount (0.65 ml.) ot pyridine were added. Un¬ 
changed starting material (0.91 g.) of m.p. 136-137” crys¬ 
tallized from the aqueous solution. 

Cleavage of Dimethyl N^-Benzoyl-D- 7 -benzylpenicilloate 
with Potassium Hydroxide in Methanol (M.33^ 8 ). To 1 g. 
of dimethyl N♦-benzoyl-n-y-benzvlpemcilloate (2.07 milli- 
mole.s), dissoKed in 10 ml of m(*thanol, 1.97 ml, of 1.05 N 
potassium hydroxidi* in methanol (2.07 millimoles) was 
added Aft<‘r standing overnight, the methanol was 
cvaporat(‘d under r(*dneed pressiito. Ether and water were 
added to the residue. The ether layer yielded 0.17 g, of 
iiiateri'd, m.p, 1JO--125”. Alter recrystallization from acet¬ 
one-ether, It melted at 137 138”, An authentic samjdc of 
methyl /itj^-dimethyl-cy-benzoylaminoacrylate melted at 
137-138” A mixed melting point showeil no depression. 

Dimethyl N‘-Phenylacetyl-i)- 7 -benzylpenicilloate {M.20, 

13) . To 1 g. of svnthetic dimethyl n- 7 -bcnzylporiicilloate 
(6 23 millimoles), dissolved in 10 ml. of benzene, 0.63 g. 
(5.2 millimoles) of dimethylaniline and 0.41 g. (2.63 milli¬ 
moles) of phonylacetyl chloride were added. After standing 
overnight, tlu* benzene solution was extracted thoroughly 
with dilute hydrochloric acid, washed with water, dried and 
evaporated. The residue was an oil which did not crystallize. 

Dimethyl N*-Carbophenoxy-T)- 7 -benzylpenicilloate {M .63^ 

14) . A solution of 0.5 g. of «-methyl N♦-carbophenoxy-n-y- 
benzylpenicilloate {M.3S, 3) in chloroform was treated with 
an excess of diazomethane in ether. Kemoval of tlie solvents 
at reduced pre.ssure left an oil which crystallized when ether 
was added. Recrystallization from acetone-ether-p 6 tro- 
Icuni ether gave prismatic needles (0.4 g.), m.p. 133-134” 
(capillary). 

Calc, for (\dhKOSN 2 : (\ 59.96; II, 5.64; N, 5.60 
Found: 60.01; H, 5.62; N, 5.46 

NPreparation of Dimethyl i>-5-Benzylpenicilloate from 
D-5«Benzylpenicinoic Acid (Squibb, 1 ; 23). A 

suspension of 0.3 g. of D- 6 -beuzylpenicilloic acid (obtained 
by the decomposition of its copper salt) in anhydrous ether 
was treated with an ethereal solution of diazomethane until 
the evolution of nitrogen had ceased and the yellow color 
persisted. The ethereal solution was then concentrated 
in a current of nitrogen. The residue was dissolved in 


chloroform and the solution centrifuged to remove a small 
amount of insoluble material. Concentration of the (‘hloro- 
form solution gave* a viscous syriij). The addition of anhy¬ 
drous ether to the syrup caused crystallization of a solid, 
m.p. 86-103°. Aft(*r two recrystnllizations from a chloro¬ 
form-ether mixture, 145 mg. of solid, in p. 111-111”, was 
obtained; lorji)’-* —40” {c =* 1 m methanol), 

(^ilc. fur 

(\ 56 81; H, 6..32; N, 7.39; (K4E, 16 32 
Found: C, 56 55; 11, 6.21, 7.18, 0(41,, 16 47 

A mixe<l melting point of this ester with dimethyl n-y-benz- 
ylpenicilloate (m.p. 110-110.5”) showed a marked depres¬ 
sion, being 90- 102”. 

The ultraviolet absorption of the dimethvl esl(*r is almost 
identical with that of a-ethyl n-y-benzvlpenicilloate and 
i>-benzylpemcilloic aci<l. On addition of one equivalent of 
merciirie chloride to the alcoholic solution the characti'nstie 
“penicilloate band'^ at 2800 A developed to high intensitv, 
Em 10,000. 

A second esterification was earned out on 1.3 g of o-^- 
henzylpenicilloic acid (obtained through the copper salt). 
In tins run, the chloroform solution of the profliict was 
wiishetl with saturated sodium bicarbonate solution to 
remove any unreacted acid. The dicster, isolated in the 
same manner as indicia ted previously, weighed 0.5(> g and 
melted at 115-117”; —43^ (c = 1 in methanol) 

Levorotatory Dimethyl i)-/>-Benzylpenicilloate (S 21 ). 
A suspension of 100 mg of cupric salt of i)-(5-benzylpenicilloic 
acid, prepjired from the copper salt from ben/> Ipemeillin 
(S.3^, 11), in 50 ml. of dry eth(*r was treated with ethereal 
diazomethane until solution n»snlted and a slight excess of 
the reagent was present. The solution was (*vaporated 
and the residue tak(*n up in a little chloroform. On addition 
of ether and h(‘.xane the diostcr was obtained in form of 
large prisms. It melted at 116-117° after softening at 
115” and showed no depression when mixed with the di¬ 
methvl i)-5-henzvlpenicilloate, mp 114-116°, obtained via 
the eiqirie salt from D-y-benzylpenieilloie acid. -35” 

(c — 1.0 in methanol). 

(ale. for CbHH*i 40 ftN 2 S: (\ 57.05; H, 6.45 
Found: (\ 56,82; II, 6.35 

Regeneration of Dimethyl d- 5-Benzylpenicilloate from 
/ 8 -Methyl i)-5-BenzylpeniciIloate (S.33, 2). A suspension of 
100 mg. of ^ 1 -methyl D- 6 -benzylpomcilloate in anhydrous 
ether was treated with ethereal diazomethane until the 
yellow color persisted. Upon removal of the ether in a cur¬ 
rent of nitrogen an oil was obtained Tins was dissolved in 
a small amount of ether ami allowed to stand at 0 ” for forty- 
eight hours. The crystalline material was centrifuged off, 
washed witli ether and recrystallized from a mixture of 
chloroform and ether. The ester, which weighed 7.2 mg., 
melted at 108-111°; (ah)** —30.5” (c — 0.7 in methanol). 

A mixed melting point of this compound with n sample of 
the dimethyl ester, m p. 115-117”, [alD*® —43”, was 113-115”. 

Dimethyl N'‘-Benzoyl-r>-5-benzylpenicilloate from Di¬ 
methyl i>- 5-Benzylpenicilloate {S.3J, 3; .85, 1 , . 8 /, 1 ). The 
beiizoylation was carried out bv the procedure for «:K-ethyl 
/ 8 -methyl N^-benzoyl-D-y-henZylpenicilloate (Merck, M 

15). To 200 mg. of dimethyl D-5-benz> lpeni<‘ill<)ate, 
la]i>*^ —43° (r — 1 m methanol), dissolved in 5 ml. of an¬ 
hydrous benzene and 1.28 g. of dimethylaniline, a solution of 
0 .G 7 g. of benzoyl chloride in 2 ml. of bi’iizene was adilcd 
dropwise. The solution was allowed to stand at room tem- 
peiatiire for forty-eight hour.s. diluti'd with benzene and 
washed wuth saturati'd sodium bicarbonati* solution, 
hydroehlorie acid, saturated sodium bicarbonate solution 
ami finally with saturated sodium eliloride solution. The 
benzene soluliori w^as dried over sodium sulfate and then 
coneentrat(*d at room temperature to an oil. The excess 
benzoyl chloride wxas decomposed by heating with aqueous 
pyridine on the steam hath for five miiiut(*s. The product 
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was extracted with benzene which was then washed with 
dilute hydrochloric acid, saturated sodium bicarbonate 
solution and saturated sodium chloride solution. The 
benzene solution was dried over sodium sulfate and con¬ 
centrated under reduced pressure to an oil, wdiich did not 
crystallize. 

The oil was dissolved in benzeiu* and hexane was added 
until the solution became cloudy. The solution was then 
chromatographicallv adsorbed on an alumina column. The 
column was then eluted with hexane, liexane-other solution, 
ether, ether-chloroform solution, chloroform and finally 
methanol. The methanol eluates upon concentration 
yielded an oil which was granulated by trituration with 
hexane The solid, after crystallization from a mixture of 
ether and hexane, weighed 135 mg.; m p. lOlV-110'’. llecrys- 
tallization from ether raised the melting jioiiit to 110 110.5®; 
[all)®** -1-20.6® (r = 0.0*1 in methanol). 

Calc, for CjsllssOsNaS; (\ 01.08; H, 5.78; N, 5.78 
Found: C, 61.60; 11, 5.70; x\, 5.03 

In another preparation, a solution of 05 mg. of dimethyl 
D-6-beuzylj)cniciUoate and 65 mg, of dimethylaniline in 4 ml. 
of benzene w^as treated wuth a solution of 38 ing, of benzoyl 
chloride in 2 ml. of benzene. The reaction nuxtiiie was 
allowed to stand at room temperature for four days. Benz¬ 
ene (20 ml.) was added and the solution washed with dilute 
hydrochloric acid, saturated sodium bicarbonate solution 
and saturated sodium chloride solution. The benzene 
solution was dried over magnesium sulfate and freeze-dried. 
The addition of a small amount of ether caused the solid to 
dissolve and then immediately crystallize out. Hexane 
was added to complete the crystallization. The solid was 
collected and washed with a small amount of ether. The 
product weighed 75 mg. and melted at 110-111 ®; Hd*® 
-f 26.0® (c “ 1 in methanol), A mixed melting point of this 
product with a sample of the previously prepared N-benzoyl 
derivative showed no depression. 

Hydrolysis of Dimethyl u-a-, n-jS-, and D- 7 -Benzylpeni- 
cilloates to Methyl Benzylpenaldate (Merck, M.50, 25). 
Solutions of 18 mg. of dimethyl n-a-, n-^-, and D- 7 -benzyl- 
penicilloates in 1 ml. of methyl alcohol wore prepared. To 
each were added 1 ml. of a saturated solution of 2,4-dini- 
trophenylhydrazine in 2 N hydrochloric acid and then 5 ml. 
of water. In two hours at room temperature crystalliza¬ 
tion began. In fifteen hours approximately 5 mg. quanti¬ 
ties of methyl benzylpenaldate 2,4-dinitrophenylhydrazone 
were secured. The products melted at 180-182® and showed 
no depression on admixture with authentic 2,4-dinitro- 
phenylhydrazone of methyl benzylpenaldate. 

Preparation of Dimethyl o-Benzylpenicilloate in Aqueous 
Solution (M,S7f 21). A solution of 2 g. of 2-benzyl-4- 
hydroxymethylene-6(4)-oxazolone in 15 ml. of methanol was 
refluxed for fifteen minutes, cooled to room temperature and 
added to a solution of 2.1 g. of D-pcnicillamine methyl ester 
hydrochloride and 1.06 g. of potassium acetate in 15 ml. of 
water. On standing overnight at room temperature, an oil 
separated. The methanol was removed in vacuo and the 
water was decanted. The oil was then dissolved in 160 ml. 
of ethyl ether and washed with 60 ml. of water. The filtered 
ether solution was concentrated to dryness in vacuo to yield 
2.4 g. of clear yellow gummy dimethyl D-benzylpenieilloatc. 
A portion of the gum was converted to a crystalline hydro¬ 
chloride, m.p. 102®. The melting point did not change on 
recrystallization. The specific rotation w^as (alo** +03.8®. 
A sample of the dimethyl n-benzylpcnicilloate prepared by 
the toluene procedure yielded a hydrochloride, m.p. 110 ® 
and (alu** +91 ®. There was no depression in mixed meltiqg 
point. 

Dimethyl N®-Methyl-D-benzylpcnicilloate {M47, 17; 50, 
26; 55, 12). The mother liquors from the preparation of 
o-metbyi n-y-benzylpenicilloate, in mctlianol-eiher solution 
were treated with a small excess of diazomethane and then 


worked up in the usual manner to yield a yellow oil, presum¬ 
ably a mixture of dimethyl o-benzylpenicilloates. 

In a typical isolation, 12.8 g. of methylated mother 
liquors from the preparation of a-methyl D-7-bonzylpenicil- 
loate was dissolved in 675 ml. of benzene and 1,020 ml. of 
petroleum ether added. The turbid solution was put on a 
column of 282 g. of alumina which had been acid-w^ashed, 
but not especially heat-activated. The column was then 
washed with 800 ml. of a 40% benzene-60 % p(‘troleum ether 
mixture. The fractionation which followed is indicated 
below 


Frac- 




tion 

Kliiciils 

Hesidin* 

Bern arks 

mini- 




ber 




1 

40‘v Boiizciic-60^', IVf 




Kthcr (2500 ml.) 

0 


2 

50% Benzeno-SOC; IVt 




Kllior (000 ml.) 

0 


3 

6()<’; Benzeno-40^< IVt 




Kiher (GOO ml.) 

0 


4 

70'^; Benzenc-30% TVt 




lOther (600 ml.) 

0 


5 

80'’(, »piii!Ptie-20<’/f I’pl 

0 005 g 

Noncrystalliza- 


Ether (275 ml.) 

able oil. 

6 

80% Bonzene-20^; P(‘t 

0 02*1 g 

Noncrystalliza- 


Ether (275 ml ) 


bl(‘ oil. 

7 

80^7 Benzene-20IVt 

0 037 g 

Noncrystalliza- 


Ether (276 ml.) 


ble oil. 

8 

90 Benzene-10 <7 IVt. 

0 050 g 

Ethci-pct. 


Ether (275 ml.) 

ether gave 
mixture of 
crystals and 
oil. 



9 

90% Benzene-P(‘t 

0 098 g 

Ether-pet. 


Ether (275 ml.) 


ether gave 
crystals: 29.8 



1 

mg 

10 

90^^J Benzcnc-10*j; Pet. 

O.lOOg. 

CVystals: 47.9 


Ether (275 ml.) 


mg. 

11 

95Benzeno-5% Pet. 

0 107g. 

Crystals: 43,6 


Ether (275 ml.) 


mg. 

12 

05% Benzene-5 % Pet. 

0 I12g. 

Oystals: 47.9 


Ether (275 ml.) 


mg. 

13 

100% Benzene (276 ml.) 

0.l09g. 

Oystals: 29.9 




mg. 

14 

100% Benzene (275 ml.) 

0 Ulg. 

Poorly crystal¬ 
line material: 
25.1 mg. 

15 

100% Benzene (275 ml.) 

O.llGg. 

Noncrystalliza- 
ble oil. 

16 

100% Ether (600 ml.) 

1.040 g. 

Oil. 

17 

100% Methanol (600ml.) 

10.061 g. 

Yellow oil. 


As indicated in the table, fractions 9-14 gave on crystalliza¬ 
tion from ether-petroleum ether a total of 0.224 g. of a 
product, m.p. 77-80®. The mother liquors from these 
crystallizations were combined and allowed to evaporate 
slowly at room temperature. The residue crystallized on 
standing for several days. The material was taken up in 
ether, decolorized with Norit, filtered, concentrated, and 
petroleum ether added. Long, slender needles (150 mg.), 
m.p. 77-80®, were obtained. The total yield of material, 
m.p. 77-80®, was 0.374 g. (2.9%). Recrystallization from 
ether-petroleum ether afforded 0.324 g. (2.5%) of crystals 
melting at 88-84® (micro-block), (ajD** +27® (c 0.786 in 
absolute ethanol). Further recrystallizations from aqueous 
methanol gave material which melted at 88-84.6® (micros 
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block). It ha8 been characterized as a dimethyl N^-mctliyl- 
D-ben zy Ipenicilloate. 

Calc, for CuHjeNaOfiS: C, 67.85; H, 6.64: N, 7.10; 

OCIIa, 15.7; CH,. 3.8 

Found: C, 57.76, 67.88; H, 6.41, 6.46; N, 7.37, 7.0U; 

OCHa, 16.0, 13.4; N—CIU, 3.0 

In ethanol solution this material showed an ultraviolet 
absorption qualitatively similar to, although lower than, that 
of the known dimethyl n-benzylpenicilloales. 


Km (M Wt, - 380) 



Coiujiound ul 

Dimethyl i»-/3-H('nzyl- 


in.p. 84-86® 

pciiicilloatt* 

2520 

340 (Peak) 1 

1 665 flVak) 

2580 

280 (IVak) 

665 (IVak) 

2645 

195 (Peak) 

512 (Inflection Point) 


In absolute ethanol solution containing oiu‘ equualent of 
mercuric chloride a bond formed slowly at 2,825 A, reaching 
a final value of Km 1930 after twenty-three hours. I nder 
these conditions the known dimethyl D-benzjlpenicilloates 
form an absorption band at the same wave-length which 
grows rapidly to a much higher value (Km about 16,000). 

A potentiometric titration indicated that this compound 
reacts rapidly with approximately one mole of alkali to give 
the salt ol a monobasic acid of pK 3.5. 

The methyl benzylpenaldate moiety was isolated after 
treatment with mercuric chloride* hi aqueous methanol. 

Partial Saponification and Remethylation of Dimethyl 
N^-Methyl-n-benzylpenicilloate {AfM), 29). An aqueous 
methanolic solution of 119 mg. of the pure material was 
treated with one equivalent of sodium liydroxide solution 
and the free acid isolated in the usual manner, llie product 
(110 mg.) was dissolved in ether containing a trace of 
methanol and an ethereal solution of diazomethane added. 
On working up, 86 mg. (78%) of crystals melting at 82,5^84^ 
w^as readily obtained. The product did not depress the melt¬ 
ing point of a sample of starting material. 

Dimethyl 6-Methyl-i)-benzylpenicilloate and Its Saponifi¬ 
cation to the d-Methyl 6-Methyl-n-benzylpenicilloate 
(Squibb, S,41t !)• A mixture of 1.24 g. of n-penicillamino 
methyl ester hydrochloride and 2,0 g. of methyl o-phenyl- 
acetamido-a-inethyl-/3,i8-diethoxypropionatc was fused for 
fifteen minutes at 115®. The cooled melt was dissolved 
in 50 ml. of methanol and 57.2 ml. of 0.2174 N sodium 
hydroxide was added with cooling. The solution w*as 
allowed to stand for tw'enty-four hours at room temperature. 
The methanol was then distilled off under reduced pressure 
and the faintly alkaline aqueous solution decanted from the 
slight gummy deposit which had formed. The aqueous 
layer was neutralized with dilute acetic acid and 8 ml. of a 
10% lead acetate solution was added. The precipitate 
which formed immediately was collected after the solution 
had been allowed to stand at 0® for fifteen minutes. The 
lead salt was washed with cold water and weighed 1.45 g. 
after drying. A suspension of the lead salt in 70 ml. of 
water was treated with hydrogen sulfide to remove the lead 
as lead sulfide. The solution was filtered and the precipi¬ 
tate washed with water. The filtrate and w'ashings were 
combined and freeze-dried to give 0.95 g. of ^-methyl 
6-methyl-o-benzylpenicilloate. 

Calo. for CiftHsiNsOiS; C, 56.80; H, 6.32; neut. equiv., 380 
Calc, for CiiHmN*0*S HH,0: 

C, 55.50; H, 6.43; neut. equiv., 389 
Found: C, 55.76; H, 5.97; neut. equiv., 376 


The dimethyl C-methyl-o-benzylpenicilloate was also 
prepared }>y treating an ethereal solution of «-methyl 
6-rnethyl-i)-benzyIpenicinoate {S.SOj 2) with ethereal 
diazoniethane I'lie neutral fraction from this reaction, 
dimethyl (i-inethyl-n-benzylpcnicilloate, was saponified 
with one equivalent of alkali under conditions similar to 
those descrilied above*. The reaction mixture was acidified 
and tli(* /3-mcthyl G-irH'thyl-D-benzyljienicilloate extracted. 
The crude acid had a neutral equivalent of 503 (theory, 380). 

Dimethyl N^-Benzyl-o-benzylpenicilloate (Merck, Af.76\ 
5). An amorphous .sample of a-methyl N^-benzyl-n-benz- 
ylpeiiieilloate (p. 587) was esterilied with diazomethane 
and yield(*d an oil which partially crystallized in the form of 
slender needles after standing for several days. The amount 
of crystalline material obtained was insufficient to permit 
purilication. 

Hydrogenoly.sis of Dimethyl N^-Benzyl-o-benzylpeni- 
cilloate (il/.76*, 6; 78, 3). Il\drogenoIysis of dimethyl 
N"-benzyl-i>-benzylpenieilIoate was carried out in an effort 
to obtain dimethyl IS M)enzyl-desthio-n-benz5dpcnicill()ate. 
A solution of 1 g. of the oily dimethyl ester, presumably a 
mixture of stereoisomers, in 50 ml. of metliuiiol was heated 
and stirred on a steam cone for ninety minutes with 10 g. 
of Haney nickel catalyst. The catalyst was removed by 
centrifuging, and was extracted with additional methanol. 
Ooncentration of the combined methanol solutions under 
reduced pressure left a light yellow gummy residue which did 
not yield any crystals. 

The sulfur-free oil was extracted repeatedly with 2.5 N 
hydroehloric ae.id. When the acid extract was made 
alkaline with sodium bicarbonate a small amount of oil 
was precipitated. This material w^as extracted into chloro¬ 
form, and the chloroform extract was concentrated under 
reduced pressure to leave an oil. The oil was dissolved in 
ether, and the addition of an ethereal solution of p-toluene- 
sulfonic acid caused the precipitation of an oil which failed 
to crystallize. 

The bulk of the hydrogcnolysis product consisted of a 
neutral oil which cannot be extracted into either hydro¬ 
chloric acid or sodium bicarbonate solution. No crystals 
were obtained from this neutral fraction. The crude 
hydrogcnolysis product seems to contain little or no acidic 
material. 

Dimethyl a-Xhiol-D-benzylpenicilloate (Reaction of 
Methyl Benzylpenicillin with Methyl Mercaptan) (Af,54, 5). 
To a solution of 224 mg. of methyl benzylpenicillin in 2 ml. 
of benzene in a small ampoule was added 2 ml. of methyl 
mercaptan and a small drop of N-ethylpiperidine. The 
ampoule was sealed and allowed to stand at 25® for four 
days. The solution was then evaporated in vacuo to a glassy 
residue which was dissolved in benzene, washed with dilute 
acid and with water, dried over magnesium sulfate and 
evaporated tn vacuo to a glassy solid. The substance 
showed an activity of 0.2 U./mg. calculated as methyl 
benzylpenicillin (less than 4% of the original activity) when 
assayed in vitro. It had fajo +20® (c » 0.765 in methanol). 

Calc, for C,«Il24N204S.i: C, 54.52; H, 6.10 
Found; C, 55.50; H, 6.00 

Preparation of a-Ethyl /3-Methyl D-»-Benzylpenicilloate 
(Squibb, 2). A suspension of 500 mg. of a-ethyl n-a- 
benzylpcnicilloate in 5 ml. of anhydrous ether was treated 
with an excess of diazoniethane in ether solution. The 
solid went into solution and nitrogen w^as evolved. The 
reaction mixture was allowed to stand for eighteen hours. 
The slow evaporation of the ether during this time caused 
the formation of crystals on the side of the container. These 
were removed for subsequent use as seed crystals. The 
volume of the solution was made up to 50 ml. and the 
solution washed with dilute acetic acid, water, then sodium 
bicarbonate solution. After drying over magnesium sulfate, 
the ether solution was concentrated to 2 ml. and seeded. 
The crystals, after filtering and washing with hexane, 
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weighed 3!>0 mg, and nieltod at AftiM* rc'tTystalhza- 

tion from ether the product nielt<‘d at 85-86°. 

Calc for CnHaeO^NvS: C, 57,58; H, 6.60 
Found: C, 57.93, II, 6.55 

a-£thyl /3-Methyl i>-a-BenzylpenicUloate Perchlorate 
from a-Ethyl /5-Methyl o-/3-Benzylpenicilloate (Merck, 
M.Jfly 15). To a solution of 033 rug. of a-ctliyl /3-methyi 
D-jS-benzylpenicdloate in 4 ml. of glacial acetic acid was 
added a solution of 1.0 c(juival(‘nt of 70% jicrchloric acid 
in acetic acid Iininediately after mixing, tlie solution w^as 
diluted with ether until it became turbid. On .standing 
overnight at room temperature, 622 mg. (7H%) of nicely 
crystalline material was obtained The product melted 
at 121 136° (micro-block), 4 72° (c =* 1.00 in absolute 

ethanol). After two r(‘crystallizalions from acetic acid- 
ether, the salt melted at 134-140°, [a]i)‘* -|-75° (c = 1.00 in 
absolute ethanol). A sample for analysts wa.s recrystal¬ 
lized from ethanol-ether to a mtlting point of 141-117°. 
The iindting point seemed somewhat dependent on the rate 
of heating. 

Calc, for Ci»H 270 gX,S(n: (\ 46.10; II, 5.50; X, 5.66 
Found: C, 46.26; H, 5.70; N, 5.88 

Decomposition of the crystalline perchlorate with sodium 
bicarbonate .solution in the usual manner gave a colorle.s.s oil, 
Ia)i>** 4-77° (r = 0.950 in absolute ethanol). The oil did 
not crystallize directly, l>ut when chromatographed ii.sing 
acid-washed alumina .several fractions W’cn* obtained which 
gave crystalline material, in.p. 85-87° (micro-blockj, from 
aqueous methanol. -Xfter one recrystallization from aque¬ 
ous methanol the product melted at 87-88.5°. 

These ob-servations indicate tliat the action of percliloric 
acid in acetic acid on a-cthyl /:l-rncthyl D-^-bcnzylpenicillonte 
is to effect a rapid, though incomplete, isomerization to the 
perchlorate of the n-a-henzylpenicilloate. 

cx-£thyl /5-Methyl n-^l-Benzylpenicilloate (M 16; 

15; cf. Squibb, S.S?, 1). a-Kthvl n- 7 -benzylpemcilloate was 
epimerized by refluxing for thirty-.six hours in ab.solute 
ethanol. After removal of nio.st of the «-i*thyl i)- 7 -benzyl- 


Frac- 




tion 

num- 

Eluent (25 ml. each) 

Wt. of 
residue 

llemarks 

ber 




1 

100% Benzene 

0 


2 

50% Benzene-50 % ether 

22 mp. 

Colorless oil. 

3 

50%, Benzene-50 % ether 

114 mg. 

Colorless oil. 

4 

100% Ether 

69 mg. 

Cave crystals 
on standing 
three days. 

5 

100 % Ether 

41 rng. 

Cave crystals 
on standing 
three days. 

6 

90% Ether-10%; chloro- 1 

29 mg. 

Cave crystals 


form * 1 

1 


on standing 
three days. 

7* 

50% Ether-50 % chloro- | 

22 mg. 

Cave crystals 


form 


on standing 
three days. 

8 

100% Chloroform 

13 mg. 

Cave crystals 



1 

on standing 
three days. 

9 

99% Chloroform-l% 

146 mg. 

Yellow oil. 


methanol 


10 

85% Chloroform-15 % 

27 mg. 

Yellow oil. 


methanol 


11 

100% Methanol 

2 mg. 



p(‘nicilloate by crystallization from ethcu-, the residue was 
converted by tlie action of diazornethane to a mixture of 
isomeric a-cthyl ^?-methyl n-benzylpenicilloates. 

A .small portion (488 mg.) of this dicstor mixture, dissolved 
in beiizene-jH'troleiim ether, was put on a column of 20 g. of 
acid-w'ashcd alumina wet w'ith pctroh'um ether. The ma¬ 
terial was then eluted by solvents of gradually incr(‘asing 
polarity 

The fractions containing crystalline material were dis¬ 
solved in ether and combined. Addition of petroleum ether 
gave clusters of very fine needles, ni.p. 100-101°. A total 
of 95 mg. (19<^;,) of matcrhil was obtained. Keery.stalliza- 
tion from acctom^-ilhcr-petroleum ether and from ether 
gave cry.stals, m.p. 101 5-102° (micro-block). This mat(*rial 
is a-ctliyl /5-m(‘thyl i)-)3-bcnzylpenicilloate; (a)i>*^ 421.7° 
(c ~ 1 08 in alisoliite (dhanol); |a|D^* 4-48° (c « 0.815 in 
acetic acid). 

Calc, for r.oH.eOfiNaS: 

t\ 57.85; II, 6.64; N, 7.10, Mol Ml., 394 
Found: 

C, 57.87; II, 6.36; N, 7.25; Mol. Wt., 396 (cryo.scopic) 

Direct Crystallization of a-Ethyl /5-Methyl o-^-Benzyl- 
penicilloate (Merck, 15). A 7.72 g-portion of 

methylated epimerized a-(‘thvl u-benzylpenicilloatcs (oil) on 
standing lor three to four W(‘(»k.s dcpfisited n quantity of 
crystals. Thcsi' were separated by dissolving the surround¬ 
ing oil in a small volume of ether and (h^canting tlie super¬ 
natant yellow liquid. The crude cry.stallinc product (1.5 g.) 
W'jis readily purified by recrvstallization from (‘th<»r-petro- 
Icum ether and then from ether to give 0 640 g. (8 3%) of 
a-ethyl /5-methyl n-/5-bonzylpcnicilloate, m.p. 101-102°. 

a-Ethyl /5-Methyl D- 7 -Benzylpenicilloate (Cornell Bioch , 
I).12^ 4, iJ, 7). A cold ethereal solution of diazornethane, 
containing an excess of the reagent, was added to 1.5 g. 
of dry crystalline a-ethyl*i)- 7 -benzylpcnicilloate. Kvolution 
of nitrogen w'as rapid, and after ten niimiti's the solution wui.s 
placed in the refrigerator After standing overnight the 
ether solution was decanted from 1.4 g. (90%) of a crystal¬ 
line product, m.p. 85 87° (micro). After recrystallization 
from eth<*r, the melting range w^is 85.5-87.0°. 

Calc, for C, 57.8; II, 6.65 

Found; C, 58.2; II, G.95 

Similar diazornethane treatment of the oily a-ethyl 
i)-benzylpenicilloate found in the mother liquors from the 
preparation of crystalline a-cthyl i)-benzylpenicilloate 
{DJ2, 4) did not yield a crystalline product. 

tt-Ethyl i 8 -Methyl D- 7 -Benzylpenicilloate (Pfizer, P./ 7 , 1). 
A solution of 1.8 g. of a-cthyl T)- 7 -benzylpcnicilloate, m.p, 
150°, in m(‘thanol was treated with an excess of diazo¬ 
methane for ono-half hour. The reaction mixture was 
decomposed wdth acetic acid, extracted with sodium bi¬ 
carbonate and evaporated to dryness to give a-ethyl 
/5-rnethyl n- 7 -benzylpcnicilloate which after rccrystallization 
in benzene-petroleum ether melted at 87-88°; (a]D 4-103° 
( 1 % in ethanol). 

Calc, for (hftIDflOsNaS: 0, 57.85; H, 0.63; N, 7.09 
Found: C, 57.64, 57.53; H, 6.60; 6.58, N, 7.39, 7.37 

a-Ethyl /3-Methyl n- 7 -Benzylpenicilloate (Parko-Davie, 
PDJO, 1 ). An ethereal solution of diazornethane (excess) 
was added to 43.5 g. of a-ethyl i>- 7 -henzylpenicilloate, ra.p. 
140-143°. The ether solution was allowed to evaporate 
slowly and crystals formed; m.p. 86-87°, 34.37 g. (76.3%). 
The remaining material was an oil, 10,65 g., which analyzed 
satisfactorily for the a-ethyl /5-methyJ ester. 

Calc, for CuHjeOiNjS: N-, 7.10 
Found; N, 7.06 

Treatment of a-Ethyl /3-Methyl D- 7 «-Benzylp 6 nicilioate 
with Mercuric Acetate (Squibb, S44t 5). The diester (125 


* Free from alcohol. 
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raR.) was dissolved m 1 ml. of aci^tjc acid and treated with 
4.03 ml. of a 5% acetic acid solution of mercuric acetate* 
(2 moles) at steam hath temperature for twenty minutes. 
The filtrate from the Idaek preiu'pitate (03 mg.) uaa de- 
mercurized and evaporated in vuruo. The residue was 
taken up in 2 ml. of methanol. On addition of h ml. of 
water fine hair-like crystals precipitated on standing. The 
product (10 mg., m.p. 200-217*') was dissolved in 3 ml. of 
boiling methanol-acetone 1 : 1 , and the solution was con¬ 
centrated by boiling to about 1 ml. A^hen 8.5 mg. of needles, 
rn.)). 220 221°, si'parated. The (pialitative test for sulfur 
was negative. 

Calc, for CnUMi^,: C, 04.54; H, 0.37; N, 8.80 
Found: C, 01.82, 11, 0 . 11 , N, 8.44 

The original mother lupior was treated witli 2,4-dinitro- 
phenylfiydrazine n*agent. The crudt* 2,4-dinitrophenyl- 
hydrazoiK* (54 mg.) was recry.sta 11 ized twice from methanol 
(43 mg. of ni'cilh's, m p 184 187°, sinti'ring from 105° on). 
Fthyl benzylpenaldati' 2,4-dinitrophenylhydrazone melts at 
180° 

In a similar exi)L‘riment with 303 mg. of the diester in 
w Inch 4 moles of mercuric aei'tati* w ere employed, the heavy, 
niiTcury-containing precipitate formed during the reaction 
remained white. It was crystalline (rods and hexagonal 
platelets) and contained sulfui, but was free of nitrogen. 
TIh‘ organic material corresp(»ndmg to the crude crystalline 
product obtained in the exiienment above (71 mg.) w^as 
gelatinous and could not be crystallizial. The aqueous 
fil 1 rat(‘ w'as extracted with (‘thyl aci'tati* and separated 
into neutral and acidic fractions. The former fraction was 
yellow^ oil (t)l mg.) which could not be crystallized, whereas 
the latter (40 mg ) consisted of a semicry.stallinc solid whi(*h 
on cr\ stalhzatioii from hexane gave phenylacetic acid, m.p. 
74 5 7()° 

«-Ethyl |3-Methyl N‘*-Ethoxalyl-i)- 7 -benzyIpenicilloate 
(Park('-Davis, 2). V solution of 1.58 g. of a-ethyl 

/5-metliyl n- 7 -benzylpejiicilloate m 100 ml. of drv dioxane 
was allow(*d to react with 0.55 ml. of ethoxalyl chloride 
at room ti'inperature for (*ighteen hours. The solvent was 
removed in tuiruo and tlu* residue taken up in a large volume 
of ether (aliout 400 ml.', eoneentrated to about 100ml. and 
diluted with an equal volume of ligrom. On standing 0.55 g. 
of neeilles appeared; m.p. 130°. 

Calc, for C.sUaoOsNiS: C, 55.80, U, 0.12 
F^und: C, 55.88, II, 0,20 

a-Ethyl /i-Methyl N^-Benzoyl-n- 7 -benzylpenicilloate 
(Merck, M.44, 15). To a solution of 0.522 g. (1.32 milli¬ 
moles) of «-(*thyl ^-methyl i)- 7 -benzylpenieilloate in 5 ml. 
of benzene were added 3.20 g, (20 equivalents) of dimcthyl- 
aiiilim* and 1.80 g. (10 eipiivah'nts) of benzoyl chloride. 
The mixture was allowed to stand for tw^uity-lour hours at 
room tempera tun*. The solution was then diluted with 
benzene and w'ashed wdth Inoarbonate, dilute liydroehloric 
acid, and again wuth bicarbonate. Kemoval of the benzene 
gave a residue which still had a .strong odor of benzoyl 
chloride. The residue was warmed on the steam bath for 
five minutes with dihiti‘ pyriiline, then poured into a large 
volume of ether and th(* ethereal solution washed with dilute 
hydrochloric acid and with bicarbonate. The ether was 
evaporated to give an oil which could not be crystallized 
from ether or from ether-petroh'um ether. 

The oil was dissolved in benzene, petroleum ether added 
to turbidity, and the solution w'as put on a column of 10 g. of 
acid-washed alumina wet with petroleum ether F3utions 
with petroleum eth(*r containing up to 20 % of ether gave only 
oils (76 mg.). Further elutions w'itli a mixture of equal 
volumes of petroleum ether and other, wdth pun* ether and 
with methanol gave 593 mg. of material which was readily 
crystallized from other-petroleum other. The product 
weighed 315 mg. and molt(*d at 100-101°. From the mother 
liquors was obtained after one rccrystallization an additional 


94 ing. of pure material. The total yield of a-ethyl )S?-methyl 
N*-benzoyl-i)-'>-benzylpenieilloate was 0.409 g. {iS2%) 
After one reerystallization from acetone-ether-petroleum 
ether tlie compound melted coustantlv at 101 - 102 ° (micro- 
block); -f 130° (r = 1.02 in absolute t‘thanol). 

Calc, for C.JIaoOeNiS: C, 02.63; II, 6.07; N, 5.62 
Found: C, 62.88; H, 5.72; N, 5.72 

of-Ethyl jt^-Methyl N^-Benzoyl-D- 7 -benzylpenicilloate 
(Cornell llioeh., D.VJy 13). To 300 mg. of a-ethyl N^- 
benzovl-i>- 7 -benzylpenicilloate (m.]i. 161 162°) was added 
an excess of etlicreal ihazometliane. After one hour the 
eth(*r was n'liiovcd iii vacuo. The residue was dissolved m 
2 ml. of ether and 30 nil. of hexane was added. Tin* .solu¬ 
tion w^as cooled to — 8 " and needles, micro m.p. 101 °, w'ere 
obtameil. 

Calc, for C>flHaoOftN,S: C, 62.8; II, 6.08; N, 5.62 
Found: C, 63.3; H, 6.40, N, 5.66 

Preparation of or-Ethyl /3-Methyl N^-Phenylacetyl-D- 7 - 
benzylpenicilloate (/> 6 ). suspension of 1.22 g. of 

syrupy a-ethyl N^-phenylacetyl-i)-7-b(*nzylpenieilloate in 
etlier w'as treated witli small portions of ethereal diazo- 
methane until all of the material had dissolved and the yel¬ 
low color of excess diazometham* remained. The ctluTcal 
solution w'as dccant(‘d from a traci* of in.solufilc gum, and the 
ether w'as removed in vacuo. The resulting .syrup was 
dissolved m a small amount of absolute ether, and this solu¬ 
tion was diluted with light petroleum until it became turbid. 
The mixture was then cooled overnight. The erystallme 
product was collected ami w^ashed with absolute ether. 
The yi(‘ld w^as 0.75 g On additam of larger amounts of 
ligrom to the mother liquors, a second crop (0.25 g.) was 
obtmtH‘d. The material was recrystallized from ether- 
hgroin; m.p. 77 79° (micro.) 

Calc, for C 27 II 41 OCN 2 S: N, 5.46 
Found: N,5 61 

Reaction of a-Ethyl /3-Methyl n-Benzylpenicilloate with 
Mercuric Chloride (Merck, M.^i, 14). An (*tHanoi solution 
containing 0.671 g. per 100 ml. oi a-ethyl |3-methyl n-benzyl- 
penieilloate was treated w ith one equivalent of m(*rcurie chlor¬ 
ide per mole of substrate. One mole of bcnzylamiue or 
pyridine per mole of substrate wuis used. After cught min¬ 
utes the rotation of the solution containing benzylamine was 
—19.4°; this w'as unchanged after thirty-six minutes, 
at which time the solution had Fm 17,100 at 2,800 A. In 
the presence of pyridine the rotation w'as falD“^ + 20 . 2 ° after 
eight minutes and elianged to lalo'^ +17.1° after thirty-six 
iniuutes. The ultraviolet absorption spectrum of the final 
solution showed Km 11,500 at 2,800 \. 

a-Ethyl jS-Methyl n-Benzylpenicilloate (Upjohn, f^/ 7 , 
14). a-Kthyl i>-benzylpenii*illoatc (1.122 g.) was finely pow¬ 
dered and 8 usp(*nded in 50 ml. of dry ether. To the suspen- 
siuu was added an excess ol an anhydrous ethereal solution 
of diazomethune and approximately 1 ml. of anhydrous 
methanol. Wlien the brisk reaction had subsided and the 
solid dissolved, excess diazometliane and soJv(*iit WH*re 
removed by wrarmmg gently on the steam bath and linally 
in a current of nitrogen. Tin* el(*ar \uscous ri'sulue w as t.iken 
up in ether, filtered and w’aslii'd once w ith 5 ^'^ .sodium bi¬ 
carbonate, then twici* with wat(*r, and dried ovc*r anhydrous 
maguesuim sulfate. The solution w'as allowed to evaporate 
spontaneously and then dri(*d in a vacuum desiccator over 
phosphorus pentoxide Tlic watcr-clcar oil crystallized 
slowly, crystallization being conqilete after about four days; 
yield, 1.07 g. A small samph* of tfie crudi* crystalline ma¬ 
terial was triturated with iciwold 50^.f. ethanol and the crys¬ 
talline material separat'd by centrifugation. After repc»ating 
this procedure and drying in a stream of nitrogen, the crys¬ 
talline product melted at 84 85 5°. 

Calc, for Cigll^eNsOfiS: C, 57.85; II, 6.64; N, 7.10 
Found: C’, 67.61; II, 6.52; N, 7.04 
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Reaction of a-Ethyl /3-Methyl u-Benzylpenicilloate with 
Phosphorus Tribromide (Parke-Davis, PD.t9^ 3). To a 
solution of 1.00 (?. (2.53 niillirnoIoH) of a-othyl ^-methyl D- 
benzylpcnicilloate in 125 ml. of absolute ether was added 

l. 37 g. (0.48 ml., 6.00 millimoles) of phosphorus triliromide. 
A flocculent white precipitate formed immediately. The 
reaction mixture was k(»pt in the refrigerator for seventeen 
hours. 

The white solid was rapidly filtered in an atmosphere of 
dry nitrogen and Avashed on the filter with a total of 100 ml. 
of dry ether. After being desiccated for one hour in vacuo 
over phosphorus pentoxido, the white, Huffy, hygroscopic 
salt was suspended in 50 ml. of dry ether, cooled in ice and 
treated with an excess of ethereal diazomethane. The lat¬ 
ter reacted with the evolution of nitrogen. Concentration 
of the solution in a stream of dry nitrogen caused the separa¬ 
tion of some sticky white solid. The product was dissolved 
in a minimum of dry ether, filtered and placed in the 
refrigerator. 

Crystals separated which were collected, Avashed Avith 
a little cold ether and desiccated over phosphorus pentoxide; 

m. p. 84-85°; weight 0.3 g. A mixed melting point deter¬ 
mination with starting material gave a value of 85-86°. 
Removal of ether left a pale yellow viscous oil. 

The results suggested that the phosphorus tribromide 
forms an addition compound which tends to epimerize the 
diester, m.p. 85-86°, to a mixture of diastereotsomers. 

a-Ethyl/3-Methyl N‘‘-Methyl-D-benzylpenicilloate (Merck, 
M,44t 16; 12). A previous section reported the chroma¬ 

tography of material obtained by epimorizing a-ethyl 
i>- 7 -benzylpenicilloate, removing unchanged a-ethyl d- 7 - 
bcnzylpenicilloatc by crystallization from ether, and 
esterifying the residue with diazomethane. The isolation of 
a-ethyl ^-methyl r>-/3-benzylpenicilloate from some middle 
fractions was described. 

The forefractions of this chromatograph were combined 
and rechromatographed. On long standing in ether-petro¬ 
leum ether solution, material from the first elutions yielded 
a small quantity of crystals, m.p. 96-92°. After two recrys¬ 
tallizations from benzene-petroleum ether the compound 
melted constantly at 92-93° (micro-block); (ajo*’ 4*30° 
(ethanol). ^ 

In an effort to obtain more material for characterization 
4.98 g. of epimerized, esterified material from a-ethyl d-t- 
benzylpenicilloate was chromatographed over alumina. 
The first two fractions (eluted by 50% benzene-50 % petro¬ 
leum ether and by 60% benzene-40 % petroleum ether) gave 
15 mg. (0.3%) of crystalline material. After one recrystal¬ 
lization from ether-petroleum ether the product (5 mg.) 
melted at 91-93°. 

The ultraviolet absorption of this compound in ethanol 
solution resembles closely that of the dimethyl N^methyl- 
D-benzylpenicilloate. 


1 

Wave¬ 

length 

A 

Dimethyl N^-Methyl-o-benzylpeni- 
cilloate 

Em (M. Wt. 394) 

Compound of 
m.p. 92-93° 
Em (Assumed 
M. Wt. 409) 

2,620 

362 (peak) 

307 (peak) 

2,680 

290 (peak) 

286 (peak) 

2,645 

202 (peak) 

192 (peak) 


Upon addition of one equivalent of mercuric chloride to the 
ethanol solution a band formed slowly at 2,830 A, reaching a 
value of Em 1,720 after nineteen hours. This behavior is 
almost identical with that of the dimethyl N^metbyl-n- 
benzylpenicilloate. 

To a solution of 6.5 mg. of the compound of m.p. 92-93® 
in 0.13 ml. of methanol was added 0.8 ml. of saturated aque¬ 
ous merourio chloride solution. The white precipitate was 


extracted with waiter and the aqueous extract treated with 

1 ml. of a saturated solution of 2,4-dinitrophenylhydrazinQ in 

2 N hydrochloric acid. The resulting precipitate was 
washed repeatedly with water and then dried. The ma¬ 
terial (0.4 mg.) molted at 186-190° (micro-block). Recrys¬ 
tallization from methanol gave yellow needles, m.p. 189-191°. 
The melting point of benzylpcnaldate ethyl ester 2,4-4i- 
nitrophen 3 dhydrazone (m.p. 191-192.5°) was not depressed 
by admixture. 

The final identification of the compound, m.p. 92-93°, as 
an a-ethyl /3-methyl N *-meth 3 d-i>-benzylpcnicilloate follows 
from its independent preparation from dimethyl N^mcthyl- 
n-benzylpenicilloatc. 

a-£thyl /3-Methyl N^-Methyl-n-benzylpenicilloate from 
Dimethyl N^-Methyl-i>-benzylpenicilloate {MM3, 14). A 
solution of 82.6 mg. of pure dimethyl N^-methyl-n-benzyl- 
pcnicilloate, m.p. 83-84®, in 2.1 ml. of methanol and 0.8 ml. 
of water w as treated over a period of four hours with 2.02 ml. 
of 0.1076 N sodium liydroxide. The resulting solution was 
allowed to stand ov(;rnight and was then w^orked up in the 
usual manner, yielding 80 mg. of acidic product. This was 
dissolved in ether and treated with a small excess of diazo¬ 
ethane. The solvent Avas removed and the rejsiduc crystal¬ 
lized readily from ether-petroleum ether, giving 43 mg. of 
crystals, m.p. 90.5-92.5°. It was recrystallized twucc from 
benzene-petroleum ether, giving fine needles, m.p. 92-93°. 

Calc, for CaoH2«N,0»S: V, 58.66; II, 6.89; N, 6.84 
Found: C, 58.61; H, 6.72; N, 6.29 

A mixture of this product and the material of m.p. 92-93° 
described in the preceding section showed no depression of 
melting-point. 

The stereochemical configuration of the two N-incthyl- 
pcnicilloates is undetermined. However, the fact that the 
two are configurationally identical follows rigorously from 
the conversion of one to the other, since it has been demon¬ 
strated {MMOf 29) that the saponification of the a-carbo- 
methoxy group in the dimethyl N^-methyl-D-bcnzylpenicil- 
loate proceeds with retention of configuration. 

Attempted Preparation of a-Phenyl /3-Methyl n-Benzyl- 
penicilloate {MMy 10). To 9 g. of 2-benzyl-4-hydroxy- 
inethyIene-5(4)-oxazolone in 200 ml. of dry toluene Avas 
added 4.1 g. of phenol in 10 ml. of dry toluene; the mixture 
was heated on a steam bath for twenty-five minutes. 

One-half of the resultant clear solution was treated with 
2.45 g. of D-penicillamine methyl ester in 10 ml. of dry 
toluene and the solution refluxed with a water trap for nine¬ 
teen minutes. In the first four minutes, 0.15 ml. of water 
had distilled; a total of 0.18 ml. was obtained compared to a 
theory of 0.22 ml. The toluene was removed by concentrat¬ 
ing in vacuo and the residue was dissolved in 400 ml. of 
ethyl ether. An oil separated on concentrating, but it re¬ 
dissolved readily on slight warming. The solution slowly 
darkened on standing but crystals did not separate. 

a-Benzyl /S-Methyl o-Benzylpenicilloate (Upjohn, UJl, 
24). A suspension of 239.7 mg. of finely divided amorphous 
a-benzyl n-benzylpenicilloate in 15 ml. of dry ether was 
treated with an excess of cold, dry ethereal diazomethane. 
Evolution of gas began immediately; the reaction was 
accelerated by the addition of fifteen drops of methanol. 
The reaction was completed within about ten minutes 
and excess diazomethane was removed by warming very 
gently on the steam bath. The slightly colored residual 
ethereal solution was treated with Daroo at room tempera¬ 
ture for a few minutes and filtered into a separatory funnel. 
The solution was washed once with 5% sodium bicarbonate, 
twice with water and dried over anhydrous magnesium 
sulfate. After filtering from the drying agent the solution 
was allowed to evaporate spontaneously; yield, 146.6 mg. 
(58.2 %) of a cloudy, viscous gum. For analysis the material 
was dried in high vacuum at room temperature. 

Calc, for C» 4 Hg,N,Oi 8 : C, 63.13; H, 6.18; N. 6.14 
Found: C, 63.70; H, 6.57; N, 6.76 
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a*Benzyl /3»Methyl D-Benzylpenicilloate {U.lSa^ 6; 16^ 
18). Two grams (0.01 mole) of u-penicillamine methyl 
ester hydrochloride and 4.0 g. (0.01 mole) of the benzyl- 
amine derivative of benzyl benzylpenaldatc (second crop 
material not recrystallized) wore warmed in 43 ml. of ethanol 
until all of the solid dissolved and for ten minutes thereafter. 
The yellow solution was filtered and carefully diluted with 
water and seeded. Water (room temperature) was added 
until the solution became quite turbid and droplets of oil 
became visible. The oil was dissolved by warming, and the 
solution allowed to cool to room temperature. Within a 
few minutes crystallization started, and after one hour the 
nearly solid mass of crystals was plac('d in the refrigerator 
overnight. The crystals were filtered, washed with cold 
60% ethanol, pressed as dry as possible, then thoroughly 
dried in a vacuum oven at 40®. The yield of dicster melting 
at 9(>-98® was 3.3 g. or 71.5%. The compound was analyzed 
without further purification. Hecrystallization can, how¬ 
ever, be effected readily from a variety of solvents including 
dilute alcohol, ether, light petroleum, and ether-heptane 
mixtures. 

Calc, for C24H2,N30*S: C, 63.13; II, 6.18; N, 6.14 
Found: C, 62.97; II, 6.34; N, 6.30 

The crude mixture of diestors was prepared as before 
in 90% yield; m.p. 91-96® (turbid melt and previous soften¬ 
ing); -1-5.5® (c*« 1.0 in methanol). The diester 

(9.90 g.) was stirred in 500 ml. of heptane (practical, from 
petroleum) at 50“60“ for about lifteen minutes. The mixture 
was filtered and from the cooled filtrate 3.8 g. of crystalline 
material (m.p. 70-80®) was obtained. Hecrystallization of 
this material from 150 ml. of hejitane gave 3.2 g. of diester 
melting at 93-94.5®. After recrystallization from an ethanol 
(20 ml.)-water (10 ml.) mixture, the melting point was 
93.5-94.5® (clear molt). On admixture with the y-forni, the 
mixture melted at 80-83®. 

a-Benzyl ^-Methyl n-Benzylpenicilloate from Benzyl 
Benzylpenaldate and o-Penicillamine Methyl Ester Hydro¬ 
chloride (V.IC, 19). A mixture of 2.0 g. (6.4 millimoles) 
of benzyl benzylpenaldate, 1.28 g. (6.4 millimoles) of n-peni- 
cillamine methyl ester hydrochloride, 0.53 g. (6.6 millimoles) 
of anhydrous sodium acetate, 50 ml. of ethanol and 17 ml. of 
water was warmed until the soIi<ls dissolved and three to five 
minutes tlien*after. The warm solution was filtered and 
seeded. After cooling, lirst to room temperature and then 
overnight m the refrigerator, the white, crystiillme product 
was collected and dried; yield, 2.07 g. (71%); m.p. 92-96® 
(turbid melt). 

Attempted Hydrogenolysis of a-Benzyl ^-Methyl D-Benz¬ 
ylpenicilloate {U.ISQj 10). A solution of 1.37 g, of a-benzyl 
/3-mcthyl D-benzylpenicilloate in 20 ml. of ethanol was 
shaken with 2 g. of palladized charcoal catalyst in a Parr 
hydrogenation apparatus for two hours under 4 atmospheres 
hydrogen pressure. After removal of the catalyst, water 
was added to the solution and on standing a crystalline 
product was obtained. After several recrystallizations from 
ethanol this compound melted at 141-142®. The product 
was insoluble in bicarbonate solution. 

Found: C, 62.61; H, 6.94; N, 6.26; S, 6.51 

«x-Benzyl ^-Methyl -Acetyl-D-benzylpenicilloate (^^/6‘, 
21; ^5, 4). Acetic anhydride (5 ml.) was added to 1.0 g. 
of o-benzyl /J-methyl D-benzylpenicilloate (mixture of 
diaatereoisomers) with swirling, whereupon most of the solid 
dissolved. After standing at room temperature for forty- 
eight hours, the clear yellow solution was concentrated in 
vacuo with gentle warming. The heavy, oily residue was 
taken up in dry ether and again concentrated in vacuo. 
The crude amber, viscous residue weighed 1.1 g. 

A crystalline o-benzyl /8-methyl N^acctyl-n-benzylpcni- 
oilloate has been prepared also. This does not appear to be 
of the T^onfiguration. A solution of 2.52 g. of o-benzyl 
^-methyl x>-b^zylpenioilloate (diastereoisomcrio mixture) 


in 12.6 ml. of acetic anhydride was allowed to stand at room 
temperature for forty-tliree hours. The acetic anhydride 
was removed under diminished pressure and the oily residue 
dissolved in ether. Removal of the ether in vacuo gave a 
semi-solid glass. On trituration in fresh ether a small 
amount of solid (100 mg.) failed to dissolvij. Thi.s was col¬ 
lected, washed with ether and dried. The crude material 
melted at 129-134®. After one recrystallization from ace- 
tone-light petroleum, the colorless crystals melted at 
134-137®. 

Calc, for C^eHaoNaOeS: C, 62.63; II, 6.07; N, .5.62; S, 6.43 
Found: C, 62.92; II, 6.32; N, 6.09; S, 6.97 

The remainder (2.0 g.) of the N-acetyl derivative was 
isolated from the ctl ereal solution as the usual oil. Seeding 
with th<» crystalline material failed to induce crystallization 
of the oily material. 

A rapid stream of ketene was passed into a solution of 
366 mg. of pure a-benzyl /!#-niethyl D-y-benzylpenicilloate 
dissolved in 2 ml, of dioxane and 6 ml. of dry ether. After 
ten minutes the tube was stoppered and allowed to stand 
overnight at room temporatun*. Removal of the solvent 
gave an oil which failed to crystallize when seeded with a 
small amount of the crystalline dt’nvative. Kthercal and 
acetone-light petroleum solutions were also seeded, but the 
oil failed to crystallize. An ctliereal solution of the oil was 
filtered and the solvent removed at a final pressure of 
0.01 mm. Analytical figures indicate that the colorless, 
sticky glass which resulted i.s essentially pure a-benzyl 
jS-methyl N^-acctyl-n-y-penicilloate. The crystalline ma¬ 
terial is apparently of a different (‘onhguration. 

Calc, for CaoHioNsCcS: C, 62.63; H, 6.07; N, 5.62, S, 6.43 
Found: C, 62.67; II, 0.10; N, 5,59; S, 6.19 

a-Benzyl /5-Methyl n-Benzylpenicilloate (ILIJ, 25; /5fl, 6; 
16y 18). A suspension of 103.6 ing. of crystalline a-benzyl 
i/-benzylpenicilloate in 15 ml. of dry ether was treated with 
an excess of a cold, dry ethereal diazomethane solution fol¬ 
lowed by a few drops of methanol. Reaction occurred 
immediately and the solid dissolved rapidly. Excess 
diazomethane and solvents were evaporated on the steam 
bath, the residue taken up in ether and filtered. The ether¬ 
eal filtrate was washed with 5% sodium bicarbonate, then 
twice with water and dried over anhydrous magnesium sul¬ 
fate. After filtration the solvent was allowed to evaporate 
spontaneously; yield, 91.7 mg. (85.7%) of a colorless glass; 

—80.4® (r *= 0.1 in absolute ethanol). 

Calc, for C24H2|N,06S: 63.13; H, 6.18; N, 0.14 

Found: C, 63.73; H, 6.46; N, 6.09 

An ethanol solution of 9.66 g. (0.024 mole) of pure, crys¬ 
talline benzylamine derivative of benzyl benzylpenaldate 
was condensed with 4.83 g. (0.024 mole) of L-penicillamine 
methyl ester hydrochloride to give 9.8 g. (89,5%) (in two 
crops) of the pure white diester. The product melted at 
97-98® and was analyzed without recrystallization. 

Calc, for C24H2gN20fcS: C, 63.13; H, 6.18; N, 6,14 
Found: C, 62.56; H, 6.21; N, 6.44 

a-Benzyl /3-methyl L-benzylpenicilloate appears to be a 
homogeneous substance. The i)ure diester melted con¬ 
stantly at 98-99®; (a]n®’ —104® (r « 0.1 in methanol). On 
the basis of evidence now available this appears to be the 
7 -form. 

a-Benzyl /3-Methyl L-Benzylpenicilloate (Pffzer, P.19y 4). 
A 2 g. sample of a-bonzyl L-benzylpenicilloate (P.lSy 11) was 
treated with a slight excess of diazomethane in ether solution 
for one-half hour. The other was then removed and the 
product recrystallized from heptane to give 1.76 g. of a-benzyl 
/3-methyl l-benzylpenicilloate melting at 9^99®; [a]D** 
- 110 ®. 

Calc, for C24H28N,0*S: C, 63.13; H, 6.18; N, 6.14 
Found: C, 62.68; H, 6,18; N, 6.30 
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Comparison of Rates of Hydrolysis of a-Benzyl /3-Methyl 
i.-Penicilloate and Dimethyl i.-Benzylpenicilloate (Uj)jc)hn, 
U.lSaf 8). To a solution of 380 m^. (1 millimole) of the 
dinioth 5 d i^bcnzylprnicilloate in 20 ml. of methanol and 
2 ml. of water (?>11 5.04) sufficient 0.106 N sodium hy¬ 
droxide was added tf) raise the pll to between 10 90 and 
11.03. Headings of tlie pH were taken every lifteen min¬ 
utes and alkah was added to bring the pll within the limits 
indicated above Alkali was added until one milliequivalenl 
(9.43 ml.) was present. A table of the data is given below. 
Three hours w'ere recpiired for comideb* addition of the 
calculated amount of alkali, and alumt tliiee hours more for 
complete saponification as indicated by llie constant pH 
value. 

Tlie same procedure 'was followed using the «-bonzvl 
/9-methvl L-bt‘nz> Ipenieilloati' One millimole was dis¬ 
solved in 20 ml. of methanol and 2 ml of \vat(‘r: s(‘\ enty-five 
minutes were recpiired for ailditioii of tlu‘ alk.ali and about 
four hours for eoinjih'te sa pom heat ion. Hovncvit, lor most 
of the later preparations the reaction was eoiisidcreil com¬ 
plete alti'r a tot d time of thr(‘e hours. 

nimethvi lf)enieiIloat(‘ 


Time ill 
minutes 

! pH before 

1 addition 
of fresh 
alkali 

Alkali 

added 

(ml.) 

TotJiI 

alkali 

present 

. pH after 
' addition 
of alkali 

0 

5 94 

1 1 00 

1 00 

11 01 

15 

10 «ri 

1 0 r.o 

1 50 

10 97 

30 

in 87 

1 0 no 

2 00 

10 98 

45 

10 86 

1 0.7j 

2.75 

11 01 

00 

10 86 

1 0 75 

3 50 

11.01 

75 

10 86 

0 75 

4 25 

11 01 

90 , 

10 87 

0 75 

5 00 

11 02 

105 

10 83 

0 75 

5 75 

11 02 

120 

10 84 

0 75 

6 50 

11 02 

135 

10 80 

0 75 

7 25 

11 00 

150 

10 80 

0 75 

8 00 

10 98 

165 

10 81 

0 75 

8.75 

K) 99 

180 

10 80 

0.68 

9 43 

10 99 

240 

10 28 




300 

9 81 




360 

9 30 




420 

9 28 




480 

9.28 





a-I5enzyl /3-Mcthyl L-Benzylpenieilloate 



Dimethyl n-Benzyloxypenicilloate (Merck, 15). 

Amorphous n- 2- (carboberi zyloxyamidocarbomcthoxy- 
mcthyl )-5,5-diniethylthiazolidinc-4-carboxylic acid (M.BOj 
21) w^as treated with an excess of diazoniethane in ether. 
Removal of the solvents left an oil. Attempts to obtain 
crystalline salts from this product were uimuccessfUl. 

Dimethyl n-(a-Chlorobenzyl)penicilloate (Pfizer, P.S2y 
10). A mixture of 3.5 g. of methyl a-chlorobenzylpeualdate 


diethyl acetal, 2 g. of n-penicillamine methyl ester hydr6- 
chloride and 7.7 ml. (»f acetic acid was heated in a steam hath 
for one-half hour. The reaction mixture was poured 
into 150 ml. of chloroform and 20 g. of sodium bicarbonate. 
Then 100 ml. of water was added and the mixture stirred 
for one hour. The layers witi* separated and the chloroform 
was removed in vacuo; the n‘sidue was dissolved in 7-8 ml. of 
methanol and plac(‘d in an i(*(‘box oviunight. The crystal¬ 
line product was filteri'd and dried. It weighed 0.9 g. and 
melted at 125-127“. It was recrystallized from methanol. 
It then weiglied 0.6 g. and melted at 125 127"; 4*94® 

(c — 0.4 in methanol) 

(^alc. for ChsH'jj^ H 

r, 52 . 1 1; H, 5.55; N, 6 . 76 ; S, 7 72; Cl, 8.56 
Found: i\ 52.26, H, 5 56, 6.61; S, 7.92; Cl. 8.87 

Diethyl n-3,6-Dinitrophenylpenicilloate (Merck, .17.47, 
27). \ solution of 0 77 g. of 3,r>-dinitrobenz()yl chloride in 

10 ml ot ethylene diehloridi* wa.s added to 1.0 g. of «-ainino- 
4-eaila‘Uiu.\\-5,5-dunethyl“2-thiazolidjncaeetie mud diethyl 
ester iii 1 ml. ol pyridine \ft«u oru* liour at room tempera¬ 
ture the .solution was warm(‘d on a steam bath for a few 
minutes, cooled and waslied with water and pota.ssiiim 
biearl»<mate solution After drying and concentration, the 
oil ervhtallized from benziuic-petroleiini ether, wu*ight, 
0 25 g.. ni.p. 133-134“. After reery.stJillization trom the 
same solvent eoml)inatK>n, tli<‘ colorl(‘ss needles melted at 
135 130". The analysis coires|)onds to a monoamide. 
Although the position of the ac> 1 group cannot be regarded as 
settled, it seems probable that the primary amino group was 
substituted. 

Calc, for (\Jl 2 *Ni()«S: C, 47.10; 11, 4.90; N, 11.57 
Found: 47.31, H, 4.77, N, 11 52 

Dimethyl n-Penicilloate and Its Deformylation Product 

{M.47y 28, /F), I, oJ, 3). Sodioforinyl-N-formylglycine 
iiietlnl ester was pn'parod from glytune methyl ester hydro¬ 
chloride by nuietions analogous to tliose descnbiHl (NHRL, 
(\lf\ 6) for the eiu’n'spondiiig ethyl (‘ster 

A .solution of 5 g. of the nu'th> i (‘st(T hydroeldoruh' of 
n-penicillainine in 7 ml. of water and 1.5 nil. of acetic acid 
was added to 7.0 g. of crude sodiolorm.vl-N-formylglycine 
m(‘thyl ester in 15 ml. of water. The precipitated oil w^as 
extracted with ethylene dichlonde, thfui concentrated and 
dried at 50" and 0.01 inin.; yield, 6.0 g. 

The luuivj amb(T syrup was dissolved in 40 ml. of 8% 
hydrogen ehloridi* in methanol and allowed to stand for 
sixteen hours at 0-5". The residual oil obtained by con¬ 
centration under redue(*d pressure was neutralized with 
pota.ssium bicarbonate solution, extracted with ethylene 
dichloride and concentrated to an oil (weight 5.1 g.). 
Flvaporative distillation at 0,003 mm. and KM)" gave 3.1 g. 
of a light amber oil. 

Calc, for Ch,Hi8NA)iS: C, 45.78; H, 6.92; N, 10.68 
Found: C, 45.88; H, 6.83; N, 10.59 

The jireparation was later modified a.s follows. To a 
solution of 2.00 g. (6.89 millimoles) of dimethyl D-pcnicil- 
loate in 35 ml. of methyl alcohol was added 15.21 ml. of 
0.453 N hydrogen chloride in methyl alcohol (one equivalent). 
After one hour at reflux temperature, the solution was con¬ 
centrated under reduced pressure, neutralized with sodium 
bicarbonate, and extracted with benzene. The residue from 
the benzene extract was evaporativcly distilled at 100-105® 
and 10“® mm,, weight 0.91 g. The resulting a{-amino-4- 
carbomethoxy-5,5-dimcthyl-2-thiazolidinoacetic acid methyl 
ester was identified by refractive index, optical rotation 
and distilling range. 

This modification is important as it makes possible the 
deformylation of a compound containing a carboxyl group 
under conditions which minimize esterification which might 
otherwise occur during the conventional treatment with 9% 
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hydrogen chloride in methanol. The yield also se(‘ins to he 
markedly improved. 

Dimethyl n-Penicilloate (Upjohn, 13). A solution 

of 5 g. (25 millimoles) of i)-p(‘nieillainine metliyl ester 
hydrochloride in 7 ml. of water and 1.4 nd. of glacial acetic 
acid was added to a solution of 7 g. of sodio a-formyl- 
N-formylglycine methyl ester in 15 nil, of water. Alter 
standing at room temperature for five hours, the oil which 
had settled out was extracted with 100 ml. of I'thylene di- 
chloride. The separati'd organic layer was dried over 
anhydrous sodium sulfate and eva]K>rated to dryness m 
varvo; yi(4d, essentially quantitativi*. 

Calc, for CnHiKNjOfcS: C, 45.50; H, 0.25; N, 0.05 
Found: C, 44.11; II, 7.08; i\, 0.02 

Dimethyl i>-Penicilloate Perchlorate (Merck, 15). 

To a solution of 1.5 g. ol crude dimethyl n-jicnicilloate (a 
thick light-yellow gum (M 50, 1 )Vin a small volunu'oi glacial 
Hceiic iicid, 0.75 g. of 70^'; piTchlonc acid was added. The 
mixture w'as diluted w'itli ether and seeded witli crystals 
from a previous micro-scale preparation A crvstallme 
product slowly separated. Uecrystiillization from ahsolulc 
alcoh()l-(‘thcr g.ave fim* needles (ISO mg ), mp 105 100® 
(capillary, plaeial in bath at 180®), [aln-^ 4 117® {f = 1.0 in 
ethanol). 

Calc, for C,,1 J,hN/),S IICK)^: 

C, 33 70; II, 4.00, X, 7 17 

Found: C, 34 00, II, 4.07, X, 7 12, 7.14 

A sarujde of the salt was dissoh ed in water and decom¬ 
posed })y t he addition of sodium lucarbonatt*. The liee base 
was extracted witli chloroform and obtaiiu'd as a colorless 
oil after removal of the* suh eiit at n‘duced pressur<‘ 

Saponification of Dimethyl o-Penicilloate (4/ 5.y, 5). To 
a solution of 2 g. (0.80 millimoles) of the diiiK'thyl n-perii- 
cilloate in 0 ml. of dioxane and 150 ml of w’atiT was ad<h‘d 
68 8 ml (»f 0.1173 .'V (3 44 millimoles) bjinum h} dioxide (a ei 
a period of 1.75 hours. Alter an additional 0 5 hour the 
barium ion w^as removed with an equivalent quantity of 
0.1 \ sulfuric acid. The filtered (Norit) solution was 
lyopluliz(‘<l to a colorless tlutTy powder (weight 1.74 g.). 

As this did not appear to be homogeneous, a ().81-g. 
portion was extracted with light petroleum, tluMi th(‘ residue 
w'as dissolved in ethylene dichloruh* and diluted with two 
volumes of benzime. After removal of a small amount of 
tlocculent material, the oil obtained uj)on coneiaitration 
nrnount(‘d to 0.38 g. 

Calc, for CioHiBOiiNsS (the mono-oster): 

C, 43.47; 11, 5.84; N, 10.13; (K4U, 11.23 
Calc, for Cioni404N2S: 

C, 40.50; II, 5.40; N, 10 85: (K^U, 12.0 
Found: C, 47.55; H, 0.67; N, 11.50; ()CH», 11.08 

Since the analysis is in better agreement with a product 
resulting from dehydration ns well as saponification, a 
cyTlization w^as suspected. HowTver, the uItravioh‘t absorp¬ 
tion spectrum did not show the characteristic band of the 
benzylpenillic or benzylisopeiiillic acid structures. 

Preparation of Dimethyl N^-Phenylacetyl-u-penicilloate 
(M.55, 10). A 3.0 g. sample of the poreliloric acid salt of 
dimethyl n-penicilloate (M.53, 15)Va.s dissolved in water, 
the solution was made alkaline with sodium bicarbonate and 
the free base was extracted into chloroform. The chloro¬ 
form extract was dried over sodium sulfate and concentrated 
at reduced pressure. The resulting gum was dissolved in 
ether and 0.4 ml. of pyridine was added to the solution. 
Phenylacetyl chloride (0.3 ml.) was then added and the 
mixture was allowed to stand overnight. The solution wa.s 
washed with sodium bicarbonate solution, dried over sodium 
sulfate and concentrated under reduced pressure. The 
yellow oil which remained did not crystallize. 

a-£thyl jS^Methyl n*Penicilloate Hydrochloride (Squibb, 
8 . 85 , 8). A miicture of 1.2 g. of ethyl a-formylamino-i9,j8- 


diethoxypropionate and 1.03 g. of D-penicilhimine methyl 
ester hydrochloride was fus(‘d in an oil bath at 110®. A 
clear melt formed which b(*cam(‘ viscous aft(*r about ten 
minutes. Tlu* melt w as cooled and granulated upon tritura¬ 
tion with ether. The white powder w^as non-liygroscopic. 

Calc, for (^.dUMX 20 .sSCl: \. 8.23 
Found: X, 8.10 

«-Ethyl /^-Methyl N'‘-Phenylacetyl-i>-penicilloate (iMerck, 
10). a-Ftl yl X^-phenylacetyl-D-penicilloale in 
chloroform solution w’as treated with diazomethanc'. The 
ester crvstalliz(‘d from a mixture of (*ther and (‘thanol, m p. 
97-98°.* 

(5ilc. for C 2 «H>fiX 2 () 6 S: (\ 50.85; II, 0 20; X, 0.03 
Found: (', 57.13; II, 0.30; N, 7.00, 6.93 

Hydrolysis of a-Ethyl |9-Methyl N‘-Phenylacetyl-n- 
penicilloate (M 3?, 12). 'Du' diestor was Irealeil with two 
moles of sodium hydroxide in aqueous-alcoholic solution. 
An oil was o})taiii(‘d by acidiiying the solution, which 
solidified on treatment with ether and w^is recr>>tallized 
from eth\l ac(‘tate; in p. 204 200°. 

Calc, for U.JIihX.O.S: (\ 57.47: H, 5.43; N, 8.38 
Found: (’. 57.50, 57.51, H, 5.29, 5.38; N, 8.44 

Th(‘ com]U)und gave a neutral ecpiivalent of 352 and a 
Hast molecular weight of 320 against a theory of 334, 
About a tliiid of one moh* ol methoxyl was found. It is 
thus e\ ident tiiat Imth csUt groujis were probably removed 
as well as tlie form> 1 giou]>. However, a ring closure had 
probably taken placi*, but probably not of the pendlic typo 
liecaiise ol the lack ot a spi'cihc absorption sjicctrum. 
Amide formation between tli(‘ tree ammo group and the 
/8-carbox>l may explain the structure. 

a-Btnzyl /-/-Methyl l-PenlLnylienicilloate (Hrxm, f\ar- 
niigton, UaMcs, Jones, Kamagi“ and Waring, 8). 

A mixtun* of 5.8 g. of benzyl l-pentenylpenaldate, 4 g. of 
penicillamine meth>l e.ster h\drocjiloride and 2 g. of fused 
sodium acetat(‘ in 50 nd. of dry methyl alcohol was warmed 
lor tlurt> minutes, and water was added to give a cloudy 
warm solution which readily crystallized on coohng. The 
product was filtered (2.4 g ), m.p. 97° witli .softemug, and 
aftiT one crystallization from methanol had m.p. 119-120°. 

Cak. for Cb 2 llx.XA) 5 S: C, 00.8; II, 0.9; S, 7.4 
Found: U, 00.4; H, 6.8; S, 7.4 

Dimethyl n-Phenylpenicilloate Hydrochloride (Merck, 
9. »v/, 12; 3S\ 2). A solution of 1.4 g. of 2-phenyl-4- 
hydro\ymethylene-5(4)-oxazolone in 25 ml. of absolute 
metlianol was refluxed for twenty-five minutes. The solu¬ 
tion w'as concentrated to dryness in vacuo and the resulting 
gum was dissolved in 50 ml. of toluene containing 1 43 g. of 
D-peniciliainme methyl ester. The toluene solution was 
refluxed for twenty minutes, then concentrated to dryness 
in vacuo to yield an umber oil. The oil w'as dissolved m 5 ml 
of absolute im'thanol and acidified w ith methaiiolic hydrogen 
chloride. After adding ethyl ether the solution was iier- 
initted to stand at room temperature for four hours, then in 
the refrigiTator. The w hiti‘ crystals amounted to 1.8 g. and 
melted at 182- 184°. The product gave no siilfhydryl test 
with fi'iTJc chloride. Ilecrystallization ga^e a product 
melting at 190°. 

(’ale. for CwIU.X^OfcSri: (’, 50.78; H, 5.70; X, 0.90 
Found: C, 50.13; II, 5.89; N, 7.11 

From 10 g. of 2-phenyI-4-hydroxyineth3dene-5(4)-oxazol- 
one and 10 g. of D-penicillainine methyl ester, 19.5 g. of a 
crystalline hydrochloride w^as obtained upon treating the 
reaction product with hydrogen chloride in methanol. 
This w'as recrystallized to yield 12 g. of dimethyl u-phenyl- 
penicilloate hydrochloride, m.p. 193-194°; +44.2° 
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(c « 3.1 in 1% HCl). The ultraviolet absorption in ethanol 
showed a single intense band of Em 12,800 at 2,275 A. 

After conversion to the free base, the halogen-free product 
was crystallized from otbvl ether to yield a dimethyl ester 
melting at 109^ -f 110.2'^ {c - 1.7 in methanol). 

Dimethyl N^-Methyl-n-phenylpenicilloate (M .68^ 3). 

Treatment of D-4-carho.xy-5,5-dimethyl-a-(N-methylbenz- 
amido)- 2 -thia 2 olidineaeetic acid methyl ester suspended 
in chloroform, with a sliglit excess of ethereal diazornethane, 
and evaporation of the solvent under reduced pressure gave 
the dimethyl eater in the form of a colorh'ss oil. For analysis 
a portion was subjected to molecular distillation; the ma¬ 
terial sublimed at 110-130® at 0.001 mm.; [aln** -f-22.8® 
(c “ 0.8 in chloroform). 

Calc, for CUH 24 N 2 O 6 S: C, 50.83; H, 6.36; N, 7.37 
Found: C, 50.47; II, 6.71; N, 7.95 

A second form of the dimethyl ester was prepared through 
the direct condensation of i>-penicillamine methjd ester with 
a-forrayl-N-benzoylsarcosine methyl ester. While penicill¬ 
amine methyl ester has been found to react readily with 
aldehydes, e.g. benzaldehyde and methyl benzylpenaldate, 
in benzene solution with the separation of water even at 
room temperature, when n-penicillamine methyl ester pre¬ 
pared from 0.43 g. of n-penicillamine methyl ester hydro¬ 
chloride and 0.50 g. of a-formyl-N-benzoylsarcosine methyl 
ester were heated in biuizene, no trace of water was observed 
on distilling a portion of the benzene. The remaining 
benzene was evaporated under reduced pressure and the resi¬ 
due allowed to stand at room temperature. After two weeks 
a few crystals had formed These were separated by treat¬ 
ment with a small amount of ether; m.p. 114-119°. After 
two crystallizations from carbon tetrachloride the melting 
point was 115-117®. 

Calc, for C 18 H 24 N 2 O 6 S: C, 56.83; H, 6.36; N, 7.37 
Found: C, 57,10; H, 6.64; N, 7.51 

Seeding of the oily dimethyl ester, obtained by diazo- 
methanc treatment of the a-methyl ester, with the crystalline 
dimethyl ester failed to cause the former to crystallize. 

Dimethyl OL-Phenylpenicilioate Hydrochloride (Boon, 
Carrington, Davies, Gaubort, Jones, Ilamage and Waring, 
CPS.0S4y 16). A mixture of 5 g. of 2-phcnyl-4-hydroxy- 
methylene-5(4)-oxazolone, in 25 ml. of benzene and 2 ml. 
of methanol was refluxed gently for ton minutes, when 
a clear red solution was obtained. The solvent was removed 
in vacuo and the residual oil was dissolved in 45 ml. of glacial 
acetic acid; 4.5 g. of DL-penicillamine methyl ester hydro¬ 
chloride was added and the solution was warmed on the 
steam bath for one-half hour. The acetic acid was removed 
m vacuo at 50-60® and the residual oil crystallized on tri¬ 
turating with 10 ml. of dry methanol. The crude dimethyl 
PL-phenylpenicilloate hydrochloride weighed 4.85 g.; m.p. 
202® (dec.). After recrystallization from methanol it 
melted at 204® (dec.). 

Calc, for CuH,iNaO*Sa: C, 50.7; H, 5.7; N, 6.95 
Found: C, 51.1; H, 5.3; N, 7.25 

A second crop (1.95 g.), m.p. 190-192®, was obtained by 
the addition of ether to the methanolic mother liquors. The 
free base was obtained by dissolving the hydrochloride in 
water, adding an excess of sodium bicarbonate and extracting 
with chloroform. 

a-£thyl ^-Methyl N^-Isobutyryl-N^-methyl-n-phenyl- 
penicilloate (Copp, Duffin, Smith and Wilkinson, CPSfi4£y 
12). or-Ethyl N ^isobutyryl-N ’-methyl-D-phenylpenicilloate 
was treated with excess ^azomethane in chloroform solu¬ 
tion. The clear solution was evaporated in vacuo and the 
residual gum treated with a mixture of carbon tetrachloride 
and dry ether when it slowly crystallized. It was rocrystal- 
Uzed by precipitation from ethyl acetate with light petroleum 
(b.p. 40^®) as colorless pointed prisms, m.p. 97®; [ajMei 
-b28® (c » 0.5 in alcohol). 


Calc, for CsJGaNoOeS: C, 59.5; H, 6.9 
Found: C, 59.5; II, 6.9 

Diethyl nu-Phenylpenicilloate Hydrochloride (New'bory 
and Raphael, (PS.S78y 3). A mixture of 2 g. of DL-penicill- 
amine hydrochloride ethyl ester, 3.6 g. of ethyl phcnyl- 
ponaldate acetal and 10 ml. of glacial acetic acid was 
warmed on the steam bath for thirty minutes and the acetic 
acid then removed in vacuo. The residual viscous mass was 
triturated with a small quantity of cold alcohol and 80 ml. 
of dr 3 ' ether added. Tlic rosidting white solid was collected, 
washed with ether and crystallized from alcohol-ether to 
give needles (3.6 g.; 90%), m.p. 165-166®. For analysis 
the compound was recrystallized from a small quantity of 
alcohol. 

Calc, for C, 52.9; II, 6.3; N, 6.5 

Found: C, 52.8; II, 6.65; N, 6.7 

oc-Benzyl ^-Methyl i>L-Phenylpenicilloate (Ikjon, Car¬ 
rington, Davies, Jones, Ramage and Waring, CPS.479y 7). 
A mixture of 24 g. of benzyl a-formylhippurate (Boon, Car¬ 
rington, Davies, Jones and Raniagts, CPS.274)y 16 g. of Di.r- 
peuiciliainine methyl ester hydrochloride and 8 g. of fused, 
powdered sodium acetate in 100 ml. of dry methanol was 
warmed gently to boiling and refluxed for thirty minutes. 
After standing, the salt was filtered and the filtrate diluted 
with 100 ml. of absolute ether before leaving in the cold room 
overnight. A crop of crystals was filtered, washed with 
ether and dried in a vacuum desiccator (18.4 g.); the melting 
point sliowed softening at 70-80° and cleared at 115®, The 
mother liquor was concentrated under reduced pressure and 
the second crop (3.7 g.) had a melting point of 95*99®. On 
long standing most of the penirilloate crystallized if the 
methanol was replaced by ether. 

Three grams of benzyl a-formylhippurate, 2 g. of niy- 
peuicillainine methyl ester hydrochloride and 2 g. of an¬ 
hydrous sodium acetate in 30 ml. of ethanol were warmed, 
adding water to give a clear solution, for fifteen minutes. 
After removing from the water batii, more water was added 
to give a cloudy solution which readily cry.stallized and when 
cold was filtered (1.9 g.); m.p. 118-125®. After two re- 
crystallizations from methanol tiie product melted at 130°. 

Calc, for CaallzeNaOftS: C, 62.4; II, 5.9; N, 6.3; S, 7.2 
Found: C, 62.3; II, 5.6; N, 6.3; S, 7.2 

More was obtained by further dilution of the mother 
liquor with water but was always very gummy. 

Dibenzyl DL-Phenylpenicilloate {CPS.346y 2). a-Benzyl 
DL-phenylpcnicilloate (2,14 g.) in 20 ml. of dry chloroform 
was cooled in ice and 0.7 g. of phenyldiazomethane in 20 ml. 
of dry ether was added gradually with swirling until a faint 
pink color persisted for one-half hour (about 17 ml. required). 
After forty-eight hours, two drops of acetic acid were added 
and the solution was washed with N sodium hydroxide and 
water and dried. Removal of the solvent in vacuo at 50® 
left 2.56 g. of a pale yellow gum. 

Dibenzyl DL-Phenylpenicilloate {CPSMSi^ 15). Dibenzyl 
DL-phenylpenicilloate hydrochloride (6.75 g.) was suspended 
in 100 ml. of ether and shaken with 10% sodium carbonate 
solution until no solid remained. The ether solution was 
washed with water and dried. Evaporation of the ether 
left the base as a gum which was crystallized from 20 ml. of 
dry benzene and petroleum ether (b.p. 60-80®). After 
standing at 0® for several days the crystalline base (2.93 g.), 
m.p. 101-103® (after previous sintering), was separated. 
No further base could be obtained, but the residue was 
recovered from the mother liquor as the hydrochloride 
(2.7 g.), m.p. 166-169®. The base was recrystallized from 
petroleum ether-ethyl acetate (9:2) and was obtained as 
silvery needles; m.p. 107-108®. 

Calc, for C,iH.oN,0*S: C, 67.2; H, 6.8; N, 6,4; S, 6.2 
Found; C, 67.3; H, 6.16; N, 5.6; S, 6.35 
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The production showed only end absorption in the ultra¬ 
violet (at 2,435 A, E 4,800 on the slope of the curve). 

I Dibenzyl DL-Phenylpenicilloate Hydrochloride 
16). ni,-Penicillamine benzyl ester hydrochloride (13.78 g.) 
and 14.85 g. of benzyl d'-forniylhij)purate were dissolved in 
150 ml. of warm methanol. Fused sodium acetate (1.5 g.) 
was added, and the mixture was refluxed gently for one hour. 
After removal of the solvent the residue was treated with 
ether and water; the ethereal layer was w^ashed with 10% 
sodium carbonate solution and with water and dried. The 
hydrochloride was i>recipituted as a gum by passing dry 
hydrogen chlorid<» into the ether sidution. The solvent 
was decanted and the residue was crystallized by trituration 
with 100 ml. of w^ann isopropyl alcohol. It was filtered, 
washed with isopropyl alcohol and ether and dried (24.95 g.). 
It had a melting point of IGO-ITO** unchanged by recrystal- 
lizing from isopropyl alcohol. 

THE AMIDES OF THE PENICILLOIC ACIDS 

<v-Amide of n-Benzylpenicilloic Acid (S<iuihb, 11). 

llenzylpeualdamide dimethyl acetal (200mg.) and n-penicill- 
aniine hydrochloride (140 mg.) w'ere dissolved in 1.0 ml. of 
acetic acid. The solution was refluxed for fifteen minutes. 
A solution of 02 mg. of sodium acetate (1 eciuivaleut) in 
1.5 ml. of wafer w^as atlded. The solution w’as evaporated 
to dryness in vacuo and the rojsidue extracted with dry 
acetone. The extract w^as treated with jjjorit, filtered and 
diluted wqth hexane. Tlie resulting precipitate solidified 
on rubbing. It w as dried at 80 ' in vacuo and then melted at 
120-125". 

(’ale. for (’joH 2 iNa 04 S: O, 54.08; H, 0.02; N, 11.90 
Found; (\ 55.01; H, 0.20; N, 11.69 

Benzylammonium Salt of Amide of n-Benzylpenicilloic 
Acid (Merck, J/.tS', 4; 4). The a-amide of n-benzyl- 

penicilloic acid was prepared by treating sodium bcnzyl- 
penicillm with acpieous ammonium hydroxide for a few 
hours at room temperatun'. The optical rotation fell to a 
nearly constant value within a few minutes. The benzyl- 
amine salt of tin* amide was jirepared. It melted at 111- 
112® (micro-block). 

Calc, for C 2 ,ll 3 oN 404 S: C, 60.24; II, 6.59; N, 12,22 
Found: C, 60.24; 11, 0.73; N, 11.88 

The n-])cnzylpenicilloic acid amide was treated w'ith 
mercuric chloride. From the cleavage products the 2,4-di- 
nitrophenylhydrazone of benzylpenaldamide was isolated in 
good yield, melting point 217.5-219° (micro-block). 

Calc, for CuHicN^Oe: 61.00; H, 4.03; N, 20.99 
Found: C, 50.97; H, 4.13; N, 21.29 

Sodium Salt of a*Amide of n-Benzylpenicilloic Acid 
(“Natural”) (Squibb, S.4^j 11; cf. Merck, MJ6b^ 3). The 
preparation of the starting amide has been briefly described 
{MA5bi 3). To a solution of sodium benzylpenicillin 
(600 mg.) in 10 ml. of water, 2.0 ml. of concentrated am¬ 
monia was added. The solution w^as allowed to stand 
overnight and lyophilized. The crystalline residue had 
[a]D^* -b 120° (in water) and contained water of crystallization. 

Calc, for CieHaoNiOiSNa'HjO: N, 10.7 
Found: N, 10.4 

The benzylamine salt was prepared and melted at 114- 
116®; MA6b gives m.p. 111-112° (micro-block). 

a-Amide of n-Benzylpenicilloic Acid Hydrochloride 
(5.4^, 11). Benzylpenaldamide dimethylacetal (200 mg.) 
and n-penioillamine hydrochloride (140 mg.) were dissolved 
in 3.0 ml. of acetic acid. The solution was refluxed for 
fifteen minutes and after cooling poured into 12 ml. of dry 
ether. The resulting solid was reprecipitated from 1 ml. of 
ethanol with excess ether, wa^ed several times with 


ether, and dried at 00° in mcuo. It gave a m^gative ftTric 
chloride t(‘st and a positive ti*Ht for chlorine. 

Calc, for CiJl 2 iN.() 4 S*HCl: C, 49.51; H, 5.72; N, 10.83 
Found: 48.38; K, 6.11; \, 10.68 

tt-Amide of N^-Nitroso-n-benzylpenicilloic Acid (“Natu¬ 
ral”) 11). To a solution of 215 mg <>1 the t^-ainide 

of n-benzvlpenicilloic acid in 2 ml. of water, two equivalents 
of N hydrochloric acid w’erc added. After cliilling in an ice 
bath, 46 mg. of sodium nitrite (1 equivalent in I ml. of water) 
was a<ldcd dropwi&e with stirring. A i)rt‘cipitatc formed 
irnmediatc'ly which tend(*d to dissolve on standing. It was 
filtered off, dric'd and triturated w'itli dry ethyl ae(*tate. 
On a<ldition oi liexane to tlu* extract an oil .separated which 
solidified on scrat(‘lnng The' semierv.stallin(‘ product w^as 
further triturated with dry ether and thcui weiglasl 47 mg. 
after drying, \a\iP^ (m (Jthanol). 'Du' original aqueous 

filtrate wuis extracted witli ethyl acetate, and tlie residue of 
the latter w'as W'orked up in the same manner. A protluet 
having t he same jiropert les, but w ith hyli) f 123° (in ethanol) 
was obtained (58 mg.). 

Variations in reaction time, temperature and acidity were 
tried but did not afft'ct tlie results matt'ri.ally. 'Flu* absorp¬ 
tion flpeetra of all tlie.se products sliowed es.sentiallv the same 
characteristics, namely, a sliouhh'r extending from 2,150 to 
2,250 A with l‘hcm ' ^ of 120 to 160, and a low hut definite 
maximum at 3,700 A, ' of 2 to 3. In contrast, the 

spectrum of ^-methyl N‘*-nitros()-i>- 7 -benzvlpemcilloate ex¬ 
hibits a maximum at 2,325 A, Eirm 148 (Merck, V/.54, 8), 
The nitrogen content of the vacuum desiccat/or-dry products 
varied between 12.K and 13.8%. a-Amide of N*-nitroso- 
bcnzyipenhdlloic acid, CibH?oN 40 oS, r(‘qiiires 14.7%. The 
deficits are at least in part to be ascribed to the presence of 
water, as drying in vacuo at 100°, which did not affect the 
absorption characteristics, improved the experimental 
figures somewhat. 

cK-Amide of /3-Methyl i>-Benzylpenicilloate (Mer(‘k, 
M.50y 24; /;.*?, 11; SO, 17). I'he crude methyl o-bimzyl- 
penieillcinate prepared from 1.0 g. of 2-benzyl-4-methoxy- 
methyleiic-5(4)-oxazolonc (4.G millimoles) and 1.01 g. of 
D-penicillarnine methyl ester hydrochloride (5 millimoles) 
was dissolved in 12 ml. of dioxarie which liad been saturated 
with ammonia and which coutaiaed 7.5 millimoles of am¬ 
monia as shown by titration of an aliquot wdth standard acid. 
After standing overnight, 0.14 g. of material crystallized 
from the solution; m.p. 182-186°. After recrystallization 
from methanol the melting point was 193-194°. 

Calc, for C,7ll28N.04S: C, 55.88; H, 6.34; N, 11.50 
Found: C, 56.01; H, 6.35; N, 11.70 

In subsequent experiments attempts have been made to 
isolate other isomers. 

Methyl p-bcnzylpeuicillenate was prepared from 5.0 g. 
of 2-benzyl-4-methoxymothylene-5(4)-oxazolone and 5.05 g. 
of D-penicillaminc methyl ester hydrochloride and added to 
100 ml. of dioxane containing 0.71 g, of ammonia. On 
standing overnight, 0.67 g. of the Idgli-mciting form of the 
a-amide of ^-methyl n-benzylponicilloic acid (m.p. 189-190°) 
separated. The filtrate was evaporated to dryness under 
reduced pressure leaving a viscous oil which was dissolved in 
benzene. On standing, crystals, m.p. 153-155°, separated; 
weight, 2.09 g. After recTystallization from acetone-ether 
the melting point was 158-161°. 

Calc, for Ci7H2»Ni 04S: 55.88; H, 6.34; N, 11.50 
Found: C, 56.05; 11, 6.21; N, 11.44 

Evaporation of the mother liquors gave a residue which 
yielded on treatment with benzene-ether 0.63 g. of crystalline 
material which exhibited the following behavior on heating 
on the micro-stage: melted at 70-75°; a few needles formed 
at 110°; by cooling and heating again to 115°, the entire 
mass became crystalline and finally melted at 130-134°. 
On recrystallization from benzene it exhibited a double 
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melting: point on the micro-block. It fu*st molted at 75-80°, 
resolidilied at approximately 100°, and finally melted at 
125°. A further recrystallization gave material melting at 
120-121° (micro-block) with preliminary Boftening at 80°. 

Calc, for CuIlsiNiO^S: C, 55.88; H, 0.34; N. 11.50 
Found: C, 55.76, 11, 0.08; N, 11,23 

Reaction of Methyl OoBenzylpenicillenate with Ammonia 
(Squibb, 10; J^Ij^ 12; cf., Merck, MMS, 11). Methyl 
u-benzylpcnicillenatc was prepared from 2-benzyl-4-meth- 
oxymethylcne-5(4)-oxazolone and D-pcnicillamine methyl 
ester hydrochloride as described by Merck {M.47, 3). The 
crude, gummy material (1.14 g.) was dissolved in 15 ml. of 
dioxane containing 9 millimoles of dry ammonia. On 
standing overnight a solid deposited (122 mg , m.p. 185- 
189°). l{eery.stallizatiou from mctlianol yielded platelets 
melting at 197-198°. The mother licjuor was taken to dry¬ 
ness and the oily r(*sidue was dissolved in benzene. The 
gelatinous solid winch separated on standing (202 mg.) 
melted at 149-151° after softening at 08-80“. On further 
stainling an additional 55 mg. were olitained, which melted 
at 05-85°, partially resolidilied and then melted gradually 
from 95 to 140°. 

The material melting at 149-151° (50 mg.) was dissolved 
in 2 ml, of dioxane and the solution was heated on the steam 
bath for tw o hours. On standing in the cold a solid (7.5 ing., 
m.p. 181-184°) deposited. Tlie mother liquor was again 
heated at 100° for five hours and yieldetl after cooling 0 mg. 
of material, m.p. 185-187°. Another 50 mg. was heated 
for seventeen hours and yielded 8.5 mg. melting at 182-184°. 
Evidently an equilibrium is soon established wduch limits the 
amount of high-melting amide ester realizable' in any one 
single heating period, regardless of duration. The three 
products were combined and recrystallized from methanol, 
yielding material melting at 190-198°. A mixture with 
the high-melting product olitained in the original reaction 
with ammonia-dioxane melte'd at 193-194°. 

Treatment of a-ethyl i)- 7 -benzylpeniciIloate with con¬ 
centrated aqueous ammonia for twenty-four hours or wdth 
dry ammonia gas in ethanol either at room temperature (24 
hours) or at 100-110“ (3 hours) in all cases yielded products, 
which on cleavage witli mercuric chloride formed ethyl 
benzylpenaldate identilicik as the dmitrophenylhydrazone, 
m.p. 180°. 

a-Axnide of /3-Methyl o-Benzylpenicilloate from Benzyl- 
penicillin Methyl Ester {S. 40 , 13). To a solution of 500 ing. 
of benzylpeniciilin methyl e.ster in 25 ml. of dio.\ane, 12.5 ml. 
of concentrated aqueous ammonia and 12.5 ml. of water 
were added, 'fhe rotation changed from [alu -4-89“ within 
five minutes to [alD *4-83° in twenty hours. Benzylpeiiicil- 
hn methyl estcT in 50% dioxane had an [a]D -4*274°. The 
solvents were removed in vacuo^ leaving a gummy residue 
which could not bc' crystallized. In contradistinction to the 
synthetic mixture of isomers the product was completely 
soluble in benzene. 

Calc, for Ci 7 H 2 ,N* 04 S: K, 11.52 
Found: N, 11.82 

a-Amide of /3-Methyl n-Benzylpenicilloate (Pfizer, 
P.S5, 8). When 700 mg. of D-penicillainine methyl ester 
hydrochloride was treated with benzylpenaldamide diethyl 
acetal in a manner similar to that used for the L-derivative, 
there was obtained 000 mg. of a-amide of /8-methyl o-benzyl- 
penicilloate wdiich after several crystallizations from 
methanol melted at 191-192°; Md -|-73° (c « 1.0 in 6 N 
hydrochloric acid). 

(Jalc. for C,7ll2aNa04S: C, 55.80; H, 0.30; N, 11.61; S, 8.76 
Found: C, 65.01; II, 6.48; K, 11.40, 11.41; S, 8.52 

a-Amide of /3-Methyl n-Benzylpenicilloate (Squibb, 
13; cf., Pfizer, 8). Equimolar amounts of the 
acetal (205 mg.) and the ester hydrochloride (200 mg.) were 
refluxed in 2 ml. of 50 % methanol for one and one-half hours. 


A solution of 0.1 g. of sodium acetate in 5 ml. of water was 
added and the mixtiin* allowed to stand in the cold. A solid 
(134 mg.) separated which melted at 157-170° after gradual 
sintering from 125° on. Recrystallization from methanol 
yielded 34 mg. melting at 188-196°. On further dilution of 
the original solution 24 mg. melting at 128-165° were 
obtained. The supernatant was extracted with ethyl 
acetate The extract yielded 161 mg. of a gummy residue, 
which partially solidified on treatment with benzene 
(110 mg., m.p. 110-125°). 

The material melting at 128-155“ was combined with the 
residue of the methanolic mother liquor from the high-molt¬ 
ing crystals (iogi'thcr 129 mg.) and treated with cold dioxane. 
The soluble material (117 mg.) w^as dissolved in 1 ml. of 
dioxane. After the addition of a crystal of iodine the solu¬ 
tion w^as refluxed for five minutes. The material which 
separated on cooling (13 mg.) after recrystallization from 
mctlianol melted at 190-199“. The supernatant was com¬ 
bined with the material obtained from the ethyl acetate 
extract, and when subjected to twM) successive heatings 
yielded 25 mg. of crude, high-melting product. 

a-Amide of /3-Methyl n-Benzylpenicilloates from a-Ethyl 
n- 7 -Benzylpenicilloate (Squil)b, S. 47 , 15). To a solution 
of 5(X) mg. of a-ethyl n-y-benzylpenicilloate in 0 ml. of 
ethanol, 3 ml. of (ioncentrated aipie^ous ammonia w^as added. 
After a week at room temperature the solution was evajio- 
rated in vacuo. The residue was dissolved in 3 ml. of water 
and the solution ?arefully acidified with 1 N hydrochloric 
acid until no more precipitation occurred. The gummy 
precipitate was washed with water, drif'd, dissolved in a 
few milliliters of methanol and treated with ethereal diazo¬ 
methane. A small amount of crystalline matiTial (19 mg.) 
separated on scratching, w’hich after reorystallization from 
methanol, nu'lted at 198-200° and did not depress the 
melting point of the high-melting isomer (200-202°) of tlie 
a-amide of ^-methyl D-benz\lpenicilloate obtained from 
benzylpenaldamide dimethyl acetal (aS.// 5, 13). The residue 
of the mother liquor w'as dissolved in ben/ene and excess 
ether was added. On standing crystalline material sepa¬ 
rated (05 mg., m.p. 75-80°). On recrystallization from 
the same solvents the melting point rose to 145-149". A 
mixture with the isomer melting at 145 150° prepared from 
the penaldamidi* 13) melted at 145 150“. 

«-Amide of /3-Methyl n-Benzylpenicilloate 10). 

Amorphous a-amide of n-bcnzylpeiucilloic acid hydro¬ 
chloride (300 mg.) 11) was dissolved in 3 ml. of 

methanol and treated wuth excess ethereal diazornethane. 
On scratching a crystalline precipitate separated (28 mg., 
m.p, 190-193°). Two recrystallizations from methanol 
raised the melting point to 205-206°. 

Calc, for Cx 7 H 2 ,Nb 04 S: C, 55.80; H, 6.30; N, 11.51 
Found: C, 55.80; H, 0.37; N, 11.37 

After separation of another crop (m.p. 155-180°) from 
the mother liquor, the latter w'as evaporated to dryness and 
the residue was dissolved in benzene. After standing for 
twenty-four hours, 43 mg. of crystals, m.p. 135-147°, were 
collected which after recrystallization from acetone-benzene 
melted at 140-143° after sintering at 85°; (alo** +56° (« » 
0.61 in ethanol). 

Calc, for C, 7 H 2 ,N* 04 S: C, 55.80; H, 6,30; N, 11.51 
Found: C, 56.09; H, 6.35; N, 11,61 

The mother liquor deposited another crop of crystalline 
material (20 mg., m.p, 80-90°, clear at 145°). The remainder 
of the product could not be crystallized. 

The liigher-melting ester was apparently identical with 
the compound (m.p. 103-194°) obtained by treatment of 
methyl benzylpeniciilenate with ammonia (Merck, MMO, 24; 
53, 11), and later by condensation of benzylpenaldamide 
diethylacetal with D-penicillamine methyl ester hydro¬ 
chloride (Pfizer, P.35, 8). The lower melting ester may be a 
mixture of the other two isomers reported (Merck, AT.55,17) 
with melting points of 168-161® and 120-121°, respectively. 
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a-Amide of/ 8 -Methyl Desthio-D-benzylpenicilloate (JMorck, 
M.60y 15). To a solution of 3 g. of the a-amide of j 8 -methyl 
D-heiizylpenicilloate, in.p. 85 100” (dec.), in 150 ml. of 
ethanol 25 g. of Raney nicked catalyst was added and the 
mixture was rapidly heated to reflux. After refluxing for 
five minutes, the mixture was cooled and the nickel was 
removed by centrifuging. The ethanol solution was filtered 
and was concentrated under reduced pressure to give 1.88 g. 
of light yellow oil. Upon the addition of ether the oil be¬ 
came partially crystallim*. There was collected 0.55 g. 
of colorless crystals, ni.p. 130-130”. Upon repeated 
crystallization from methanol-ether the amide melted at 
142-143°. 

('ale. for r, 7 ll 2 oNi 04 : 60.88; H, 7.51; N, 12.53 
Found: C\ 61.05; il, 7.08; N, 12.36 

a-Amide of /3-Methyl L-Benzylpenicilloate (Pliz<‘r, P 25^ 
8 ). A solution of 2 g. of L-penicillamine methyl ester 
hydrochloride in 20 ml. of 50% aqueous methanol was re¬ 
fluxed for 1.5 hours with 3 g of hen/ylpenaldamide diethyl 
acetal. 3'he amide dissolved rapidly and thc‘ solution soon 
be(;ame clear. After the n^action was ovct, 1 g. of potassium 
acetate in 50 ml. of wat(*r w^as addl'd. The <*rvstalline 
material which separated on cooling \v(*ighed 2.2 g. Re¬ 
peated crystallizations from methanol gave a product 
melting at 191-192°; [aln —69” (r — 1 in 5 N hydrochloric 
acid). 

('ale. for (h 7 n 23 N 304 S: C, 55.80; 11, 6.30; N, 11.51; S, 8.76 
Found: C, 55.66; Jl, 6.28; N, 11.68, 11.47, S, 8.79 

p-Phenylphenacyl Ester of the a-Amide of Benzylpeni- 
cilloic Acid (Merck, AfJoh, 3). From the sodium salt of 
the arnidi* of benzylpcnieilloie acid and 71 -phenylphenacyl 
bromide there \vaR obtain(*(I the p-phenylphenacyl ester of 
tlie a-ainide of benzylpcnieilloie acid. The compound was 
reerystallizod from dilute alcohol as small warty crystals, 
melting sharply at 156-157° (micro-block). 

C'alc. for ('aoHaiNiOftS HjO: (\ 63.92; II, 5.90; N, 7.46 
Found: (', 64.03; 11, 5.59; N, 7.71 

a-Hydrazide of n-a-Benzylpenicilloic Acid {Af.OO, 16). 
A solution of 200 mg. of the hydrazine salt of the a-hydrazide 
of i)-«-benzyIpcnicilloic acid in 0.5 ml. of water wa.s cooled to 
freezing in a methanol-dry ice bath. The slusli w^as care¬ 
fully acidified to pll 4.5 by the dropwise addition of 0.5 N 
hydrocliloric acid, cooling the solution occasionally in the 
dry ice bath. The precipitate was centrifuged, waslied with 
1 ml. of water and dried in vacuo overniglit to yield 119 mg. 
of a white amorphous solid. The product changed on 
recrystallization, yielding a high melting product. There¬ 
fore, it was analyzed without further purification. 

Calc, for CUH 22 N 4 O 4 S: C, 52.44; II, 6.05; N, 15.26 
Found; C, 51.88; H, 5.99; N, 14.95 

A mixture of 15 mg. of the a-hydrazidc of n-a-benzyl- 
penicilloic acid with 1 ml. of water was cooled to 0-5°. 
To this cold mixture was added 1 N hydrochloric acid drop- 
wise with shaking until all of the hyclrazide dissolved, and 
tiie solution was then diluted to 2 ml. with water. The 
temperature of the solution (pH 4.0) was not allowed to rise 
above 5°. At 5°, this solution showed 4*80°; the rota¬ 
tion was unchanged after five minutes, but after thirty 
minutes had dropped to [«1 d* 4-69°. After one hour at 5°, 
the rotation was [«]iP +55.0°. On standing overnight at 
room temperature the solution showed [a]D*** +33.3°. 

Hydrazine Salt of the cx-Hydrazide of i>-a-Benzylpeni- 
cilloic Acid (MMO^ 16), To a solution of 230 mg. of «-methy 1 
D-a-benzylpcnicilloate in 3 ml. of absolute methanol ivas 
added 0,2 g. of 86 % hydrazine hydrate. After refluxing 
for ten minutes, the solution was concentrated to dryness in 
vacuo to yield a transparent gum which was triturated with 
20 ml. of absolute ethyl ether until all of it was transformed 
into a flaky white solid. It was dried at room temperature. 


Calc, for (hfln26N«04S IlA): (\ 46.14; H, 6.77 
Found: C, 46.21; II, 6.80 

a-Hydrazide of i)- 7 -Benzylpenicilloic Acid (S(|uibb, 

3). A solution of 600 mg. of the hydrazine salt in 5 ml. of 
water was cooled to 5° in an ice hath and dilute hydrochloric 
acid added dropwise until precipitation of tlio white solid 
was complete. The mixture was tlieri filtered and the solid 
washed twice with (;old water. Aft<*r two recrystallizations 
from aqueous alcohol, it melted at 154°, resolidified, and re¬ 
melted at 188° (dec.). 

Calc, for C, 6 ll 22 N 404 S; (', 52.46; H, 6.01; N, 15.30 
Found: (\ 52.27; H, 5.72, N, 15.07 

a-Hydrazide of i>- 7 -Benzylpenicilloic Acid (Merck, 

4, 20; 12; 15) To a solution of 2 g. of a-methyl 

D- 7 -benzylpenicillojite in 20 ml. of absolute methanol, 1 ml. 
of 85% h>(lrazine Indrate was a<Med. .\fter refluxing for 
ten minutes, the solution was coneentrnted to drync'ss in 
vacuo and the colorless gum was crystallized from methanol- 
ether to yield 1.53 g. of the hydrazine salt, m.p. 144-146° 
(dec.). Reerystallization from rnctliaiiol-ethcr yielded 
0.9 g., m.p. 146-146.5° (dec.). 

Tiu' 0.9 g. of the hydrazine salt of the «-hydrazide was 
dissiilv'ed in 2 rnl. oi natiT at 10° and the solution was 
acidilied to pH 4.5 witli 1 N hydrochloric acid when jireeipi- 
tation seemed to be complete. The precipitate was tilteri'd, 
waslied with 5 ml. of cold water, dried in vacuo to yicdd 
0.80 g. of a white solid, m.p. 141-143 followed liy solidiravi- 
tion ami remelting at 187 189° (dee.). The 0.8g. of tlie acid 
was recrystallized from methanol to yield 0.4 g. of (crystals 
melting at 118°, followed by solidification and remelting at 
191-192° (dec.). 

Calc, for C,6H22N404S; N, 15.26 
Found: N, 15.8 

A solution of 1 g. of the hydrazine salt of a-hydrazide of 
D- 7 -henzylpenicilloic acid, m.p. 145-146°, in 2 ml. of water 
was cooled to fri'ezing with a methanol-dry ice bath. The 
slushy mixture was acidified to pJI 4.5 by the dropwise addi¬ 
tion of 1 N hydrochloric mud, care being taken to keep the 
mixture at 0°. Tlie precipitate was centrifuged, supernatant 
liquid was decanted, and the jirecipitate was washed with 

4 ml. of cold water (5°), then centrifuged again. The .solid 
was dried in vacuo overnight to yic4d 0.84 g. of material 
melting at 125 -126° followed bv solidification and remclting 
at 183 187°. 

Calc, for C,6H22N404S H20: 50.04; H, 6.30 

Found; C, 50.38; H, 6.28 

When the a-hydrazide of D- 7 -benz 3 dpenicilloic acid was 
recrystallized several times from methanol or aqueous 
methanol (warm) the melting point rose steadily until a 
product melting constantly at 221-222° was obtained. This 
was found to be identical by mixed melting point determina¬ 
tion with 4-phenylacetamido-5-pyrazolone. 

Calc, for CiiHiiNiOa: C, 60.82; II, 5.07 
Found: C, 60.86; tl, 5.21 

Hydrazine Salt of the a-Hydrazide of u- 7 -Benzylpeni- 
cilloic Acid U'i; 4', 20 ; 21). A solution of 1 g. 

of a-niethyl i)- 7 -bcnzylpcnicilIoate in 10 ml. of absolute 
ethanol was treated with 1 ml. of 85% hydrazine hydrate, 
refluxed for ton minutes, and concentrated to dryness in 
vacuo. The residue was recrystallized from absolute methan¬ 
ol-ether to yield 0.83 g. of crystals melting at 145-146° 
(dec.). The analyses indicated that one molecule of 
hydrazine was bound to two molecules of the acid hydrazide. 
When this salt was recrystallized from methyl alcohol con¬ 
taining a few added drops of hydrazine hydrate (3 drops per 

5 ml.) a salt was obtained where the ratio of hydrazine to the 
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acid hydrazido is one to one. This salt melted at 145-146° 
(dec.). 

(^alc. for (\Jl 2 oNfl 04 S: 48.28; 11, 0.58; N, 21.11 
Found: (’, 48.19, II, 0.08; N, 21.13 

Hydrazine Salt of the a-Hydrazide of D- 7 -Benzylpeni- 
cilloic Acid (Squibb, 3, 2). X suaponsiou of 4.0 k 

of a-cthyl i)“ 7 “benzylpeni(‘illoait‘ in 5 ml. of absolute alcohol 
was cooled in an ice bath and 2 ml of 85 % liydrazine hvdrate 
added. Tlie ester went into sohition imin(*diately. The re¬ 
action mixture was then alJowinl to stand at room liunpera- 
tun‘ for two days. After the first day, somi' solid had 
precipitated in the reaction mixture. Anhydrous ether 
(20 ml.) was added snd the susiiension filtered. The solid 
wdiich weighed 3.8 g. melted at 120-135°. After two 
recryatallizations from methanol containing a small amount 
of hydrazine hydrate, it melted at 145-146° (dee.) (reported 
melting point i45-146° (dec.), xMerck, MJO, 21). 

A suspension of 1.9 g. of a-etliyl D- 7 -bcnzylpenicilloate 
in 15 ml. of absolute ethanol was cooled in an ice bath and 
2 ml. of anhydrous hydrazine added. The clear solution 
was allowed to stand for a we(*k at room temperature and 
was then poured into anhydrous ether. A ri'd oil precipi¬ 
tated out which granulated upon the addition of a second 
portion of anhydrous ether. 

The ether solution deposited long needles upon slow 
evaporation. These wen' recrystallized from anhydrous 
ether and melted at 115-116°, and are apparently the hydraz- 
ide of phenylacetic acid; m.p. 116\ 

Calc, for CkHioNsO: C, 64.00; II, 6.67; N, 18.67 
Found: C, 63.91; H, 6.83; N, 18.77 

a-Hydrazide of i>t.-Benzylpenicilloic Acid (Mich. Chem., 
B.lSf 2). A simple way to obtain the «-hydrazide of 
DL-benzyli)enicilloic acid is to add liydrochloric acid to a 
solution of the hydrazine salt. To a solution of 1 g. of 
the hydrazine salt in 3 ml. of water was added 0.5 N hydro¬ 
chloric acid until the solution was just acid to methyl 
orange. The a-hydrazide which precipitated was filtered 
and washed with water; weight, 0.75 g,; m*p. 150°, followed 
by solidification and remelting at 194°. A second crop 
was obtained by concentration of the filtrate’, 'rhe a-hydraz- 
ide is not very soluble in water or alcohol but dis.solve 8 
readily in a warm mixture of the two, from which it can be 
crystallized. 

Calc, for Ci(»ll 22 N 404 S: C, 52.44; H, 6.05 
Found: C, 52.08; H, 5.98 

Hydrazine Salt of the a>Hydrazide of DL-Benzylpeni- 
cilloic Acid 6 ; 2). This compound was best pre¬ 

pared by adding 0.83 ml. of aqueous 85% hydrazine hydrate 
to a cold solution of 2.1 g. of ethyl DL-benzylpenicilloate in 
6.5 ml. of absolute ethanol and allowing the solution to stand 
overnight in a stoppered flask at room temperature. The 
yield of crystals which precipitated (first crop) was 1.06 g.; 
m.p. 149-151® with frothing. More of the product can be 
obtained in the form of the hydrazide acid by the procedure 
described below. 

Calc, for Ci6HaeN(,04S: C, 48.22; H, 6.58 
Found: C, 47.82; fl, 6.74 

The sodium salt of a-ethyl DL-benzylpenicilloate was 
found to react rapidly with hydrazine. 

Reaction of Benzylpenicillin Methyl Ester with Hydrazine 
(Squibb, 16). To a solution of benzylpenicillin methyl 
ester (166 mg.) in 16 ml. of ether, 0.7 ml. of 86 % hydrazine 
hydrate was added. After shaking a few minutes a 
gelatinous precipitate formed, which was collected and 
washed with ether (167 mg., m.p. 140-142®). Attempted 
crystallization from several solvents failed to change the 
gelatinous consistency of the product, Ia]i> 4-78* (in ethanol). 


The analysis indicated that this substance is /3-methyl 
D-benzylpenicilloate a-hydrazide. 

Calc, for CnH 24 N 404 S: C, 53.6; H, 6.4; N, 14.7 
Found: C, 53.1; 11, 6 . 8 ; N, 14.3 

Addition of mercuric chloridi? to an aqueous solution of 
the compound yielded a h(*avy })recipit}ite. The super¬ 
natant failed to give the usual aldehyde tests, After 
removal of the mercury with hydrogen sulfide and concentra¬ 
tion of till' filtrate a crystalline product was obtained which 
after recrystallizatioii from water melted at 210 213°. 

(’ale. for CnHnNaOa: C, 60.82; H, 5.11; N, 19.34 
Found: C, 60.62; 11, 5.42; N, 19.18 

The melting point and composition indicate that the 
eompound is 4-phenylacetamido-5-pyrazolone, obtained 
previously from the hydrazide of benzylponaldic acid acetal 
with acetic acid (Mich. Chem., B.9f 2) and from «-phen- 
ylacetamido-/3,d*dimethoxypropionic acid and from crude 
a-methyl i>-benzylpeiiic*illoat(' with hydrazine* (Merck, 
4, 20). The ultraviolet spectrum of the ethanolic 
solution agrees with that giveii(A/.47, 20 ; solvent not stated). 
In the Sfiectnim of the aqueous solution the maximum at 
2,470 A is not in evid(*nee. 


A .. 

1 1 

12,200 2,250 

[ 2 ,300'2,400^2.4.50,2,500; 

2.600 
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8,200|8,!»(K)|!),100 

1 1 

! ' 

9,100 

7,700 

1 _ 
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a-Hydrazide of j 8 -Methyl n-Y-Benzylpenicilloate (Merck, 
M.50, 21 ). To 0.5 g. of finely powdered hvilrazine salt of 
the a-hydrazide of i)- 7 -beiizylpemeilloie acid (m.p. 146°) a 
solution of 1 g. of diazoinethane in 200 ml. of etlier was 
added. An instantaneous reaction occurred with the 
vigorous evolution of nitrogi'ii, solution of the solid, and the 
appearance of a small amount of gummy material that 
slowly went into solution with the liberation of more nitro¬ 
gen. In approximately twent.y minutes the gum had 
dissolved completely. I’he excess diazomethane and ether 
were removed in vacno to vi(‘ld a colorless oil. The gum 
was dissolved in 25 ml. of etlu'r, in which it is very soluble, 
and the ether solution was washed once with 20 ml. of 6 % 
sodium bicarbonate solution, followed by a wash with 20 ml. 
of water. Pivaporation of the ether solution to dryness 
in vaevo yielded 0.44 g. of a colorless gum. Attempts to 
crystallize this ester were not successful. 

Calc, for C 17 H 24 N 4 O 4 S: N, 14.72; OCII,, 8.15 
Found: N, 14.69; OCH,, 8.78 

Dihydrazide of D- 7 -Benzylpeiiicilloic Acid 21; 

Squibb, S.S9, 2). A solution containing 1 g. of dimethyl 
D- 7 -benzylpenicilloate and 1.6 ml. of 85 % hydrazine hydrate 
in 10 ml. of absolute ethanol was refluxed for ten minutes. 
The solution was cooled to room temperature and petroleum 
ether was added to the point of incipient turbidity. After 
refrigeration overnight, 0.998 g. of crystals was obtained; 
m.p. 172-173° (dec.). After 4 recrystallizations from 
methanol-petroleum ether the melting point was constant at 
189° (dec.). 

Calc, for Ci 4 H 24 NeO,S: C, 60.61; H, 6.35; N, 22.09 
Found: C, 60.40; H, 6.64; N, 22.49 

One gram of dimethyl D- 7 -benzylpenicilloate was dissolved 
in 10 ml. of absolute ethanol and 1.5 ml. of 85% hydrazine 
hydrate added. The solution was allowed to stand at room 
temperature overnight and the crystalline solid which had 
then formed was filtered off. After two crystallizations 
from 95 % alcohol, the dihydrazide melted at 196-197° with 
decomposition. 

Calc, for Ct.H14N.O1S: C, 60.68; H, 0.82; N, 22.11 
Found: C, 60.48; H, 6.68; N, 22.11 
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Dihydrazide of p-5-Benzylpenicilloic Acid (Squibb, 

3). To a solution of 200 mg. of dimethyl D-«-benzylponicil- 
loaie in 2 ml. of absolute ethanol, 0.3 ml. of anhydrous hydraz¬ 
ine was added. The solution was allowed to stand over¬ 
night at room temperature, and then diluted with 3 ml. of 
water. Crystals formed upon scratehiiig; these were filtered 
off and after two recrystallizations from aqueous ethanol 
melted at 187-1 SO** with decomposition. 

Calc, for C, 6 H 24 NeO.S: C, 50.53; H, 6.32; N, 22.11 
Found: C, 50.48; H, 6.44; N, 21.91 

A mixed melting point of the dihydrazide of i)- 7 -benzyl- 
penieilloic acid and th(' dihydrazide of i)-5-benzylpcnicilloic 
aeid was 177-185°. 

Benzylammonium Salt of cx-Methylamide of i)-Benzyl- 
penicilloic Acid (Merck, M /56, 3). The methylamide of 
benzylpeuicilloic acid was preparc'd by treating sodium 
benzylpenicillin with an aqueous solution of methylamine at 
room temperature. I'he crystalline benzylamine salt was 
obtained, melting at 131-137° (miero-block). 

Calc, for C24H«N404S-i2n20: C, 59.85; II, 6.91; N, 11.63 
Found: C, 59.91, 59,54; H, 6.81, 7.01; N, 11.81,11.83 

Benzylammonium Salt of a-Benzylamide of n-Benzyl- 
penicilloic Acid and n-2-Pentenylpenicilloic Acid (Coghill, 
Stodola and Wachtel, NRHL-CMR Ilei^ort No. 16^ 4). 
To ail undried ether solution of free penicillin containing 
about 3,000 U./ml. was added one-fifth of its volume of 
a 10 solution of benzylamine in ether. Th(‘ solution 
became cloudy at once and soon oily droplets aptieared on 
the sides of tlie test tube. In about ten minutes fine blades 
appeared and in a few hours all the oil had licen converted to 
crystals. After standing ov(*rnig]it the crystals were rapidly 
filtered and washed several times with ether. P’or recrystal¬ 
lization, the product was dissolved in a minimum amount of 
85 % alcohol at room temperature and ether addc'd to cloudi¬ 
ness. On standing, long, thin bladtis appeared. These were 
collected and dried in air. 1'he weight of the derivative 
usually equaled the weight of the penicillin used. 

I'he benzylamine derivative* obtained from the 1240 
fermentation melted after three recrystailizations at 
130-131°. JOlementary anidysis showed the composition 
C28H»aN40r.S. Drying to constant weight at 50° and 
10~® min. showed the product to be a monoliydratt*. It 
could also be demonsiratc'd that a molecule of benzylamine is 
present as a salt by shaking a chloroform solution of the 
derivative with dilute hydrochloric acid. That the product 
remaining in the chloroform still had another benzylamine 
residue in the molecule was proved by absorption spectrum. 
Alkaline hydrolysis also liberated benzylamine from this 
free acid, which was not obtained in crystalline form. 

It can be deduced that the acid would have the composi¬ 
tion (^28lIl8N406S - (IlaO -f eVH^N) - (^2 iH 27N3048. If 
it be further assumed that the second molecule of benzyl- 
amine enters the molecule without the loss of water, the 
formula of this penicillin would be Ch 4 Hi 8 N 204 S. 

The benzylamine derivative prepared from the submerged 
832 penicillin was found to resemble the compound just 
described, although there were some* differences. 

The 832 derivative melted at 136-137° when pure. It was 
also a monohydrate and analyzes for (hoHjgN 4 () 6 S^ Making 
deductions for one molecule of water and two molecules of 
benzylamine, a formula of Ch 6 Hi 8 N 204 S is indicated for this 
penicillin. 

It is also significant that the X-ray diffraction patterns 
of the two benzylamine derivatives were distinctly different. 

Benzylamine Derivative from Barium Benzylpenicillin 
(Squibb, S.Say 3; cf. Pfizer, P.f, 20). An amorphous barium 
salt (50 mg. of 1200-1600 U./mg. material from deep culture 
strain 832, made from acetone insoluble material giving 
good yield of sodium salt crystals) was treated with benzyl- 
amine as above (NRRL-CMR Report No. f6‘, 4). The 
yield of twice recrystallized derivative was 15 mg.; m.p. 


133 -134°. After drying at 100° over phosphoru.s pentoxide, 
oil pump vacuum for two hours, tlu* melting point was 
around 120° (not sharp), but the jiroduct seemed to have 
retained its crystalline structure. 

Talc, for (\Jl 27 Na() 4 H: (\ 62.5: 11, 6.12; N, 9.5 
Found: C, 62.87; IJ, 6.26; N, 9.55 

The experiment was repeated, ])ut the preparation (m.p. 
132-134°) was analyzed air-dry: 

(^alc. for (\oH 38N406S: (\63.6; hi, 6.7; N, 0.9 
Found: (\ 63.88; H, 6.52; N, 10.3 

When 100 mg. of amorphous sodium salt (1100 U./mg.; 
flat eulture; 3 strains (hTived from original Squibb strain 
144) was treated us above, the first precipitate from the 
reaction in etluT solution consisted of a yellow oil; crystals 
were obtained from siqiernatant on standing at room tem¬ 
perature after no more oilv material deposited. The yii'Id of 
twice recrystallized product was 15 mg.; m.p. 128-129°. It 
was air-dried. 

(^alc. for r28n«8N405S: C, 62 0; II, 7.0; N, 10.3 
Fourni: C, 62.2; 11, 0.96, N, 10.20 

The analytical results supiiort the nlea tliat flat culture 
144 penicillin differs from deep ciilturi* 832 penicillin by 
2 C-atoms. Attempts to prepare the crystalline sodium salt 
from tlie former material wi‘r(» unsuccessful except in one 
experiment in which a small amount of crystals with 
[cfln -f340° was obtained. The amount was insufficient for 
analysis. 

Benzylammonium Salt of a-Benzylamide of i)-Benzylpeni- 
cilioic Acid (Merck, Heporl for October, 1943, ]> 12; A/..’?, 
4; 13y 1). A sample of benzylpenicillin free acid (from the 
crystalline sodium salt) in wet ether solution was treated 
with ethereal benzylamine. A precipitate of white needle 
crystals, m.p. 100°, immediatiily appeared and was filtered 
off after standing at room temperature for thirty minutes. 
The filtrate after standing overnight deposited a further 
crop of needle crystals, m.p. 133-134°. 

Kecrystallizatioii from 85 % ethanol by addition of ether 
yielded needles melting at 135-136°. The corresponding 
product from submerged 832 penicillin melted at 135-136° 
(Coghill, Stodola and Wachtcl, NRRL-CMR Report No. 16, 
4, and previous private communication). 

Potentiometric titration with alkali indicated that the 
substance was a benzylamine salt of a monobasic acid, with 
an equivalent wreight of 551 (calc. 566) and pllh 9.55. 

Potentiometric titration with aeid indicated that the 
substance was a salt of a monobasic aeid (pK 3.96) with an 
equivalent weight of 555. 

The ultraviolet absorption in water w^as: 


Wave-length A 

E (mol.) M.W. « 548 

2,800 

25 

2,575 

650 

2,450 

500 

2,350 

850 


This absorption resembles that observed for benzylponi- 
cilloic acid if allowance xs made for the presence of the two 
additional phenyl groups. 

Benzylammonium Salt of the a-Benzylamide of n-Benzyl- 
penicilloic Acid from Benzylpenicillin (NURL, C.5, 1 and 
unreported details). To a solution of 1.12 g. of the sodium 
salt of benzylpenicillin (1300 IJ./mg.) in 180 ml. of ice-cold 
water was added 13 ml. of ice-cold 1:1 phosphoric acid. 
The solution was at once shaken vigorously with 230 ml, of 
ioe-oold ether. The aqueous solution was drawn off and 
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extractod mth two 155-ml. portions of cold other. The 
combined ether extracts were carefully decanted into a 
flask which was cooled in ice for ten minutes. (Failure to 
allow the water to separate completely leads to a low-melting 
product difficult to purify.) The ether solution was then 
filtered and to the Ultra It* was added gradually from a separa¬ 
tory funnel a solution of 10 ml. of benzylamine in 100 ml. of 
ether. In a few minutes oil and crystals appeared. The 
tightly stoppered flask w^as allow^ed to stand at room tem¬ 
perature overnight, during whicli time the oil was converted 
completely to crystals. Filtration gave 1.42 g. (80%) of 
white product, m.p. 136-137'* (capillary). 

4'ho sodium salt of beiizylpeiiicillin (100 mg.) was dis¬ 
solved in 15 mi. of water and the solution cooh'd to 0‘\ 
After acidification to pll 2 with pliosphoric acid, the cloudy 
solution was extracted rapidly with three 15-ml. portions of 
ether. The combined I'ther extracts were nllow^ed to .stand 
for ten minutes in a cylinder cooled m iec. The ether solu¬ 
tion was decanted, warmed to room temperature and treated 
wuth 1 ml. of benzylamine in 1) ml. of ether, adiled dropwise. 

The oily droplets .soon <‘rvstallize<l m the form of long 
blad(‘.s. After standing oveniiglit at room temperature, the 
colorless crystals were removed by filtration and dried m 
air; weight, 143 mg. (60%); m.p. 137 13tS (capillary); 

Calc, for CjoHshNMVS: C, 63.58; H, 6.76; N, O.SO; S, 5.06 
Found; C, 63.38, 63.23; H, 6.58, 6.58, xV, 9.83, S, 5.64 

The derivative was crystallized without change in melting 
point by solution in the minimum amount of 85 alcohol at 
room temperature and the addition of ether to (‘loudiru‘ss. 

To show that the derivative contained no labile carbon 
atom removable as carbon dioxide, 100 mg. w'as refluxed in a 
stri'am of nitrogen for one hour with 3 ml. of 95% alcohol 
and 3 ml. of 0.2 N sulfuric acid. Pa.s.sagc of the nitrogen 
through barium hydroxide solution gave only a trace of 
barium carbonate. 

Quantitative acetylation of the derivative with acetic 
anhydride gave a value of 2.70% NH (cale. 2.65 %> for one 
Nil). 

A simple and rapid method for the preparation ol this 
compound was developed. The sodkim salt of benzyl- 
penicillin (103 mg.) was dissolved in the minimum amount 
of w'ater neces,sary for solutiop at room temperature. To 
this solution w'as added 0.15 ml. of benzylamine. Afti'r one 
hour tlie reaction mixture was diluted with 2 ml. of %vater 
and 3 ml. of 1 N hydrochloric acid added dropwdse. The 
white precipitate was filtered and washed w ith a little water. 
After air-drying for a few minutes it w'eighed 96 mg. (7 r^Vv). 
Ten milligrams of this product w'as dissolved in tw'o drops 
of 85 % alcoliol and one drop of benzylamine. (’areful 
addition of ether to avoid gel formation gavi* 7,5 mg. of 
needles melting at 137-138° (44%). The overall yield was 
33%. 

or-Benzylamide of n-Benzylpenicilloic Acid (“Natural”) 

(Merck, MJ2b, 2; 15b^ 4). The benzylamine salt of the 
a-benzylamide of D-benzylpeiiicilloic acid (“natural”) was 
dissolved in water, acidified to pll 2 and extracted with ether. 
The ether solution was filtered and evaporated to a small 
volume whereupon crystals separated. The product was 
filtered and dried. It melted at 110-113° (micro-block); 
[aI d -1-88° (in methanol). 

Calc, for C, 62.56; 11, 6.16; N, 9.52 

Found: (), 62.68; 11, 6.60; N, 9.41 

From the mother liquors on evaporation a second crop 
of needles was obtained melting at 118-122° (micro-block). 

a-Benzylamide of D-Beuzylpenicllloic Acid (Coghiil, 
Stodola, Wachtel, Unreported experiments). The sodium 
salt of benzylpcnicillin (680 mg.) was dissolved in 2 ml. of 
dimethylformamido and 0.50 ml. of benzylamine added. 
After several weeks at room temperature, dry ether was 
added to the reaction mixture. The precipitated sodium 


salt was filtered off and found to wcigli 765 mg. It was 
dis.solvod in a minimum amount of hot water, cooled to room 
temperature and the clear solution acidified with 1.78 ml. 
(1 ccpiivalent) of 0.97 N hydrochloric acid. The white 
precipitate of free acid wii.s separated. It weighed 650 mg. 
and melted at 100 105°. (Vystalliziition from aqueous acet¬ 

one gave 201 mg. of needles which started to sinter at 
113° and melU‘d at 119-121°. For analysis, the compound 
was dried at 56° (0.1 mm.); any higher temperature was 
found to produce some alteration. 

(Vile, for C28n27N»04S: 62.50; H, 6.17; N, 9.52 

Found: C, 62.5; II, 6.10; N, 9.37 

The benzylamine derivative w^as prepared from the free 
acid. lOther was add<*d to a solution of 21 mg. of the free 
acid 111 the minimum amount of 85% alcohol containing two 
drops of benzylamine; the development of turbidity was 
followed by the deposition of fine needles; yield, 15 mg. 
Crystallization from alcoliol-ether gave 5 mg. of needles 
melting at 137-138°. Tliis product was shown by mixed 
melting point and X-rav powder patterns to be identical with 
the benzvlamine derivative of benzylpenicillin (benzyl- 
amrnonuim salt of a-benzylaiiude of n-b(‘nzylpenicilloic 
acid). 

ot-Benzylamide of i>-Benzylpenicilloic Acid from Triethyl- 
amine Salt of Benzylpenicillin (IMizer, 7). A solution 
of 1 g. of the tn(‘f hylaminc salt of benzylpcnicillm in 50 ml, 
ol chloroform was treated witl» 1 ml. of benzylamine and 
allowed to stand overnight at room t(*mperature. At the 
end of tliis time tlii' bioassay showed no activity. The 
.solution was evaporated to drvness tn vacuo and triturated 
with benzene to giv(‘ a crude ]»roduct melting at 135-136°. 
This was recrystallized from fcr.'-butanol to give 0.86 g. of 
what appeared to be the benzvlniniiK* salt of a-benzylamide 
of D-beiizylpenicilloic a(*id m(*ltingat 137-138°, la’p 4-119°. 

C^ale for i\ 64 51; H, 6.45; N, 10.03 

Found: (\ 63.47, II, 6 84; N, 9.05, 9.84 

The salt was dissolved in watiT containing a little sodium 
hydroxide, acidified and extracted with chloroform. The 
chloroform solution was evaporated to dryness in aacao and 
the re.sidue crystallized from (rrlAniiiimA. The nr-beiizyl- 
amide of n-benzylpenicilloic aeid thus obtained melted at 
140-145° and had [alo -1-140°. 

Cale. for Co,H27N,04S: C\ 62.58, IT, 6.12, N, 9.52 
Found: (\ 62.10; H, 7.21; N, 9.70, 9.60 

a-Benzylamide of D-Benzylpenicilloic Acid (Upjohn, 
U.7, 18). 4V) a solution of 43.2 mg. of «-phenylacctylamino- 

/3-benzylaminocrylic acid benzylamide in 2.0 mi. of slightly 
warm 95 % ethanol was added 19.2 mg. of D-pcnicillamine 
hydrochloride in 1.0 ml. of water. One drop of concentrated 
hydrochloric acid was added and the solution allowed to 
stand at room temperature overnight. A small amount of 
material which crystallized was redissolved by very gentle 
warming. At the end of the next twenty-four hours the few 
crystals which had separated wore again brought into solution 
by gently warming the reaction mixture, and after a total 
of sixty hours the reaction mixture was evaporated to dry¬ 
ness in a stream of nitrogen. I’he white, crystalline residue 
was stirred with 3.0 ml. of 5 % sodium bicarbonate solution 
whereupon essentially all the material dissolved. After 
filtering and washing with water, the combined filtrate 
(pH 8) was acidified to pH 3 with normal hydrochloric acid. 
The white, fluffy precipitate was collected, washed re¬ 
peatedly with water and dried at 63° in a stream of nitrogen. 
The white product sintered at 89-96.6°, softened at 97-101°, 
and melted at 101-106°; yield, 7.5 mg. 

Calc, for C,fH*7Ni04Si C, 62.56; H, 6.17; N, 9.52 
Found: C, 62.60; H, 6.29; N, 9.39 
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The combined filtrate and washings from the above com¬ 
pound was brought to pU 5 with 5% sodium bicarbonate, 
and evaporated in a nitrogen jet to a small volunn* thus 
yielding an additional 10.2 mg. of slightly colored, soiiH‘what 
impure product softening at 90® and melting at 92-100®. 

Benzylammonium Salt of the a-Benzylamide of o-Benzyl- 
penicilloic Acid (Cbghill, Stodola and Wachtel, (\4, 1). 
The sodium salt of benzylpcnicillin (10 mg.) dissolved in 
1.0 ml. of acetic anhydride was heated at 00® for thirty 
minutes. The almost colorless solution was lyophilized 
and the residue dissolved in 1 ml. of water. Conversion to 
the benzylnmine derivative in the manner previously de¬ 
scribed (NHU1j-('MR Report No. 4) gave 13.5mg. (85% 
of theory) of needles melting at 131-135®. Admixture with 
the benzvlaminc derivative of m.p. 130 137® gave a melting 
point of 135-136®. 

Benzylammonium Salt of the a-Benzylamide of n-Benzyl- 
penicilloic Acid (Merck, MJ5a^ 4; /<5r, 4; 2 S^ 7; cf. Upjohn, 
(7.7, 15), The benzylamide of bcnzylpenaldic acid was 
allow'cd to condense with D-penicillarnine hydrochloride at 
room temperature in aqueous alcohol solution. After 
fifteen hours the product was isolated by evaporating the 
alcoliol with a current of air (pH such that addition of neither 
<lilute sodium hydroxide nor hydrochloric acid produced an 
oil) and separating the oil. This solidified by trituration 
with water. An analytical sample, m.p. 95-110®, was 
obtained by two precipitations from an alkaline solution by 
hydrochloric acid; rn.p. 95-110®. 

('ale. for CitU^iNzOS: C, 02.56; H, 0.17; N, 9.52 
Found: U, 02.39, 02.97; 11, 0.70, 0.01; N, 9.38 

A cry.stalliiu5 benzylamine salt was obtained by iUs.solving 
the free acid in 85% ethanol, adding one equivalent of 
benzylamine, then adding ef Iut to the point of saturation and 
cooling; m.p. 180-181° (corr.); Em 040 at 2,580 A; [ab** 
-|“78'’ (0 =* 0.528 in ethanol) 

Ualc. for C«JlnN 404 S: 05.07; 11, 0.01; N, 10.21 
Found: (', (i5.97; H, 0.73; N, 10.00 

This product titrated potentiomi'trically in 25% alcohol 
with sodium liydroxide as a benzylammonium .salt of a mono¬ 
basic acid of equivalent weight 539 (calc. 549) and 9.29. 
With hydrochloric acid, the of tlie acid function wa.s 
4.01 and the ecpiivalent weiglit 510. The pWyi of the acid 
function for the “uaturar’ analog was observed to be 3.93 
4). 

ith one equivalent of mercuric chloride in ethanol the 
rotation fell from 4-78" to a final value of |ab^® —22° 

in 10 minutes. ''Fhe .solution then had Em 17,700 at 2,825 A. 

Benzylammonium Salt of a-Benzylamide of i>-Benzyl- 
penicilloic Acid (Upjohn, (^7, 23). To 34.0 mg. of ethyl 
n-benzylpenieilloate was added 0.1 ml. of redistilled benzyl- 
amine; the mixture was slow ly swirled for five; minutes, wlien 
practically all of the solid had dissolved yielding a some¬ 
what vi.scous, colorless, slightly turbid solution. After 
eighty-four hours at room temperature the mixture was 
diluted with dry ether. Upon rubbing and scratching, the 
viscous gum which precipitated at first soon solidified. The 
solid was washed repi»atedly with dry ether, with centrifug¬ 
ing after each washing, and was finally dried at 65® in a cur¬ 
rent of nitrogen. The whit(i powder thus obtained weighed 
34.7 mg. and had an indistinct melting point. When 
placed in the cold bath and the temperature raised slowly 
the product began to sinter at 102®, softened and foamed at 
112°, and gradually.melted to a clear yellow melt at 122- 
140°. When placed in the bath previously heated to 97°, 
the product sintered immediately, began foaming at 102° 
and was completely melted (clear yellow rncJt) at 152.5°. 

Repetition of the aminolysis using 54.0 mg. of ethyl n-benz- 
ylpenicilloate gave 00 rag. (77 %) of pure white solid, m.p. 
144-146° (micro-block). 

Calc, for CioH.oN404S: C, 65.67; H, 6.61; N, 10.21 
Found: C, 64.99; H, 7.01; N, 10.00 


a-Benzylamide of n-Benzylpenicilloic Acid Hydrochloride 

(NRRL, CJi, 3). The free acid from the benzvl/iminc* 
derivative of benzylpcni<*illiri (shown to be free of b<*nzyl- 
amine bv ninhydrin test) w^as dissolved in nleohol ami 0.5 ml. 
of 1 hydrochloric acid. The solution was concentrated in 
vacuo to a glass, dissolved in tertiary butyl alcohol, and 
lyophilized. The fluffy product was left at about 0.1 rnrn. 
pre.M.sure for 1.5 hours in order to eliminate mechanical 
retention of hydrochloric acid. A C'arius chlorine analvsis 
show'cd that 0.05 mole of hydrogeui cliloride had been re¬ 
tained as a salt. 

These experiments were repc^ated with the following 
re.sults: Umler identiciil cfinditions, 4-thiazoliiline(*arb()xylic 
acid yielded a product containing 0.9 mole of hv<irogon 
chloride; in another experiment 0.81 mole. N-Ac(‘tyl-4- 
thiazolidinecfirboxvlic acid showcrl no retention of hydrogen 
cliloride, as proved bv negative silver iiitrati* test and no 
depression in melting point on mixing with the starting 
material. The free acid from the benzylamine derivative 
of benzylpenicilliii was able to retain 0.59 mole of hydrogen 
chloride. 

Hydrogenolysis of a-Benzylamide of n-Benzylpenicilloic 
Acid (Merck, M.lHh, 8; 22^ 10). “Naturar* n benzyl- 
penicilloie acid a-]>enzylamide when dissolved in 0.5^,', aque¬ 
ous sodium carbonate and treated with ('xeess nickf 1 catalyst 
at 70® for thirty minutes gave a crystalline desthiobenzyl- 
amide, m.p. 201-202® (rlec.) (micro-block). 1’he analysis 
agreed w itli that expected for the desthiobenzylamide. 

Calc, for C 23 H 29 N 8 O 4 : C, 07.13; IT, 7.10; N, 10.21 
Found: C', 67.42; H, 7.40; N, 10.08 

Synthetic benzylpenicilloic acid a-bonzylamide in aipieoiis 
sodium carbonate solution (0.5%) failed to react wdth 
Raney nickel catalyst at room tiunperature, but at 75® the 
reaction w%*is appan‘nfly complete in thirty minutes. The 
product obtained by acidifying the alkaline solution and 
extracting with chloroform was amorplunis. A crystalline 
product was obtained from an alkaline solutiiui of the acid 
wdien acidified and allowed to stand or from an aqueous 
methanol solution. It melted over a wide range. By 
fractional crystallization two products were isolaU^d. ('oin- 
jiouiid A melted at 202® (dec ) (micro-block) and gave 
no depression of tlie mixed melting point with the product 
above obtained from the “natural” benzylpenicilloic a-benz- 
ylamide; [ajp —24.0® (r = 0.298in 0.1 N sodium hydroxide). 

Calc, for C:23 Hz9N»04: 07.13, IT, 7.10; N, 10.21 

Found: C’, 07.44; 11, 7.51; N, 10.54, 10.31 

The other product (apparently not pure) melted at 
153-157® and gave the following analysis. 

Calc, for C23H„N,04: (\ 07.13; II, 7.10; N, 10.21 
Found: C, 09.08; H, 0.51; N, 9.71 

The compound may be the second possiblediastereoisorner 
in an impure eomlitinn. 

a-Benzylamide of Desthio-n-benzylpenicilloic Acid from 
Desthiobenzylpenicillin 8). A solution of 05 mg. 

of desthiobenzylpenicillin in 3 ml. of dioxane containing 
0.25 ml, of benzylamine w'as refluxed for three hours. The 
solution w^as then cooled and (‘vaporated to a viscous oil 
under reduced pressure at 25®. This n'sidue was dissolved 
in 4 ml. of water and on acidification with dilute hydro¬ 
chloric acid gave a slightly yellow-colored crystalline precipi¬ 
tate wdiich wras washed with water and <lried; yield 52 mg., 
m.p. 187-191®. After two recrystallizations from 75% 
methyl alcohol, the melting point was constant at 204-205° 
(dec.) (micro-block). When mixed with a sample of the 
a-benzylamidc of desthio-n-beuizylpenicilloic acid derived 
from benzylpenicillin 10) there was no depression of 

the melting point. 

Calc, for CjJl2oN,04: (', 67.13; H, 7.10; N, 10.21 
Found: C, 60.80; II, 7.18; N, 9.97 
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a-Benzylamide of N‘‘-Acetyl-i)-benzylpenicilIoic Acid 
7; 4), Kotene waa passed into a cooled solution 

of 2 K- of the a-heiizylarnide of D-benzylpenicilloic acid in 
18 ml. of ethanol for fortv-five minutes. After standing 
overnight, the ethanol Mas removed in vacuo and most 
of the resulue dissolved in dilute sodium hydroxide. The 
product was tlien preciihtiited by pouring the alkaline solu¬ 
tion into an e\c(‘8S of dilute hydrochloric acid. 'jVo more 
reprecipitations yielded a jirodiict, m.p. 95 105”; [alD*® 0” 
(c = 1.13 in ethanol); 4 12" (c 1.10 in methyl ethjd 

kaUmc) , Km hhOO at 2,5S0 A. 

Calc, for 02.09; II, 0.05; N, 8.09 

Found: (\ 02.10, 11, 0.03, N, H.^IO 

Benzylammonium Salt of w-Benzylamide of “Natural” 
N^-Benzoyl-n-benzylpenicilloic Acid (MJ6, 5; d.9, 11). 
llenzylpeni<*ilhn free acid uaa eoinerted to th<‘ benzyl- 
amide of o-henzvlpenicilloic acid benzylainine salt Muth 
excess benz> laimne in the usual manner. From the salt, 
m.p. 132-130" (iuiero-block ), the fr(‘e acid was obtained as a 
glass. \ solution of 50 mg. of the free acid in 0.3 ml. of dry 
pyridine was treated with 0.010 ml. of lienzovl cldoride. 
The mixture v\as allow'ecl to stand at room lemperature for 
one hour and tluui ('vaporated in vacuo. The residue was 
dissolved in chlor(*form and extracted with 0 1 A hydro¬ 
chloric acid and then with water. The chloroform was 
next extract(‘d with N sodium bicarbonate solution. The 
bicarbonate solution was acidified and extracted with 
chloroform to remove the acid fraction wliich v\eighed 
53 mg. 4'his crude oil was extracted with hot petroleum 
ether to remo\(' a small amount of benzoic acid. The 
residue faih'd to crystallize as the free acid but yielded a 
crystalline salt with ethereal benzylainine. Keervstalhza- 
tion from methanol and (‘ther gave needles, in p 111-112” 
(micro-block)* lab 4*31" (c =0.9 in methanol). In the 
ultraviolet tlu» eoinpound had an end absorption about 
2,300 A of Em 7,700 which is typical of N^-bonzoyl deriva¬ 
tives of benzylpenicilloates. The compound appears to be a 
hydrate. 

Calc, for C 37 ll 4 oX 40 aS-ll 20 : C\ 06.24; IJ, 6.31; N, 8.35 
Found: C\ 66.48; 11, 5,81; N, 8.81 

Benzoylation of a-Benzylamide of Benzylpenicilloic Acid 

(Abbott, A.to, 6). To 25 mg, of a-beiizylamide of benzyl- 
pen icilJoic acid in 1 ml. of dr>' pyridine w as added 1.4 equiva¬ 
lents of benzoyl (ddoride in pyridim*. After one-half hour at 
room temperature, the jiyndine and benzoyl chloride w'cre 
evaporated in vacuo and the residue was dissolvi'd in 2 ml. 
of chloroform After washing once with 0.5 ml. of 0.01 N 
hydrochloric acid and four times with 0.5-ml, portions of 
water, till* chloroform solution was dried over sodium sulfate 
and evaporated to give a glass which was then triturated 
with ether. Since the residue was somewhat soluble in 
ether, the latter W'as (‘vaporated and the residue washed 
thn‘(* tunes with hexane*. The product was then pr(*cipitated 
from an ether solution by means of hexane. The medting 
point of 1 of-105" was raised to 107-110° by precipitation 
from ethor-hexane. The yield was approximately 75 . 

Calc, for CioH,iN, 0 ,S: 66.05; H, 5.68; N, 7.70 
Found: C, 65.63; H, 5.90; N, 7.69 

Sodium Salt of a-Benzylamide of N^-Phenylcarbamyl- 
D-benzylpenicilloic Acid (Merck, Af./5c, 4; 6). An 

aqueous solution of the sodium salt of the a-benzylamide of 
i)-benzylpcnicilloic acid w^as shaken with phenyl isocyanate 
until no more reaction occurred. The diphenylurea was 
then removed by filtration and the a-benzylaraide of 
N^-phenylcarbamyl-i>-benzylpenicilloic acid precipitated by 
adding an excess (to keep any starting material in solution) 
of hydrochloric acid. This was dissolved in dilute sodium 
hydroxide and the sodium salt of the a-benzylamide of 
N^-carbamyl-i)-benzylpenicilloic acid was salted out with a 


concentrated solution of sodium chloride. It was recrystal¬ 
lized from warm water; m.j). 178®. 

Calc, for C»nH„N406SNa: C, 61.84; H, 5.36 
Found: C, 61.47; H, 5.65 

Ultraviolet absorption in'ethanol shows a single sharp 
band at 2,400 A of Em 14,500. This is in accord with the 
assigned structure; [aln*® —38" (r = 0.431 in ethanol). 

Optical rotation ninety minutes after treatment with one 
equivalent of mercuric chloride per inoUi in ethanol was 
[ab^* —41" (c = 0.687). Obviously no reaction bad oc¬ 
curred with the mercuric chloride. 

Potentiometric titration of tliis compound in 50% 
alcohol gave results indicating its to be 3.86 and its 

equivalent w^cight 570 (calc, value 570.6). In view^ of the 
presence of alcohol, the true value in water is at least 
0.5 to 1 pH unit lower, i.e., 3.4 to 2.9. 

a-Benzylamide of d-Methyl n-a-Benzylpenicilloate (Ab¬ 
bott, 5). The bcnzylamine degradation product 

(400 mg.) of crystalline sodium benzvlpemcillin w'as con¬ 
verted to the free acid with dilute hydrochloric acid in the 
presence of ether at ice trunperature. Evaporation of the 
ethereal solution to a small volume and thou to dryness 
yielded tw'o crops of nei'dles melting at 104-107” and 102.5- 
105", respectivelv. The weight of combined product was 
270 mg. (87%). 

A solution of 220 mg. of the acid in etlier containing a small 
amount of methanol was treated with diazoinetlmne. 
Removal of the solvents and unchanged diazoinethane gave 
a quantitative yield of the a-bonzylamide of /tf-methyl 
D-benzylponicilloatc. 

Calc, for C24Ha9Nit>4fc?: N, 9.23 
Found: N, 8.99 

The material was not obtained in crystalline form. It 
was obtained also by direct treatment of the benzylamino 
degradation product of benzylp(‘nicillm wutli a solution of 
diazomethane in ether. 

On treating this substance dissolved in ethanol with 
mercuric chloride an absorjition peak was formed at 2,780 A 
wdth Em 8,080 without pyridim*, Em 8,910 in the presencebf 
pyridine. 

a-Benzylamide of /^-Methyl n-Benzylpenicilloate (Up¬ 
john, U.7, 16). A cold ethereal solution of diazoinethane 
was addl'd portionwise with swirling to 50 mg, of crude 
D-benzylpenicilloic acid a-benzylamide suspi'iided in 10 ml. of 
aidiydrous ether. A brisk evolution of gas occurred and the 
majority of the acid dissolved. Excess diazoinethane and 
ether were removed by gentle warming on a steam bath, the 
last traces of ether being removed in a jet of nitrogen. The 
residue of crude material, a colorless glass, weighed 53.7 mg. 

The crude product was redissolved in ether, filtered and 
washed, first with 5% sodium bicarbonate solution and 
then with water. Ilie organic layer was dried over an¬ 
hydrous magnesium sulfate, filtered and the solvent allowed 
to evaporate spontaneously; yield, 36.9 ing.; m.p. 118*122® 
(capillary). 

Calc, for C 24 H 2 »N. 04 S: C, 63.27; H, 6.42; N, 9.22 
Found: C, 63.21; H, 6.54, N, 9.02 

a-Benzylamide of ^-Methyl D-Benzylpenicilloate from 
Benzylpenicillin Methyl Ester (Merck, M.S9y 7). To a solu¬ 
tion of 190 mg. of benzylpenicillin methyl ester in 10 ml. 
of methanol, a slight excess of benzylamino was added. 
After three hours at room temperature, the rotation foil 
to [ab** -f fM)". The residue, in chloroform solution, wiiS 
extracted with dilute hydrochloric acid, bicarbonate and 
water; then dried. Evaporation of the chloroform solution 
to dryness under reduced pressure at 25® gave a gum-like 
residue which was crystallized from ethanol and water; m.p. 
68-70® (micro-block). 
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Calc, for C* 4 H 29 Na 04 S: C, 63.27; H, 6.42 
Found: C, 63.01; H, 6.52 

ck-Benzylamide of jS-Methyl D-Benzylpenicilloate from 
Benzylpenicillm Methyl Ester under Attempted Anhydrous 
Conditions 7). To a solution of 100 mg. of benzyl- 

penicillin methyl ester in 4 ml. of dioxane (purified and 
distilled over sodium), O.OG mi. of benzylainine was added. 
The mixture was allowed to stand for three hours. (All 
operations were performed in a dry-cabinet, where the reac¬ 
tion mixture was kept during the standing period.; The 
solvent was removed undtT reduc('d pressure at 25®; the 
residue was washed with petroleum ether (30-60°) and then 
crystallized from ethanol and water. The crude crystalline 
product melted at 68“7J° (micro-block). 

a-Benzylamide of /3-Methyl i)-Benzylpenicilloate from 
the Benzylamine Salt of the a-Benzylamide of Benzylpeni- 
cilloic Acid (71/..V.9, 7). The "natural” benzylamine salt of 
the a-benzylamide of i>-benzylpenicilloic acid (45 mg.) 
wtis first converted to tlu‘ free acid and then, with diazo- 
inetliaiH', to tin* /3-metliyl ester. Tin* gum-like residue 
obtained from ether solution was purified as in the above 
preparation and then crystallized from ethanol and water; 
m.p. 68 70® (micro-block); +62.2® (c = 0.45 in 

methanol). 

Calc, for C 24 HJ 2 N 3 O 4 S: i\ 63.27; II, 6.42; N, 9.23 
Found: (J, 63.24; H, 6.38; N, 0.40 

a-Benzylamide of /3-Methyl n-Benzylpenicilloate from 
Benzylpenicillin Methyl Ester (Pfizer, P.Jf7, 7; 7.9, 15). A 
1 % solution of benzylpenicillin methyl ester in benzene was 
treated with two equivalents of benzylamine. The solution 
at the outset had fajn +281at the end of four hours it had 
Wd alter twenty-four hours [«]d +63®; after 

ninety-six hours fah) +62®. The solution was then washed 
with dilute hydrochloric acid and water, dried over sodium 
sulfate and lyophilizcd, 'riie a-benzylamide of ^-methyl 
i)-benzylpenicilloate was obtained in amorphous form. 

Calc, for C 24 llj 9 N 3 () 4 S; N, 9.23 
Found: X, 9.34, 9.37 

The a-benz> lamide of /3-methyl D-lxuizylpenicilloate w^as 
prepared by trtiating 500 mg. of bimzylfienicillin methyl ester 
in 20 ml. of dioxanc' with 0,5 ml. of Ijenzylamine. At the end 
of six hours the solvent was removed and the benzylamide 
w^as crystallized from aqu(*ous methanol. There was ob¬ 
tained 540 mg. of product melting at 81-83®; + 68 ® 

(c « 0.6 in methanol). The constants have b(*en reported 
(Merck, /l/.»3,9, 7) to be m.p. 68-70® and |a)i)“^ +G2.2® (c - 
0.45 in methanol). 

Identification of the Benzylamides from "Natural” and 
Sjmthetic Methyl Benzylpenicillenate (Merck, M.4Gy 10). 
To a solution of 31 mg. of "natural” metiiyl n-benzylpcnioil- 
lenatc in 1 ml. of ether w'as added 0.02 ml. of benzylamine. 
After standing overnight at room temperature, 17 mg. of 
crystals melting at 107-114° (micro-block) was obtained. 
Recrystallization from methanol-ether gave 11 mg. of 
product, m.p. 116.5-118.5°; [a]u^^ +7.4® (c 0.539 in 
benzene). A sample was recrystallized from benzene-ether. 

Calc, for C 24 H 29 Na 04 S: 63.27; II, 6.42; N, 9.22 

Found: C, 63.04; H, 6.15; N, 9.18 

The melting point of a mixture of this Ixuizylamide and the 
benzylamide of melting point 116° obtained from synthetic 
methyl i>-benzylpenicillenate (71/.57, 23) w^as not depressed. 

a-Benzylamide of /3-Methyl n-Benzylpenicilloate (M..37, 
19), To 1.8 g. of /^-methyl n-Y-benzylpenicilloate (3.22 milli¬ 
moles) in 16 ml. of anhydrous pyridine, cooled in an ice- 
salt bath, 0.48 g. of phosphorus tribroinide (1.8 millimoles) 
was added. An orange color was produced, and a white 
precipitate (pyridine hydrobromide) deposited. After 
standing for ten minutes in the cooling bath and one hour at 
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room temperature, the mixture was filtered. The pyridine 
solution was evaporated and the residue dissolved in chloro¬ 
form. After washing with dilute hydrochloric acid and then 
with aqueous sodium bicnrbonatc, the chloroform solution 
was dried and evaporated. The residue was treat(‘d with 
etlier. A hwv milligrams of a seini-solid material remained 
undissolved. Benzylamine w^as added to a portion of the 
ether solution. After standing for about thirt>-six hours at 
room temperature, ball-shaped crystal masses had dojiosited; 
m.p. 114^ 116®. (Vystals reformed at 130® and finally melted 

at 154-158®. On recrystallization from methanol-ether the 
melting point b(‘came J15 117° (c.Hpillary); after a second 
recrystallization, m p. 154 -160°; third recrystallization, m.p. 
154-ltiO” with previous softening. 

Calc, for C 24 ll 2 ttXs 04 S: (\ 63.27; H, 6.42; N, 9.22 
Found: C, 63.17; II, 6.33; N, 9.30 

a-Benzylamide of /3-Methyl o-Benzylpenicilloate {M S7, 
23; 10 ; cf. Upjohn, UJGy 24). A solution of 1.00 g. of 

n-penicillamine methyl ester and 1.33 g. of 2-benzyl-4- 
mcthoxymethylenc-5(4)-oxazolone in 25 ml, of toluene was 
concentrated to dryness at room temperature immediately 
after pieparation. The concentration required approxi¬ 
mately fifteen minutes. The residual gum was dissolved in 
50 ml. of chloroform and washed wdth thrci* 30 ml. portions 
of 0.2 M phosphate buffer. The chloroform layer was 
filtered and evaporated to dryness, giving 1.964 g. of product 
as a straw-colored gum which became yellow on standing; 
[aju^fi +40.0® (c = 0.5 in benzene solution). In alcoliol solu¬ 
tion the product shows ultraviolet absorption at 3,175 A, Km 
18,000. 

Cfdc. for C17II20N2O4S: C, 58.60; II, 5.79; N, 8.04 
Found: C, 58.08; II, 5.87; N, 8.24 

A solution of 315 mg. of the condensation product in 
2.5 ml. of ether was treated with 0.7 ml. of benzylamine. 
After standing overnight at room temperature, 55 ing. of 
cTystallinc benzylamide melting at 116° had deposited. The 
product was recrystallized from ether containing a trace of 
methanol without change in melting point. The compound 
did not depress tlu) melting point of the benzylamide, melt¬ 
ing at 116-118®, si’cured (il/.t37, 20; see under a-(/3'-phenyl- 
ethylumide) below) from the benzoyl chloride azlactoniza- 
tion of /3-methyl D-l)enzylpenicilloate; [ali)-** 4 83° (c “ 0.542 
in benzene). 

a-Benzylamide of j3-Methyl n-Benzylpenicilloate from 
Pseudobenzylpenicillin Methyl Ester Hydrochloride (Ab¬ 
bott, A.15y 4; cf. Upjohn, UJ6y 8 ). Pseudobenzylpenicillin 
methyl eater hydrochloride (108.6 mg.) w^as suspended 
in 2 ml. of dry ether and 100 mg. of benzylamine dissolved iu 
1 ml. of ether was added. The suspended material im¬ 
mediately became gummy. It was triturated with 0.5 ml. 
of (cri-butyl alcohol until it became friable. After stand¬ 
ing, the ether solution w^as wasluid with water, with dilute 
hydrochloric acid, with pll 7 buffer and finally with wafer. 
After <lrying with sodium sulfate the solution was evaporated, 
leaving 45 mg. of product. Crystallization from methanol- 
ether gave 20 mg. (tight balls of needles) melting at 104- 
112®. Recrystallization of this from nielhanol-efher gave 
7.3 mg. of product melting at 163-165° and which gave 
no depression of melting point when mixed wdth a previously 
prepared sample of the high melting form of a-benzylamide 
of /3-methyJ n-bcnzylpenicilloate. 

Calc, for C24H29N,04S: N, 0.23 
Found: N, 9.54 

a-Benzylamide of j3-Methyl N^-Acetyl-u-benzylpeni- 
cilloate (Merck, M,44> 13). To an ether solution of 1.00 g. 
of the acetic anhydride-pyridine reaction product of /3-methyl 
D-y-benzylpenicilloate, which had been washed with sodium 
bicarbonate solution, 0.31 rnl. of benzylamine was added. 
In a few minutes an oil separated. After standing over- 
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night, crystals formed; yield, 0.43 g.;'m.p. 128-144® (micro¬ 
block). The material was purified by two rccrystalliza- 
tions from acetone-ether. After drying at 56® in vacuo it 
melted at 147-149® (micro-block). 

Calc, for C26 H.iN,058: 

C, 62.75; H, 6.28; N, 8.44; act^tyl, 8.65 
Found: C, 62,82; II, 6.23; N, 8.65; acetyl, 14.2 

> 

’ Apparently, in the acetyl determination about 65% of 
the theoretical amount of phony laced ic aedd di.s tilled over and 
was titrated along with the acetic acid. This bediavior was 
observed with other compounds containing both the acetyl 
and phenylacetyl groups. 

The benzylamide described above has also been obtained 
from the reaction product of /3-inethyl i>- 7 -benzylpenicilloate 
and an excess of acetic anhydride at 50®. 

cx-Benzylamide of i^Benzylpcnicilloic Acid (I’pjohn, f 21; 
lOf 3). A solution of 100 mg. of crude bcnzylpenaldic acid 
benzylamide and 60 mg. of L-penicillamine in 35 ml. of 60% 
ethanol was allowed to stand at room temperature overnight. 
A solution of 27 mg. of sodium bicarbonate in 1 nd. of water 
was added and after seven hours the resulting clcai solution 
w^as concentrated on a steam bath, using an air jet, until a 
gummy precipitate formed. The precipitate was waslied 
with water by decantation and tlien extracted wdth 1% 
sodium bicarbonate. On acidification of thi.s extract, a 
white solid was obtained. After washing with water and 
drying at 60® in vacuo for one hour the product melted at 
100-125® (dec.). 

Calc, for C 2 iHi 7 Ni 04 S: C\ 62.56; H, 6.17; N, 9.52 
Found; C, 62.49; II, 5.87; N, 9.29 

a-Benzylamide of ^-Methyl i>L-Benzylpenicilloate (Merck, 
18; fir, 16). The crude condensation product 
between DL-penicillarninc methyl c.ster and the 2-beiJzyl-4- 
methoxymethylene-5(4)-oxazolone reacted with benzyl- 
amine to give a low yield of crystals melting at 182® and 
analyzing satisfactorily for an a-lienzylamide of ^-methyl 
i)i/-benzylpenicilloate. The ultraviolet absorption spectrum 
in ethanol indicated that the thiazolidine ring w^as closed 
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«-'/9'-Phenylethylamide) of /£t-Methyl i>-Benzylpenicilloate 
(Af.57, 10). D-Penicillamine methyl ester and 2-benzyl-4- 
methoxymethylene-5(4)-oxazolone were condensed in tolu¬ 
ene for sixteen hours at room temperature. The residue was 
taken up in ether and two equivalents of /3-phenylethylamine 
added. After sixteen hours a small clump of needles had 
formed which multiplied rapidly on stirring the solution. 
The solid was recrystallized from a mixture of ethyl acetate, 
methanol, and petroleum ether to constant melting point; 
m.p, 175-176® (corr.). 

Calc, for C 2 ftIIaiN, 04 S; C, 63.94; 11, 6.65; N, 8.95 
Found: C, 63.93; H, G.50; N, 9.27, 9.25 

a-f^'-Phenylethylamide) of /5-Methyl n-Benzylpeniciiloate 
by Azlactonization of ^-Methyl n-Benzylpenicilloate (Af.57, 
20). A solution of 1.5 g. of the acid ester in 100 ml. of 
chloroform was cooled to 0® and 1 g. of pyridine was added. 
To this solution was added 0.57 g. of benzoyl chloride in 
10 ml. of chloroform and the reaction was allowed to 
proceed for fifteen minutes at 0® with stirring. Washing 
with a phosphate buffer of pH 7.0 and with water, followed 


by concentration of the chloroform solution, yielded 1.1 g. of 
gum. Small portions of the gum wore taken for determina¬ 
tion of tlie ultraviolet absoriition and for bioassay. The 
remainder of the gum was redissolved in chloroform and 
washed with 5% sodium bicarbonate solution at 5®, then 
with w ater. On eoncentrating, a yield of 590 mg. of residue 
w^aa obtained. J’ortions of this gum were also submitted for 
bioassa}'^ and determination of the ultraviolet absorption. 
Both residues were inactive in vitro. The ultraviolet 
spectra of the residues w'cre very similar Maxima at 3,200 
A (D]m 15,000) and 2,300 A (Km 8,000) were found and after 
the bicarljonate treatment the maxima were 3,200 A (Km 
18,000) and 2,350 A (Km 8,000). 

A portion of the gum yielded a /5-plienylethylamide of 
m.p. 153® in approximately 70% yield. 

Calc, for Cnll»iN»04S: C, 64.22; H, 6.25 
Found: C, 64.18; H, 6.65 

Another j:M)rtion of the gum yielded the benzylamide 
in approximately 809^ yield, but the product was not easy 
to recrystallize because it tended to separate in a gi'lalinous 
form. The inatc'rial was filtered and dried satisfactorily to 
granular product of m.p. 116-118°. 

Cale for (\ 4 ll 29 Na() 4 S: C, 63.27; II, 6.41; N, 9.22 
Found: C, 03.13; 11, 6.31; N, 9.39 

N-a-Benzylpenicilloyl-n-penicillamine Dimethyl Ester 
by Condensation of d-P enicillamine Methyl Ester with 
2-Benzyl-4-ethoxymethylene-6(4 )-oxazolone Hydrobromide 
{M 14). The free base from 7.32 g. of n-penicillamine 
methyl ester hydrochloride was extracted from an alkaline 
solution with 70 ml. of ('thyicne dichloridc. After drying 
the solution over sodium sulfate, 3 g. of 2-benzyI-4-ethoxy- 
mcthylene-5(4)-oxazol()ne hydrobromidc was added and the 
resulting solution allowed to stand for twenty-four hours at 
room tenqierature. The cth^lene dichloridc solution was 
then evaporated in a current of air and th(‘ resulting oil was 
recrystallized from ethanol, m p. 162-163®. The analysis 
and ultraviolet absorption spectrum indicate it is N-z-^-o- 
benzylpenicilloyl-D-penicillamiiie dimethyl ester. 

Calc, for (^alh.NjOA: C, 53 99; 11, 6.50; N, 8.21 
Found: C, 51.38, II, 6.30; N, 8.20 

N-a-nL-Benzylpenicilloyl-Dn-penicillamine Dimethyl Es¬ 
ter .dS, 22). To a solution of 417 mg ol dl pi'nicillamino 
methyl ester in 2 ml. of dioxane was added 514 mg. of 2-bcnz- 
yl-4-hydroxyiucthylene-5(4 )-oxazoloiic. The oxazoloiic 
dissolved slowly, but eomph'tclv. After 24 hours, 11 mg. of 
crystalline product, m.p. 211-212®, separateil. Upon 
recrystallization from methanol and ethyl ether, it melted 
at 212-213®. The addition of one mole more of Di^jienicill- 
aniine methyl ester to the mother liquor caused a slow 
deposition of more of the product. The product gave a 
negative color test for a sulfhydryl group, as havx* other of 
these compounds. The product w'as found to reiireseut 
two moles of penicillamine nu'thyl ester to one mole of the 
oxazolone, and appears to Ix' N-a-Du-beuzylpcnicilloyl-Di.^ 
penicillamine dimethyl ester. 

Calc, for C*>iHi8NiOfiS^: 

C, 54.05; H, 6.50; N, 8.21; S, 12.64; OCHi, 12.11 
Found: C, 54.46; il, 6.86; N, 7.88; «, 13.0; OClIi, 12.0 

The mother liquor from reaction of DL-ponicillamine 
methyl ester and 2-benzyl-4-hydroxymethylene-5(4)-oxa2ol- 
one in dioxane, after removal of the product melting at 211- 
212®, was evaporated to dryness. The residue was shaken 
between chloroform and saturated sodium bicarbonate 
solution. Evaporation of the chloroform layer gave a straw- 
colored gum. A solution of 939 mg. of this product in 2 ml. 
of benzene was treated with 1.0 ml. of benzylaniine. The 
mixture did not yield crystals on standing overnight at 
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room temperature, but on chilling gave a product melting at 
192 ^. 


N-a~DL-Benzylpenicilloyl-])L-penicillamine Dimethyl Es¬ 
ter (Mich. Cheni., /?.7, 4). A larger yi(!l(l of what is proba¬ 
bly this compound was obtained by using two moles of the 
methyl ester of penicillamine to one mole of the “enol-azlae- 
tono.'" Di^Penicillamine methyl ester h 3 ^droehlori(le (400 
mg.) was converted to thci free ester and the ester was 
dissolved in 8 nd. of ether. To the ether solution was added 
5 ml. of methyl acetate, 0.50 g. of anhj’drous sodium sulfate, 
and 130 mg. of 2-bonz,vl-4-hydroxynieth3deno-5(4)-oxazolone 
and the mixture was allown^d to stand for forty-eight hours. 

The solvents were evaporated in an air stream and the 
residue treated with ethei-benzene to dissolve the organic 
material. Water was added, and the ether-benzene layer 
was washed with water, with two portions of :>% sodium 
bicarbonate solution, and again \vith water. After drying 
the solution, the solvents were evaporated slowly. The 
residue was triturated with dry ether, the mixture filtered, 
and the product washed well on the filter with dry ether. 
There was obtained 20 mg. of colorless crystalline material, 
m.p. 193-104° with shrinking. 


Calc, for C 28 ll« 8 NiOflSa: (', 53,99; II, (>.50 
Found: C, 53,90; H, 0.02 


The same product appeared to result from a similar 
condcii.sation in ether-pyridine solution. The naiction was 
carried out as before, with 5 ml. of pyridine in placi* of 
method acetate, and the mixture was allowed to stand for 
twenty-four hours. The ethei-benzene solution was washed 
with 2 % hydrochloric acid bi'forij washing \^ith bicarbonate 
solution. Ihe pro<luct was 20 mg. of colorless crystalline 
material, m.p, 189 -193" with shrinking. A mixture witli the 
material obtained in ether-iiK'thyl acetate (m.p. 193-194°) 
melted at 189-193" with shrinking. 

Diketopiperazine of i)- 7 -Ben 2 ylpenicilloic Acid (Merck, 
M.44} ‘-^d). The diketopiperazine of a-niethjd D-y-iienzvl- 
pcnieilloatc {MJ7, 9; 40} 9) was hydrolyzed to the ili- 
carboxylic acid in the usual fashion for the peiiicilioates 
with two moles of 0.1 A' sodium hj'droxidc per mole. The 
fluffy colorless amorphous acid had -i-249'‘ (c = 1.004 

in methanol). A neutral equivalent determination irulicated 
an equivalent weight of 346 (cidc. for CndlahN^OsS,: 334). 

Diketopiperazine of a-Methyl D- 7 -Benzylpenicilloate 
9; 40f 9j. A solution of 5 g. (14 millimoles) of a- 
methyi n-y-benz^dpenicilloate in 40 ml. of pyridine was 
chilled to 0 ° and to it was addetl 2.5 g. (14 millimoles; of 
2,4,6-trimcth.vlbenzoyl chloride in 10 ml. of chloroform. 
After fifteen minutes in an ice bath, the solvents were re¬ 
moved. The remaining sornicrystalline oil was dissolved in 
chloroform and thorouglily extracted with sodium bicarbon¬ 
ate solution. From the bicarbonate solution were isolated 

l. 3b g. of 2 , 4 , 6 -trijnethylben 2 oic acid and 0.19 g. of impure 
starting methyl ester. Concentration of tlui dried chloro¬ 
form solution yielded an oil which began to cr\"stallizc upon 
addition of ether. There were collected three crops: 2.97 g., 

m. p^. 158-1()0°; 0.14 g., m.p. 157-160"; 0.54 g., m.p. 157- 
159°; residue, 1.34 g. The combined product was rccrystal- 
lized from methanol-water; m.p. 176-177" and hvlo 4-263" 
(c « 1.138 in methanol). Bioassay was negative. The 
material gave a positive qualitative test for sulfur and a 
negative iodine azide test for sulfh^'^dryl. The compound was 
neutral in character. The absorption spectrum indicated 
that no benzoylation occurred. 

Calc, for CmH 4 «N 40 »S 2 : 

C, 58.60; H, 6.79; N, 8.04; OCR., 8.91; Mol. Wt., 696 
Found: 

C, 58.74; H, 6.71; N, 8.23; OCR., 10,29; Mol. Wt., 658 

(cryoscopic) 

Diketopiperazine of a-Methyl i>- 7 -Benzylpenicilloate 
(M.SOf 24). An attempt was made to prepare the N-p- 
tolueneeulfonyl derivative of a-methyl D- 7 -benzylpeniciIloate 


by dissolving the penicilloate ( 1.0 g.) in pyridine ( 5.0 ml.) 
and wdth shaking adding p-toluenesulfonyl chloride ( 0.57 g,). 
After thirty minutes, the pyridine was removed by extrac¬ 
tion with petroleum ether. The resulting gum was con¬ 
verted to a solid by trituration witli sodium bicarlionate 
solution, in which it is insoluble; after rocrystallization from 
methanol it had m.p. 175-176". The solubility properties 
and the analysc's iridicat(*d that the product was the di- 
ketopijieraziiie of ^-methyl D-y-hcnzylpenicilloatt*. 

Calc, for C, 4 H 4 oN 4 () 8 S 2 : C, 58.62; H, 5.80; N, 8.04 
Found: C?, 58,80; 11, 5.95; N, 7.91 

Di-benzylamide of n-Benzylpenicilloic Acid (iff.57, 10 ). 
D-IVnicillamine methyl ester and 2-bcnzyl-4-methoxy- 
nK‘thylenc-5(l)-oxazoloru! were heated in p^Tidinc. The 
pyridine was removed ni vacuo. The residue w.as treated 
with exce^ss benzylaminc and reflux<'d in ethyl acetate over¬ 
night. Treatment of a fraction of the oily residue with 
metlianol and clarification with charcoal gave a few 
milhgram.s of jairc white rods, m.p. 186-18S" (corr.) after 
recrvstallizjition. 

Calc, for C 30 H 84 N 4 O 3 S: (\ 67.90; H, 6.46 
Found: (', 67.64; H, 6.51 

a-Amide of n-Benzyloxypenicilloic Acid (Squibb, <8.35, 
10). A mixture of 317 mg. of D-penicilhimine hydrochloride 
and 530 mg. of «-carl)()I)enzyloxytimino-/ 8 ,i«-diethox 3 'propion- 
amide was ground in a mortar and then heated in a tube 
suspended in an oil hutli at 100 ° Tlie temperature was 
raised to 110 ° in five minutes; th(‘ initial melt set to a crys¬ 
talline' mass. The solid was dissolved in chloroform and 
extracted with sodium bicarbonate solution. Acidiheation 
of the bicarbonate layer to pl\ 4 caused a gum to precipitate, 
which ci\vstalhzcd uj)on the' aildition of chloroform. The 
chloroform suspi'iision of product was filtered and 320 mg. 
(51%) of tlie prodiu't, m.p. 191-195', was obtained. Ho- 
ciystallization of t h(' solid from 95 ^ ^ alcohol raised the melt¬ 
ing j)oiiit to 200 - 201 ° mneorr.); [ajo-'’ -|-123° (c — 0.31 in 
ethanol). 

Cale. for ricll 2 iN 805 S: C, 52.27; 11, 5.72; N, 11.44 
Found: C. 52.13; H, 5.71; K, 11.58 

a-Amide of ni.-Benzyloxypenicilloic Acid (Abraham, 
Baker, Chain and Koliinson, 3). nii-Penicillamine 

hydrochloride (185 mg.) and 310 ing. of N-carbobcnzyloxy- 
diethoxyalanine amide were powdesred together, a few drops 
of alcohol added, and the jiaste heated in a boiling water 
batli. After about ten minutes a clear melt was obtained. 
Heating was continued at 90" for a further ten minutes, 
when the ferric chloride' reaction was almost negative. The 
melt was cmded and triturated with ether; the white solid 
was dissolved in 2 N caustic soda (2 equivalents) and N 
hydrochloric acid (1 equivalent) added to the solution. The 
precipitate which formi'd was washed with a little winter, dis¬ 
solved in \varm alcohol and water added until a faint oily 
precipitate formed. On leaving overnight a crystalline 
precipitate appeared. This crystallized from aqueous alcohol 
in boat-shaped plates (75 mg.), m.p. 195". 

(’ale. for CieHaiNsOi^S: C, 52.3; H, 5.7; S, 8.7 
Found: C, 52.1; H, 5.7; S, 8.4 

• 

a-Amide of 3 -Methyl D-Benzyloxypenicilloate (Squibb, 

S.fifty 6 ). A suspension of 910 mg. of a-amide of n-benzyl- 
oxypenicilloic acid, m.p. 200-201", (a.S’.33, 10) in absolute 
ether w^as treated with diazoniethane. There was no ap¬ 
parent reaction until a small amount of methanol w as added. 
The acid slow4y * dissolved, nitrogen w as evolved and a 
crystalline precipitate formed. Tlic solid weighed 750 mg, 
and melted at 137-138". Hccrystallization from methanol 
and ether raised the melting point to 138 -139"; [a]D^* +123" 

(c « 0.62 in methanol). 

Calc, for CnHjtNiOfiS: C, 53.50; II, 6.04; N, 11.03 
Found: C, 53.26; II, 6.18; N, 11.16 
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The action of dry hydrogen chloride on the compound 
in methyl alcohol resulted in tlie removal of the carhobcnzyl- 
oxy grouj) and alcoholysis of the amide. In the initial 
experiment, SIO mg. of the ester was dissolved in 25 ml. of 
methanol. Dry hydrogen chloride was bubbled into the 
solution for one and one-half hours without cooling. The 
solution was then refluxed for an additional 1.5 hours and 
allowed to stand overnight at room temperature. The 
reaction mixture ^\^ls concentrated under r(*diiced pressure 
to a gum whieh was triturated with ethc*r and then dissolved 
in methanol. Tartial concentration of the methanol solu¬ 
tion gave 100 mg. of aiiimonium chloride (85%). The 
filtrate, after removal of the ammonium chloride, was con¬ 
centrated to dryness under reduceil i)ressijrc and granulated 
by trituration with (*ther. The solid weighed 590 mg. and was 
soluble in water. It gave no color with ferric chloride* solu¬ 
tion and was probably the dimethyl ester dihydrochloride of 
af-amiiio-4-(*arboxy-5,5-d]niethyl-2-thiazolidineacetic acid. 

Calc, for CirJDoNAliSCM.: X, 8.3r» 

Found: N, 7.77 

A second experiment in which the reaction mixture was 
not refluxed but was allowed to stand at room temperature 
for fortv hours gave essentiallv the same result. From a 
third experiment, in which the reaction mixture v\as kept 
at 0 ° for eighteen hours, the starting material was n*covercd. 

Preparation of Benzylamine Derivative of Heptylpeni- 
cillin (Abbott, A.^O^ 5; 5; 1 ). Sodium heptvl- 

penicillin (50.9 mg.) was dissolved in 5 ml. of water, the 
solution brought to pll 1.9 with 1:1 phosphoric acid, and five 
extractions made with 5-ml. portions of ether After 
standing in the refrig«*rat()r for fifteen minutes, the ether solu¬ 
tion was decanted. Addition of 7 ml. of a 10% solution 
of benzylamine in ether resulted immediately in turbiditv. 
After onc-half hour the white solid, 79.5 ing., wascolU*ctod 
by centrifugation, washed twice with (‘ther and dried m 
vacuo. 

Attempts to crystallize the salt from 85% (‘thanol and 
ether and from methanol and ethyl acetate were unsuc¬ 
cessful. Small amounts of impurities were removed during 
these attempts. Finally, the amorphous residue was dis¬ 
solved in a small amount of 1:1 methanol-acetone and 
crystallized by the addition of ether, "fwo crops, weighing 
14.8 mg, and 30.6 rag., were obtained. 

The 14.8 mg. preparation melted at 1 lO-l 11®. Recrystal¬ 
lization from acetone-ether containing one drop of benzyl¬ 
amine resulted in a first crop of crystals, m.p. 111 - 112 ®, 
weighing 6.7 mg. The 30.6-mg. preparation was recrystal- 
lizcd twice in a similar manner, yielding 14,4 mg.; m.p. 
109.5-111®. 


CJalc. for C 3 oH 44 N 404 S*H 20 : C, 62.8; II, 8.08 

Found: C, 62.24, 62.03; H, 7.97, 7.75 



Drying 

tempera¬ 

ture 

Per cent 
of loss of 
wt. 

c 

H 


25® 

No loss in 

63.36 

7.72 

• 


12 hours 




56® 

0.8 in 12 

63 9 

7.81 



hours 




80® 

2.8 in 5 

63.62 

7.64 



hours 




26® 


63.55 

7.49 




63.84 

7.83 

Calc, for CioH 44 N 404 S. ,. 


0 

64.7 

7.98 

Calc, for CioH 44 N 404 S* 





H 2 O. 


3.13 

62.7 

8.07 

Calc, for C,oH 44 N 404 S- 





HH 4 O. 

1 

1.66 

|63.7 

8.01 


The carbon analysis was 0 5-0.7 low for the monohydrate 
of the benzylamine salt of th(» «-benzylamide of n-hoptyl- 
penicilloic acid. Other preparations of this derivative have 
been made. All melted at 125-126® and the carbon analyses 
agree for a immohydrate or, perhaps, a hemihydrate, of the 
l>enzylamidt*-benzylamine salt, after drying to constant 
weight over jihosphorus pentoxide in vacuo. 

Drying at higher tempera tint* resulted in decomposition. 
Probably drying at 80® result(*d in loss of benzylamine as 
well as water because the per ciuit of carbon was not raised 
despite a loss of 2 . 8 % of the weight. Therefore, the benzyl¬ 
amine salt of the benzylainide derivativi* of heptylpenicillin 
is ])robabl 3 ^ a inonohydrate which cannot be (iried without 
decomposition. 

The benzylamine salt (100 mg.) was converted to the 
free acid by dissolving the benzylamine salt in water, 
acidifying and extracting with ether. Peinoval of the ether 
resulted in a white solid (84 mg.) wdiich was crystallized from 
water and ethanol. Tlie fust crop of crystals weighed 
33 mg.; m.p. 80 90®. This lost no weight on drying at 56® 
und( 1 high va(‘uum and over phosphorus pentoxide. 

(^ 4 ilc. for C 23 II 36 N.O 4 S: C, 61.4; II, 7.86 
Found: (\ 62.00; H, 7.79 

The above sample ma^^ not have been entirely crystalline. 
This substance must be crystallized very slowly to obtain 
w'ell formed er>stals. 

Benzylamine Salt of the rx-Benzylamide of n-p-Hydroxy- 
benzylpenicilloate (NRRL, ('./>, 5). To a solution of 10.3 
mg. of twuce-recrystallized sodium p-hydroxybeuzylpenicil- 
linatc in 1 ml, of cold water, 2 drops of 1:1 phosphoric acid 
were added. The cloudy solution was extracted at once with 
ether (five 1 nil. portions). The combined ether extracts 
were allow^ed to stand for ten minutes in an ice bath and 
then transferred to another test tube. On addition of 1 ml. 
of a 10 VJ; benzylamine-ether solution a cloudiness appeared. 
In about a inimiti* oily droph'ts containing some amorphous 
solid collected on the sides of the tube. Tn about three 
hours needles bc^gan to appear in the oil, and on standing 
overnight the oil had b(*en converted completely to needles 
and the amorphous solid to compart rosettes. The crystals 
were filtered off and weighed 12.3 mg. They sinteri‘d at 
128® and melted at 130-132®. An X-ray diffraction pattern 
showed the product to be different from the benzylamine 
derivative of lienzylpenicillin. 

Calc, for C«oII»aN 40 eS; (\ 61.8; H, 6.57; N, 9.62 
Found: C, 61.2; H, 6.92; N, 9.73 

a-Hydrazide of ni.-Phenylpenicilloic Acid (Mich, ("hem., 
B.lSy 3; 17f S), To a solution of 3.28 g. of the hydrazine 
salt of the a-hydrazide of UL-phenylpenicilloic acid in 25 ml. 
of warm water was added 16.2 ml. of 0.5 N hydrochloric acid; 
precipitation of the a-hydrazide acid occurred immediately. 
The mixture was cooled immediately and filtered; yield, 
2.62 g.; m.p. 169-170® with foaming. Sometimes the melt 
solidified and then romelted at about 195®. 

Calc, for C 16 H 20 N 4 O 4 S: C, 51.12; H, 6.72 
Found: C, 61.22; H, 5.91 

When a sample was dissolved in hot aqueous methanol 
for recrystallization, and the methanol was boiled off on a 
steam bath until the solution became cloudy, the crystals 
which were obtained on cooling melted at 198-200®. Analy¬ 
sis indicated loss of a molecule of water. 

Calc, for Ci 5 HisN 40 iS: C, 54.6; H, 5.43 
Found: C, 64.0; H, 6.37 

The resulting product was soluble in aqueous sodium 
bicarbonate; when put into dilute hydrochloric acid it did not 
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dissolve readily but was converted to long needles (presum¬ 
ably the hydrochloride). 

When a sample of the ^-hydrazide was melted (m.p. 169- 
170®) in a test tube, it lost a raoh^cule of water and gave a 
crystalline compound (in p. 203® or lower). The compound 
appeared to be no more soluble in aqueous sodium bicarbon¬ 
ate than in water alone. 

Hydrazine Salt of the «-Hydrazide of nn-Phenylpeni- 
cilloic Acid 6; IS, 3). A solution containing 7.9 g. 

of cr-ethyl nL-pheiiylpenicilloat(', 20 ml. of absolute ethanol 
and 3.2 ml. of 85% hydrazine hydrate solution deposited 
crystals of the hydrazine salt of the hydrazide within 
twenty minutes. After about fifteen hours, 3,75 g. of the 
nicely crystalline salt was collected, washed with absolute 
alcohol and dried; m.p. 168-170® with foaming. 

Calc, for Ci 5H24N6()4S: C, 46.86; II, 6.29 
Found: C, 46 94; H, 6.32 

Additional product was isolated from the filtrate ns the 
a-hydrazide acid. 

Hydrazine Salt of the a-Hydrazide of Du-Phenylpeni- 
cilloic Acid (Copp, Duffm, Smith and Wilkinson, CPS.SSSy 6; 
424 , 3). a-Fthyl DL-phcnylpenicilloate (3 g.) was warmed 
on the steam bath for one minute with 3 ml. of 95% hydraz¬ 
ine hydrate in 30 ml. of dry methanol. After one-half hour 
at room temperature the solution was concentrated at low 
temperature in high vacuum. Crystallization of the result¬ 
ing resin from aqueous methanol gave colorless prisms; m.p. 
178-179®; yield, 50%. 

Calc, for (hJl24N«04S: C, 46.9; H, 6.2; N, 21.9; S, 8.3 
Found; C, 47.0, H, 6.5; N, 21.0; S, 8.3 

Atteini)ta to prepare phenylpenicilloic acid hydrazide 
by treatriKuit of penicillamine hydrochloride or penicillamine 
with phony Ipenaldic acid diethyl acetal hydrazide in dioxane, 
acetic anhydride and absolute alcohol have bciui without 
avail, the hydrazide being converted into 2-benzoylamino- 
3-pyrazolone. 

a-Hydrazide of /3-Methyl UL-Phenylpenicilloate (CPS. 
424 , 3). nn-Phen^dpenicilloic acid «-hyclrazide, m.p. 171®, 
(0.6 g.) (isolated from its hydrazine salt in a similar manner 
to the method described by Mich. (?hem., BAS, 3) in a mix¬ 
ture of dry ether and dry chloroform (25 ml.) was treated 
with a dry ethereal solution of diazoniethane. A brisk 
evolution of nitrogen was observed. After two hours the 
solution was concentrated in vacuo to give a colorless resin 
(0.6 g ) which slowly solidiHcd on trituration with ether. 
The product did not crystallize. 

Conversion of the a-Hydrazide of j3-Methyl OL-Phenyl- 
penicilloate to Methyl nn-Phenylpenicillenate (CPS.424, 3). 
/8-Methyl DL-phenylpenicilloate «-hydrazide (0,6 g.) was 
dissolved in 25 ml. (excess) of 2 A hydrochloric acid and 
treated at 0® with a solution of 0.11 g. of sodium nitrite in a 
little water. A white solid immediately precipitated, and 
after fifteen minutes the mixture was extracted with 10 ml. 
of chloroform. The chloroform extract was dried over a 
little anhydrous sodium sulfate, filtered and kept at room 
temperature overnight. The solution was concentrated in 
vacuo and the resulting resin dissolved in the minimum 
volume of dry ether. After standing in the icebox for 
twenty-four hours, about 20 mg. of colorhiss prisms separated. 
The crystals were removed and washed with a little cold 
ether. The product melted at 101-103° and showed no 
depression of melting jioint on admixture with a sam¬ 
ple of methyl Dn-phenylpenicillenate. Tine residual resin 
was not characterized. 

tt-Amide of Phenylpenicilloic Acid Hydrochloride (New- 
bery, Nineham and Kaphacl, CPSM74f 5). A mixture of 
1,7 g. of phenyIpenaldic acetal amide, 1 g. of penicillamine 
hydrochloride and 7 ml. of glacial acetic acid was warmed 
on the steam bath for thirty minutes. The cooled solution 
was then slowly dropped into 100 ml. of dry ether. The 
precipitated solid was filtered, washed well with ether and 


dried (1.7 g.; 78%). For analysis the compound was 
purified by precipitation from dioxam* with light petroleum 
(b.p. 40-60®). It d(‘coinposed at 101 106®. 

Calc, for CuIl2oNrz04('lS: C, 48.2; IT, 5.4 
Found: { \ 48.8; II, 6,1 

a-Benzylamide of /3-Methyl D-Phenylpenicilloate (Merck, 
M.S7, 6). A 25.5-ing. snmple of methyl D-phcn> Ijienicil- 
Icncte, prepared from o-penicillainine ni<5thyl ester iind 
4-eth()xyinethylene-2-ph(‘nyJ-5(4)-()xazf>lone, was treated 
in 2 ml. of benzene with 20 mg. of benzylamine. Tlie opti¬ 
cal rotation of the. starting material was about [a]D -f-100®; 
after nine minutes fain -|-70,6®; and after fifteen minutes 
[ali> 4-65.9; after thirty minutes, needles sejmrated so that 
further observation of optical ehanges became impossible. 
The crystals wen* liltiTed and, after drying, melU'd at 204- 
206® (micro-block); [<r|D 4-71" (r *= 0.189 in methanol). 

Calc, for C23H27N8()4S: C, 62.56; H, 6.16 
Found: C’, 62.65;, 11, 6.40 

a-Benzylamide of /3-MethyI D-Phenylpenicilloate {MA^Uy 
15; S7, 17). To 2.90 g. of ^-methyl n-phenylpenicilioate 
(8.24 millimoles) in 20 ml of pyridine, cooled in an ice-salt 
bath, 0 82 g. of phosphorus tribroiiiide (3.02 millimoh*s) was 
added. An orange color dcvc'lojied and a white precipitate 
(pyridine hydrobroinide) separatcai. After standing m the 
cooling bath the mixture was hltored. Evaporation of 
the p> ridine solution gave a dark oil, wdiich was dissolved in 
chloroform and the solution washed with dilut(‘ liydro- 
chlorie acid and then with aqueous sodium bicarbonate. 
The chloroform solution w^as dried and evaporated. The 
residue was treated with ether. A feiv milligrams of an 
insoluble powder remained, m.p. 159-161° (micro-stage). 
Evaporation of the ether solution gave a dark oil which was 
inactive on in vitro assay. An ether solution of th(' oil and 
benzylamine deposited a precipitate after standing for a few 
minutes; m.p. 202-204®. This amide is related to the i)i.r- 
compound, m.p. 204-206®, described below (cf. MA2a, 

16) . There was no d(»pre8.sion in the melting point on mix¬ 
ing these two amides. The ethcT insoluble material, m.p. 
159-161®, was recovered unchanged in an attempt to cause 
it to react wuth lienzylamine. 

a-Benzylamide of ^-Methyl D-Phenylpenicilloate {M,S7f 

17) . A chilled solution of 1 592 g. of j8-raethyl n-phcnyl- 
penicilloate, spcur(‘d by saponification of dimethyl D-phenyl- 
penicilloate (hydrochloride, m.p. 193°) in 6 ml. of pyridine 
was treated with a chilled solution of 463 mg. of acetic 
anhydride in 5 ml. of pyridine. The mixture was kept 
at 0® for an hour, then dru^i in vacuo. The residue was 
dissolved in 50 ml. of chloroform and washed with two 
30-ml. portions of 0.2 il/ phosphate buffer, then with tw’o 
30-ml. portions of water. Evaporation of the chloroform 
solution gave 315 mg. of a brown gum. A solution of 
100 mg. of the product in 3 ml. of eth(*.r was treated with 
0.07 ml. of benzylamine. An amorphous precipitate formed 
immediately. On standing for several days, approximately 
2 mg. of crystalline benzylamid(‘, m.p. 202®, was obtained. 
This amide showed no depression in molting point on admix¬ 
ture with the henzylamide (melting 204°) prepared by the 
azlacionization of jS-methjd n-phenylpcTiicilloate with 
bcnzo> 1 chloride. 

a-Benzylamide of /3-Methyl oi.-Phenylpenicilloate (Mich. 
Chem., B.3, 3; cf. Merck, M A2a, 15; 12 c, 10). To a solution 
of 25 mg. of T)i.-penicillamine mc'thyl ester in 1 ml. of dry 
ether was added 35 mg. of 4-(*thoxyniethylene-2-phenyl- 
5(4)-oxazolone. After standing overnight the condensation 
product was obtaini'd by evaporation of the solvent as a 
viscous oil. To a solution of the oil in 1 ml. of dry ether was 
added 2 drops of benzylamine. Within a few minutes a 
colorless, finely-divided powder precipitated. After tritura¬ 
tion thrice wdth small portions of dry ether, the product 
(8 mg.) melted to a clear liquid at 205® after previous 
softening at 190®. 
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Calc, for C»H„N, 0 «S: C, 62.56; H, 6.17 
Found: C, 62.77; H, 6.50 

The same compounil was obtained when a solution of 
55 niK. of i)i>-pcnieillamiiie methyl ester and 75 iiik. of the 
enol ether in 1 ml. of dry pyridine was allowed to stand 
overnight. The solvent was evaporated, and an ethereal 
solution of the residue was treated with benzylaiiiine; yield, 
30 mg. 

a-Benzylamide of /5-Methyl DL-Phenylpenicilloate (Copp, 
Dullin, Smith and Wilkinson, CPS.54^t 0). Methyl dl- 
phenylpenieillcnate readily yields the or-benzylamide of 
jS-methyl DL-phenylpenicilloate as a white crystalline solid on 
treatment in ether-chloroform solution with a slight excess of 
benzylamine. Ilecrystallization from aqueous alcohol gave 
colorless needles, m.p. 197-198° (after preliminary soltenmg 
at 185°). 

Calc, for C 2 aH, 7 N, 04 S: N, 9.5, S, 7.4 
Found: N, 9.7; S, 7.4 

THE PENICILLONITRILES 

D-Benzylpenicillo-tt-nitrile (?) (Merck, 16; cf. 

6 ). An intimate mixture of 276 mg. of «-phenyl- 
acetumido-/3,i8-diethoxypropionitrile and 185 mg. of i>-peni- 
cillamiue hydrochloride was fused in an oil bath at 110 ° for 
10 minutes, allowed to cool and dissolved in chloroform. 
The solution w^as shaken with dilute bicarbonate; the 
aqueous layer was acidified and the product extracted witli 
chloroform. The solvent on evaporation left 50 mg. of a 
light tan pow^der; 4-58° (c *= 1.0 in methanol). 

Calc, for CuHi^OaNaS: C, 57.64; H. 5.74; N, 12.60; S, 9.62 
Found: C, 59.66, 59.76, II, 6.03, 5.72; N, 12.10; S, 5.71 

N*-Phenylureide of D-Benzylpenicillo-a-nitrile {MJ5Cy 6 ). 
An aqueous soluiiou ot the sodium salt of D-benzylpenicillo- 
a-nitrile was shaken wuth phenyl isocyanate until no more 
reaction occurred; the diphenylurca was then nunoved by 
hltration and the free acid precipitati‘d by adding an excess 
(to keep any starting material in solution) of hydrocfiloric 
acid. The product was a white powder wliich softened at 
110 ° and was all melted at 130°. 

D-Phenylpenicillo-«-nitrile (Squibb, 3), A solution 
of 0.815 g. of D-penicillamine hydrocliloride and 1.22 g. of 
the benzylamine derivative of phenylpenaldonitrile iii 20 ml. 
of ethanol and 35 ml. of water was allowed to stand at room 
temperature for fifteen days. The solution was then ex¬ 
tracted with chloroform, and the organic layer extracted 
with 1 N sodium hydroxide solution. The acid was liberated 
from the alkaline solution and extracted with chloroform. 
The chloroform layer was washed with water, dried and 
concentrated to dryness under reduced pressure. The solid, 
which weighed 0.47 g., w^as further purified by solution in 
aqueous sodium bicarbonate. The solution w'as treated 
with decolorizing carbon, and acidified. The product was 
again extracted wuth chloroform which was dried and con¬ 
centrated as above. 

Calc, for CiiHnNaOsS: N, 13.16; neut. equiv., 319 
Found: N, 11.81; neut, equiv., 393 

THE DESMETHYLPENICILLOATES AND THE 
DESDIMETHYLPENICILLOATES 

a-EtliylDesmethyl-t 3 L-benzylpeiiicilloate (Cornell Bloch., 
DA9y 9). Fiiom “B'^ THioTHRKONrNB; To 300 mg. of 
'^B'* thiothreonine derived from the ‘‘B^^ or high melting 
benzoyl derivative of thiothreonine (Carter, Stevens and 
Ncy, ./. Biol, Chem.y 251 (1941)) in 2.61 ml. of 1 N 
hydrochloric acid and 2 ml. of water was added 880 mg. of 
the benzylamine derivative of ethyl benzylpenaldate (D,7, 
3) in 4.6 ml. of ethanol. Within thirty minutes the solution 
began to deposit granular crystals. Those were collected 
after three days. The presence of a small amount of hydro¬ 
gen sulfide in the mother liquors could be detected. The 
product, dried for seventy-two hours in vacno^ weighed 


900 mg., micro m.p. 173“-180°. It was only slightly soluble 
in the usual solvents. The whole sample was suspended in 
50 nd. of boiling ethanol for five minutes and was then 
filtered. Upon cooling, the ethanol solution deposited hard 
crystals. Those were collected and thoroughly dried in 
vacuo. The yield was 90 mg. (10%), micro m.p. 180-182°. 

Calc, for CnHjaOftNaS: N, 7.65; S, 8.74 
Found: N, 7.49; S, 9.02 

The portion not dissolved in the alcohol was dissolved 
in 300 ml. of water by the addition of a minimal amount of 
ammonium hydroxide, and the solution was clarified by 
filtration. It was then acidified with hydrochloric acid and 
cooled. The product was collected and washed by suapen- 
si»>ri in 50 ml. of water and ethanol, and dried in vacuo. 
This sample, melting at 179-180°, amounted to 707 mg., 
(74 ‘,). The total of the two fractions represented 84% of 
the theoHitical 34 eld. 

Calc, for Ci 7 H 220 fcN 2 S: N, 7.65; S, 8.74 
Found: ]\4 7.49; 8 , 9.02 

From ** A” Thiotiireonixk: 350 mg. of the A isomer of 
thiothieonine was condensed with Uie benzylamine deriva¬ 
tive of ('tliyl benzylpenaldate exactly as described for the 
^‘B” isomer above. The appearance of a line cottony 
precipitate was almost immediate. A gelatinous mass 
r<»sult<'d after a few’ hours. Tlic product was colh^cted after 
three days. The material was sucked as dry as possible 
on the filter and then dri(‘d for seviaity-two hours in vacuo 
w'hen 0.8 g. of product, micro m.p 120-132°, was obtained. 
This w^as readily dissolved in 45 ml. of hot ethanol. The 
warm solution, after treatment with Darco, deposited crys¬ 
tals slowrly upon cooling to room temperature. The solution 
s(*t to a gelatinous mass overnight. The material was again 
recrystallized from 25 ml. of ethanol. The yield of thor¬ 
oughly dried product was 410 mg. (43%); micro m.p. 134- 
137°. 

Calc, for Ci 7 H 2206 N 28 : N, 7.65; S, 8.74 
Found: x\, 7.55; K, 8.79 

An additional small quantity of material melting at 110- 
130° was obtained upon eonccntratioii of the mother liquors 
from the recrystallization. 

Absorption Spectra of the a-Ethyl Desmethyl-UL-benzyl- 
penicilloates Before and After Treatment with Mercuric 
Chloride {D.19, 9). Th(‘ absorption speotrum of each sample 
was determined on a 0.1 mg. per ml, solution in ethanol. 
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To 5 ml. of each of the above solutions were added 5 mg. 
of mercuric chloride in 6 ml. of ethanol and the solutions 
were diluted to 50 ml. with ethanol. The following absorp¬ 
tion spectra were observed: 
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cx-£thyl Desmethyl-DX.-benzylpenicilloate (Upjohn, V.G^ 
7). When a 60% ethanolic solution of othyl benzylpenaldate 
and thiothrconine (kindly supplied by iJr. H. E. Carter, 
University of Illinois) was allowed to stand at room tem¬ 
perature for several days, a low yield of crystalline substance 
was obtained. Upon crystallization from absolute ethanol 
this substance melted at 130--132°, having the properties 
expected of a homolog of ethyl benzylpenicilloate. 

Calc, for C 17 H 22 N 2 O 6 S: N, 7.65 
Found: N, 7.81 

Desdimethyl-L-benzylpenicilloic Acid (Cornell Bioch., 
Z>. 7 , 6 ). To a suspension of 3.38 g. of a-ethyl dcsdimethyl-i^ 
benzylpenicilloate in 20 ml. of water was added 20 ml. of 1 TV 
sodium hydroxide. After standing for two hours, 4 ml. of 
5 N hydrochloric acid was added slowly with shaking to the 
ice-cold solution. The product separated as a white powder 
wdiich was washed wuth ice water and then dried in vacno over 
phosphorus pentoxide. The weight w'as 2.4 g. and the melt¬ 
ing point was 135-138°, 

(^alc. for CiJIieOsNoS: 

C, 51.84; H, 4.97; N, 8.04; 8 , 9.88; 

lu'ut. equiv., 162 

Found: 

C, 51.20; H, 5.09; N, 8.49; S, 10.08; 

iieut.*ecpiiv., 163; Ash, 1.0 

Desdimethyl-n-benzylpenicilloic Acid (Squibb, S.ldy 1; 
aOy 1; cf. Merck, M.12a, 13; 12 c, 13). A solution of 1.63 g. 
of a-ethyl desdimethyl-]^])enzyl])eiiicilloate in 13.2 ml. of 
1 N sodium hydroxide solution was allow'od to stand at room 
temperature for two hours. The aqu(*ous solution was then 
lyophilizi'd, tlie sodium salt dissolv(‘d in about 5 ml. of w’ater 
and 23.2 ml. of 1 A" hydrochloric acid added at 0 °. Im¬ 
mediate precipitation occurred and tlu' yellow solid wais 
tiltered oil; m.j). lOlU (dec.). A second crop of white crystals 
pr()cipitated in the filtrate and \v(‘re filtered olT; m.j). 105°. 
These two crops were combined (0.84 g.) and redissolved in 
dilute alkali and repnadpitated wdtli acid; m.p. 102 ° (dee.). 
The compound rcsolidilled and rerneltial at 140-145°. The 
initial decomposition point varied with the rate of heating, 
and the second melting point varied wdth the sample. 
Otlier samples solidified and remelted at 130-135° and 160- 
163°. The melting point of desdiniethyl-L-benzylpenilloic 
arid wdiich would be olitained by the decarboxylation of 
desdiinethy]-rr-benzylpeni(!iIloic acid is 159-160°. 

A sample was dried in vacuo over phosphorus pentoxide 
and analyzed. 

Calc, for Ci 4 HieO..N 2 S >^HoO; 

C, 50.45; H, 5.11; N, 8.41; neut. equiv., 167; 

II 2 O, 2.7; COa (one acid decarboxylation), 13.2 

Found: 

C, 60.59; H, 4.74; N, 8.52; nout. equiv., 169; 

loss in weight at 60° (TI 2 O), 3.95; 
loss in weight at 120° (CO 2 ), 14.33 

The product melting at 102° (dec.) was kept in a vacuum 
desiccator over phosphorus pentoxide for one week and 
analyzed. 

Calc, for Ci 4 H,fl 06 N 2 S: 

C, 51.85; H, 4.94; neut. equiv., 162; 

CO 2 (one acid decarboxylation), 13.6 

Found: 

C, 52.25; H, 4.82; neut. equiv., 164; 

CO 2 (by heating at 120°), 13.03 

The pyrolyzed samples used to determine the percentage 
of carbon dioxide were then analyzed. 

Calc, for CijHuO.NaS; C, 55.71; H, 5.71 
Found: C, 65.76; H, 5.66 


The hydrolysis was repeated using 3 moles of alkali and 
allowing the hydrolysis mixture to remain at 5° for sixteen 
hours. Tlie yield of desdimethyl-L-benzylpenicilloie acid 
was 60%, similar to the yi(‘ld wdien the hydrolysis w^as carried 
out at room temperature. 

An attempt to liydrolyze a-ethyl desdimethod-L-benzyl- 
penicilloate using sodium carbonate solution was unsuc¬ 
cessful and tlie starting ester w^as recovered. 

Desdimetliyl benzylponicilloic aci<l (300 mg.) w^as refluxed 
in 50% ethanol for threi* minutes. I’Ik* solution was cooled 
and the crystals fili{*red off and w^ashed. The first crop 
weighed 190 mg. and nu'lted at 152 *154°. It gave a neutral 
equivahmt of 269 as compared to 280 for desdimethyl-L- 
benzylj)eTiill()i<‘. acid. Upon recrystallization from 50%, alco¬ 
hol the melting point was 157-159°. 

Nitrogen was passed through a suspension of 175 mg. of 
desdimethyl-L-benzyipenicilloie, acid in 2.5 ml. of 1 N hydro¬ 
chloric acid at room t(*mperature. The exit gases w'itc 
passed through a solution of barium hydroxide, but even 
after twm hours there was no turbidity in the barium hydrox¬ 
ide .solution, indicating no dec.arboxylation. 

Desdimethyl-n-benzylpenicilloic Acid (Pfizer, P.G, 7; 
10 ^ (i; 8 ). Ethyl des(liniethyI-i.-benzylpcniciIloate 

(7 g.; 0 02 mole) w'a.s treated over a period of three hours 
with 54 ml. (0.05 mole) of sodium hydroxide solution, the 
mix tun* being kept at pll 12. At the end of this time the 
solution was neutralized w ith hydroeliloric acid and lyophil- 
ized. There was obtained 7.9 g. of crude salt containing 
sodium chloride. A solution of 2 g. of this product w^as 
acidified to 71 H 2 with hydrochloric acid at 0°. Tliere was 
obtained 0.74 g. of crude desdimethyl-L-benzylpenieilloic 
acid, m p. 110 113°. This acid was then redissolved and 
repreeipitated at 0° to give 0.36 g. of desdimethyl-L-benzyl- 
penieilloic acid iindtiug at 108-109° (dec.); (alr> -56°. 
1 ‘otentiometric titration indicated this to be a dibasic acid 
W’ith ajiproximately (*qual spans. 

Calc, for C, 4 Hifl() 6 N 2 S t^Il 20 : C, 50.45; H, 5.15; N, 8.41 
Found: C, 50.29, 50.27; H, 5.17, 5.32; N, 8.24, 8.22 

From another saponification of a-ethyl desdimcthyl-n- 
lienzylpenieilloate using the same conditions and technique, 
a eom])ouiul with [ab —56°, m.p. 137°, was isolated. 

Calc, for Ci 4 Hir.()bN- 2 S*J' 2 n 2 (): 

(;, 50.45; H, 5.15; N, 8.41; S, 9.61 

Found: C, 49.71, 50.17; H, 5.14, 5.23; N, 8.35, 8.37; S, 9.61 

These two compounds seemed to be identical except for 
the melting points and possibly represent two crystalline 
forms of the same material. 

Desdimethyl-DL-benzylpenicilloic Acid (Merck, 8 ). 

To a suspension of 1.040 g. of ethyl desdimcthyl-ni^benzyl- 
penicilloatc in several ml. of water, 12.0 ml. of 0.50 A potas¬ 
sium hydroxide was slowdy added over the course of ten 
minutes. The solution, after standing at room temperature 
for 1.5 hours, was chilled to 0 ° and treated with 12.0 ml. of 
0.50 N hydrochloric acid. The crystalline precipitate 
formed was quickly filtered, washed with ice water, then 
dried at 25° and 2 min. The yield was 655 mg.; m.p. 125°. 
Potentiometrie titration indicated approximately 50% di¬ 
basic acid mixed with decarboxylated material. 

Found: C, 48.06; H, 4.83; N, 8.02 

Desdimethyl-N^-benzoyl-ii-benzylpenicilloic Acid 
9). a-Mcthyl dcsdimcthyl-XMienzoyl-n-benzylponicil- 
loate was hydrolyzed to the acid by allow ing it to stand with 
two equivalents of sodium hydroxide in aqueous solution for 
three hours. The desdimethyl-NMienzoyl-i^benzylpenieil- 
loic acid was precipitated with hydrochloric acid and finally 
precipitated from ethyl acetate with petroleum ether. 

(^alc, for CziHsoNaOeS: C, 58.87; H, 4.71; N,6.54 

Found: C, 58.43, 58.59; H, 5.36, 5.00; N, 6.48 
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Desdimethyl-L-phenylpenicilloic Acid (Mich. Chcm , BA, 
10; 2, 8). A solution of 0.76 g. of «-ethyl desdimethyl-L- 
phenylponicilloate in 37 ml. of 1.08 S sodium hydroxide and 
40 ml. of water was allowed to stand at room temperature for 
twenty-four hours. The light yellow solution was evapo¬ 
rated at room temperature and a light yellow viscous gum 
was obtained. After standing some time the gtim solidified 
partially In order to obtain a pure sample of the disodiiim 
salt fr(‘e from sodium carbon.ate or sodium hydroxide, the 
niatsH was extracted with 50 ml. of boiling methanol and 
filtered (weight of residue 2.01 g.). The methunolic filtrate 
was diluted w'ith 200 ml. of anhydrous eth(*r carefully and a 
white crystalline, hygroscopic solid was obtained. The 
salt was filtered, washed well with ether and drit'd in a 
vacuum desiccator; w^ught, 4.25 g. More material was ob¬ 
tained from th(‘ mother liquoi 

TIicAKBoxvur Acid from Methanol-Insoluble Salt. 
A solution of 420 mg. of the salt in 10 ml. of cold w-^ater 
acidified with 4,8 ml. of 0.5 A' hydrochloric acid, di'posited 
small colorless crystals on standing at 5 10 ’; yield, 190 mg.; 
m.p. 173-177° (in at 30°); neut. ecpiiv., 160 (phenol- 
phthalein) (calc. 155). 

When a suspension of 95 mg. of this dicarboxylic acid in 
1 ml. of water was heated on a steam cone, the compound 
dissolved and carbon dioxide was evolvi'd briskly. On 
cooling, 00 mg. of 2-benzoylaminomethylthiazolidine-4- 
carboxylic acid precipitated; m.p. 182-183°;neut. equiv., 266 
(calc. 266). When the solution of the disodium salt of the 
dicarboxylic acid w^as treated wdth two equivalents of 0.5 S 
hydrochloric acid, heated for fifteen minutes and cooled, 
about one equivalent of alkali was needed for neutralization. 

The dimethyl ester was obtained from the reaction be¬ 
tween a suspension of 160 mg. of the dicarboxylic acid in 
methanol and diazomethane. From henzent*-ligroin color¬ 
less needles wore obtained; yield, 55 mg.; m.p, 122-123°. 

Calc, for CuHuOaNiS: C, 53.2; II, 5.4 
Found: C, 53.7; H, 5.8 

Esterification of the dicarboxylic acid w'ith methanol and 
hydrogen chloride gave a product melting at 117-118° (after 
recrystallization from benzene-ligrcnn). Mixed with the 
dimethyl ester above, it melted at 117-'12?3°. 

The diethyl ester prepared by ethanol and hydrogen 
chloride was an oil. On cleavage with morciirie chloride it 
yielded ethyl forrnylhippurate (isolated as the 2,4-dinitro- 
phenylhydrazonc). 

Dicarboxylic Acid from Methanol-Solublk Salt, A 
solution of 350 mg. of the mothanol-soluhle salt in 3 ml. of 
cold water was acidified with 4 ml. of 0.5 A hydrochloric acid. 
A gelatinous precipitate was obtained which w^as filtered and 
dried in a vacuum desiccator; yield, 205 mg. of hard solid. 
When a melting point was determined using a bath preheated 
to 100-410° the substance melted at 170-177° (dec.). When 
a sample w'as introduced into a bath preheated at 136-160°, 
it melted and decomposed immediately. Hecrystallization 
from hot water resulted in decarboxylation and the forma¬ 
tion of desdimethyl-L-phenylpenilloic acid, which melted at 
176-177° (dec.) alone and when mixed with the compound 
prepared from the acetal acid and cysteine. The dicarb¬ 
oxylic acid is insoluble in the usual organic solvents and 
for analysis the substance as obtained was triturated with 
cold methiinol, filtered and dried at 0.8 mm. at room 
temperature. 

Calc, for CiiHuOfiNjS: C, 50.31; H, 4.68; neut. equiv., 165 
Found: C, 49.23; H, 4.97; neut. equiv., 175 

(titrated to endpoint with phenol red) 

Acidification of an aqueous solution of 1.15 g. of the 
salt in 30 ml. of water gave 0.6 g. of the dicarboxylic acid; 
neut. equiv., 160 (calc. 155). When heated with water it 
yielded 2-benzoylaminomethylthiazolidine-4-carboxylic acid. 
From 250 mg. of the dicarboxylic acid and diazoinethane, 
40 mg. of the dimethyl ester was obtained as clusters of color¬ 


less needles (after recrystallization from benzene-lig'^oin); 
m.p. 116-117°. The melting point was depressed by ad¬ 
mixture with the 122-123° ester and 117-118° ester described 
above and the methyl ester of 2-benzoylaminomethyl- 
thiazolidine-4-carl)oxylic acid (B.2, 10). 

Calc, for CuHisO^NaS: C, 63.2; H, 5.4 
Found: C, 53.7; H, 5.8 

Attempts to degrade this dimethyl ester and that obtained 
by treatment with methanol and hydrogen chloride* to 
methyl formylhipiiiirate were unsucces.sful. 

The diethyl ester, prepared by ethanol and hydrogen 
chloride, was an oil wdiich on cleavage with mercuric chloride 
yielded ethyl forrnylhippurate (isolated as the 2,4-dinitro- 
]ihcmylhy drazon e). 

Only the 2,4-dinitrophenylhydraz()ne of licnzoylamino- 
acetaldeh 3 'de w'as isolated after cleavage of the dicarboxylic 
acid by mercuric chloride. A solution of 180 mg. of the 
disodium salt was acidified with 1 ird. of 0.5 A hydrochloric 
acid and 2(K) mg. of sodium acetate and 135 mg. of mercuric 
chloride in 5 ml. of water w’cre added. After fifteen minutes 
the white precipitate was filtered off and the filtrate treated 
witli 2,4-dinitrophenylhydrazine in aqueous sulfuric acid. 
The 2,4-dinitrophenylhydrazi)iic of benzoylaminoacetaldc- 
hyde w hich formed melted at 202- 203° after one recrvstalliza- 
tion from m(‘thanol-benzene. Apparently decarboxylation 
of the fonnylhippuric acid initially formed took place. No 
2,4-dimtrophenylhydrazone of eth>i formylhippurate was 
found, indicating the absence of any ester acid in the di- 
carhoxylic acid. 

Desdimethyl-L-phenylpenicilloic Acid Hydrochloride 
(J9.4, 4). The hydrochloride of o-benzamido-4-carboxy-2- 
thiazolidineacetic acid, formed by reaction with one equiva¬ 
lent of 0.52 N hydrochloric aidd in acetic acid, w^as obtained 
as a colorless powder xvhich foamed at 115-122° and de¬ 
composed vigorously at 196-192°; neut. equiv., 143 (calc. 
116). Wit h w ater the original diacid was regenerated. 

Desdimethyl-N^-formyl-L-phenylpenicilloic Acid {BJf, 
5: 5, 4). Formylation of a-l)eiizamido-4-carhoxy-2-thiazol- 
idineaceti(5 acid was not successful but hydrolysis of the 
N-formyl derivative of a-benzamido-4-carboxy-2-thiazol- 
idineacetic acid ethyl ester (m p. 182-183°) appeared to give 
the compound. 

Hydrolysis of the 192-193° Compound. A solution of 
345 mg. of tlie compound in 3.8 ml. of 0.5 N sodium hydrox¬ 
ide was acidified after standing at room temperature for 
twenty-four hours. No precipitate formed until the solution 
was concentrated by evaporation; the oil which appeared 
was redissolved in alcohol and the evaporation was repeated. 
Ultimately, 55 mg. of a solid melting at 198-202° (dec.) was 
isolated and from the mother liquor after filtration 100 mg. 
of broad needles separated; m.p. 182-184° (dec.). The lat¬ 
ter proved to be 2-bcnzylaminomethylthiazolidinc-4- 
carboxylic acid, apparently formed through loss of the formyl 
group and decarboxylation of the acid. 

Hydrolysis of the 182-183° Compound. A solution of 
545 mg. of the compound in 5.7 ml. of 0.5 N sodium hydroxide 
was allowed to stand at room temperature for twenty-four 
hours and then acidified. From the solution 200 mg. of 
short colorless needles crystallized; m.p. 200° (dec.). After 
a purification by reprccipitation from an alkaline solution, 
the compound melted at 207-208° (dec.); its analysis cor** 
responded to that of a-bcnzamidc)-4-carboxy-3-formyl-2- 
thiazolidineacetic acid. 

Calc, for CuHuNaOflS: C, 49.7; H, 4.2; neut. equiv., 169 
Found: C, 49.4; H, 4.4; neut. equiv., 171 

A solution of the N-formyl ester, m.p. 182-188°, in two 
equivalents of 1 A alkali was allowed to stand at room 
temperature for twelve hours, acidified and concentrated, 
whereupon colorless leaflets crystallized (m.p. 197-208°). 
After recrystallization from alcohoI4igroin, clusters of 
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needles were obtained; m.p. 202-203® (dec.), neut. equiv., 168 
(calc. 169). 

Deadimethyl-i)L-phenylpenicilloic Acid (Merck, M.29, 8 ). 
The (*thyl ester was treated with a slight excess of 1 sodium 
hydroxide (2.01 equivalents) at 25® for two hours. Two 
volumes of water were added and an exactly equivalent 
amount of 1 N hydrochloric acid was run in slowly and with 
stirring. A flocculent precipitate formed. This was 
filtered and washed several times with water. It was then 
dried in vanio overnight. The yield was 1.2 g. (71%) from 
1.9 g. The melting point was 132-135® (dec.). 

Calc, for Ci,Ili 4 N 2 S 06 -) 2 Ha 0 : C, 48.94; H, 4.70; N, 8.79 
Found: C, 48.77; H, 5.05; N, 8.70 

This compound titrated as a dibasic acid with two pK 
values, 5.31 and 3 . 22 , and M.W. of 312 (calc. 319). This is 
in agreement with a penicilloic acid structur(\ 

a-MethylDesdimethyl-DL-amylpenicilloate (Upjohn, U4y 
30). A solution of 430 mg. of crude methyl amylpenaldate, 
240 mg. of sodium acetate and 315 mg. of ni^cysteine in 
10 ml. of 50% methanol was allow'cd to stand for twenty- 
four hours. The white solid (about 500 mg.) was collected 
and recrystallized from aqueous methanol; m.p. 129-131® 
(uncorr.). 

Calc, for Jl 22 Ni 06 S: N, 9.1 
Found: N, 8.84 

a-Methyl Desdimethyl-L-benzylpenicilloate (f/.^, 7). A 
solution of 4.7 g. ( 0.02 mole; of methyl benzylpenaldate, 
2.4 g. of sodium acetate, and 3.2 g. (0.02 mole) of i.-cysteine 
hydrochloride in 40 ml. of water and 80 ml. of methanol was 
allowed to stand at room temperature for twenty-four hours. 
The solid product was colh‘cted and dried; yield, 2.7 g. 
(40%). Recrystallization from aqueous methanol gave a 
product melting at 150-153® (dec.). 

Calc, for Ci 6 HxhN 206 S: C, 53.3; 11, 5,3; N, 8.3 
Found: C, 53.4; H, 5.4; N, 8.3 

a-Methyl Desdimethyl-N^-benzoyl-L-benzylpenicilloate 

(Merck, MMj 8 ). Benzoylation of a-methyl desdirnethyl- 
L-benzylpenicilloatc with benzoyl chloride in pyridine at 
room temperature yielded an amorphous product which 
gave a satisfactory analysis for a-methyl dcsdimethyl-N^ 
benzoyl-L-berizylpenicilloate. 

Calc, for C 221132 N 206 S: 59.71; H, 5.01; N, 6.33 

Fotind: 59,43; H. 4,75; N, 5,86 

a-Methyl DesdimethyI-N<-carbobenzyloxy-benzylpeni- 
cilloate (Upjohn, U.lOj 6 ; 11, 9). To a solution of 680 mg. 
of a-methyl desdimcthylbenzylpenicilloate in an ice-cold 
mixture of 2.0 ml. of 1 A sodium hydroxide and 10 ml. of 
water were added 2.0 inilliinoles of benzyl chloroformate 
and a drop of phenolphthalcin indicator. The mixture was 
cooled in an ice bath and stirred mechanically while 2.0 ml. 
of 1 A sodium hydroxide solution was added slowly, the pH 
being held as closely as possible to that of the phenophthalein 
end-point. The indicator had to be renewed occasionally. 
At the end of forty-five minutes the mixture was extracted 
with ether and the aqueous layer added to a mixture of ice 
and water containing an excess of hydrochloric acid. The 
precipitate was collected, washed with water and dried 
in a vacuum desiccator over anhydrous calcium chloride. 
The yield was 390 mg. (42%) of a product melting at 
90-120®. This product probably consisted of a mixture of 
diastereoisomers. 

Calc, for CMH 24 N 2 O 7 S; C, 58.46; II, 5.12; Nj 5.93 

Calc, for C, 66.31; H, 5.34; N, 5.71 

Found: C, 57.68; H, 6.38; N, 6.42 

In another experiment a suspension of o-niethyl desdi- 
methylbenzylpenioilloate, benzyl chloroformate and mag¬ 
nesium oxide in water was shaken for 2.6 hours at room 


temperature. The suspension was filtered and the filtrat(i 
acidified as above. The white solid (11 %), after drying in a 
vacuum desiccator, melted at approximately 40-130®. 

Calc, for (baH 24 N 207 S: N, 5.93; S, 6 79 
Found: N, 5.73; S, 6.97 

An attempt to prepare the compound by addition of 
benzyl ehlorofonnnte to a solution of a-mcthyl desdimethyl- 
bei.zylpcni(*illoat(‘ in dry pyridine at 0 ® gave an unpromising, 
sticky oil. 

Phenylthiohydantoin of a-Methyl Desdimethyl-n-benzyl- 
penicilloate (Merck, M.15l\ 20 ; £^.5, 8 ). Phenyl isothio¬ 
cyanate was added t(» a-methyl desdirnethyl-L-benzylpenicil- 
loatc in excess and heated on the steam hath for one-half hour. 
After standing all night etluT was added which gave a solid 
melting at 185-204". After two recrystallizations from 
methanol the melting point was 222 224". 

Calc, for C, 2 n 2 iN, 04 S: (\ 58.00; 11, 4.65; N, 9.22; S, 14.08 
Found: C, .57.08; H, 4.85; N, 9.54; S, 11.25 

A solution of 100 mg. of the hydantoin in 10 ml. of glacial 
acetic acid ^\as treat(‘<1 with 0.5 ml of concentrated liydro- 
chloriy acid and 5 ml. of water add(»<i. It was warmed on 
the sti'am bath for two minutes and then alJow^ed to stand at 
room temperature for twenty-four hours. It was diluted 
wdth three parts of w^atcr and the flocculent pre(‘ipitate 
filtered and washed wtII with water. It was dissolved in 
water and reprecipitated with acid, filtered, waslu'd w4th 
watfT, and dried. 

Calc, for (’, 57.13; II, 4.34; N, 9.52 

Found: C, 57.06; H, 4.61; N, 9.65 

N-Methyl-L-cysteine Hydrochloride (Upjohn, UJ8, 6 ). 
A solution of 5.73 g. (0 043 mole) of 4 -thiazolidinecarboxylic 
acid in approximately 250 mi. of liquid ammonia was reduced 
with 2.1 g. (0.091 gram-atom) of sodium. The blue color 
was discharged by the addition of a small piece* of solid 
carbon dioxide; the ammonia was then allowed to evaporate 
spontaneously and the last traces were removed in vacuo over 
concentrated sulfuric acid. The residue was dissolved in 
water; the solution was acidified with hydrochloric acid and 
evaporated to dryness in vacuo. The resulting syrup was 
taken up in absolute ethanol and evaporated %n vacuo, 
whereupon crystallization occurred slowly (cf. Bloch and 
Clarke, J. Biol. Chem., 125, 275 (1938)); yield 5,7 g. (78%); 
m.p. 119-123® after softening at 115®. 

Calc, for C4H10NO2SCI: 

0, 27.99; H, 5.87; N, 8.16; S, 18.68; Cl, 20.66 
Found: C, 27.33; H, 6.00; N, 8.62; S, 18.20; Cl, 17.30 

a-Methyl Desdimethyl-N♦-methyl-n-benzylpenicilloate 

{11.19, 2). A solution of 858 rag. (5 millimoles) of N-methyl- 
Li-cysteine hydrochloride in 9 ml. of water was added to a 
solution of 1.622 g. (5 millimoles) of the benzylamine deriva¬ 
tive of methyl benzylpenaldate in 0 ml. of ethanol. After 
warming for ten minutes on the steam bath, the cloudy 
solution was filtered and allowed to stand at room tempera¬ 
ture. The first crop of colorless crystals (281 mg.) was col¬ 
lected after several hours; m.p. 16^167.5° (dec.). 

Calc, for CuHsoNjOfcS: C, 54.53; H, 5,72; N, 7.95; S, 9.10 
Found: (^ 64.57; H, 6 . 00 ; N, 8.27; S, 8.91 

a-EthylDesdimethyl-n-benzylpenicilloate (Cornell Biocli., 
D,5, 2). This isomer was prepared from 0.5 g. of D-cysteine 
and 1 g. of ethyl benzylpenaldate as described below for the 
L-isoraer. The once recrystallized product melted at 159- 
J62®. After another rocrystallization from alcohol, the 
compound melted at 160-162®. 

Calc, for CieHjoOfiNaS: N, 7.96; S, 9.09 
Found: N, 7.86; 8 , 9.36 
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ot-Ethyl Desdimethyl-L-benzylpenicilloate (Mich. Chem., 
\ cf. Lilly, L.m, 2 ), A solution made up from 249 inf?, of 
ethyl benzylpenaldiite, 175 mg. of L-cysteine liydruchloride 
and 100 mg. of sodium acetate m 1.5 ml. of alcohol and 1.5 ml. 
of water was allowed to stand at room temperature. After 
one hour the mixture was solid. After six hours, 0.26 g. of 
colorh'ss crystals was filtered off;m.p. 158°. Aft<T recrys¬ 
tallization from alcohol-uater it melted at 159-160°. 

Calc, for CuHsoOfiN >S: (\ 54.53; H, 5.92 
Found: C, 54.26; 11, 5.67 

This compound did not hydrogenate over a platinum 
catalyst {LJ,, 15; 7 ). 

a-Ethyl desdimethyl-L-berizylpenicilloate has 7.6 in 
glacial acetic acid {L.4, 13). 

«-Ethyl Desdimethyl-L-benzylpenicilloate (Merck, M.9, 
2; i:2a^ 4; 12). Ethyl benzylpenaldate reacted rapidly 

with L-cysteine to form a product which appeared to be the 
expected thiazolidim*. The product crystallized from 
methanol in fine needles; m.p. 165-167°. 

Calc, for CioIlioOfiNsS: C, 54.51; H, 5.72; N, 7.95 
Found: C, 54.34; H, 5.87; N, 8.15 

The compound showed no optical rotation in ethanol 
and a rotation of only Mo —39° (;;H 8 buffer); [rvli^ -70° 
(after 19 hours). Acidification of the solution precipitated 
a product molting at about 145°, initial rotation faji> —46° 
(in ethanol) and (alt) —72° (pH 8 buffer). 

Titration, potent iometrically in water-ethanol mixture, 
gave an equivalent weight of 368 (calc. 352). pK « 4.96. 

Rate of Growth of 2,800 A Band in Methanol at 60-65° 


Tim<‘ (hrs.) 

Em 

0 

05 

1 

730 

24 

1,800 

52 

4,800 

76 

‘ 8,150 

125 

6,050 


a-EthylDesdimethyl-L-benzylpenicilloate ((brncll Bioch., 
D.Sj 2). The condensation of 3.6 g. of Lr-cysteine hydro¬ 
chloride and 8.0 g. of the sodium enolate of ethyl benzyl¬ 
penaldate in a cooled solution of 40 ml. of water and 40 ml. of 
alcohol, buffered to pH 5-6 by the addition of 3 g. of potas¬ 
sium acetate, was carried out. The product obtained 
melted at 152-156°. After recrystallization from 40 ml. of 
absolute alcohol, it melted at 156-159° and amounted to 
1.7 g. ( 21 %). After a second recrystallization from alcohol 
the melting point was 157-161°. 

Calc, for Ci 6 HuoO»N 2 S: N, 7.96; S, 9.09 
Found: N, 7.82; S, 9.34 

The same product was also prepared from the free ethyl 
benzylpenaldate in a yield of 27% of the theoretical. 

The Rotation of a-Ethyl De 8 dimethyl*L-*peniciUoate in 
Various Solvents (Cornell Bioch., Z).7, 7). Several samples 
of a-ethyl desdimethyl-i^penicilloate (D.5j 2 ) were combined 
and rccrystallizcd once from ethanol. The product ob¬ 
tained in this manner (m.p. 152-154°, micro-block) was used 
for the following experiments. 

A 0.24% ethanol solution of the desdimethylpcnicilloate 
had [a]i>*‘ —13°, but the material crystallized from the 
solution after it had stood for a short time. A 1.0% solution 
in 95% ethanol was obtained by repeated heating. This 
solution did not crystallize on standing, and it showed 
—48° w'hich remained unchanged for two days. 

A 0.25% solution of the sample in glacial acetic acid was 
obtained by slight warming. Ten minutes after the solu¬ 


tion was clear the rotation was —78°; after thirty 

minutes it was — 66 °. 

A 0.25% solution of the sample in tertiary butanol con¬ 
taining 10 % benzene by volume had —40°. The 

value was unchanged after the solution had stood tw’onty- 
four hours. 

A 0.25% solution of the sample in tertiary butanol con¬ 
taining 50%. wat<‘r by volume had —54°. 'fhis re¬ 

mained unchangt'd for six days. 

A 0.25 % solution uf the sample and 2 mules of sodium 
hydroxide in water showed the following behavior: 

—44° immediately; [ab"* —78° after one hour; no further 
change in four days. 

Recrystallization of a-Ethyl Desdimethyl-n-benzylpeni- 
cilloate from Various Solvents (I), / J, 7). A sample of crude 
cv-etbyl deHdimcthyl-L-benz> lp<*nicill(>atc, rccrystallizcd once 
from ethanol, melted at 152-154° and had [ab*’' —56° ± 4° 
(0 25%/ in 50%, aqueous tertiary butanol). This sample, 
recrvstallizc*d twier* from glacial acetic acid, melted at 

159-161° and had bb- -64 ' ^ 4^ 

A 500 mg. sample was luulerl w’ltli 30 ml. of etliyl acetate 
and tlie hot suspension was lilt(T(*d The insoluble residue 
melted at 156-157° and had bb'^ -51° ± 4°. After 
standing for s(‘veral days at room temperature, the precipi¬ 
tate which separated from the ethyl acetate solution was 
collected It melted at 153-155° and had Irvb^^ —56° ± 4°. 

A 200 mg. sample was h(‘ated in 10 ml. of ethylene di- 
ehloiide and tertiary butyl alcohol was added dropwise with 
shaking until the material just dissolved. After the solution 
was cooled overnight in the refrigerator no precipitate had 
appeared, and 5 ml. of ethylene dichloride was added. The 
solution w'as then cooled in a dry-ice bath until a voluminous 
gelatinous precipitate had app(‘arcd. This was colh’cted; it 
melted at 144-146° and had -54° 4 4°. The ma¬ 

terial obtained upon concentration of the mother liquors also 
melted at 144-146°. 

A sample rccrystallizcd from ethanol melted at 155-155.5° 
and had bb^* -52° ± 4°. 

A different sample of a-elhyl desdimetlvyl-i.-benzylp(‘nieil- 
loate, which had been repeatedly recrystallized from ethanol, 
melted at 157-161° and had -46° ± 4°. 

a-Ethyl Desdimethyl-n-benzylpenicilloate (Pfizer, J\0, 7). 
A solution of 18 g. of crude ethyl benzylpenaldate in 50 ml. of 
ethyl alcohol was added to a mixture of 11 g. of L-cystcine 
hydrochloride and 7 g of potassium bicarbonate in 50 ml. of 
water. Alter standing overnight the product was filtered 
and rccrystallizcd twice from methanol to give cr-ethyl 
desdimethyl-i.-bcnzylpenic!lloate wdiich melted at 162-164°; 
bb*^ —28° changing to — 66 ° after eighteen hours. 

Calc, for CieIl 2 o 06 NvS: C, 54.55; H, 5.68; S, 9.09 
Found: C, 54.60, 54.70; H, 5.60, 5.77; S, 9.30, 9.57 

a-Ethyl Desdimethyl-L-benzylpenicilloate (Squibb, SM, 
1), A solution of 50 g. (0.2 mole) of crude ethyl benzyl¬ 
penaldate (prepared by formylation of ethyl phenaceturate) 
in 300 ml. of al)solute alcohol was cooled in an ice bath and 
then added, with cooling, to a solution of 19.6 g. (0.2 mole) 
of potassium acetate and 31.6 g. (0.2 mole) of i>cysteine 
hydrochloride in 300 ml. of water. Nitrogen was bubbled 
through the solutions during tlie preparation and mixing. A 
clear solution was obtained; after about thirty minutes, 
crystals formed in the reaction mixture, which was allowed 
to stand overnight at room temperature. 

The solid was collected, washed three times with 50% 
alcohol and then three times with water. The product was 
dried in air and was finally dried in a vacuum desiccator over 
phosphorus pentoxidc. The a-ethyl desdimcthyl-L-benzyl- 
penicilloatc weighed 31 g. and melted at 156-“168°. A second 
crop, obtained by allowing the filtrate to stand for three 
days, weighed 8.7 g. and melted at 165-166°; (total yield, 
67%). The product was recrystallized from methanol; the 
melting point was raised to 169-160°, but the recovery was 
poor (40%). 
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a-Ethyl Desdimethyl-L-benzylpenicilloate 1). A 

mixture of 1.95 g;. of 2-l)eTizyl-4-liydroxyniethylon(*-5(4)- 
oxazolone (m.p. 116-118") and 15 ml. of a])SoIute alcohol was 
heated on a steaiii bath under nitrogen for eight minutes. A 
clear solution resulted which was cooled to l()-15°and added 
to 15 ml. of an aqueous solutiem containing 1.5 g. of L-eys- 
teine hydrochloride and 0.94 g. of p)tassium acetate, under 
nitrogen. The resulting homogeneous solution was al¬ 
lowed to stand overnight under nitrogen. The crystals 
which form(*d were collected and dried in a vacuum desic¬ 
cator; yield, 2.7 g. (80%); m.p. 158 159". After recrystal- 
lization from methanol the product melted at 15t)' 160°. 

Calc, for CicIl 2 oOfeN 2 S: C, 54 54; H, 5.67; N, 7.95 
Found: C, 54.74; H, 5.60; N, 8.15 

a-Ethyl Desdimethyl-n-benzylpenicilloate (NRRL, C,/), 
2). To 2 73 g. of the benzoyl derivative of ethyl benzyl- 
penaldatc, m.p. 155°, was added 7 7 ml. (1 eq.) of 1 
alcoholic potassium hydroxide. After ten minutes stand¬ 
ing at room temperature, 4 ml. of alcohol was added to the 
clear solution. To tins was added dropuise 1.12 g. (1 eq ) 
of r.-cysteine hydrochloride hydrate* in 1 nd. of w^ater. In 
a few minutes, a cloudiness appeari'd which v\as removed by 
addition of alcohol. After standing overnight the very 
fine needles were collected yielding 1.73 g. (63%) of crude 
product, (h'vstallization from methanol gave pure material, 
m.p. 163-164°. 

a-Ethyl Desdimethyl-L-benzylpenicilloate (Cornell Bioch. 
D.7f 4; cf. Pfizer, PJiJ, 4). To 100 mg. of the bcnzvlamine 
derivative of ethyl penaldate in 2 ml. of alcohol vas added 
46 mg. of L-cysteine liydrochloride in 1 ml. of water. The 
pH of the solution, determim'd three to live* minutes after 
mixing, was 5. After thrc'c liours at room temperature 
the cottony precipitate of cthvl dehdimethvl-i.r-benzyl- 
penicilloate was collected and dried. It amounted to 44 mg. 
(42%) and melted at 145 150^’; after recry.stallization from 
3 ml. of aleohol it had m.p. 155-158° (micro-block). 

Calc, for CittH^oOfiNjS: N, 7.96; S, 9.09 
Found: N, 7.59; S, 8.95 

In another trial, 50% alcohol was used as a solvent and the 
product (m.p. 151°) was collected after twelve hours. The 
yield was 75% of the theoretical amount. 

«-Ethyl Desdimethyl-N *-benzoyl-L-benzylpenicilloate 
(Pfizer, PJ4, 7). A solution of 35 g. (0.1 mole) of ethyl 
desdimethyl-i.-l)enzylpenicilloatc in 300 ml. of pyridine was 
treated with 14 g. (0.1 mole) of benzoyl chloride at 25°. 
After standing for one-half hour the reaction mixture wa.s 
evaporated to dryness in vacuo. The residue was di.ssolved 
in chloroform and extracted with sodium bicarbonate solu¬ 
tion. The sodium bicarbonate solution was then acidified, 
the product extracted with chloroform, and evaporated to 
dryness. Benzoic acid was removed from the residue by 
several extractions with ligroin. The product did not 
crystallize. 

a-EthylDesdimethyl-DL-benzylpenicilloate (rpjohn, U.4, 
9). Following the procedure described by the Alicliigan 
group (B.lj 7), 500 mg. of ethyl benzylpenaldate was allowed 
to react with 315 mg. of nir-cysteine hydrochloride in aque¬ 
ous ethanol in the presence of one equivalent of sodium 
acetate. The rc.sulting nearly solid crystalline mass was 
filtered and the white crystals washed with absolute ethanol. 
Without further purification the compound melted at 
158-159° (uncorr.). 

Calc, for C,oH 2 oO*N,S: N, 7.96 
Found: N, 8.27 

a*Bthyl Desdimethyl-DL-benzylpenicilloate (Merck, A1.^ 
11; ^9^ 7). A solution of 1.948 g. of 2-benzyl-4-hydroxy- 
metbyleno-5(4)-oxazolone in 15 ml. of absolute ethanol was 
refluxed for eight minutes, then treated with a solution of 
1.023 g. of DL-cysteino hydrochloride in 15 ml. of water. 
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Potashiuni acetate (0.5 g.) was added to the mixture. In 
two minutes crystals began to Mppi‘ar. Th(* reaction mixture 
was lot stand for two days at room teinp(*rature and then 
filtered. The water and alcohol-washed product weighed 

l. 712 g nml melted at 188°. A sinall sample recr\ staliized 
from a large volume of boiling etliMiiol show(*d no change in 
melting point. 

Ciilc for (hJl .uN^O^S: (\ 54.58; 11, 5.73; N, 7.95 
bound: (', 54.34, H, 5 71; 8.05 

a-BenzylDesdimethyl-n-benzylpenicilloate (rj)johii, 11.7* 
32). A solution of 203 mg. of 2-bimzyl-4-hydr()xym(*thvlene~ 
5(4)-oxazolone in 2 ml. of dioxaiK* and 108 mg. of benzyl 
alcohol was hi*iit(*d on a steam batli for thirty minutes. 
When cool, a solution of 100 mg. of potassium acetate and 
157 mg of n-cysteim* hydrochloride in 1 ml. of water was 
added. Alti'r standing overnight, the white precipitate 
w'hich had S(‘parated was collected and dried; yi(‘ld, 195 mg. 
rpon erystallizaliun from aipieous dioxane there was 
obtained a white powder, in p. 1 (JO-162". 

("ale. lor (^ilE>N >OfiS: X, 6 76 
Found: , N, 7.15, 7.14 

a-Benzyl Besdimetbyl-L-benzylpenicilloate ((/.//, 21). 
A iijivture of 0.70 g «)f once-recrystallized benzyl benzyl¬ 
penaldate, 0 35 g of L-eysteiTi(‘ liydrochloride and 0 19 g. 
of sodium acetat(‘ was w’armed with 4 ml. of dioxane and 
4 ml of water until all w^as in sidution. Crystals of benzyl 
desdimetbyl-ir-benzylp(‘meilloat(' b(*gan to form almost im¬ 
mediately. In a few hours the ervstals were coll(’<*ted on a 
filter, washed thoroughly with (‘old water, and dried in a 
vacuum desiccator over calcium chloride. The yield of 
snow'-w'hit(‘ elunips of fine ms'dles, m.p. 168-169° (dec.; 
previous softening), w'as 0.50 g. (53.5^J) In another run a 
yield of 68% was obtaim’d. 

Cale. for C, 60.87; H, 5.35, X, 6.76 

Found: C, 60.43; II, 5.49; N, 6.95 

a-Benzyl Desdirnethyl-N‘’-methyl-L-benzylpenicilloate 
(U.19, 3; 6). A mixture of 344 mg. (2 millimoles) of 

N-iiiethyl-j/-cystein(’ hydrochloride and 800 mg. (2 milli¬ 
moles) of the bcnzylaniine derivative of benzyl benzyl¬ 
penaldate was warmed in 10 ml. of ethanol for about eight 
minutes. The solution was filtered and diluted with w^ater 
to faint turbidity * After standing at room temperature 
overnight a cro;) of colorless crystals had separated. These 
were collected (about 20 mg.), waslu*d with cold 50% ethan¬ 
ol, and dried; m.p. 180° (micro-block) with charring. The 
ervstals were insoluble in saturated bicarbonate solution at 
room temperature, but dissolved readily in dilute sodium 
hydroxide solution. A second crop of crystals (somewhat 
yellow) w’as obtained from the mother licpior making the 
total yield about 520 mg. (61 %). Th(‘ inat<*rial was recrys¬ 
tallized from methanol. 

Calc, for Ci 2 H 24 N .OsS: C, 61.00; H, 5.64; N, 6.54; 8, 7.48 
Found: (\ 61.40; H, 5.96; X, 7.11; b, 7.40 

A mixture of 2.50 g (14.5 millimoles) of X-methyl-L-eys- 
teiiie hydrochloride, 4.55 g. (14.5 iriillimoli*s) of benzyl 
benzylpenaldate, 1.42 g. (14 5 millimoles) of potassium 
acetate, 8 ml. of w'ater, and 35 ml. of etlianol was heated with 
stirring until all but a trace of fiocculent solid had dissolved, 
The solution was filtered, seed(^d and allowed to cool to 
room temperature. Over a ]>eriod of several days colorless 
crystals wc're deposited, the total yield being 3.99 g. (64%,); 

m. p, 182-194° (dee.; micro-block) alone and on admixture 
with the product above. 

A qualitative det-ermination (tin* 0.11 gm. sample failed to 
dissolve completely in 25 ml. of methanol) of tlie ultraviolet 
absorption spectrum showed a high peak in the 2,800 A 
region. In dilute sodium hydroxide solution the intensity of 
the 2,800 A band diuiinished rapidly. 
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a • Benzyl Desdimethyl - - methyl -L-benzylpenicilloate 
Hydrochloride 6). Dry liydrogen chloride was 

passed into a suspension of 608 mg. (1.42 millimoles) of 
crystalline a-henzyl desdimethyl-N*-methyl-L-henzylpenicil- 
loate in 20 ml. of cominercial absolute methanol until a 
clear solution dcvch)ped The methanol was removed 
immediately tn van/o and the white product recry stall ized 
from methanol and ether; yield, 645 mg. (97%), rn.p. 185- 
187° (dec.; micro-block) with previous softening. 

In the ultraviolet the main absorption band app(‘ared 
at 2,800 A with Em 31,200 (assuming the molecular w^eight of 
the disulfide structure), 

oc-Ethyl DesdimethyUn-isopropylpenicilloate (Mich. 
Chem , B.4i 12). A solution of 14.6 g. of the sodium enolate 
of ethyl a-formyldimethylaceturnte 10) in 50 ml. 

of water w'as added to a solution of 10,3 g. of ir-cysteine 
hydrochloride in 50 ml. of water. The clear solution w'as 
stirred for a few minutes until the solid product separated in 
a thick granular mush. AfttT standing for two hours, 16 g. 
of solid was collected; rn.p. 164-166°. 

A solution of 2 g. of the above product in 50 ml. of absolute 
ethanol was saturated with hydrogen chloride at 0° and 
allowed to stand at room temperatun* for twenty-four hours. 
After refluxing for six hours the alcohol w^as removed under 
reduced pressure, the residue was dissolved in water, the 
aqueous solution was w’ashed with eth<?r and then made alka¬ 
line with ammonium hydroxide. The oil was extracted 
with ether, the solution was dried over magnesium sulfate 
and the ether removed leaving 1.1 g. of clear colorless oil. 

ot - Methyl Desdimethyl - n- p -methozybenzylpenicUloate 
(Pfizer, PJ9f 14). 2-p-Methoxybenzyl-4-hydroxymcthyl- 
ene-5(4)-oxa2olonc (1.9 g.) was refluxed for fifteen minutes in 
25 ml. of methanol and treated with a solution of 1.58 g. 
of L-cysteine hydrochloride and 1 g. of potassium bicarbonate 
in 25 ml. of water. After standing overnight and filtering, 
there was deposited 2.84 g. of product. After rocrystalliza- 
tion from methanol this melted at 165-166°. 

Calc, for CieHaiNjOjS: C, 52.03; H, 5.69; N, 7.58 
Found: C, 51.94; H, 5.37; N, 8.00 

a«£thylDe8dimethyl-D-phenylpenicilloate (Cornell Bioch., 
D,6y 2). The addition of 1.1 g, of the sodium enolate of 
N-benzoyl-a-formyiglycine ethyl ester to a cooled solution of 
0.6 g. of D-cysteine in 4 ml. of 1 hydrochloric acid, 2 ml. 
of water, and 6 ml. of alcohol with 0.6 g. of potassium acetate 
yielded a product which crystallized on standing overnight. 
After recrystallization from 20 ml. of absolute alcohol, it 
melted at 161-165° (micro-block). 

Calc, for CuHigO.NjS: N, 8.28; S, 9.46 
Found: N, 8.14; S, 9.48 

o!-Bthyl De8dimethyl-i.-pbenylpenicilloate 3). A 

solution of 0.6 g. of L*cystcine hydrochloride in 3 ml. of 
water and 6 ml. of ethyl alcohol, buffered with 2 ml. of 
60% potassium acetate, was cooled to —8°. To this was 
added I g. of sodium salt of the eiiol of ethyl N-benzoyl-o- 
formylglycine (Erlonmeyer and Stoop, Ann. 3$7y 236 (1904)). 
The pH was readjusted to about 6 by addition of 7-10 drops 
of acetic acid. The solution was allowed to stand at 5° over¬ 
night. The solid mass which crystallized was filtered, 
washed with water and recrystallized from 30 ml. of 50% 
alcohol. After two such recrystallizations a sample melted 
at 168-165° when placed on the block cold. When placed 
on the block at about 150° the melting point was sharper 
and slightly higher, namely 165-167°. A total of 570 mg. 
(43%) of fine needles was obtained. 

Calc, for CjgHjgOfiNjS: N, 8.28; S, 9.46; neut. equiv., 338 
Found: N, 7.98; S, 9.68; neut. equiv., 336 

A sample dried at 90° at 2 mm. decomposed with evolu¬ 
tion of hydrogen sulfide, leaving a transparent glassy residue. 
There was no evidence of decomposition at room temperature. 


After determination of the neutral equivalent an eddi- 
tional 1.1 mole of 0.01 N sodium hydroxide was added and 
the solution allowed to stand for fifteen hours at room tem¬ 
perature. Back titration of the excess alkali indicated that 
the carbethoxy group had been saponified to the extent of 
78% under these conditions (about 0.001 N to 0.0001 
N sodium hydroxide). The further addition of alkali and 
heating for twenty minutes at 59° completed the saponifica¬ 
tion to the extent of 95%. 

This compound failed to undergo hydrogenation over a 
platinum catalyst (Lilly, L.4i 16). Its pK^t, in glacial acetic 
acid was 7.8 iL.4, 12). 

a-Ethyl Deadimcthyl-u-phenylpenicilloate (Mich. Chem. 
B.ly 5; 3y 7; cf. Shell, Sh.lty 166; Upjohn, U.Sy 6; 5, 28). 

Pkockdurb 1. To a mixture of 1.19 g. of ethyl a-formyl- 
hippurate, 0.8 g. of L-cysteine hydrochloride and 0.45 g. of 
sodium acetate, 10 ml. of 50% aqueous ethanol was added 
and the mixture was swirled to dissolve the reagents. After 
five minutes tlie clear solution deposited a thick mass of 
the thiazolidine derivative. After fourioon hours, 0.6 g. 
of colorless crystals was filtered off; rn.p. 154-156°. By 
concentration of the filtrate a further amount was obtained. 
After recrystallization from methanol, the compound melted 
at 160.5-161.5°. 

Calc, for (^bHiaOsN^S: C, 53.24; II, 5.37 
Found: C, 53.15, H, 5.64 

Prookdurk 2. To a solution of 3.14 g. of i^cysteine 
hydrochloride in 30 ml. of water and 30 ml. of ethanol, 5 g. 
of the sodium salt of ethyl «-formylhippurate was added. A 
clear solution resulted. After five minutes the contents of 
the flask were solid. After standing overnight, the mixture 
was filtered; the first crop of colorless crystals of the thiazoli¬ 
dine weighed 4.50 g. 

Procedure 3. Condensation with the sodium salt of 
L-cystcine was also carried out successfully by adding two 
equivalents of alkali to a mixture of L-cysteine hydrochloride 
and ethyl a-formylhippurate in 50% aqueous alcohol. After 
standing for several hours, the clear solution was evaporated, 
and the residue was dissolved in water. On acidifica¬ 
tion with hydrochloric acid, the* thiazolidine derivative 
precipitated. 

Th(* thiazolidine derivative was cleaved by mercuric 
chloride in acid solution and the ethyl a-formylhippurate was 
isolated as its dinitrophenylhydrazone. 

Procedure 4. To a solution of 1.58 g. of i/-cysteine 
hydrochloride in 15 ml. of water and 15 ml. of ethanol, 
2.57 g. of the sodium salt of ethyl formylhippurate and 
0.9 ml. of conrentrated hydrochloric acid were added. The 
clear solution deposited crystals after four hours. After 
several days 1.6 g. of cottony needles wore filtered off; rn.p. 
165-166° (dec.). Mixed with the compound, in.p. 160.^ 
161.5° (dec.) prepared previously, it melted at 169-165° (dec.). 
Changes in the melting points of the products (to lower and 
higher values) have been observed after recrystallization. 

Cleavage without Mercuric Chloride. A solution of 
100 mg. of the ester acid in 4 ml. of ethanol was added to a 
solution of 100 mg. of 2,4-dinitrophenylhydrazine in 2 nil. of 
sulfuric acid and 25 ml. of water. No visible reaction took 
place in three hours at room temperature, but when the 
solution was warmed on a steam cone for five minutes yellow- 
bronze crystals of the 2,4-dinitrophcnylhydrazone of ethyl 
formylhippurate (60 mg.; rn.p. 170-180°) separated. After 
recrystallization from methanol it melted at 178-180.5°. 
Continued heating of the acidic mother liquor gave chiefly 
a product melting at 230-260°. 

a-Ethyl 0e8dimethyl-L-phenylpenicilloAte (Merck, M.BB^ 
11). A solution of 2 g. of 2-phenyl-4-hydro3grmethylene- 
5(4)-oxazolone in 15 ml. of absolute ethanol was refluxed 
for thirty minutes. The ester was then treated with 1.8 g* 
of L-cysteine hydrochloride and 1 g. of potassium acetate in 
15 ml. of water. After a short period the product crystal- 
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lizod; m.p. 163-*154°. After recrystallization from methanol 
and water, the material melted at 160-161“. 

Calc, for CUH18O6N2S: C, 53.24; H, 5.37 
Found: C, 53.27; H, 5.48 

a-Ethyl Desdimethyl-N^-formyl-L-phenylpenicilloate 

(Mich. Chcm., B.3^ 5; 4, 4; 5^, 4). The condensation product 
from ethyl a-forniylhippurate and L-cysteine was ccmverted 
by formylation into two crystalline derivatives, m.p. 192.5- 
193“ and 182-183“, w^hich .separated by fractional crystalliza¬ 
tion. The higher melting compound, which analyzed for 
the expected N-formyl derivative, was tlie chic'f product 
when a solution of «-ben2amido-4-carboxy-2-thiazolidine- 
acetic acid ethyl ester in formic acid was treat(‘d with one 
equivalent of acetic anhydride. The lower melting sub¬ 
stance, whose analysis agreed with that of the monohydrate 
of the N-forinyl derivative, was tin* main product when 
a-b(5nzamido-4-carboxy-2-thiazolidin('acetic acid ethyl ester 
was added to an excess of 2:1 mixture of formic acid and 
acetic anhydride. 

The 192.5-193° compound was unaffected by further 
treatment with excess acetic anhydnd('-fonnic acid or by 
recrystallization from aqueous alcohol. It reacted with 
diazomethane to give a low yi(‘ld of a crystalline diester; 
m.p. 133-134°. Apparently the same e.ster w’as obtained in 
bettor yield from the 182-183° product. Both reacted very 
slowly with mercuric chlori(h‘ in aipjcous alcoliol at room 
temperature in the presence of sodium acetate. In 5% so¬ 
dium (jarbonate solution, the high-melting compound gave a 
pink color with sodium nitroprua.side but the low'cr melting 
compound failed to give tlu^ color. 

Pbeparation of the 192- 193“ N-Fokmyl Derivative. 
To 10 ml. of anhydrous formic acid w'as added 1.69 g. of 
a-benzaniido-4-carboxy-2-thiazohdineacetic acid (*thyl ester. 
The mixture was shaken well and kept at 0.5° for one hour. 
Upon the addition of 0.5 ml. of acetic anhydride a clear 
solution was obtained after live to ten minutes of shaking. 
The reaction mixture was allowed to remain at room tem¬ 
perature for twelve hours and the mixture was evaporated 
to dryness at room teinperatun' in a current of air. The 
resultant solid residue was rulibetl w(*Il with ether and 
filt-ered; weight, 1.51 g.; m.p, 180-189° (dec.). The crude 
solid was dissolved in absolute alcohol, filtered, coiicirntrated 
and diluted with ethyl aeetab*. From the hot solution 
small cottony clusters of needles crystallized; weight, 
0.98 g.; m.p. i91-193“ (dec.). Concentration of the mother 
liquor yielded 0.27 g. of granular prisms, m.p. 174-178“ 
(dec.). 

After one recryetallization of the high melting product 
from ethyl acetate and one recrystallization from aqueous 
alcohol, the N-formyl derivative melted at 192.5-193“, 

Calc, for CiJIiiOeNaS: C, 62.45; H, 5.0; neut, equiv., 366 
Found: C, 52,7; H, 5.2; neut. equiv., 348 

Treatment of a pure product with diazomethanc and 
crystallization of the gum from benzene-ligroin gave small 
compact clumps of needles, m.p. 133-134“. 

Preparation op the 182-183“ N-Formyl Derivative. 
To a solution of 10 ml. of anhydrous formic acid and 5 ml. of 
acetic anhydride was added 1.69 g. of a-benzamido-4- 
carboxy-2-thiazolidineacetic acid ethyl ester. The solid 
dissolved rapidly and the reaction was slightly exothermic. 
After twelve hours at room temperature, the mixture was 
evaporated to dryness and triturated with ether. Tlie crude 
product (1.48g.;m.p. 171-177“ (dec.)) was dissolved in ethyl 
acetate with the aid of a few drops of alcohol; the solution 
was concentrated and diluted cautiously with Ugroin. 
Compact clumps of crystals were deposited; weight, 0.94 g., 
m.p, 178-181“ (dec.). From the mother liquor an addi¬ 
tional 0,17 g. was obtained; m.p. 181-183“ (dec.). 

Upon recrystallization of the first crop from ethyl acetate, 
a small amount of the high melting N-formyl derivative 
crystallized; m.p. 192-193® (dec.). Upon concentration of 


the mother liijuor tlie [)ure low melting formyl derivative 
was obtained, as glistening clusters of sniall prisms; m.p. 
182-183“ (dec.). Mixed wdth the 192.5-193“ derivative, it 
melted at 175-180“ (dec.). Tin' separation of the tw’o 
isomers from the reaction mixtun* prepan*d under th(i above 
conditions is somewhat tedious; at least three times as much 
of the 182-183“ derivative as of the 192.5-193“ derivative 
was formed. 

Calc, for CioHioOTN.S: 

C, 50.0; H, 5.2; neut. equiv., 384 
Found: (\ 50.2; 11, 5.3; neut. equiv., 338 343 

Treatment of a pun' sample with diazometham* and 
recrystalhzation of the diester from benzeiic’-Jigroin gave 
beautiful (‘lusters (4 needles; m.p. 133-134°. 

a-Ethyl Desdimethyl-N^-acetyl-L-phenylpenicilloate 
(Shell, ShJ3, 181). A 3.60 g. iiortion (10.8 millirnoh's) of 
«-ethyl des(hmethyl-L-phenylpenicilloate 166) w^as 

treated with one equivah'iit of acetic anhydride and 15 ml. 
of pyridine. After tliree hours at room temperature the 
product w^as worked u]) as descrilx'd for the N'‘-isobutyryl 
compound (Slul /, 166). Th('re was obtained 4.04 g. (tl8%) 
of a wliite, glassy foam wdiich began to soften at 55° and 
li quo fif'd at 75°. 

a-Ethyl Desdimethyl-N*-isobutyryl-L-phenylpenicilloate 

(Sh.Il, 106). A solution of 4.5 g. (13.5 millimoles) of 
a-ethyl tiesdiinethyl-L-phcnyIi)enicilloate and 2.2 ml. 
(13.5 millimoles) of isobutyric anhydride in 22 ml. of pyridine 
was allowed to stand overnight at room tf'mperature. The 
pyridine w^as removed under redueed pressure at a bath tem¬ 
perature of 40°. Th(' residue was taken ui> in chloroform 
and the chloroform solution was extracted with three 25-ml. 
jiortioiiB of 10% sodium bicarbonate. The bicarbonate 
extracts were combined and acidified to pH 3 with 10% 
Iiydrochioric acid. The sticky solid w'hich prccipitat-ed was 
taken up in chloroform, washed with whaler, and dried over 
sodium sulfate. Fpon evaporation of the chloroform there 
was obtained 2.7 g. (49%) of a wiiite glassy solid. This 
product could not be crystallized and it was not analyzed. 
UowTver, the o'-ethyl )3-methyl ester prepared from it 
gave a satisfactory analysis. 

a-EthylDesdimethyl-DL-phenylpenicilloate (Merck, Af .2Sy 
11; 8). 2-Phenyl-4-forniyl-5(4)-oxazolone (2.1 g.) was 

warmed with 15 ml. of ethanol on a steam bath for thirty 
minutes. This mixture was treated wdth a solution of 1.8 g. 
of DL-cystcine hydrochloride and 1.0 g. of potassium acetate 
in 15 ml. of water. Crystals formed in ton minutes. The 
mixture was allowed to stand overnight. The product was 
filtered and washed with ethanol, and finally dried tn vacuo. 
It weighed 2.5 g. (70%) and melted at 155.5-156“ (gas). A 
sample was recrystallized from much methanol; m.p. 155.5- 
166“ (gas). 

Calc, for CUH18O6N2S H2O: C, 50.56; H, 5.62; N, 7.87 
Found: C, 50.83; H, 6.70; N, 7.73 

Diethyl Desdimethyl- l- p -acetozybenzylpenicilloate 
(Pfizer, 8). A solution of 2 g. of L-cysteino ethyl ester 
hydrochloride and 2.9 g. of crude 2-p-acetoxybenzyl-4- 
ethoxymethylenc-5(4)-oxazolone in 40 ml. of pyridine was 
refluxed for ten minutes. The pyridine was removed tn 
vacuo and the residue was dissolved in 60 ml, of absolute ethan¬ 
ol and allowed to stand for two hours. The alcohol 
was evaporated and the product dissolved in chloroform and 
extracted with water. After removal of the chloroform by 
distillation, the crude diethyl desdimethyl-L-p-acetoxy- 
benzylpenicilloate was lyophilized from benzene solution. 
The amorphous product melted at 55-60“. 

Calc, for C2nH2eN207S: C, 54.70; H, 5.94; N, 6.39 
Found: C, 54.45; H, 5.81; N, 6.21, 6.31 

/3-Methyl iDesdimethyl-n-benzylpeiiicilloate (Upjohn,. 
UAShy 7). Dimethyl desdimethyl-L-benzylpenicilloate 
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(290.4 ing., 0.83 inilhniole) was dissolveil in 15 ml. of meth¬ 
anol and 4 ml. of water. To this solution was added 7.83 ml. 
of O.UH) N sodium hydroxide. Aftc'r standing overnight, 
the methanol was removtnl from the solution under di¬ 
minished pressure and the aqueous solution extrneted with 
other. Kvaporation of the solution in vacuo over phosphorus 
pentoxide at room temperature gave 170 mg. (57%) of the 
sodium salt as a lirittU' Avhite glass. This material did not 
appear to he liygroseopie. 

Calc, for (hJInNaOftSNa: X, 7.77; S, 8.89 
Found: x\, 7.35; S, 8.40 

The a-benzyl /J-inethjd and a-ethyl /3-methyl diesters 
were sapomlied using the same procedure, the yields being 
approximately the same in each ease. A solution of the 
sodium salt was treated with a sliglit excess of 10% lead 
acetat(‘. The lead salt which precipitated immediately was 
decomposed by addition of hydrogen sulfide. After rcunoval 
of the lead sulfide liy centrifugation, the clear, colorless solu¬ 
tion was froz(‘n and lyophilizt'd to give a 40% yield (baseil 
on the diesterj of the free /3-mcthyl desdirnethyl-L-benzyl- 
penicilloate. The fiuflFy, wdiite product melted at 78-85° 
(dec.). 

/3-M ethyl Desdimethyl-N ^-acetyl-L-phenylpenicilloate 
(Shell, Sh.h^j 182). a-Ethyl ^-methyl desdimetlod-N*- 
acetyl-L-phenylpenicilloate (2,(59 g , (5.83 millimoles) was 
dissolved in 20 ml. of methanol and the solution was diluted 
with 20 nd. of w’ater. One equivalent of sodium hydroxide 
(6.93 ml. of 0.9873 N solution) w^as added during three hours, 
and the mixture w’as allowed to stand for forty hours at room 
temperature. The product, isolated as descnbetl for the 
corresponding NMsobutyryl compound {Shjl 167), was 
an amorphous pow^der which began to soften at 65'' and was 
completely melti'd at 85-90°. 'This crude product could not 
be recrystalhzed. 

Calc, for CiJIisNaOcS: X, 7.65, iieut. equiv., 366.4 
Found: X, 6.2, 6.4; neut. equiv., 444, 443 

Assuming the impurities to be residual solvent, then, 
on the basis of both nitrogen and neutral equivalent analy¬ 
ses, the material consisted of 83% monoester. 

/i-Methyl Desdimethyl-N ^-isobutyryl-n-phenylpenicilloate 
{Sh.llf 167). (This structure has not been iirovt'd; it is 
assumed that the a-ester was preferentially saponified, by 
analogy wdth the work of the Merck group on penieilloic 
esters.) 

A 1.5 g, portion (3.56 millimoles) of the a-othyl /3-methyl 
desdimethyl-N^-isobutyryl-L-phenylpenicilloatc w^as dis¬ 
solved in 25 ml. of methanol, and 12 ml. of water was then 
added. This solution was treated, by port ion wise addition 
during 2.25 hours, with one equivalent of sodium hydroxide 
(36.12 ml. of 0.098 N solution). Tlui mixture was allow ed to 
stand overnight, and was then concentrated under reduced 
pressure to about 10 ml. The solution was wa.shed with 
ether, cooled in ice, and acidified wdth a slight excess of 5% 
hydrochloric acid. The sticky precipitate which formed was 
taken in chloroform, washed with water, and evaporated in 
vacuo to give a dry foam which resisted atti’inpts at crystal¬ 
lization. The solid weighed 1.2 g. (85%) and softened to a 
viscous liquid at 65-75°. 

Calc, for Ci 8 H 22 X 2 () 6 S: N, 7.11; neut. equiv., 394 
Found: X, 0.62, 0.69; neut. equiv., 449, 455 

Assuming that the only acidic compound present was the 
/5-methyl ester, its purity was about 87 %. 

Further attempts wore made to crystallize this product, 
but they were all unsuccessful. After a more extended 
period of evacuation to remove the solvent, tin* neutraliza¬ 
tion equivalent observed w^as 427 and 435 (91-92% purity). 

/3-Methyl Dead imethyl-N^-carbobenzyloxy-benzylpeni- 
cilloate (llpjohn, V.tl, 11). A solution of 9.46 g, of di- 
piethyl desdimethy 1-N ^-carbobenzyloxy-benzylponicilloate 


(p. 650) in 100 ml. of methanol was cooled in an ice bath and 
19-10 ml. of 1.018 N sodium hydroxide was added with 
stirring during tiv<' ininiit(‘S. The solution w^as placed in 
the n'frigerator overnight. The methanol was removed tn 
vacuo at 10-15°. Thi' residue was taken up in w^ater and 
extracted wdth ether, and the aqueous layer added to a 
mixture of ice and hydroehlorii; acid with stirring. When 
tile addition was conducted very slowdy a solid product was 
obtained. This solid fraction (100 mg.) was dried in a 
vacuum desiccator; m j) 160-168° fd(‘c.). 

Calc, for C 2 »Hj 4 X,();S: (\ 58.46; 11, 5.12; N, 5.93 
Found: i\ 58.20; H, 5.41; N, 5.08 

The major portion of the alkaline solution was added 
rapidly to the ice-acid mixture and th(» product S(‘parated as a 
>cllow, talTy-hke clump. This crude product was dissolved 
in chloroform and washed wuth w^atcr. The solvent was ro- 
mov(‘d and the residue dri(‘d to constant weight in vacuo at 
40°, yield, 5.32 g. 

Calc, for X, 5.93; neut. equiv., 472.5 

Found: N, 5.58; neut. equiv., 473 0 (electrometric) 

/3-Ethyl Desdimethyl-L-phenylpenicilloate Hydrochloride 

(Mich. C'hein., B.4, 4). The /3-ethyl desdimcthyl-i.-phenyl- 
penicilloaU' hydrochloride was obtained as an oil when the 
acid ester was added to one, tw'o or more equivalents of 
0.52 A' hydrochloric acid in acetic acid, or 0.12 N hydro¬ 
chloric acid m chloroform, follow^ed by evaporation of the 
solvents. On trituration wdth ('ther or ligrom, the products 
became solid. The products melted with d(*coinposition 
between 65-125°; the neutral equivalents lay between 162 
and 200 (calc. 187). All preparations w^ere instantly hy¬ 
drolyzed by water with regiin'ration of the iS-ester, the melt¬ 
ing point of which varied from 131-133° (product from 2 
equivalents of hydrochloric acid in aectic acid) to 154-155° 
(excess hydrochloric acid in chloroform). 

Dimethyl Desdimethyl-L-benzylpenicilloate (Upjohn, 
5). The dimethyl desdiincthyl-L-benzylpenicilloate 
w^as prepared from the corresponding a-ester and diazo¬ 
methane ill the conventional way. The diester w^as recrys¬ 
tallized from ether-methanol and melted at 113-114°. 

(Wc. for C,«H 2 oN 205 S: C, 54.5; II, 5.72; N, 7.95 
Found: (;, 54.5; 11, 5.74; N, 7,95 

Dimethyl Desdimethyl-N ^-carbobenzyloxy-benzylpeni- 
cilloate ((/.//, 10). Ten grams of a-niethyl desdimethyl- 
N^-carbobcnz^doxy-benzylpcnicilloate (]> 645) w^as added to 
an ethereal solution of diazomethane (distilled) that had been 
prcjiared from 7.0 g. of nitrosomethylurea. The flask was 
kept ill an ice bath during the very vigorous reaction. After 
Btaading overnight at room temperature the excess diazo- 
racthanc was decomposed with acetic acid, the ethereal 
solution w^ashed with dilute sodium bicarbonate and allowed 
to evaporate at room temperature. A very sticky, light 
yellow oil remained. After drying to constant weight in 
vacuo at 40° the yield was 9 60 g. 

Calc, for Ca4ll2..N2(37S: C, 59.24; H, 5.39; N, 5.78 
Found: C, 59.56; H, 5.87; N, 6.17 

a-Ethyl ^-Methyl Desdimethyl-L-benzylpenicilloate 
(Mich. Chem., B.3, 5). Ethyl benzylpeiialdate (1.7 g,) 
and L-cystcine methyl ester hydrochloride (1.16 g.) were 
dissolved in 16 ml. of 50% alcohol, and 0.62 g. of sodium 
acetate was added; pH 7. When after five days nothing 
separated, the mixture was evaporated to dryness in an air 
stream, and the product was extracted with chloroform. 
Eva;K)ration of the chloroform left a yellow oil, which did not 
crystallize. 

a-£thyl /3-Methyl llesdimethyl-L-benzylpenicilloate 
(Pfizer, iM2, 4; cf. Upjohn, UJSa^ 6). To 7 g, of o-ethyl 
desdimethyl-iy-benzylpcnicllloate suspended in ether wai9 
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added an equivalent of diazomethane. After half an hour, 
the etluir solution was treated with a little acetic acid and 
washed with sodiiiin hicarhonate solution. After evapora¬ 
tion of the eth(T the crystalliiu' product was recrystallized 
from methanol and melted at 121’-122°; hvjij-'* -f 2h^ 

Calc, for (h 7 H 2 ,X 2 () 6 S: C, 55.73; W, G.Ol; N. 7.65; S, 8.74 
Found: C, 55.77; H, 5.89; N, 7.55, 7.61; S, 8,89, 9.07 

«-Ethyl /:^-Methyl Desdimethyl-n-benzylpenicilloates (C'or- 
nell Bioeh., D.IJ, 8). An etlur solution containinj^ an excess 
of diazoiiK'thaue was adcUid to 5.0 r. of powdered, dry 
«-ethyl desdim(‘ihyl-n-l)enzylpenicilloate. After the solu¬ 
tion had stood in the refrigerator, 4 g. of crystals were ob¬ 
tained. A few of th(' crystals in the reaction mixture were 
removed and examined under the miciroscope. Two kinds 
of crystals were .seen. One kind consisted of rods, melting at 
112-120'’ (micro-block) while the others were triangular, 
melting at 138-143°. They seemed to recry.stalliz(j un¬ 
changed from a large volume of hexane to which ethyl 
acetate was added dropwise with heating until the crystals 
just dissolved. The solvent was then evaf)orated from 
the mam reaction mixture*, the residue was washed with cold 
ether and then was extracted three times with hot hexane- 
ethyl acetate mixture (about 10:1). The extracts began to 
yield crystals almost at once, the chief product being needles 
molting at 114-120°. After repeated crystallization from 
ethyl acetate-hexane, a sample of the needles of analytical 
purity was obtained. They inelUid at 116-119° (micro- 
block) and possessed a rotation of [alD“^ —17 -Jr 4° (r = 0.25 
in chloroform). 

Calc, for C 17 H 22 N 2 O 6 B: C, 55.7; H, 6.05; MeO -|- EtO, 20.7 
Found: C, 56.1; 11, 5.98; MeO 4 - KtO, 20.3 

Thi* residue from the hexanc'-ethyl acetate extraction 
consisted chielly of triangle-like crystals. After several 
recrystallizations from chloroform-hexane and then from 
benz(*ne-hexane, these were obtained as needles, m.p. 141- 
145° (micro-block); —100° (c ~ 0.25 in chloroform). 

Calc, for Ci 7 ll 22 X./) 5 S: 55.7; 11, 6.05; MeO -f EtO, 20.7 

Found: C, 56.0; 11, 6.12; MeO 4- EtO, 20.6 

About 300 mg. of (iach comjiound was separated in this 
preparation. 

a - Ethyl d - Methyl Desdimethyl - l - benzylpenicilloate 

(Squibb, X.J;?, 1). A suspension of 2.0 g. of a-ethyl desdi- 
mcthyl-L-l)enzylpenicilloatc in 20 ml. of anhydrou.s ether was 
treated with an excess of diazomethane in ether solution. 
Nitrogen was slowly evolved and the solid seemed to go into 
solution and a new solid precipitated out. The reaction 
mixture was allowed to stand for eighteen hours, hexane 
was added and the solid filtered off. The product, washed 
with ether, weighed 1.45 g. and melted at 114-117°. After 
rccrystallization from methanol it molted at 121-123°. 

Calc, for CnHjsNaOsB: C, 55.74; H, 6.01 
Found: C, 55.90; H, 5.99 

Methylation of a-Ethyl Desdimethyl-DL-benzylpeni- 
cilloate (Merck, A/.55, 9). A suspension of 5.0 g. of «-ethyl 
dosdimethyl-DL-benzylpenicilloate in ether was treated with 
slightly more than one mole of diazomethane in ether. The 
acid reacted quickly and dissolved. After evaporation of 
the clear solution, crystallization from ether-petroleum ether 
gave 340 mg. of product. Rccrystallization from other 
containing a trace of methanol gave pure material, rods, 
melting without decomposition at 104°. Because analyses 
suggested the possibility of dimethylation, the diester and 
«-ethyl desdimethyl-Di/-benzylpenicilloate were examined by 
ultraviolet absorption. The curves are qualitatively similar 
to those from benzylpenicilloates. 

Calc, for CiTHjjNaO^S: C, 56.72; H, 6.05; N, 7.64 
Caio. for CisHaiNiOjS: C, 66.82; H, 6.36; N, 7.37 
Found: C, 66.41, 66.71; H, 6.39, 6.47; N, 7.96, 7.78 


Diethyl Desdimethyl-i.-benzylpenicilloate (Plizer, P./J, 5; 
14, 6 ). To a suspension of 28 g. of «-ethyl desdimcthyl-L- 
IxMizylpeuicilloate in ether was added au equivalent amount 
of diazoetlium*. After the reaction mixture had been al¬ 
lowed to stand for tliirty minutes it was waslu*!! with a 
so<liuin bicarbonate solution and the ether evaporated to 
give (iK'thyl desdim(‘thvl-L-benzvlpenicilloate, m.p. 118- 
119S ^150 

(^ilc. for (‘,hI 1 > 4 X,(J 5 S: C, 56.84; H, 6.31; X, 7.37; S, 8.42 
Found: C, .5(i.7r); 11, 6.09; N, 7.57, 7.87; S, 8.35 

In the hope of improving the >H‘ld of this diethyl ester, 
L-eysteini* (*tliyJ eHt(*r hydrochloride was c.oupled with the 
benzylariiuK* derivative of ethyl beiizylpenaldate in 95% 
ethanol. 'Fhe reaction mixture was concentrated and crys- 
taliiz(*d on cooling, Aft(‘r reerystallization from ethanol the 
product melted at 108-110° and had —97°. 'Fhe 

mixed melting point, with the above diethyl este.r was 105- 
108°. 

(^alc- for (\KH 2 iXA),S: C, 56.84; H, 6.31; X, 7.37 
Found: ( \ 57.01, 57.02; 11, 6.37, 6.50; N, 7.24, 7.33 

The indication seems to be that these two compounds are 
stereoisomers, 

Attempted Preparation of a-Phenyl /i-Methyl Desdi- 
methyl-L-benzylpenicilloate (Merck, Af.JO, 11 ). 2 -BenzyI- 
4-hydroxymethylene-5(4)-oxaz()Ione (5 g.) in 120 ml. of dry 
toluene was treated with 2.4 g. of phenol dissolved in 10 ml. 
of toluene and the mixture was lieated on the sltnim bath 
for twenty-tive minutes. 

To this solution was added 3.52 g. of L-e.ysteine methyl 
ester in 10 ml. of dry toluem*. Tin* llask was attached to a 
trap for water and the* solution was refluxed for twenty min¬ 
utes. The trap collected approximately 0.48 ml. of water; 
calc. 0.58 ml. The condensation solution, which began 
darkening, was concentrated to dryness in vacua to yield a 
dark amber gum. This was treated with 300 ml. of ether 
but most of the gum was insoluble* m ether. It was then 
dissolved in 15 ml. of methanol and a few ml. of petroleum 
ether added. Concentration of the ether solution to about 
25 ml. yielded approximat(*ly 90 mg. of amber-colored crys¬ 
tals, m.p. 165°. 

a-Benzyl 5-Methyl Desdimethyl-L-benzylpenicilloate 
(Upjohn, [/JJ, 21; I.%, 5). To a suspension of 181.7 mg. 
of a-benzyl desdimethyl-Lrbeuzylpeiiie.illoate in 20 ml. of dry 
ether was added an excess of freshly-prcjpared, dry ethereal 
diazomethane solution. Reaction occurred but was slug¬ 
gish. Addition of forty drojis of methanol and warming 
gently for twenty minutes did not appear materially to ac¬ 
celerate the reaction. The flask was stoppered with a tube 
containing Drierito and allowed to stand at room tempera¬ 
ture overnight. The mixture was concentrated to approxi¬ 
mately one-third its volume and filtered from a small amount 
of insoluble material. The ethereal filtrate was w^ashed with 
5% sodium bicarbonate, then witli water and dried over 
anhydrous magnesium sulfate. The dried solution was 
filtered and allowed to evaporate spontaneously. The yield 
of cloudy, viscous gum was 121.1 mg. (64.5%). 

Calc, for C 22 H 24 No(VS: C, 61.66; If, 5.05’; N, 6.54 
Found: C, 61.20; H, 5.76; N, 6.58 

The diester, recrystallized from other-rnethylcyclohexane, 
melted at 106-107°. 

Calc, for C 22 H 24 N 2 O 5 S: C, 61.6; II, 5.64; N, 6.54; S, 7.48 
Found: C, 62.0; JI, 5.82; N, 6.84; 8 , 8.11 

a-Benzyl 5-Methyl Desdimethyl-N^-methyl-n-benzyl- 
penicilloate {11.22, 6). When 1 g. of the crystalline com¬ 
pound from N-niethylcysteine and benzyl beiizylpenaldate 
was suspended in about 200 ml. of chloroform and treated 
with a large excess of diazomeihane in chloroform, a fairly 
rapid reaction occurred. Removal of the solvent left a 
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hrowii oil. Ill the ultraviolet the crude material showed a 
sinji^lo iiiaxunum at 2,825 A of Em 7,250. Ora standing, most 
of the oil crystallized. 

Dimethyl Desdimethyl-L-p-methoxybenzylpenicilloate 
(Plizer. 11). To 1 24 g. of «-inethyl desdiniethyl-L-p- 

metlioxybeiizylpenicilloate (p. 048) in UK) ml. of dioxane was 
added an excess of diazomethane m ctlier solution. After 
standing for one-half hour, the excess diazomethano was 
decotnjioHpd with acetic acid and the solution evaporated 
to dryness. The residin' avas dissolved in chloroform, 
washed with sodium hicarhoiiate solution and evajaorated 
to dryru'ss. The aenncrystalline residue was triturated with 
methanol until crystallization wuis complete. The product 
was then filtered, washed with nudhanol and dried. There 
was olitained 0.35 g. of dimethyl desdinu'thyl-i^p-niethoxy- 
benzylpenieilloate melting at 132 133''; -f33'* (c « 0.4 

in methanol) 

Calc for (\ 53.20; H, 6 00; N, 7.33 

Found: 52.00; 11, 5.80; N, 7.42 

Diethyl Desdimethyl-L-penicilloate (i*. /.9, 5). A mixture 
of 28.8 g. of i^cysteine ethyl ester hydrochloride and 9 ml. 
of acetic acid m 45 ml. of water w^as treated w ith a solution of 
30 g. of crude sodio formyl-N-forinylglycine ethyl ester in 
60 ml. of water. After standing overnight the reaction 
mixture w'as extracted with chloroform and the chloroform 
solution evaporated to dryness The residue was crystal¬ 
lized from ethyl acetate and ligroin to give a product 
melting at 106-107°; [a|u^' -17°. 

Calc, for CiiHigNaO^S: C, 45.51; H, 6.20; N, 9.05 
Found: C, 45.45; H, 5.95; N, 9.90 

Dimethyl Desdimethyl-L-phenylpenicilloate (Merck, 
M.37, 13), A mixture of 5.0 g. of 2-ph(myl-4-hydroxy- 
methylene-5(4)-oxazolone and 50 ml. of methanol was re¬ 
fluxed for thirty-live minutes, The solution was taken to 
dryness at low preasure and the resulting gum w’as dissolved 
in 25 ml. of toluene. To this w^as added 25 ml. of toluene 
containing 3.84 g. of L-cystcine methyl ester. There was 
immediate separation of water, indicating reaction. The 
toluene solution was refluxed for one hour, the w^ater being 
removed in a trap. The toluene was renaoved at low pres¬ 
sure and the residual oil was dissolved in methanol and 
treated with hydrogen chloride in methanol. Addition of 
dry ether gave a gum from which the supernatant w'as de¬ 
canted. On rubbing the gum with ether, it solidified. The 
material was very hygroscopic and could not be recrystal¬ 
lized to give a better product. After drying for twelve hours 
over phosphorus pentoxide, it had a melting point of 70-90®. 

a-£thyl jS-Methyl Desdimethyl-L-phenylpenicilloate 
(Mich. Chem., 7; 5, 4). A solution of 0.28 g. of the 
sodium salt of ethyl a-formylhippurate and 0.17 g. of 
L-cysteine methyl ester hydrochloride in 2 ml. of 50% 
alcohol (pH 6) was allowed to stand at room temperature for 
three days. After two days, colorless crystals began to 
deposit. The product w’as dissolved in absolute alcohol and 
the solution was filtered from a small amount of insoluble 
powder (sublimed with decomposition at 210-220®; probably 
cysteine). Slow evaporation of the alcoholic solution yielded 
0,14 g. of colorless needles, m.p. 150-153®, insoluble in 6% 
sodium hydroxide. They were shown by mixed melting 
point to be the same as the product obtained from the action 
of diazomethane on the condensation product from A-formyl- 
hippurate and cysteine. The product obtained from 250 mg. 
of a-ethyl dosdimethyl-ii-phenylpenicilloate and cUazo- 
methane was an oil which deposited 50 mg. of fine needles 
(m.p. 106-117®) from benzene-ligroin. After another 

recrystallization it melted at 128-140®. The product melted 
at 146-148.5® after recrystallization from absolute alcohol. 

a-£thyl /^-Methyl Desdimethyl^L-pbenylpefticilloate (Shell, 
Sh.lSy 182; Hy 209). i^Cysteine methyl ester hydrochloride 
(9.1 g., 0.053 mole) was dissolved in 50 ml. of 50% aqueous 


ethanol and to the solution there was added 12.6 g. (0.0492 
mole) of sodium ethyl formylhippurate (see Sh.lly 166). 
After the mixture had been allowed to stand overnight some 
dark oil had separated, and more oil was thrown down on 
dilution with water. The oil solidiiied on standing in the 
refrigerat.or for about twenty hours. The solid was sepa¬ 
rated, taken up in absolute ethanol, decolorizc'd with char¬ 
coal, and cooled to give in two crops 3.70 g. (21 %) of felted 
white needles melting at 107-107,5°. 

Oalc. for Ch 6 H 2 oNA)^S: 54.53; H, 5.72; N, 7.96 
Found: (\ 54.7; 11, 5.8; N, 7.6, 7.0 

«-Ethyl ^-Methyl Desdimethyl-N^-acetyl-L-phenylpeni- 
cilloate {Bh.lSy 181). «-Ethyl desdimethyl-NMicetyl-b- 
phenylpenicilloate (p. 649) (4.04 g.) was dissolved in 50 ml, 
of <‘hloroform, cooled and treated with exc('s.s of ethereal 
diazomethane. Tlie product was isolated as a dry foam 
(3.76 g., 90%) which could not be crystallized. 

a-Ethyl 0-Methyl Desdimethyl-N^-isobutyryl-L-phenyl- 
penicilloate {ShJIy 167). a-Ethyl desdimethyl-NMso- 
butyryb i.-phenylpenicilloate (p. 649) (2.6 g.) was dissolved 
in 20 ml. of chloroform and treated with an excess of diazo¬ 
methane in 30 ml. of ether. On evaporation of the solvents 
a gum remained; this solidified on stirring with low-boiling 
petroleum (‘ther. The powderv solid (1.85 g., 699c) melted 
at 80*93°. A few crystals winch were obtained by slow 
ovajioration from acetone solution softened at 85° and nu'lted 
at 92-95°. 

The main portion of pow'dery solid had the following 
analysis. 

Calc, for CaoHinN.OeS: (\ 50.87; II, 6.16; N, 6.64 

Found: C, 56.6, 56.6; II, 6.2, 6.2; N, 6.2, 6.3 

a-Amide of Desdimethyl-L-benzylpenicilloic Acid (Pfizer, 
PJOy 6). A solution of 6 g. of a-phenylncetaniido-0,0-dieth- 
oxypropionamide in 50 ml. of idhyl alcohol was adiied to a 
solution of 3.14 g. of L-cysteine hydrochloride in 50 ml. of 
water and heated at 70° for two hours. At th(“ end of this 
time the reaction mixture was cooled, treated with 2 g. of 
potassium bicarbonate and allow^ed to stand overnight. The 
product was filtered and recrystallized twice from ethanol to 
give what is believed to be the a-amide of desdirnethyl-L- 
benzylpenicilloic acid which melted at 17t)-18()®. However, 
this compound was not completely characterized. 

Calc, for Ci 4 Hi 7 N, 04 S: N, 13.00 
Found: N, 12.91, 13.09 

cr-Benzylamide of DeBdimetbyl-L-benzylpenicilloic Acid 

(Upjohn, U.7y 19). The crude benzylammonium salt 
(500 mg.) of the a-benzylamide of desdimethyl-honzylpenicil- 
loic acid (see below) was shaken with 100 ml. of water at 
room temperature for ton to fifteen minutes. A small 
amount of insoluble material was separated by filtration and 
the clear filtrate ficidified with dilute hydrochloric acid. 
Tlie resulting gelatinous precipitate was filtered with suction 
and dried in vacuo at 75® for thirty minutes. The yield was 
340 mg. (85%) of white powder melting at 163-164®. A 
sample of the crude product was crystallized once from 
absolute ethanol; m.p. 161-162® (dec.). 

Calc, for CjiHaaNiOiS: C, 61.00; H, 5.61; N, 10.16 
Found: C, 61.48; H, 6.73; N, 9.44, 9.00 

Benzylammonium Salt of Deadimetbyl^L-benzylpenidlloic 
Acid a«Benzylaniide (U.7, 19). A mixture of 2.00 g.of 
o-methyl desdimethyl-ii-benzylpenicilloate, m.p. 166-157®, 
and 5.5 ml. of redistilled benzylamine was shaken in a 
tightly stoppered flaak yielding a clear, light brown solution 
within ten to fifteen minutes. The solution was allowed tq 
stand at room temperature. At the end of five hours a 
substantial amount of white solid had been formed. After 
forty-eight hours, the mixture appeared to be entirely solid. 
Benzene was then added to the reaction mixture, and the 
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solid collected and washed several times with benzene. The 
yield was 2.52 g. (82%) of a white powder melting at 
165.5-167.6°. 

For analysis, 100 mg. of the crude product was taken 
up in 3 ml. of methanol and diluted with an equal volume of 
ethyl acetate. The resulting line white crystals melted at 
16i>-166°, 

Calc, for C 28 ll 8 ^N 4 () 4 S: C, 64.59; H, 0.20; N, 10.70 
Found: C, 64.63; H, 6.34, N, 10.74, 10.75 

THE HOMOPENICILLOATES AND THEIR 
DERIVATIVES 

Hydrochloride of a<‘Ethyl Homo-n-benzylpenicilloate 
(4 - Carboxy - 6,6 - dimethyl - a>phenylacetamido>2-thiazoli-' 
dinepropionic Acid Ethyl Ester Hydrochloride) (Cornell 
Bioch., 1)33, 1, 4). An etliyl acetate solution of ethyl 
benzylhoniopenaldate, obtained from the ozonolysib of 
10 g. of ethyl allylphenac(*turate {D JO, 7), was evaporated 
in vacuo to a syrup which weighed 8 g. i>-P(‘nicillamine 
hydrochloride (3.5 g.) was added to the syrup and the mix¬ 
ture was dissolved m 15 ml. of glacial acetic acid. The 
acetic acid solution was heated in a boiling wat(‘r bath for 
thirty minutes, cook'd, and poured dropwise into 500 ml. 
of absolute ether. The tan, amorphous material which 
s(*ttled out was washed twice by decantation with 200-inl. 
portions of ether. The material was coll(‘ctc‘d on a filter 
and, while still moist with ether, it was placed in a vacuum 
desiccator under suction. The amorphous product weighed 
7.7 g. 

/3-Methyl Homo-D-benzylpeniciUoate Hydrochloride (4- 
Carbomethoxy-5,6-dimethyl-(^K-phenylacetamido-2-thiazoli- 
dinepropionic Acid Hydrochloride) {D.JO, 11). A solution 
of 1.13 g. of the crude diethyl acetal of hcnzylhoinopenaldic 
acid and 0.73 g. of the metliyl ester of n-poniciilamine 
hydrochloride in 6 ml of glacial acetic acid was heated in a 
boiling water liath for thirty minutes. The solution was 
cooled and poured dropwdso with vigorous stirring into 
150 ml of absolute (*ther. A white, amorphous product 
precipitated. ^Xiter the mixture had lieen allowed to stand 
for tweJvi’ hours at 0-5°, the ether was removed by decanta¬ 
tion. The product was wuished three tiine.s by decantation 
with alisolute ether, and tlicn coih'cted on a filter. While 
still moist w'ith ether, the product was dried in vacuo over 
phosphoric anhydride. This amorphous material weighed 
1.05 g , ni.p. 92-98° (micro-block). 

Calc, for (\sH 2»N206SC1: N, 6.74; S, 7.69; CT, 8 54 
Found: N, 6.90; S, 7.74; Cl, 8 47 

Although the above material gave analytical values in 
harmony witli those of the desired product, it was not always 
possible in subsequent preparations to obtain matiTiol pos¬ 
sessing the correct analysis. Some of the preparations 
made in the above manner wore contaminated with the 
methyl ester of i>penicillamine hydrochloridi'. 

/3-Methyl Homo-D-benzylpenicilloate (4-Carbomethoxy- 
5,5 -dime^yl - a -phenylacetamido -2 -thlazolidinepropionic 
Add) {D.iSOy 15). In order to convert the crude hydro¬ 
chloride of /3-methyl horno-n-benzylpenicilloate to the free 
base, 2.46 g. of the hydrochloride was dissolved in a little 
ethanol, and two equivalents of 1 A sodium bicarbonate 
was added. The solution was diluted with a large amount 
of water and extracted several times with ether in order to 
remove any unreacted i>-penicillamine methyl ester. The 
aqueous solution was then acidified with a little over 1 
equivalent of 1 A hydrochloric acid. The oil which formed 
was extracted into chloroform. The chloroform solution 
was dried over anhydrous magnesium sulfate and the solvent 
was removed in vacuo. The residue was dissolved in tert- 
butanol and the solution was lyophilized. The resulting 
white powder (1.4 g.) gave no nitroprusside or ferric chloride 
test for a sulfhydryl group. 

/3-Methyl Homo-n-phenylpenidlloate Hydrochloride 
(a-BettzaiiiMo-4rH}ari>omethoxy-6,6-diinethyl-2-thiazolidi]ie* 


propionic Acid Hydrochloride) (D.JO, 11). ^Methyl homo- 
D-pheiiylpenicilloate hydrochloride was obtaiiu'd as an 
amorphous powder by tlu* procedure described for the 
corresponding phenylacetyl compound. To 1.5 g. of 
ot-benzamido- 7 , 7 -diethoxybutyric acid dissolved m 10 ml. of 
glacial aci'tic acid was added 0.8 g. ol n-penicillamine methyl 
ester hydrochloride. Tin' solution was warmed on the water 
bath for forty-five ininufes, cooled, and poured slowly with 
stirring into 200 ml. of absolute ether. The suspc'nsion was 
allowed to stand for tiftt*cn minutes, and then the white 
pow’der was colk'cted, washed wuth etlicT, and dried. The 
yield was 1 1 g., m.p. 80 90°. 

(^alc for Ci7H28NA>ftS(1: N, 6.95, S, 7.95 
Found: N, 7.49; S, 8.55 

When the substance was titrated in dilute ethanol, using 
phenolphthalein as an indicator, a neutral equivalent of 
236 (calc. 201 5) was obtained. 

Ethyl L-4-Carboxy-cK-phenylacetamido-2-thiazolidinepro- 
pionate 10; JO, H) An alcoholic solution (10 ml.) 

containing ethyl homolx'nzylpenaldate from th(' ozonolysis 
of 0.45 g of ethyl allylpheuaceturate was warmed in a water 
bath for a few minutes with 0.45 g. of li-cysteine hydrochlor¬ 
ide. Then 1,5 ml. of 2 N sodium hydroxide and 3 5 ml. of 
water w'cre added. The solution was w^arrned for fifteen 
minutes, and then allow^ed to cool overihglit. The crystal¬ 
line product (80 mg.) was reerystalhzed from 10 ml. of 95% 
ethanol; m.p. 158-164° (micro). 

Calc, for CiTHsjNaOsvS: C, 55.70; H, 6.06; S, 8 75 
Found: C, 56.07; 11, 6.63; S, 9 U 

An ethyl acetate solution of aldehyde obtained from the 
ozonolysis of 0.4 g. of ethyl allylphenaceturate was evapo¬ 
rated to a thick syrup in vacuo. To this syrup was added 
0.156 g. of ij-cystcine hydrochloride, and the imtire mixture 
w^as dissolved in 10 ml. of 50% ethanol. Then 0.16 ml. of 
benzylamine was added, nitrogen was bubbled through the 
solution for a few minutes and the flask was stoppered 
and allowed to stand overnight. The crystalline precipitate 
was collected, washed wuth ethanol and dried. The yield 
was 0.19 g. (35% of the theoretical amount), m.p 157-159° 
(micro). 

Ethyl DL-4-Carboxy-a-phenylacetamido-2-thiazoIidine- 
propionate {D.26, 8). An ethyl acetate solution of aldehyde 
prepared by ozonolysis of 2.5 g. of ethyl allylphenaceturate 
was evaporated to a syrup xn vacuo. To the syrup were 
added 1.20 g. of Di/-cysteine, 10 ml. of 1 A hydrochloric 
acid, 16 ml. of water and 25 ml. of ethanol. When all the 
solid had dissolved, 1,05 ml. of benzylamine was added, and 
the solution was allowed to stand overnight. The precipi¬ 
tated material (0.59 g.) was collected. A second crop 
(0.18 g.) was obtained after the filtrate from the first crop 
had been cooled for several hours. The combined crops w^ere 
crystallized from 50% ethanol; m.p. 154-157° (micro). 

Calc, for CirH22N20.S: 8, 8.75 
Found: S, 9.09 

Ethyl L-4-Carboxy-a-benzainido-2-thiazolidmepropionate 
{p.21y 9). An alcoholic solution (6 ml.) containing ethyl 
homophenylpenaldate, obtained from 0.5 g. of ethyl allyl- 
hippurate, was warmed in a water bath for five minutes with 
0.3 g. of L-cysteine hydrochloride. Then 1 ml. of 2 A 
sodium hydroxide and 3 ml. of water were added. The solu¬ 
tion was warmed for ten minutes. After the solution had 
been cooled overnight, a crystalline product (80 mg.) was 
collected. It gave negative tests for sulfhydryl and disulfid<» 
groupings with nitropnissidc. It was sparingly soluble in 
water, but readily soluble in ammonia. For analysis, it was 
recrystaUized from 20 ml. of 95% ethanol. The recrystal¬ 
lized product melted at 172-177° (micro.) 

Calc, for C 16 H 20 N 2 O 5 S: N, 7,94; S, 9.10 
Found: N, 7.58; S, 9.24 
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PHYSICAL MEASUREMENTS 
Effect of Mercuric Salts on Benzylpenicillin and Some 
of Its Degradation Products (Morck, 4; //Ta, 11). 

When a mothanolie solution of mercuric chloride is added 
to rnethanolic soliitioiiH of any one of the following substaiuies 
a very large ultraviolet absorption band is observed after 
only a f(‘w minutes standing at room temperatures. Tables 
1 and 11 illustrate the elTect. 


TABLE 1 

Benzylammonium Salt of a-Methyl Benzylpenicilloate after 
Mereurii* (Milorid(‘ Treatment 


Wave-length (A) 

10 m 

(CihOlI only) 

Em 

(after Ilg(4>) 

3,100 

,55 

15,500 

2,900 

195 

19,500 

2,700 

270 

13,170 

2,500 

387 

0,300 


tablp: II 

Benzylammonium Salt of a-Bcnzylainide of Benzylpenicilloic 
Acid after Mercuric Chloride Treatment 


Wave-length (A) 

Em 

(CH,OH only) 

Em 

(after HgC'Li 

3,000 

17 

10.700 

2,900 

23 

18,100 

2,700 

130 

12,950 

2,000 

571 

10,200 

2,400 

522 

11,700 


o-Ethyl desdimethyl-L-benzylpenicilloate has been ob¬ 
served to show the same behavior in both ethanol and methan¬ 
ol solutions. Thus, an Em of 14,300 at 2,850 A was 
produced at once with this compound after mercuric chloride 
treatment in ethanol solution. 

Benzylpenillic acid, dimethyl benzylpenillate, ‘^naturaC^ 
D-benzylpenilloic acid, synthetic i)-b(;nzylpenilloic acid, 
esters of benzylpcnieillin and benzylpenicilloic acid (with or 
without prior heating in methanol) fail to give this effect. 

In the case of crystalline sodium bcmzylpenicillin, the 
“mercuric chloride effect" is not obtained at once as with the 
compounds in Tables I and II above, but a “conditioning" 
period, i.e., allowing the alcoholic sodium benzylpenicillin 
solution to stand for a time (longer at room temperatures, 
shorter at 60-65®), must be given before the mercuric chlor¬ 
ide treatment in order to obtain the large absorption band. 
When “stock" alcohols are used, the effect can sometimes be 
obtained at once without the “conditioning" period. 

Effect of one equivalent of mercuric chloride per mole in 
ethanol is shown in Table III. Ultraviolet absorption of 
final solution, Em 20,900 at 2,800 A. 


TABLE III 

Benzylammonium Salt of a-Methyl D-a-Bcnzylpenicilloatc 


Cone. (g./lOO ml.) 

Time 

(mins.) 

fain” 

0.477 

0 

! •+■128® 

0.417 

6 

- 41 

0.417 

66 

- 41 


Electrometric Titration Data (Lilly, L./7, 1-15). The 
original apparatus consisted of a titration vessel of 30-ml. 
capacity ecpiijiped with an air-driven stirrer and a Ckileman 
glass (*l<‘ctrod(i witli a silver-silver chloride internal el(;ctrode. 
The titration vessel was connected to a saturated potassium 
cliloriile-calonud reference electrode by an agar-saturated 
potassium chloride bridge. The agar solution for this 
puriM^se was made by dissolving agar to tht* extent of 5% 
in hot water; 30 g. of potassium (‘hloride was dissolved in 
100 ml. of this agar solution. A fresh bridge was pn'pared 
at the beginning of each day’s W'ork by melting a jiortion of 
sto<*k agar-p(jtassium chloride solution, filling the bridge, 
and allowing the agar to set prior to use. In sonu* later 
experiments a similar arrangement was used, (unploying a 
10 -mJ. titratkm vessel for use of a total of 5 ml. of solution. 

In some of the lat(‘r experiments a titration vessel of 3-ml. 
capacity tMiuipptal for stirring by passage of carbon dioxide- 
frt'<\ wat(*r-saturat(*d air was substituted for the larger 
vessel. This cell was connected through an ungreased stop¬ 
cock to a saturated potassium chloride bridge, which made 
conta<*t wuth the saturaUsl pr»tassium chloridcwalouK'l 
refenuiee eh'ctrode. The junction Ixitwiicn the sample and 
saturated potassium (diloridi* solution was established by 
flushing the sto^ieock with saturated potassium cliloride 
solution and then rinsing thi‘ excess out of the cell before 
introducing the sample solution. 

The pll values were read wdth a Ooleman pll meter at 
room temperature, approximately 28 ± 2", with the (4ec- 
trode standardized in terms of 0,05 M potassium acid 
phthiilate at pll 4.00. 

Each substama* to be titrated was dissolvial in waiter to 
give a known concentration in the range 0.002 A! to 0.005 M, 
Where necessary, one or two (MpiivaU'iits of sodium hydroxide 
w'as added to effect solution, care iKuiig taken to avoid 
extreme pH ranges. A known volume (10 ml., 5 ml., or 
2 ml.) of the resulting solution, depending on the cell 
employed, w as thiui placed in the titration vessel, and one of 
two methods w as used for the titration. Lather the solution, 
as introduced, was titrated with atiid and another identical 
sample titrated with alkali in order to avoid preliminary 
contact with acid or alkali, or, alternatively, an excess of 0.2 
N hydrochloric acid, usually 0.5 ml., was added. In this 
second method, a complete titration curve was tluin rim 
w'ith 0.2 N sodium hydroxide as the base, the pH being 
carried to 11.5, In either case, since the sodium ion con¬ 
centration was at most 0.02 M, and since no weight was to be 
placed on small differences bt’twecn pK values above 8.5, 
sodium ion corrections for the glass electrode were not applied. 

A w'ater blank was titrated exactly like the sample, em¬ 
ploying the same volume with or without the preliminary 
addition of acid. The volume of acid or alkali used in the 
blank titration was subtracted from the volume used in the 
titration of the sample at the same pH. This was done 
arithmetically using the experimental points of the sample 
titration and interpolating between the points of the blank 
titration. The error in pH is always well under ono-tenth 
pH unit in the systems used here. A difference curve 
(A curve) is then made by plotting these values against pH. 
The pKa' values were then read from the curve as the mid¬ 
point or midpoints of the inflection or inflections observed. 

Curves representing a theoretical inflection in a A differ¬ 
ence curve were also used for the analysis of the data. Such 
theoretical curves for 1.00, 0.90, 0.80, 0.70, 0.60, 0.50, 0.40, 
0.30, and 0.20 were reproduced in fine black points on 
transparent photographic film with 1.00 equivalent 1,00 inch 
high. The experimental arithmetic curve plotted with one 
equivalent equal to a one inch division of the graph paper 
was then analyzed by comparison with the theoretical 
curves. For example, the 1.00 equivalent curve will exactly 
superimpose a perfect one equivalent inflection. If less 
than 1.00 equivalent is present it will fit a different curve. If 
inflections lying close together overlap this will be immedi¬ 
ately detected and the composite inflection can be analyzed. 
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In interpreting the titration curves the empirical formula 
of the compound as known from anahsis, the position of 
the titration curve of the unknown, idative to that of the 
blank, and the lonnation oi disaiipeaiance of color or the 
formati )n of precipitate's during titration must ht‘ eonsiderc'd 
This IS extreindv important in man\ instances, since strong 
acid or weakly basic groups with pKa' below 2, and very 
weak acidic or strong basu groups with pKJ above 11, give 
no detectable inflection und(‘r the pn'sent conditions 
Their presence or absence was levealed only liv tlu fact 
that free strong acids and hydiochloridcs of weak bases shift 
the titration curves up the oidmate by one equivalent of 
alkali, and free stiong ims(*s and salts of w(‘ak acids shift the 
titration down the ordinate by one equivalent of acitl In 
some cases the presence of sodium oi oth<‘r cation knowm 
from analyses together with the absence of acidic groups 
m the titratablo range' was piesumptive evidence for the 
presence of add group with below a)>out 2 0 

The samples titrat'd weie supplied bv the Abimtt Labora- 
toiies, The lallv Research Tiuboiatones, Parke, Davis & 
Cornpanv and The IJpjuhu (\)rupan\ 


TMR.h IV 

Oectrometiic Titration Data foi Model (\)rapouiids 
Possibly UelaU'd to lien/v lp(*ni(‘ilhn 


Substance 


1^(1111 va- 

IflltS^ 

Intcrpi t tu- 
lion 

4-Tlua/k)lKlinc( aiboxy he 

1 7 

(1) 

—C'OOH 

at id 

() 2 

1 00 

\11 — 

2,2,5,5-Tctramt thy 1-4-thi- 
azohdiiiccarb()x> he acid 

I 0 

1 00 

—(\)OH 

5 4 

0 90 

—NH — 

hvdrot hlondc 

Desthnu th\l-i-b(*n/yl- 

(d *» 1 5 

(1) 

—C'OOH 

penilloic acid 

i <) 

0 70 

-Ml - 

(•'' 1 5) 

(1) 

coon 


4 0 

0 so 

—\H - 


(((22 

(1) 

—('OOH 


■) 0 

0 90 

—Ml - 

Til 50‘/t alcohol 

(ti 2 0 

0 90 

—COOH 


5 1 

0 90 

-Ml- 

i-BcnzvIpeiiicilloit acid 

(<1 S) 

(1) 

coon 


4 8 

0 80 

NH— 

i>-B<'rizydpcmlloic acid 

1 8 

0 90 

-(T)OIl 


1 8 

0 90 

NH— 

a-Meth>l dcsdimothvl- 

(vl S) 

(1) 

- COOH 

phenvlpcnu illoatc 

3 > 

0 50 

-Ml - 


ra 5 3 

0 50 

? (cuntiini- 




nant)-* 

«-Ethy 1 desdiuH't hyl- 

ra 2 1 

(1) 

-(MOll 

heiuvlpemcilloatc 

3 0 

0 70 

-NH— 


ta 5 4 

0 30 

? (contami¬ 




nant ) 


C(i 8 0 

0 20 

—MD 
(impuntv) 

<»-Ethyl desdiinethvl- 

(<1 5) 

(1) 

—(T)OH 

ben/ylpenicilloate 

3 8 

0 80 

—Nil - 


ca 5 1 

0 20 

? (contami¬ 
nant) 


(<1 5) 

(1) 

—COOH 


3 8 

1 0 70 

—NH— 


ca 5 2 

t 

0 30 

? (contami¬ 
nant) 

a-Ethyl desdiinethyl- 

(<2 0) 

(1) 

-COOH 

beuaylpemcilloate. 

3 9 

0 70 

—NH— 


ta 5 3 

0 25 

? (contami¬ 




nant 


ca 1 8 

0) 

—COOH 


3 9 

0 70 

—NH— 


ca 5 3 

0 30 

? (contami¬ 
nant) 


T\HI.K TV -(Confinmd) 


Subsf lilt (' 


Lqiiiv < 1 - 
liMlts 

Jnt('r()r( 1 1 - 
tion 

a-Lth\l i)-bcnzN IpciiK il- 

(<.2 01 

(!) 

—(T)Oll 

Ionic 

3 8 

0 90 

NH- 


(({ 5 3 

1 0 20 

(coniami- 




iiant) 


Ui IS 

(1) 

COOH 


3 <) 

0 70 

NH— 


((I 5 2 i 

0 25 

(coiitami- 


i 

! 

naiit j 

Picstric( 0 1 \ \aCl 

(<2 0)1 

i (1) 

COOH 


3 S 

0 70 

NH - 


(a 5 0 

0 20 

? ('contami- 




nant) 

In 50*^0 ahohol 

(a 2 4 

1 00 

1 - (MIOII 


4 7 

0 80 

— MI - 


(a 5 7 

0 15 

? (contami- 




nant) 

«-M( th\ 1 D-benzy Ipciin il- 

(<2 0) 

(Il 

-C^OOH 

loatt 

3 9 

0 70 

- NH- 


< a '>5 

0 25 

^ (contami¬ 




nant) 

Bciiz\ Ipcnicilloic acid 

( <2 0) 

(1) 

—(M)OH 

rr-bt uzvlaimdc 

3 9 

0 90 

—NH - 


ca 5 2 

0 10 

Contami¬ 


( <1 S)^ 


nant) 



(1) 

—C 0011 


3 8 

0 80 

-NH— 


((/ 5 0 

0 20 

^ ((ontami- 




narit) 

In 50^0 altohol 

(v2 0; 

(1) 

—(T)OH 


1 5 

0 80 

Ml— 


ta 7 0 

0 15 

^ ((ontami- 




iiant) 

^-Mcth\l bcn/\Ipc'iucil- 

(<1 0) 


— NH (not 

loatt a-benz\lamidc 



titrabk) 

In 50% alcohol 

(<1 0) 

— 

— NH (not 
titi.il>l() 

Dcsdimethy 1-N ’-carbo- 



mctho\y-bcn/v Ipt iiilloic 
a( id 

3 0 

1 00 

-coon 

Ben/yduicido-i -benzvl- 




pcnilloic ii( id 

3 5 

(1) 

- ('OOH 


*//Ka' hai the usual Mgmficance when the figuit w not cncloHed in 
Ilareiitheses and when not mduated as alcohol titration When in 
parenthcHCb the figuie >^a8 not ol>beT\al>le Ihe piOHcuco of a group 
of the nature indicatrd is necessarily pn*st nt as shown 1)\ the position 
ofthecuFM relative to the blank cur\t 1 he highest pKa value which 
it could have and not be ubservabk is indicated When the titiation 
IS earned out ui other solvent than watet the sigmfiiance of pKa' is 
smiplv the midpoint of tht iiifloi tions in the curves showing the acid or 
base bound as a fun< lion of pll 

^ lh( values of equivalents of separate groups are onl> ajiproximate, 
the size of the sauiplos and the quantities of solution used reducing the 
quantitative at curat v of these fagurcs in sonit early ouivcs to as low 
as plus or minus 10% of t>ne equivalent The figuros given for equiva¬ 
lents of groups luduate which mask bewt fats the A equivalent— 7 >ll curve 
as dierussod in the text In some eases these wore interpolat(*d to 0^05 
equivalent When a fagure is in parentheses it was not bo determined 
but indicates by the position of the titration curve the number of auoh 
giou|>8 nctessaulv present 

• 1 he expression ca indicatee an attempt to assign a value arbitrarily 
whore the data are objectivil\ unrehabh The difTicuity arises either 
from small fractional equivalents of tlu group oveilapping of groups 
due to eloBo bmg pKz' values or to data extending only a small way 
across an infloction 

*In all synthetic benzvlpemcilloateB, phon>lpenicilloaleB and desdi- 
methyi-benzvlponuilloates tested titration has appeared to show ihe 
proseiuo of a small or largo amount of a second basic group with pK»' 
approximatob 6 3 The overlapping of this iiifleotion with that at 3 7 
preaonts the appoaranoo on casual examination of a single inflection of 
pKm* varying between 3 8 and 4 8 No assignment was given to this 
group 
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TABLE V 

Electrometric Titration for Bonzylpenicillin Degradation 
Products 


Substance 

pK.'* 

Equiva¬ 

lents* 

Interpreta¬ 

tion 

Benzy Ipen icj 1 li n-di-ben zy 1- 

■ rq,® 1.7 

(1) 

—CX)OH 

amine derivative.'' 

03.6 

0.50 

—NH— 


00 5 

0.50 

—NHoCbenz- 
ylamine) 

Benzylpenicillin-di-henzyl- 

(<1.5) 

(i) 

—COOH 

amine derivative. 

3.8 

1 00 

—NH 


9.3 

1.00 

--NH,(henz. 

ylaminc) 

Benzylpeiiicillin-di'bcnzyl- 

(<1.5j 

(1) 

—CX)OH 

amine derivative. 

3.7 

1.00 

—NH— 


9.35 

1.00 

— NH2(hcnz- 
ylamine) 

In 50% alcohol. 

m. 1.9 

— 

—(X)OH 


4.65 

0.90 



5 

(1) 

—NHafbenz- 
ylamine) 

Bonzylpenicillin-di-benzyl- 
amine derivative. i 


1 


In 25% alcohol. 

<2 0 

— 

—cooil 


4,1 

0.90 

—NH— 


— 

(1) 

—N llaCbenz- 
ylarnine) 

In 50% alcohol. 

<2.0 

— 

—CX)0H 

4.7 

0.80 

-Sli- 



(1) 

—NHji (benz¬ 
ylamine) 

Benzylpenicilliu-methyl 

(<1.5) 

(1) 

—COOH 

alcohol degradation 

3.65 

0 90 

—NH— 

product-free acid. 




Benzylpenicillin-methyl 

(<1.5) 

(1) 

—COOH 

alcohol degradation 

3.7 

1.00 

—NH— 

product-ben zylaniine 
salt. 

9.3 

1 00 

—Nil 2 (benz¬ 
ylamine) 

Benzylpenicillin-ethyl 

(<2.0) 

(^1) 

—COOH 

alcohol degradation 

3.8 

0.80 

—Nil— 

product-ben zylamine 
salt. 

9.35 

0.90 

—NH2{benz- 
ylamine) 


(<1.6) 

(1) 

—COOH 


3.85 

1.00 

—NH— 


9.3 

1.00 

—NH 2 (benz- 
ylamine) 

Penicillamine hydro¬ 

2.0 

(1) 

—COOH 

chloride. 

7.70 

0.70 

—NHa 


10.00 

0.70 

—SH 


^ pKm* haft the usual siRnificance when the figure is not encloeed in 
parentheses and when not indicated as alcohol titration. When in 
parentheses the figure was not observable. The preseTice of a group 


TABLE V.— (Continued) 

Impun^ Products and Products Not Isolated 


Substance 

pK/' 

Equiva¬ 

lents* 

Interpreta¬ 

tion 

Benzylptmicillin-methyl 

(<2.0) 

(1) 

—COOH 

alcohol degradation 
product. 

3 85 

0.80 

—NH-- 

Ben zy 1 1 ii'ii icilliii-m ethyl 

(<2.0) 

(1) 

—COOH 

alcohol degradation 

3.6 

0.70 

—NH— 

product. 

ca. 8 0 

0.10 

—Nlla 

Benzylpenicillin sodium 

(<2 0) 

— 

—COOH 

«alt in 0.01 N HCT 

ca. 2 5 

— 

—COOH 

2 hrs. at 28'^. * 

4.6 

0.25 

-~NH— 


7.6 

0.75 

—NHa or 
imidazole 

Benzylpenicillin sodium 

(<2.0) 

(1) 

—COOH 

salt in 0.01 y NaOH 

f<3.0) 

(1) 

—COOH 

20 hrs. at 28°. 

5 0 

0.70 

—NH— 

Benzylpenicillin sodium 

(<2.0) 

(1) 

1 —COOH 

salt in 0.2 N NaOH 

ca. 2 2 

0.50 

—COOH 

20 hrs. 

4 75 

0 60 

—NH— 


ca. 7 5 

0.50 

? 

Benzylpenicillin sodium 

— 

— 

—(XX)H 

salt in boiling 0.05 N 

4 () 

0.70 

—NH— 

H 2 SO 4 , 2 hrs. 

ca. 8.3 

0.35 

—NH 2 


ca. 10.5 

0.35 

—SH 

Benzyl penicillin-methyl 

3 9 

0 70 

—NH— 

alcohol degradation 
product benzylamine 
salt from mother liijuors, 
alcohol. 

9.3 

0.80 

—NH2(benz- 
ylamine) 


of the /atun* indicated is neressarily present as shown by the position 
of the curve relative to the blank cur\c. The highest value whieh 
it could have and not be obscivable is indicated. When the titration 
is carried out in other solvent than water the significance of pKa' is 
simply the midpoint of the inflections in the curves shtiwing the acid or 
base bound as a function of pll. 

*The values of equivalents of separate groups are only approximate; 
the size of the samples and the quantities of solution used reducing the 
quantitative accuracy of these figures in some early curves to as low 
as plus or minus 10 % of one equivalent. The figures given for equiva¬ 
lents of groups indicate which mask best fits the A equivalent- -pH curve 
as discussed in the text. In some cases those were interpolated to 0.06 
equivalent. When a figure is in parentheses it was not so determined 
but indicates by the position of the titration curve the nhmber of such 
groups necessaiily present. 

* The expression ca. indicates an attempt to assign a value arbitrarily 
whore the data are objectively unreliable. The difficulty arises either 
from small fractional equivalents of the group, overlapping of groups 
due to close-lying pKs' values, or to data extending only a small way 
across an inflection. 

♦The alcohol titrations of the benzylamine derivatives were not 
carried to pll values above 7.0. 
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BIOSYNTHESIS OF NATURAL PENICILLINS 

Early in the course of the work on the determina¬ 
tion of structure and the synthesis of penicillin, it 
became apparent that the complete success of the 
synthetic program was by no means assured. Con¬ 
tinued improvement was evident in the methods of 
biological production, and it seemed probable that 
such production might be suflSciently economical 
to compete with possible synthetic procedures. A 
continuing interest in biological production was 
therefore maintained. 

Whereas marked progress had been achieved in 
the selection of more efficient strains and in the 
determination of cultural conditions for biological 
production, no systematic studies of the course of 
penicillin biosynthesis had been reported. On con¬ 
sidering the possible consecutive reactions by which 
penicillin may be produced, it appeared that the 
mold's metabolic inability to supply an inter¬ 
mediate or intermediates in adequate quantity 
could well be the limiting factor in penicillin bio¬ 
synthesis. Consequently several laboratories ini¬ 
tiated researches to determine whether penicillin 
degradation products, possible metabolic inter¬ 
mediates, or other similar substances might be 
capable of stimulating the production of penicillin 
by the mold by acting as precursors. 

I Lilly lAboraioriM. 


These studies hav(‘ been successful; the penicillin 
yield may be substantially increased by using 
relatively simple additives to the media. In 
addition this work has led to the surprising dis¬ 
covery that the method is applicable to the syntliesis 
of new penicillins. The mold is able to utilize 
a large variety of compounds containing new acyl 
groups, which are incorporated into the penicillin 
molecule. Thes(‘ new penicillins have been ob¬ 
tained in good yields (in many cases 60 to 100 per 
cent of the total penicillin formed), and a number 
have been isolated in pure crystalline form. 

At the time when the above studies were under¬ 
taken, little information was available concerning 
the metabolism of the fragments that may be 
obtained through hydrolytic cleavage of penicillin. 


CoHd— CH^ 


0 

A 


CH-i 

I \i 

-NH—CH 

I /i 

0=C 

I 


CH, CH, 

\ / 


-S- 

N- 


-C 


-CH 


OOH 


In I the /8-lactam formula for benzylpenicillin has 
been depicted in such a manner that the three 
fragments, phenylacetic acid, aminomalonsemialde- 
hyde, and penicillamine may readily be noted. 
Both the origin of these separate parts of the mole¬ 
cule and the manner of metabolic combination to 
form penicillin were subject to considerable scien¬ 
tific speculation. Therefore a wide variety of 
compounds were legitimately considered suitable 
for testing as possible penicillin precursors. 

One additional point concerning the interpreta¬ 
tion of the precursor work deserves attention. It is 
obvious that a stimulation of yield of a biological 
product upon addition of a given substance to 
a medium may be caused through other mechanisms 
than that of precursor action. For example, a 
stimulation of yield may be due to utilization of a 
compound as a vitamin or growth promoter, as a 
building block to be incorporated into mycelial 
growth, or to satisfy any one of several other types 
of metabolic requirements. Thus, the early ob¬ 
servations of increased yields were subject to varied 
interpretations until direct evidence of precursor 
action was achieved. 
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BIOSYNTHESIS OF PENICILLINS 


C^ofthill, Moyer, aiul Ward (NRKL, CMR 
Reports No. 16^ 18,19^ and ^0) first reported stimu¬ 
lation of })enieillin production in surface cultures 
by plienylacetic acid. By use of dilTerential 
assays, these workers attempted to determine 
whetlier plienylacetic acid affected the type of 
penicillin appearing, in the broth. The surface 
culture strain used in these experiments (NRRL, 
1249.B21) already produced pr(*dominant quanti¬ 
ties of benzylpenicillin under contnil conditions, and 
for this reason differential assays (cf. ('’hapter 
XXIX for discussion of differential assays) failed 
to show any significant difference between the 
broths obtained in the presence or absence of 
phenylacetic acid. With this failure to prove the 
role of phenylacetic add as a penicillin precursor, 
there was a tendency in many cpialters to regard 
the action of phenylacetic acid as comparable to 
that of plant hormones, e.g. indoleacetic acid, 
naphthaleneacetic acid, etc. Consequently this 
work did not stimulate as much research as might be 
expected, and indeed was carried no further in the 
Peoria laboratory. 

Independently, Smith, Bide, and Robinson of the 
Glaxo Laboratories {CPS.22G) undertook experi¬ 
ments with the express intention of investigating 
the biosynthesis of penicillins. The stimulus for 
this effort was provided by a report from ('’alam, 
Levi, Carrington, and Sexton of Imperial Chemical 
Industries {CPSJiB) that two different strains of 
Penicillturn notatum produced principally iKmzyl- 
penicillin on a corn steep medium, but principally 
2-pentenylpcnicillin on a synthetic medium. It 
seemed probable to these workers that corn steep 
liquor provides the mold with a substance which 
yields the phenylacetic acid portion of the molecule. 
As phenylalanine is certainly present in corn steep 
liquor, this compound seemed a likely precursor. 
It was found that surface culture^ on synthetic 
media to which (1.25-1 % phenylalanine had 
been added were stimulated to yield increased 
quantities of penicillin. A number of related 
compounds were also tested, particularly those aris¬ 
ing by deamination or decarboxylation (or both) of 
phenylalanine. Every compound tested was found 
to be effective and at lower concentration than 
phenylalanine, the best being phenylacetic acid, 
phenylacetamide, phenylacetonitrile {CPS,226, 3, 
4), and )S-phenylethylamine (Smith, Bide, Duck¬ 
worth, and Graham, of Glaxo Laboratories CPS.298^ 
6). Several compounds showed some effect at 
concentrations as low as ().(K)59?. 

Mead, Stack, Steward, and Bradley (British 
Drug Houses, CPS,275^ 1) investigated corn steep 
liquor to determine the specific compounds responsi¬ 
ble for the stimulation in penicillin production. 
They succeeded in isolating /3-phenylethylamine 
(0.017%) which may act as a precursor for benzyl- 
penicillin and tyramine (0.018%) which may stimu¬ 
late the production of p-hydroxybenzylpenicillin. 


It seems probable that these compounds arise 
from phenylalanine and tyrosine, respectively, by 
decarboxylation during the fermentation process 
of corn stee]) liciuor ])roduction. The presence of 
these compounds, in addition to phenylalanine and 
tyrosine, appears to provide adequate explanation 
of the formation of benzylpenicillin and, on occa¬ 
sion, 7 ;-hydroxybenzylpenicillin in the pn^sence 
of coni steep Ikiuor. 

Among the American workers, the Ujijohn Com¬ 
pany 37) rejiorted a limited series of experi¬ 

ments testing the effect of a number of compounds, 
and the Lilly Research Laboratories (LM, 12) 
initiated extensive studies on precursors. The Lilly 
studies led to the discoveries of several groups of 
phenylacetyl (heivatives effective in stimulating 
penicillin yields. As typical examples, the com¬ 
pounds N-phenylacetyl-DL-valine {LJ2, 14), N-(2- 
hydro\yethyl)-phenylac(4ainide (L.IJ, 12), and 
N-allylphenylacetamide {L.26, 2) may lx* cited. 
These (experiments were performed in submerged 
cultures and repres(ent(xl the first examples of 
appreciable stimulation under such conditions. 
Two tyjies of tests were used. One, designated the 
“low’’ (L) mc'thod, was conducted in a suboptimal 
synthetic nuHliurn intendixl to be adequate for 
the metabolism of tlie mold but ina(lc(|uate for 
optimal penicillin formation (L.6’, 12). Control 
flasks usually produced about 15 to 20 units per ml. 
of penicillin in 48 hours. The test cxmipound was 
added to such a medium in O.OOOS molar concentra¬ 
tion (complete conversion of the precursor to peni¬ 
cillin would yield a broth assaying about 400 U./ml.). 
The inoculum used was a washed suspeuvsion of 
pellets which had Ixhui grown in corn steep medium. 
The other test designated the “high” (II) method, 
(L.f^, 2), made Uvse of a more complete medium, in¬ 
cluding corn steep solids, that normally yielded 
100-120 TT./ml. Both tests were conducted with 
strain NRRL 1976. In general, the results ob¬ 
tained by the two methods were in good agreement, 
i.e. compounds that stimulated production in the 
“L” method similarly provided increased yield 
when tested by the “II ” method. 

Both the Glaxo and the Lilly groups realized the 
need for evidence that the stimulation in yield is due 
to direct utilization of the substances in penicillin 
biosynthesis. Catch, Cook, and Heilbron reported 
(CPS.291) the chromatographic purification and 
separation of the penicillins in a sample supplied by 
Smith (Glaxo Laboratories, Ltd.) that had been 
obtainecl in a nutrient medium containing 0.1% of 
phenylacetamide. The penicillin obtained from 
one of the two peaks of the chromatogram was 
transformed into a penillic acid which had proper¬ 
ties similar to benzylpenillic acid. This sample was 
sent to Crowfoot and Rogers-Low (Oxford, CPS.SGOf 
1) who reached a similar conclusion on the basis of 
crystallographic measurements. Inasmuch as the 
Glaxo strain used in this work had hitherto pro- 
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durcd only 2-pentenylpeni(Mllin, it was coiichuled 
that biosynthetic incor[)oration of phenylacetamide 
into benzylpenicillin probably occurred. Similar 
experiments were also conducted makinp; us<' of 
strain 12-19 (Arnstein, Catch, Cook, and Fleilbron, 
Imperial College, CPS,377. 1) and again led to 
similar conclusions. 

The above experiments were indicatory but 
failed to provide proof of the utilization of phenyl¬ 
acetamide in penicillin biosynthesis. To provide 
such proof the Lilly workers i)roposed the use of 
deuterophenylacctyl-N^^-valine (L./J, 17) as a 

precursor. The deuterophenylac('tyl-N ^'’-valine 
was prepared in the Lilly Laboratories {! j . 23 , H) 
from deuterophenylacetic acuP and N^^-dl- valine 
{L.22y 1). The Abbott Laboratories conducted the 
cultural work and preliminary purification and then 
sent the crude penicillin to the TIpjohn Comi)any for 
final purification and crystallization {l\22y 8). 
The isotopic determinations were performed by 
Dr. Kittenberg of Columbia University. The 
deuterium analysis showed that 92.5% of the 
benzylpenicillin obtained was derived from the pre¬ 
cursor 2). In sharp contrast th(‘ N’** con¬ 
tent of the isolated penicillin w^as only of the 

value expected if tlu^ phenylacetylvalii e had been 
utilized unbroken. It w^as therefore apparent that 
the phenylacetyl moiety appeared in the pc'nicillin 
formed; but the role of the amide portion remained 
undefined. 

Table I (p. (>60) lists t fie compounds conlaming the 
phenylacetyl group, and those wdiich may be con¬ 
verted biologically to contain this group, that have 
been texsted in the various laboratories as penicillin 
stimulants. The reports of all cooperating labora¬ 
tories liavc been incorporated into this table. The 
methods of test employed in the various laboratories 
differ markedly, both in respect to mold strains 
and to cultural conditions. The tests conducted 
by the Glaxo workers {CPS,22(), 298, 688) made 
use of a synthetic medium, supplemented in some 
cases with protein hydrolysates, in surface culture 
with either the Glaxo or 1249 strains. The Lilly 
tests wore conducted in submerged culture* with 
Penicilliium nolatum, strain NRRL 1970, on a sub- 
optimal synthetic medium (designated L) or on a 
corn steep solids containing medium (designated 
H). Penicillium chrysogenum, X-1042, wns used 
with a synthetic medium in submerged culture by 
the Abbott workers. The Cutter Laboratories also 
used strain X-1G12, and in addition carried out 
tests with strain 1984A on both synthetic and corn 
steep media. The Ileyden tests likewise made use 
of both types of media in submerged cultures but 
differed in use of P. chrysogenum strains 1951-B25 
and X-1C12. The Merck group employed several 
submerged culture strains, and added a third type of 
medium containing peanut flour. 

* Sample furnUihod by Dr. David Eittenberg (College of Pliyeiciana 
and Surgeons of Columbia University). 


A few compounds have rcco'n'od c()nsidora])lc‘ at¬ 
tention from a number of !aboratori(‘s. In such 
cases only the first published results are listed; or in 
the ('V(‘rit of variations in tfie data of the several 
laboratories, sufi cic'nt results have been given to 
illustrate the differen(‘es. In most cases the varia¬ 
tions Ironi one laljoratory ^o an()th(*r may be 
explained on the basis of differing effects ol a com¬ 
pound under varying experimental conditions. 
Mold strains show’ (*onsid(*rable diflerences in their 
ability to n*spond to the a<ldition of compounds, 
(\)ghill et al. (NRRL, CMR Reports No. 16 , 18 , 
19 , and 20 ) reported that certain submerged cul¬ 
ture strjiins respe nd poorly to addition of phenyl- 
acetic acid in contrast to the response of surface 
cultures. Later w^ork has demonstrated that cer¬ 
tain other submerged culture strains fail to respond 
to the presence of this compound whereas still 
other strains efl’ectiv(‘ly utilize it. Further exam¬ 
ples of such differences will b(*corne apparent on 
examination of the table. In addition there may 
exist considerable differences in response between 
synthetic and corn steep media. In particular, 
some compounds may exert toxic effects in syn¬ 
thetic media, but serve as pn'cursors when added 
to corn steep media. For example, tive Lilly 
workers {L,28, 2) report('d that 1()0 mg. per liter of 
N-(2-hydroxy-2-methylpropyl)-phenylacel amide 
stimulated penicillin production on a corn steep 
medium whereas the Abbott group found (A.^5, 4) 
that 100 or 250 mg. p(*r liU*r inliibitcd production on 
synthetic medium. 

One additional group of compounds deserves 
special consideration. 7-Phenylbutyryl-DL-valine, 
N-(2-hydroxyethyl)-7-phenyll)utyramide, N-(2- 
aminoethyl)-7-phenylbu1yramide {L,20, 2; 2/i., 13; 
25y 1) and 6-])henylbutylaTnine sulfate {11.12, 2) 
have been showui to act as precursors. The penicil¬ 
lin formed with the use of N-(2-hydroxyethyl-7- 
phcnylbutyraniide as precursor was isolated by the 
liilly Research Laboratories (L.26, 7), and was 
identified as benzylpenicillin. It is therefore 
apparent that phenylliutyryl compounds are de¬ 
graded by the mold with the loss of two carbon 
atoms. This conclusion is likewise supported by 
work to be reported under new^ penicillins. 

Table II (p. 065) lists the compounds tx'sted 
as possible precursors for other naturally-oceurring 
penicillins. Compounds tested as amyl-, 3-pen- 
tcnyl-, and heptyl-penicillin precursors failed to 
provide increased yields analogous to those observed 
with corresponding phenylacetyl derivatives. In 
general a similar situation exists regarding p-hy- 
droxyphenylacetyl derivativ(‘s, although a few 
instances of increased yields have been recorded. 

It may be of interest to analyze briefly the possi¬ 
ble implications of these negative experiments. 
It is possible that in order to find compounds capa¬ 
ble of stimulating production of the aliphatic 
penicillins, other derivatives than those effective 
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TABLE I 

Compoundfl Tested as Benzylponicillin Precursors 

(Compounds are arranged according to empirical formulas. ” indicates no stimulation in yield; ^^-f^'indicates 
stimulation reported; the numbers under ** Stimulation*' represent the ratio: units in tost container/units in control con¬ 
tainer. (L) Lilly “low" method; (H) Lilly “high" method.) 



Stimulation 

C'oncen- 

tration 

References 

• 


iiiK. % 


C.HrN 




Pheny lacetonitrile... 

■f 

50-150 

CPS.226, 3 


1.95 

50 

CPJS,298, 6 



26 

H.B,2 


1 .48 

12.5 

H.6\ 2 


-(I.) 

10 or 50 

L.SS, 1 

CbHtNOj 



/3-Nitrostyrene. 

— 

10 

CPSM86‘, 1 

CaHsO 




Phenylacetaldehyde (bisulfite compound). . 

4- 

50-150 

cps.ese, 3 


1.0 

50 

CPS.298, 6 

C,H,0, 




Phenylacetic Acid. 

-f 

10 

CPfi.sse, 3 


-(L) 

11 

L.6*, 15 


1.7 

60 

CPS.298, 6 


-(synth.) 

10-900 

H.8, 3 

Phenylacetic Acid (+ ethylenediamine). 

-(H) 

11 (+5) 

L.S2, 8 

Phenylacetic Acid (-4- DL-valinc). 

-(L) 

11 (+9) 

L.H, 1 

Phenylacetic Acid (-f ethanolamino). . 

-(H) 

11 (4-5) 

L.S0, 1 

C,H«NO 




Phony lacetamide. 

2 

100 

CPS,220, 4 


1.85 

50, 100 

CPS.298, 6 


-(H)(H) 

11 

L.16, 1 


1.42 

25 

11.8, 3 





Phenylacetarnidine. 

-b 

50-150 

CPS.ZSd, 3 


1.65 

50 

CP.S.S98, 6 

CsHtoNjO 




Phenylacetic Acid Hydrazide. 

8l.+ 

12 

L.S6, 2 

C.H,oO 




^-Phenylethyl Alcohol. 

1.35 

50 

CPS.298, 6 

CgHiiN 




/3-Phenylethylamine. 

2.0 

50 

CPS.298, 6 


1.3-1.9 

25-100 

11.6, 2 

C,H,0. 



Phenylpyruvic Acid. 

"b 

60-150 

CPS.22(S, 3 


1.45 

50 

CPS.298, 6 

CrHioNgOS 




N-Phenylacetylthiourea. 

1.12 (L) 

16 

L.29, 3 

C#Hj,oN gOj 




N- Pheny lacetylurea. 

1.10 

10 

A.2S, 4 


.65 

25 

A.2S, 4 


.11 

50 

A.2S, 4 

C,H,oO, 




Phenyllactic Acid. 

1.5 

50 

CPS.298, 6 

C,H„NO 




N-Methylphenylacetamide .•... 

1.03-1.73 

10 

Cu.7, 2 


1.53 (C.S.I.) 

25 

11.12, 2 


1.83 (synth.) 

25 

11.12, 2 

C,HnNO, 




DL-Phenylalaniue. . 

1.82 

250 

CPS. 22 e, 3 
CPS. 22 e, 3 


1.76 

1000 


2.0 

1000 

CPS.298, 6 


1.4 

250 

CPS.298, 6 


-(L) 

1000 

L.2S, 1 

N-Methylolphenylacetamide . 

1.65 

10 

A.22, 8 


.84 

25 

A.22, 3 


.19 

50 

A.22, 3 

L.28, 2 


1.39 (H) 

13 

CgHiJ^jSHBr 


S-^PWylethylisothiouren (hydrobromide) . 

-(H) 

21 

L.2e, 1 
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TABLE I — (Continued) 



Stimulation 

-1 

Concen¬ 

tration 

lleff rcncee 



ii'K % 






CioHioNj 

2 -Benzy hm idazoli' 

-(H) 

■ 

1 

13 

L 14, 3 

C,aH,oN,0 




Phenylacetylaminoacetomti lie 

1 15 (<-sl) 

20 

// tS, 2 


J ')()(s>nth) 

10 

1/ U, 2 

CioHiiNOj 




N • Acety Ipheny lacet amide 

1 ()5 

50 

CPS 298, 6 

C,oH„NO, 

Phenacctunc Actd 

4- 


CPS ess, 4 


1 O') 

50 

CPS stm, 6 


-(II) 

15 4 

L 16, 1 


0 OG 1 55 

10 

Cu 7, 2 

Phenacctunc Acid (-f Di/-penioillaTnine) 

-(L) 

15 ( + 12) 

L8,4 

Phenacctunc Acid (-f N-acetyl-DL-valim) 

~(L) 

15 (+13) 

LSS, 1 

Phenaceturic Acid (-f nii-valine) 

-(H) 

1 

15 (410) 

L26, 1 

C,.H„N, 


2>Benzylimidazoliiie 

(L)(II) 

13 

Lt4,3 


1 


Phenaceturani ide 

1 1 20-1 27 

20 

II IS, 2 

Phenaceturamide (-f- Dii-pciucillamine) 

-(L) 

15 (412) 

L6 15 

CioHia02 




Kthyl Phcnylacetate 

1 5 

50 

CPS S98, 6 


-(H) 

13 

L SO, 1 

C.„HuNO 




N, N-Dimethylphenylacctarn id( 

0 bb-1 22 

10 i 

Cu 7, 4 

Phenylacetiminoethylether (hydrochloride) 

4- 

50-150 

CPS see, 3 


1 4 

50 

CPS S98, 6 

Phenylacctiininoethylethtr (+ DL-penicillanunc) 

-(L) 

13 (+12) 

L8, 4 

CjoHnNOS 

N-(^Mercaptoethyl)-phen> latetamide 

1 

1 32 

10 

A SR, 3 


1 10 

25 

A 2R,3 


09 

50 

A SR, 3 

C,oH,,NO, 

1 



N- (2-Hy droxyethyl)-pheri> lacetam ide 

4 


L tR, 12 


1 34 (L) 

14 

L 10, 2 


1 57 (H) 

14 

L 16, 2 


1 14 

30 

U 18, 15 


1 71 (c s 1 ) 

12 5 

no, 2 


1 30 (s\nth ) 

12 

H e, 2 


1 32 (( s 1 ) 

40 

II 6, 2 


4 

3-100 

M60, 19 

N-(/^Phenylethyl)-glycine 

— 

10 

CPS 686, 1 

2>Am)noethyi Phenylacetate(hydrochloride) 

1 31 (L) 

17 

LSS, 8 


1 26 (H) 

17 

LSS, 1 

CioHi4N,0 



N«(2-Aminoethyl)phenylacetamide 

1 56 (II) 

14 

L14,4 

• 

1 27 (L) 

14 

L 16, 2 


1 12 

30 

U 18, 15 


4 

3 100 

M 60, 19 

C..H..N 



{•Phenylbutylamme (sulfate) 

1 39 (c s 1 ) 

25 

II IS, 2 

i 

1 54 (synUi ) 

13, 25 

H IS, 2 

CioHuNa 


N-{2-Ammoethyl)-/3-phenylethylamine 

-(ID 

13 

LSO, 1 

N *Benzyl-l ,d-propanediamine 

05 

10 

A SR, 3 


04 

26, 50 

A SR, 3 

CiiHtNO,S 



2<BenzyIthiazole*4«carboxylic Acid 

~(L) 

21 

L SS, 8 

CiiHuNO. 



N^Phenylaoetylammomalonic Acid (-f nir-pemcillamiiie) . . 

-(L) 

19 ( + 12) 

i 

L6, 16 

CnHuNO 



N-AUylphenylacetamide . 

1 81 (L) 

14 i 

L S6, 2 


1 48 (H) 

i 

! 

14 i 

Lse, 2 
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Coru en- 



Stimulation 

tration 

lie forences 



mg Vo 


C„H, \()iS 




2-lion/ylthi izoUdim - Ui di how U( Ac id 

— 


U 8, 37 

C„Hu^O, 




M( tin 1 Pheiiacciur ito 

1 11 1 % 

10 

Cu 7, 2, 3, 4 

N-Plu ii> 1 1 ( et>l“i>L-aI nunc 

1 

10 

CVS (>80, 1 

Ts-PhcMivlacotvl-DJ/-danino (| dl pc nit ill innnc) 

-a-) 

17 ( + 12) 

L 12, 14 

CulInNOjS 




JS-Pht n>lacotyl-i-r\sl( iiit 

(L)(H) 

19 

L 1(1, 1 

C’„H„N04 




sfriiu (-1- DL-pt'iuc ill iimru ) 

-(L) 

18 (1-1‘2) 

I 12, 14 

C,,U, NCL 




Is-(2 \1( tho\yotli\ D-plu n\ lac otanudo 

1 25 HA 

15 

L 20, 2 

N-(l-Hydroxvisopiops l)“pht us lac ot unidt 

-(I) 

15 

L 20, 1 

N - (2- H \ drox vprop> 1 ^-plion’s lac 1 1 amide 

1 41 (L) 

15 

L 21, 8 


1 17 (H) 

15 

/ 22, 8 

N-(d Phenvic'thvl)-nL-a-alaniii( 


10 

CVS (>8(>, 1 

CuHuNO, 




N-(l ,3>Dih> dio\yisoprop\ l)-phtn\ lac c'tamidc 

1 ‘27 (I ) 

1 17 

/ 13 


1 3<> (H) 

1 17 

1 2/,, 13 

N-(2,3-Dihvdroxypropyl)-phcnv lac c tamidc^ 

-{ID 

15 

L 29, 1 

CnHjfiNaOS 




PhonylacetylaminoethyO-isothioiin a 


19 

L 29, 1 

CnHuNsO 




N-(3- \minopropv l)-plionylacctarnidc 

-(ID 

15 

L 20, 1 

CuH„N,(LS 




2-Morcapto-5-phenylac ct> lamino-(>-p> riinidolt 

1 53 (L) 

21 

L 24, 13 

C,5H,,N,0, 




5-Phenylacotylainino-2,(>-pvi iniicliiu diol 

-d) 

20 

L2>,, 13 

C»H.,N04 




Methyl Henz> Ipoiialdate 

-(L) 

19 

L6, 16 

C„II„NO* 




N-Phenylacctyl-i^aspartic Acid 


— 

US, 37 

N-Phenylacetyl-L-aspa^’tic Acid (-h DL-ptmic illarriiiK ) 

-d) 

20 ( + 12) 

L 12, 14 

N-Phenylacetyl-Di^aspartic acid (-f DL-peme illaHiirit ) * 

-d-) 

20 ( + 12) 

L 12, 14 

CisHuNsO, 




N-Phenylacotyl-r^-asparagmc (H ni-pc^nicillainiiic) 

-d-) 

20 (4 12) 

L 12, 14 

Ci,H,5NO 




N-Crotylphenylacot amide 

I 04 (H) 

15 

L 29, 2 

Ci^HisNOS 




4-Phony It h loarety Imorpholine 

46 

10 

A 2(1, 4 


06 

25 

A 26, 4 

CuHuNO, 




Ethyl Phenaceturatc* 

1 20 1 38 

10 

Cu 7, 2 

of-(Phonylatotvlamino)-n-hutyric Acid 

1 12 d^) 

18 

L 22, 9 

Ci*H,eN203 




N-(2-lIydroxyothyl)'phenace<uramide 

1 10 d') 

20 

L 22, 9 


1 09 (H) 

20 

L22,9 

CnH,7NO 




N,N-Diothylphenylacetamide 

•-(H) 

16 

L22, 8 

CnHnNO^ 




N-[2- ( l-Hydroxybuty I )l-phen> lacotamide 

-(L) 

16 

L23, 1 

N-(2-Hvdroxyl)utyl)-phenylaLC?tamido 

1 19(H) 

16 

L 24 , 15 

N* ( 1,1- Dim ethy 1-2-h y droxy et hy 1 )-pheny lac*etam ide 

-(H) 

16 

L 24, 13 


1 26 (L) 

16 

L 24, 15 

N-(2-Hydroxy-2-methylpropyl)-phonylacetamide 

1 28 (H) 

16 

L 28, 2 


0 76 

10 

A 23, A 


0 60 

25 

A 2S, 4 


0 10 

50 

A2S,A 

N-(2-Hydroxyethyl)-'y-phenylbutyramide 

1 40 (L) 

16 

L 24 , 13 


1 85 (H) 

16 

L 24, 13 

N-Ethyl-N-(2-liydroxyethyl)-phenylacetamide 

-(L) 

16 

L22, 7 

CnIIwNO, 




N,N-Di-(2-hydroxyethyl)-phenylaoetamide 

-(L)(H) 

18 

L 24, 18 

CuHuNsO 




N-(2-Amiiioethyl)-7-phenylbutyramide 

1 40 (H) 

16 

L.26, 1 


1 31 (L) 

16 

L.26, 1 
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C'oncon- 



Stimulation 

tration 
niR Vt; 

C„H,»NO. 



«-(Phen \rlacetvlaimno)-/3,i^-climoihylacrylic Acid 

f(L) 

10 

('i.H,.NO. 


N-Phenylacctyl-Di^glutamu Add (+DL-penicillamine) 

(L) 

21 ( t 12; 

N-Phenylacetyl-i-glutaniK Acid 


_ 

N-Phenylacetyl-L-glutarmc Acid (-f DL-pc»ni(lilamine) 

-(L) 

21 (4-12J 

CisHnNOjS 


2-Benzyl-5,5-dimethylthiazolidme-4-c arboxylic Acid 

1 -(H) 

20 

C„H„NO, 


N - Plien y lacety 1- d l-v aline* 

1 67 (I ) 

10 


1 61 (H) 

20 


1 53 (H) 

40 


4 

3 100 


1 15 

30 

N-Piipn> lacotyl-i)-valino 

-(L) 

10 

N-Phen> lacetyl-L-valine 

1 4t) (L) 

19 


1 42 (II) 

19 

N -Pheny lacet y 1 -d L-n or v al i n c 

1 2') (L) 

19 


1 55 (11) 

19 

Ci.HnNOiS 

N-Phenylacotyl-Di -peme illamine 



"h (Id 

1 21 


1 22 SD 

21 

N • Phcn> lacety 1-i^pen ic illaru me 

1 11 (L) 

21 

N-Phenj lac etyl-i)-pomcilln iiiint* 

1 19 (L) 

21 

N-Phenylacetyl-DL-inethioninc 


, 50 100 

N-Phcu’vlac ct\ l-Di-mclhioiuiu (-f in~\ iliiic) 

_ 

25 50 

(’nil, NO, 


N-l’hc nyl ii (tv 1-1)1-/^-hydioxN \ dine (-f Dij-pcniciilaininc ) 

(1 ) 

20 ( 1 12) 

Tull „N)0 


N l*h(nylu(tvl-i>i-valinc AiiikIc 

1 -fl) 

19 


N (d Phcnvlcth>lj-i)i-\ dine 

f 

10 

CnlLiA^O 



N-Dk thylanimonicth} Ipln nv lacctarmde 

0 0() 

10 


1 01 

25 


1 2() 

50 

CuHuNO 



Pheiivlace t inilidc 

0 30 2 20 

10 

CuH „NOa 


N-Phenylaictvl-i)ii-lcucinc (-f nc-pemcillarnirie) 

- (L) 

20 (4 12) 

N-Phc'nylac I'tyl-Di -isoleuc iiu 

-(H) 

20 


•+ (L) 

20 

N-Phenylac et j l-ni -N -methyl valine 

+ (’)(L) 

20 

N-Phenylacetyl-DL-valine, methyl est(*r 

1 34 (L) 

20 

CuHiaNOft 


N-Phenylacctylglurosamine (-f Di^-iiemcillaimne) 

-(L) 

24 (f 12) 

CiiHjjNOi 

N-(2,2-Diethoxyethyl)-phen>lacetamide 

1 32 (L) 

20 


1 0'» (11) 

20 

CuHajNaO 


N-(2-Diethylaminoethyl)-phenylacetamide 

77 

10 


70 

25 

1 

32 

60 

1 

1 15 (H) 

17 


1 22 (L) 

17 

C11H20NSO4 


N-Phenaceturyl-DL-valme 

1 62 (L) 

24 


1 4S) (11) 

24 


1 00 

10, 25 


92 

50 

Ci»H8oNa04S 



N-Phenaceturyl-DL-pemcillamine 

-(L) 

26 

CuHaiNO, 


N-Phjenylacetyl-DL-/?,/?*diethylalanine 

+ (’)(L) 

21 

N*«(7-Plienylbutyryl)-Dir-valine 

1 15 (L) 

21 


1 26 (II) 

21 j 


l{of( re nets 


L 1 i, 15 

Ij f>. It) 

U % 37 
Lf>, 16 

LSO I 

L 12, 15 
L IS, 15 
L IS, 15 
M M), IS) 
U lb, 15 
L I/,, 3 
L 20, 2 
L 20, 2 
I “i,2 
I >h, 2 

/ / 10 
/ 15 

/ I'u 10 
I “h 15 
// , 1 
// r, I 

I 12, 14 

L 22, 7 

CFS ess, 1 

4 24, 5 
A 2i, 5 
A 24, 6 

Cu ?, 3, 6 

L 12, 14 
L14,Z 
L 14, 3 
L 15, 2 
L 22, 2 

LA, 4 

L 15 
L -^4, 15 

A 4 
A S'„ 4 
A 24 , 4 
L 29, 3 
L 29, 3 

LS6, 2 
L 25, 2 
A 24, 5 
A 24, 5 

L 24, 13 

L.16- 2 
L20, 2 
LSO, 2 
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TABLE I.— {Continued) 



Stimulation 

Concen¬ 

tration 

References 



mg. % 


CuHj.NO. 




N-Ph(?nvla'Cctyl-/3,/i-diethoxyalanine. . 

-(L)(H) 

27 

L.ie, 1 

CUH 22 N 26 S 




Desthiobenzylpoiiilloic Acid. . 

— 

25-50 

//.7, 1 

Deathiohenzylpouilloic Acid (Sodium salt). . 


50 

n.8 ,3 

N-(^Hvdroxyctliyl)-a-phenylacetyIaminoi 8 ovalera!ni(k*. 

1.32 (L) 

22 

L.8S, 2 


1.20 (H) 

22 

L.2S, 2 

CuHitNO 




N-(2-Phenvlethyl)-phenylacetamide. . . 

.04 

10-50 

AM, 3 


Toxic (H) 

19 

LM, 1 

C„H.»N,04S 




Benzylpenillic Acid (pH 2.0 inactivated penicillin). 

-(L) 

12 

L.8, 4 


1.33-1 49 

20-50 

U.SB, 6 

C..H,„N,O.S 




Benzylpenicilloic Acid (pH 12 inactivated penicillin). 

-(L) 

13 

L.8, 4 


— 

20-60 

urn, 5 

CuHjiNOaS 




2,2,5,5-Tetraniethyl-3-phenylacetylthiazolidine-4-carboxylic Acid . 

CitHlNOS 

-(L) 

25 

L.88, 8 




N-(2-Benzylmercaptoethyl)-plienylacetamide .. . . 

.36 

10-50 

A.U, 4 


Toxic (H) 

23 

h.2», 1 

C„H,„N,04S 




Methyl Benzylponicillinate. 

1.40 

15, 30 

V.25, 6 

C.rH.oNjO.SHCn-HjO 




Mcjthyl-pseudo-poiiicillin-G'HClHjO . 

0.71 

27 

V.2B, 6 

C 111 H 17 NO 3 S 




2- Phenvb3-phenylacctylthiazolidine-4-carboxyIic Acid. 

-(L) 

26 

L.n, 14 

CuHi^NOjS 




Benzvl a-Phenylacetylaminothiolpropionate— . 

— 

10 

Cu.7, 2 

; N-(/3-Phenylacotylthiolethyl)-plienylacetamide. 

1.44 (11) 

26 

L.S5, 2 


0.97 

10 

A.n, 3 


1.16 

25 

A. 22, 3 


1.05 

50 

A. 22, 3 

Ci8H*oNa02 , 



N, N'-Dipheny lacety lethy lenediamine. 

-(H) 

24 

L.22, 8 

CmH„N,O.S 




<>-Ethyll>onzylpenicilloic Acid. 

— 

— 

U.S, 37 

C„H,.NO,S 




Benzyl o-Phenylacetylaminothiolisobutyrato. 

1.10 

10 

Cu.7, 2 

C„H,.N.O,S 




iS-Phenylacetylaminoethyl Disulfide. 

1.16(H) 

29 

15 


1.17 

10 

A. 22 , 3 


1.22 

25 

A.22, 3 


.91 

50 

A. 22 , 3 

C„H,4N,0.S, 



NiN'-Diphenylacetyl-L-cyatine. 

+ 

— 

CPS. 22 e, 4 


— 

10 

CPS.e 86 , 1 


1.35 

50 

CPS.298, 6 

Phenylacetylated Pancreatic Digest of Liver . 

1.31 (H) 

125 

L. 22 , 8 

Phenylacetylated Pancreatic Digest of (Casein . 

1.46 (H) 

125 

L.te, 2 

Phenylacetylated Papain Digest of Casein . 

1.43 (H) 

125 

L.18, 2 

Phenylacetylated Acid-hydrolyzed Casein . 

1.29 (H) 

125 

L. 10 , 2 

L.I 4 , 3 

Phenylacetylated Corn Steep Solids . 

1.45 (H) 

125 


1.49 (H) 

250 

L.I 4 , 3 


+ (L) 

150 

L. 14 , 6 

Raney Nickel Degradation Product of Benzylpenicillin . 

.60-.98 

13-80 

V. 2 B, 6 

Sodium-Liquid Ammonia Inactivated Penicillin . 

0.90-1.11 

20-40 

U.26, 6 

Penicillin Inactivated by Autoclaving . 

0.91-1.06 

40-160 

U.2B, 5 

'Ether, Dry Hydrogen Chloride Inactivated Penicillin 



(1;) Ether ^luble . 

0.97 

24 

V.2B, 5 

(2) Ether Insoluble. 

0.94 

43 

U.2B, 6 
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in the phenylacetyl series must be used. This 
suggestion receives some support from the probable 
differences in the origin of these respective acyl 
groups. Smith, Bide, and Robinson (CPS ^26^ 1) 
have suggested that the 2-pentcnyl group probably 
is derived from a sugar structure in contrast with 
the possible amino acid derivation of the phenyl¬ 
acetyl structure. The evidence previously cited 
for the degradation of phenylbutyric derivatives to 
the phenylacetyl structure also supports this sug¬ 
gestion by providing evidence concerning the mold’s 
ability to oxidize fatty acid derivatives. 


tion with N-p-hydroxyphenylacetyl-DL-valine or 
N-(2-hydroxyethyl)-p-hydroxyphcnylacetamide in 
submerged cultures However, with use of 0 025% 
of the latter compound, 8% of the penicillin was not 
extracted with chloroform, but was subsequently 
extract(‘d with amyl acetate, a property character¬ 
istic of 7 >-hydroxybcnzylpenicilliii. 'J^'lie differential 
assay performed on this fraction gave a value simi 7 
lar to that obtained witli a known sample of sodium 
p-hydroxybenz^dpenicillin. Commercial lots pre¬ 
pared in a similar manner but without the use of a 
precursor did not yield a comparable fraction. 


TABLE II 


Pierursors for Nalural PenicilliriH (other than Bonzylponioillin) 
(P'xplanatioii of the notations under “Stimulation^* is Riven in Table I) 


Penicillin 

Precurflor 

1 

1 Stimu- 
1 lation 

Concen¬ 

tration 

Vo 

K«‘ierence» 

3-Pentenyl 

N-(2-Hvdroxyethvl)-4-hexeneamj(lc 

- (L)(H) 

12 

13 

Amyl 

N -( 'apro ylgly cinc* 

— 


CPS JX, 4 




50 

CPS ^08, 8 


N-Ca pro vl-i) L-ponicillarn me 


50 

r/'.s AW,*8 


Caprainidc 

1 ~ 

100 

rPS^98y 8 ^ 


Hovaldehyde (bibulfite comp*d) 

1 

5 to 100 

CPS SOS, 8 

i 


1 +(‘0 

150 

('PS SOS, 8 


«-('iiproylainino-/S,/3-dimcthylacryIic Acid 


50 

CPS SOS, 8 


n-llcx> lam me 


10-50 

II 10, 3 

p-IIydroxybenzyl 

Tviosine 

' — (sMith ) 

250 

CPS SOS, 8 



4“ ( ’) 

250 

CPS SOS, 8 




100 

M 60, 21 

1 

1 ;>-TlydroxyphenylacetK Acid ' 

' i 

50 

CPS 377, 2, 8 

1 


1 34 

30 

U SO, 13 


Tyramine (hydrochlorid(‘) 

More X 1 

1 100 

M 60, 20 

1 


-(11) 

14 5 or 50 

L sr>, 1 

1 


1 2-1 5 

25-100 

// U), 1 

1 

N-(2-Aininoethvl)-P“hydro\yphenvlacetamide 

1 0(> 

30 

V IS, 15 


N-(2-Hydroxyethvi)-p-hYdroxvphenylacetamide 

-(H) 

15 

LSI, 2 



1 07 

30 

U IS, 15 


N- (p-I I ydroxy pheny lacety D- 1 > i.-vahne 

-ihV 

20 

LSI, 2, 5 

Heptvl 

Capi>lic Acid 

13 

10 i 

A S5, 3 



02 

25, 50 

A S5, 3 


N-C'apryb 1-Di^valine 

0 88 

10 

A S.I, 4 



51 

25 

A S3, 4 ^ 



16 

50 

A S3, 4 



-(L) 

20 

L SO, 2 


Capry ly lam inoacetal 

0 42 

10 

AS/,,4 



33 

25 

A 2/,, 4 ' 



25 

50 

A 24, 4 


w-Octylamine 

Toxic 

25 

CPS 686, 2 ' 


* p-Hyclroxvbenxv ipemcilliii jjioduced 


The situation regarding precursors which may 
lead to the p-hydroxyphenylacetyl group is some¬ 
what different. Arnstein, Catch, Cook, and Heil- 
bron {CPS,377f 2) observed no increase in yield on 
addition of 0.()5% of p-hydroxyphenylacetic acid 
to surface cultures. In contrast to control cul¬ 
tures, chromatography demonstrated an appreciable 
fraction at the top of the column from which a 
penillic acid was obtained with properties similar 
to an authentic sample of p-hydroxybenzylpenicillic 
acid. 

The Lilly group (L.21^ 2) reported lack of stimula- 


Subsequent work (V.20, 13) has demonstrated that 
appreciable quantities ot p-hydroxybenzylpenicil- 
linic acid arc extracted by chloroform. It is 
probable therefore, that the p-hydroxybenzyl- 
penicillm fraction was appreciably greater than the 
8^V( obtained. 

Work from tho ITpjotui (V.IS, 15; 23, 7) anrf 
Merck (M.OOy 20; 68y 8) laboratories has confirmed 
these conclusions concerning the use of p-hydroxy- 
l>enzylpenicillin precursors and has supplied addi¬ 
tional information concerning compounds (Table 
11) and cultural conditions. The Upjohn work 
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TABLE III 

Sulfur-containing Compounds TcHtcd as Precursors 

(Explanation of the notations under “Stimulation” is given in Table I, “Inh ” indicates inhibition of penicillin production) 




Stimu- 

(Concentration 

References 



1 it 1011 

mg 

CHiNiS 

Thiourea 

Inh 

5-50 

CPS $98, 3,9 



-(L) 

(> 

L S6, 1 

CsHrNOaS 

L-C >stl UK 

Inh 

12 

CPS m, 3 


i-C\steine (+ phen\ lacetic aud H- DL-d-hydroxv- 
valinc) 

-(L) 

10 (+11 f-ii) 

L«,4 


n-Cvbtdru (h>drochloridc) 

0 Ol-l 26 

10 

Z/16,1 


i)i-Cvsl(uie (“f ethyl «-oxoisoyal(iatc f phenyl 

-(L) 

10 ( fl2 +12) 

L lb, 1 


acetic and) 

ni ( ^stclue (“h phen\la(ct>l ui \ ihiu ) 

-(L) 

10 (-flO) 

L IS, 15 

C4II7N02S 

4-llua/olidinocaibox> he \cid 

0 82-1 04 

10 

Cu 7, 4 

CJLNO^S 

Di-Ilomo(Vbtc'im ( f- N-phenylacet>l j>i ^-hjdroxy 

-(L) 

11 (+22) 

L 12, 14 


vaiine) 




CJInNO,S 

01 -Penicillamine 


_ 

CPS sse, 4 



-(L) 

12 

Lb, 15 



Inh 

15 

CPS 29S, 3 



-- 

50 

CPS J98, 9 


Me tliioninc 

Inh 

15 

CPS 398, 3 

CJl„NO„S 

Penn illamiiiK Ac id 

Inh 

20 

CPS 298, 3 

C «HijN2()4Sj 

i-C>&tine 

Inh 

12 

CPS 398, 3 



± 

50 

CPS 308, 9 



+ 

10 to 100 

CPS bSO, 1 



08 1 23 

10 

Cu 7, 4 

U i, 37 

CtHisNOsS 

2-Isopr()p\l-4-thm7<>lidin(H irboxylic Acid 

— 



i) I-Homocyst me 

Inh 

13 

CPS 398, 3 

(^HisNsS HBr 

S /9-Phen^ lethylisothiourca (hydrobromide) 

-(H) 

21 

L 26, 1 

r.oii.iNOjS 

2 Ph<n>l-4-thiazolidiii< carboxyht Acid 

— 

— 

V 3, 37 



70-1 33 

10 

Cm 7, 4, 5 

r„H„N,0,S 

(dutathione 

Inh 

31 

CPS >98, 3 

C.iHuNO^S 

2-Ben/> Ithiazolidiiu -4-( aiboxylu Acid 

- 


LI % 37 

r„H„NO,S 

N -Phen’v lac etyl-L-c \ st c me 


P) 

L lb, 1 

C»H,4N,0,S 

6-Il\droxy-5-phern lac et> Jamino-2-mercapto- 
pyi imidine 

1 f)3 (L) 

21 

L 34 , 13 

C,jH,.N,0,S 

Methyl «-( arbetho\vamino-4-(arboxy-5,5- 
dimethyl-2-thiazolidin< acetate 

-(H) 

2b 

H S3, 8 

Ci,H„NO,S 

2-Bcn7>l 5 5-djmetlivltliiazohdine-4-carbox>hc \rid 

-(H) 

20 

Ij 30, 1 

CiiHivNOiS, 

N-Ph( nylthio icc'tvl-D-peiiu illamine 

-(H)(H) 

23 

L lb, 1 


N-Plienyltluo u et> l-i^penic illaminc 

-(L)(H) 

23 

L lb, 1 

CuH„NOjS 

N-Phenylacetyl-L-penu illainiiie 

1 14 (L) 

21 

L 34, 15 


N-Phenylacetyl-D-penic illanune 

1 19 (L) 

21 

L34, 15 


N-Phenylacet\l-DL-penicillamme 

+ (L) 

21 

L IS, 16 



1 22 (I 4 ) 

21 

H 34 , 16 

C,.H,oN,04S 

Phf nylac et> Iglyc > l-oi -penu illarnine 

-(L) 

2b 

L31, 13 

C..H„Nj04S 

Benzylpcnillic \<id (pH 2, inactiyated penicillin) 

-(L) 

13 

L8,4 



1 33 

20 

V 35, 6 



1 49 

40 

U 35, 5 



1 38 

bO 

U 36, 6 

C/hN2oNj04S 

Bcnzylpenic illou Acid (pH 12, inactivated pcmi- 

-(H) 

13 

L 8, 4 


cillin) 

— 

20, 40, or 60 

a 36, 6 

Ci,Hj,NO,S 

2,2,5,5-Tptramethyl-3-phenyla( etylthiazohdine-4- 

-(L) 

25 

L 33, 8 


carboxyhc \cid 




C„H,oN, 04 S 

Mt'th>l Benzvlpenuillinate 

1 44 

15 

V 36, 6 



1 37 

30 

U 36, 6 

C„H„N,04S H (’1 H 4 O 

“ Methyl-ph.eudopenicillin-(T HCl H 2 O” 

0 71 

27 

U 35, 6 

CuH.rNO.S 

2-Phcnvl-3-phon> lac etylthia2olidine-4-(arbox> lie 

-(L) 

26 

L 13, 14 


Acid 




CuHitNOiS 

\-(i5-Phcnylacetylthiolethyl)-phenylacet amide 

1 44 (H) 

26 

L 36, 2 



97-1 16 

10-50 

A 33, 3 

IJ S, 37 

CuH24N20,.S 

«-EthyI Benzylpenic illoate 

- 

— 

C,tHj 2 Nr 04 S 

MjS-Bisphenylaeetyl-Dii-penieillamine 

-(H) 

21 

Le, 16 

Ct2Hj4NjOfR8 

Nr,N'-Diphenylac otyl-i>-cystine 

+ 

— 

CPS 336, 4 



— 

10 

CPS 686, 1 


Sodium-Liquid Ammonia Inactivated Penicillin 

0 90-1 11 

20-40 

V 36, 6 


Penicillin Inactivated by Autoclaving 

0 91-1 06 

40-160 

V 36, 6 


Ether, Dry Hydrogen Chloride Inactivated Peni¬ 

0 95 

24 or 43 

U 36, 5 


cillin 
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was performed with submerged cultures of strain 
1951 .B25 on corn steep media and has demonstrated 
increased production of p-hydroxy benzyl penicillin 
alter use of p-hydroxyphenylacctic acid. The 
Merck experiments were concerned principally 
with the use of tyramine. This compound, with 
submerged culture strains X-J()12 or NRRL 832 or 
with surface culture strain 1219.B21, significantly 
increased the percentage of ‘^chloroform insoluble 
penicillin. Tyrosine had little effect. 

Although certain of the experiments performed 
by the Upjohn 13) and Hoyden {HAOy 1) 

groups have led to increased yields on use of p-hy- 
droxybenzyl precursors, it is obvious tliat evalua¬ 
tion of a precursor cannot be obtained by this 
criterion alone. 

SULFUR METABOLISM 

A considerable number of sulfur-containing 
compounds have been tested as possible sources of 
the penicillamine portion of the penicillin molecule. 
It is of interest that penicillamine itself fails to 
stimulate the yield of penicillin (Smith, Bide and 
Robinson, CPS.226, 4); ajjparently it is incapable of 
being metabolized. No consistent stimulations of 
yield have been reported by sulfur-containing com¬ 
pounds except for certain compounds possessing the 
phenylacetyl group. The increased yields obtained 
with these materials are of a similar order to those 
reported with other phenylacetyl derivatives, and 
probably are due to the utilization of the acyl portion 
of the molecule. A number of experiments have 
been performed by the Lilly workers in which at¬ 
tempts were made to enhan(‘e the stimulation ob¬ 


served with phenylacetyl derivatives by addition 
of sulfur-containing compounds. With the excep¬ 
tion of sodium sulfide, which provided some further 
stimulation under certain subopt-imal cultural 
conditions {LAS, 15), all of the compounds have 
proved inelTtictive find are therefore lisl/cd as 
negative in Table III, 

Smith, Bide, Duckworth, and Graham {CFS.2f)S, 
3) designed experiments to test the ability of the 
mold to metabolize sulfur compounds and to 
yield penicillin. Since it is c'vidcnt that inf)rganic 
sulfur compounds can serve as a source of the sulfur 
in penicillin, it vas necessary in testing other possi¬ 
ble sources to use a sulfur-free basal medium. A 
synthetic medium containing 0.05% phenylacelam¬ 
ide was used, and (‘ompounds were tested at n con¬ 
centration providing N/lOO concentration of sulfur. 
Of the organic compounds tested, none was the 
equal of inorganic sulfate and only cystine and 
methionine allowcxl growth and penicillin formation 
approaching that obtained with sodium sulfate. 

MISCELLANEOUS COMPOUNDS 

A range of compounds that might provide jmrts of 
the penicillin molecule other than the acyl portion 
have been tested. These compounds, as well as 
some whose relationship to penicillin appears 
remote are listed in Table IV. With few exceptions 
these experiments have failed to yield positive 
results. Leucine (0.025%) has been found to 
provide an appreciable stimulation of yield in 
synthetic media with strain X-1612 {HAD, 3). 
The stimulation is observed both with or without 
precursors of benzylpenicillin, but not in the presence 
of 0.2% corn steep solids. 


TABLE IV 

Miscellaneous ('ompoimds Tested as Precursors 
(Explanation of the notations under ^‘Stimulation^’ is given in Tal)le T) 




Stimulation 

Concentration 
mg. % 

References 

C 2 H 203 . 

Olyoxylic Acid 

Inh. 

50 

CPS.3S0, 4 
CPS.398, 9 

C2H408. 

(Bycollie Acid 

— 

100 

CPS.S98, 9 

CjHjNO,. 

Glycine 

+ f7) 

100 

CPS.S9S, 9 


Glycine (4* phenylacetic acid + DL-penicillamine) 

-(L) 

0 0 (-fll +12) 

L.8, 4 
CPS.220y 4 
CPS.2.98, 9 

C.HiOa. 

Malonaldehyde 

Inh. 

20 

C.H 40 ,. 

Pyruvic Acid 

1 1 

00 

50-100 

10 

CPSJ9S, 9 
Cu.7, 4 

C.HeO. 

Acetone 


50 

CPS.298, 9 

CiHeNaOaS. 

S- (Carboxym ethyl) isot hiourea 

0.77-0 85 

10-50 

AM, e 

C,HcO,. 

Lactic Acid 

+(?) 

500 

CPSMta, 9 

C,H«04. 

Glyceric Acid 

-f 

100 

CP,S.(ISb\ 1 

CsHtNO,. 

jS-Ahininc 

-- 

60 

CPS.S98, 9 


OL-Alanine 

— 

50-250 

CPS.S98, 9 


DL-Alaninc (+ N,S-6f«plienylacetyl-DL-pcnicillamine) 

-(L) 

7 (+21) 

L.6, 16 

C 1 H 7 NO,. 

Di^Serine (-f- phenylacetic acid + DL-penicillamine) 

-do 

8 ( + 11 +12) 

hM, 15 
CPt^M8, 9 
CPS.flSG, 1 

CiHaO. 

Isopropyl Alcohol 

+ (?) 

100 

10-100 

C,H,N,0,. 

ofjjS-Diaminopropionic Acid 

— 

5-50 

H.IS, 3 

C,H,0,. 

Glycerol 

— 

250-500 

CPS.S98, 9 
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TABLE Vf.—{Continued) 




Stimulation 

Concentration 

References 




mg. % 


C^H.N 

iHopropylamine 

_ 

10 

cps.ese, 1 

C4HbO« 

IVtrahydroxybutanodioic Acid 

— 

50 

CPS.298, 9 

C 4 H 7 NO 4 

Diz-Aspartic Acid (-f phcnylacctio acid 4* i>i>penicilla- 

-(L) 

11 ( + 11 +12) 

L.6, 15 


mine) 




C4H«N03 

i)i/>Thiconme (-f pbcnylacetic acid -j- Dii-penicillaminc) 

-(h) 

10 ( + 11 +12) 

L6, 15 

C,IU\ 

Acetoiiedicarhoxylic And 

— 

50 

CPS.298, 9 

CJItNO 

3,5- D nil ethy 1 isoxa zo le 

92-1 16 

10 

Cw.7, 4 
CPS.298, 9 

(MLO, 

/3,/3-Diincthylacrylic Acid 

+(?) 

10-25 


Kthyl Formylacctate (aodio compound) 

- 

50 

CPS.298, 9 


a-Oxoisovalcnc Acid 

+{?) 

50 

CPS.998, 9 


a~Oxo iso valeric And (+ Lrcystome -f phenylacelic acid) 

-(L) 

9 ( + 10 +11) 

L.iS, 14 

C,HgO, 

7 , 7 -Dillvdroxy-a-oxoisovalenc And (H- i/-cyslnnc -f 

-(L) 

11 (+10 +11) 

LJ2, 14 


pherivlacctic and) 




CMImNO, 

DL-Valine 


250-1000 

CPS.298, 8,9 


Dir-Vnlmo (-1- pherivlacctic and) 

-(L) 

9 ( + 11) 

L. 14 , 1 


Betaine (hydrochloride) 

— 

50 

CPS.998, 9 

C.H„NO, 

r>L-/3“Hydroxyvalme (4- ly-cysteinc 4- phenylacelic acid) 

-(L) 

11 (410 +11) 

L,8, 4 
CPS.298, 8 

CeH^NjOs 

jy-Hist 1(1 me 


1000 

C«Hio03 

Kt h y 1 A cetoacet a 1 e 

+ (7) 

50 

CPS.298, 9 



— 

10 

CPS.686, 1 

CeH.aNOo 

L-Leueme 

— 

1000 

CPS.298, 8 



1 25 (synth.) 

25 

H.IO, 3 


L-Leueme (4- phenylacelic acid 4- DL-penicillamme) 

-(L) 

11 (+11 +12) 

L.12, 14 

CeHisN06 

(.llucosanune (4- phenylacelic acid 4- DL-pemcillamine) 


15 (411 +12) 

L.8, 4 


Glucosamine (hydrochloride) 

— 

- 

U 3, 37 

CelluN 

Triethylamine 

— i 

100-200 

PS, 3 

CeHuNO, 

Triethanolamine 

— 

100-200 

11.8, 3 

C7n4Ns 

Beiizothiazole 

0 93 ! 

10 

Cu 7, 4 

CtHijO, 

Ethyl a-Oxoisovalerate (-j- L-cysteine -H phenylacelic 

-(L) 1 

12 ( + 10 +11) 

L.IS, 14 


acid) 

Ethyl «-Oxoiaovalerate (4- OL-cystemc -f phenylacelic 

~(L) 

12 ( + 10 +11) 

L.IS, 1 


and) 




C»Hto04 

PcTUcillic Acid 

— 1 

50 

CPS.S98, 9 

CsHuN 

I) r.-a-Phenylcthy lam me 

— ! 

25- 50 1 

11. W, 3 

C,UnO, 

Di(»thyl Oxalacetate (sodio compound) 

— , 

50 i 

CPS.298, 9 


% 1 

4-(?) 

100 1 

CPS.m, 1 

C 10 H 7 N 2 O 2 S 

4,6-Dihydroxy-5-phenyl-2-mercaptopyrimidinc (sodium 

--(L)(H) 1 

19 1 

L 26, 1 


salt) 

1 

i 


CioIIioNO'i 

3-Methyl-l-phenyl-2-azetidinone 

0 60 

10 

Cu.7, 5 

C,«H,oN 40 , 

2,6-Diamino-5-phenyl-4-pyrimidol 

-(H) i 

16 1 

L.S6, 1 

CioHuNO 

2-PhenylmorphoIine 

0 65 1 

10-25 

A .22, 3 



0 17 ^ 

50 

A.22, 3 


3-Ph(myimorpholine 

-fDdI) 1 

13 

L 28, 1 

CuHnNO* 

2- Phony 1-5-et hoxy oxazole 

0 09-1 26 

10 

Cu.7, 4 

(aiHijNaOe 

L-Tryptophane 

— 

500 

CPS.298, 8 

CiaHioNaOaS 

5,7-f)ioxo-6-phenyl-2,3,6,7-tetrahy(lro-5-thiazolo-(3,2a)- 

~(H) 

20 

L.28, 1 


pynmidine 




CieHuNOa 

3-Methvl-l,4“ciiphpnvl-2-azetidinone 

1 28 

10 

Cu.7, 2 

CieHuNO 

3,5-Diph(*nylmorphohne 

-(L) 

19 

L.29, 1 


Glucoreductone 

Inh. 


CPS.226, 4 



Inh. 

— 

CPS.298, 9 


NEW BIOSYNTHETIC PENICILLINS 

The possibility of influencing the mold to form 
new penicillins by the use of precursors was postu¬ 
lated early by some workers in the field. Smith, 
Bide, and Robinson {CPS.226, 4) after reporting 
work on stimulation by phenylalanine and related 
compounds state “there is reason to expect that 
other penicillins will be amenable to biosynthesis by 
the use of appropriate components to introduce their 
side cliains into the molecule." Following the suc¬ 
cess of the Lilly group in finding precursors suitable 


for use in submerged cultures, compounds with 
other acyl groups were prepared and a considerable 
study of various acyl groups was proposed {L.IS, 
18, 19). 

Nevertheless, it should be recognized that serious 
doubt existed concerning the success of such experi¬ 
ments. A great number of enzyme systems exhibit 
a remarkable specificity, and only in a few cases are 
enzymes recognized to possess properties allowing 
action on a multiplicity of substrates. Thus, even 
though it was known that the mold can form several 
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penicillins, it seemed probable that these were 
formed by several enzymes systems each able to 
incorporate a single acyl group into a penicillin or 
by one enzyme able to synthesize a very limited 
number of penicillins. 

The first evidence of success in these attempts to 
incorporate new acyl groups into penicillins was 
reported by the Lilly Research Laboratories {L.16, 
2) as a stimulation in yield upon use of p-metlioxy- 
phenylacetyl-DL-valine. It seems justified on the 
basis of experience with phenylacetyl derivatives 
that such a stimulation may in most cases be 
int(‘rprctod as indicative of the utilization of the 
precursor. But an absence of stimulation cannot 
be interpreted as proof of lack of utilization of a 
compound. Indeed it is possiblt* that formation of 
a penicillin of particularly low potency may result 
in a decrease in total units in the broth. Stimula¬ 
tion data, then, need to be supplemented by other 
criteria useful in evaluation of new precursors. 
Since differential assay values are characteristic for 
individual penicillins, the effect of a prccairsor 
on the differential assay value of the penicillin in the 
test broth in comparison with the control may be 
significant. In the event that the new penicillin 
has a differential assay value similar to that mixture 
in the control broth, this criterion is of no value. 
Determination of the distribution coefficient or 
observation of differences in behaviour on chroma¬ 
tographic columns, as well as observations of other 
physical properties of partially purified penicillins, 
may provide information useful in evaluation of 
precursors. It is obvious, however, that all of the 
above criteria will only be indicative, and that proof 
of the utilization of a precursor requires the crystal¬ 
lization and characterization of the penicillin. 

Table VI (p. 673) contains the data on stimula¬ 
tion of yield reported for compounds which may 
be regarded as precursors for various new acyd 
groups. The table is arranged according to the 
empirical formulae of the acyl groups which the 
compounds tested may be considered to represent. 
Thus, for example, histamine is to be found under 
5-imidazoleacetic acid, analogous to the use of 
/9-phenylethylamine as a source of pheiiylacetic 
acid. It is of interest to compare the results 
obtained with various derivatives of some of these? 
acyl groups with comparable derivatives of phenyl- 
acetic acid. In most cases in which several 
derivatives of an acid have been tested, it has l)een 
found that these compounds elicit comparable re¬ 
sponses. For example, N-(p-methoxyphenyIacet- 
yl)-i)i.-valine, N-(2-hydroxyethyl) -p-methoxy- 
phenylacetamide, N-(2-aminoethyl)-p-mcthoxy- 
phenylacetamide, and jS-(p-mcthoxyphenyl)ethyl- 
amino each serve to stimulate penicillin production. 
In contrast, there are a few cases in which certain 
derivatives of other acyl groups fail to bring about a 
response comparable to that noted with phenyl- 
ac^yl compounds. N-(p-Nitrophenylacetyl)-DL- 


valiri(‘ and N-(p-nitrophenylaoetyI)-DL-isoleu(‘ine 
both stimulate penicillin yield, and both lead to 
formation of p-nitrobenzylpenicillin. However, 
N-(2-hydroxycthyl)-p-nitrophenylaeetamide ap¬ 
parently fails to affect penicillin production. With 
p-iodoj)heuylacetic acid, the situation is reversed; 
the ethanolarnide provides marked stimulation but 
the valine derividive is not effective. With 
benzylmercaptoacetic acid the situation is some¬ 
what different. Under conditions of test that 
elicit no response from phenylacetic acid or phenyl- 
acetamide, both benzylmercaptoacetic acid and the 
amide aie active'. Furthermore, benzylmercapto- 
acetyl-DL-valine and bcnzylmercaptoethylamine 
also stimulate the yield. It is apparent that several 
enzymes must be involved in the utilization of these 
different derivatives and that the specificity of 
these enzymes differs. 

The stimulation data lead to several tentative 
conclusions. Considerable success is indicated in 
the ('fforts to produce penicillins with a substituted 
beiizene ring. The phenyl group may be replaced 
by certain alicyclic rings or by certain heterocyclic 
or polycyclic ring.s; but ring systems containing 
nitrogen have faiU'd to provide marked stimulation. 
Benzoic acid derivatives do not seem to be used by 
the mold. Furthermore, it appears that only 
monosubstituted acetic acids are effective, leading 
to the conclusion that the a-methylene grouping is 
necessary. It is of interest tliat the mold is able 
to utilize compounds containing an ^‘interrupting 
group in the carbon chain such as oxygen or sulfur. 
Use of such a group to prevent beta oxidation seems 
to offer a promising approach to the formation of 
aliphatic penicillins. As th(‘ above statements are 
based in great part on stimulation data, their 
accuracy is subject to the limitations previously 
noted for such data. It may be expected that fur¬ 
ther work, both with varied cultural conditions and 
with other methods of evaluation of precursors, will 
demonstrate exceptions to (*ertain conclusions 
expressed. 

Isolation of new penicillins was first reported from 
the Lilly Research Laboratories {LM\ 3-7). 
Coming as it did, before the unequivocal proof 
of utilization of precursors for natural penicillins 
had ))een completed, these isolations provided the 
first direct proof tliat the stimulation in penicillin 
production observed on addition of various sub¬ 
stances to penicillin broth is due to utilization of the 
added substances. Table V (p. 672) lists new peni¬ 
cillins that have been isolat('d in crystalline form, with 
certain of their characU'ristics. Each of the penicil¬ 
lins listed except numbers 2, 10, and 11 gave satis¬ 
factory analytical values and was further identified 
by the comparison of tlu' ultraviolet absorption 
curves of the penicillin and its precursor (Figures 
1-12). Sodium p-nitrobenzylpenicillin, p-iodobenz- 
ylpenicillin, and p-tolylmercaptomethylpenicillin 
virere identified by their ultraviolet absorption 
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curves. X-ray powder patterns of a number of these 
biosynthetic penicillins are included in Chapter X11. 
Sodium p-bromobenzylpenicillin w^as isolated fol¬ 
lowing use of N-( 7 -p-bronu)phenylbutyryl)-DL-val- 
ine, as the precursor, again illustrating the trans¬ 
formation ol a phenyn)utyryl into a phenylacetyl 
group. The acyl groups contained in these 
penicillins may be classified as ‘Muologically- 
foreign substances/^ i e. compounds containing 
groupings that are not known to occur in livdng 
systems. The ability of the mold to incorporate 
such diverse .structures into penicillins in good 
yields is indeed a unitiue phenomenon. 

The isolation of sodium p-chlorobenzylpenicillin 
has also been achieved in the Research Laboratories 
of the Upjohn Company 5) u.sing N-(2- 

hydroxyethyl)-p-chlorophenylacetamide as a pre¬ 
cursor. These workers have compared the utiliza¬ 
tion of this precursor by two different strains of 
mold {U.26y 3). They reached the conclusion that 
the over-all yield of the new penicillin was similar 
with either P. notaium^ NRRL 1976, or P. chryso- 
gevum, X-1612. However, strain NHRL 1076 
produced the new penicillin to the practical exclu¬ 
sion of other forms whereas X-l()12 still produced 
appreciable quantities of the natural penicillin. 

The isolation of sodium p-fluorobenzylpenicillin 
has also been reported by Smith, Bide, and Graham 
of Glaxo Laboratories (CPSMSOy 2) with /3-(p- 
fluorophenyl)-ethylamine hydrochloride as the pre¬ 
cursor. In addition to the crystalline sodium salt, 
the preparation of the N-cthylpiperidine salt was 
recorded. The activity of p-fluorobcnzylpenicillin 
against four organisms in comparison with benzyl- 
penicillin (dilution assay) gave the following results: 


Staphylococcus aureus, 2,000 U./mg.; Corynebacterium 
diphtheriae, 3,500 U./mg.; Neisseria gonorrhoeae, 
1,800 U./mg.; and Pneumococciis, 2,600 U./mg. 

The Imperial (College group report, in a contribu¬ 
tion prepared for inclusion in this chapter, the 
attempted biosynthesis of p-aminobenzylpenicillin, 
e-bromobenzylpenicillin, p-iodobenzylpenicillin, and 
a-naphthylmethylpenicillin. None of these at¬ 
tempts was successful. The substituted acetic 
acids were added to synthetic media inoculated 
with P. noiatum, si rain N RRL 1249. In at least one 
case the loss of activity was so great during the 
purification procedure that it seems possible that 
the desired new penicillin could have been lost. 
With 0.05% p-aminophenylacetic acid, the activity 
was only partially extracted (50%) at pll 2 Avith 
chloroform, ether or amyl acetate. The non- 
extractable material showed a remarkable stability 
to acid. It w^as not appreiiably inactivated during 
45 minutes at pH 2 and at room temperature. 
Only of the original activity remained w'hen the 
extractable material was chromatographed. The 
experiment was repeated with 0.02%) p-amino- 
phcnylacetic acid in the l)roth. No difficulty was 
experienced during the concentration and extrac¬ 
tion process and it is stated that the **results were 
more promising.’^ How^ever, only 10-14%) of the 
original activity remained in the ether solution 
applied to the chromatographic column. It seems 
probable that p-aminobenzylpenicillin would possess 
amphoteric properties whicii would make the con¬ 
ventional extraction difficult. It is thus possible 
that the first experiment gave indication of the 
presence of the desired penicillin and that the second 
experiment was in reality the less promising. 


TABLE V 

New Crystalline Biosynthetic Penicillins 


Penicillin formed 

Precursor used 

Activity 

u./mg. 

Differ¬ 

ential 

assay 

Refer¬ 

ences 

1 . Sodium p-Methoxybcnzylpenicillin 

N-(2-Hydroxyethyl)-p-methoxyphenylaeetnniide 

1610 

0 82 

LM, 3 

2. Sodium p-Nitrobenzylpenicillin 

N -p-N itropheny lacetyl-D i^vahne 

1700 (?) 

0.86 

LM, 6 

3. Sodium p-Fluorobenzylponicillin 

N - (2-Hy droxyethyl )-p-fluoroph€nylaeetamide 

1G50 

0 89 

L.S9, 3 

4. Sodium m-Fluorobenzylpenicillm 

N-(2-nydroxyethyl)-m-fluorophenylacetamido 

2340 

0 76 

L.S9, 4 

5, Sodium o-FluorobenzylpeniciIlin 

N-(2-Hydroxyethyl)-o-fluorophenylacetamide 

1340 

1 08 

L.S9, 6 

6 . Sodium p-Chlorobenzylpenicillin 

N-p-('hlorophenylacet y 1 - 01 /-V aline 

2460 

0 73 

L.26, 6 

7. Sodium p-Bromobenzylponicillm 

N- ( 7 -p-Bromophenylbu tyryl)-i>i^ valine 

2270 

0.65 

L.SO, 3 

8 . Sodium p-Iodobenzylpenicillin . 

N-(2-Hydroxyethyl)-p-iodophenylace1 amide 

2800 (?) 

0.67 

L.S0,5 

9. Sodium 2-Thiophenemethylpcnicillin 

N- (2-Hy droxyethyl-2-t hiopheneacetamide 

1685 

1.13 

LM, 5 

10 . Sodium Phenoxymethylpenicillin . . 

N- (2-Hy droxyethyl )-phenoxy acetamide 

1670 

0,87 

L.30,4 

11 . Sodium p-Tolylmercaptomethylpenicillin 

p-Tolylmercaptoacetyl-OL-valine 

1286 (?) 

0.83 

L.SO, 4 
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TABLE VI 

Compounds Tested as New Penicillin Precursors 

(The table is arranged according to the empirical formulae of the acyl groups which the compounds tested may be 
considered to represent. indicates no increase in yield; indicates increase reported; the numbers under Stimu¬ 

lation” represent the ratio: units in test container/units in control container. (L) Lilly ^‘Low” method; (H) Lilly *‘High” 
method. “Iiih.” indicates inhibition of penicillin prodiK^fion. 


Empirical 

formula Acid. Acid derivative 

of acid 


C 2 H 4 O 2 .A(ieti(! Acid 

Acetamide 
N -Acetyl-DLr valine 

N-Acctyl-Dir-valine (4* phonaceturic acid) 

CsHflOa. l*ropionic Acid 

Propionarnide 

C4H6C1ji02 . 7 -’rrichlorobutyric Acid 

N-( 7 -Triclilorobutyryl)-DL-valine 

C 4 H 8 O 2 . n-Butyric Acid 

n-Butyrainido 

€411803 . d-Hydroxybutyric Acid 

N-(2-Hydroxy ethyl)-/^-hydroxybutyramide 

C6H408. 2-Furoic Acid 

Furfural 

2-Furoainide 

C 4 H 6 NO 4 S.2,4-Oihydroxy-5-thiazoleacetic Acid 


CftHeNaOj 5-Imidazoleacetic Acid 

Histamine (dihydrochloride) 

C4H4N202S. . S-(2-hni(iazolc)-incrcaptoacetic Acid 

N-(2-Hvdroxyethyl)-S-(2-imida«ole)-mercaptoacetamide 

C»H 404 .. , Itaconic Acid 


CiHio 02 . n-Valeric Acid 

n-Valer amide 

C«H 8 N 02 . Nicotinic Acid 

N-(2-Hydroxyethyl)-nicotinamide 
Nicotinamide 

C 6 H 6 O 4 .Kojic Acid 


C 4 H«N 204 . 2,6-Dihydroxy-5-pyrimidineacetic Acid 

N-(2'-Hydroxycthyl)-2,b-dihydroxy-5-pyrimidineacetainid( 

C<H« 02 S. 2-Thiophcneacetic Acid 

N- ( 2 '- H y droxye thy 1 )-2-th iopheneacetam ide 

N- (2'- A ra inoethy 1) - 2 -thiopheneacet amide 

CfHeOi. 2-Furaneacetic Acid 

N-( 2 '-Hydroxyethyl)- 2 -furaneacetamide 

CiHeOiS. Bonzenesulfonic Acid 

N-Benzenesulfonyl-nij-valine 

C«H 7 N 02 . 2-Pyrroleacctic Acid 

N-(2'-Hydroxyethyl)-2-pyrroleacetamide 

CfH 7 N 02 S. Methylthiaaoleacctic Acids 

N- ( 2 '- Hydroxy ethyl )-4-methy 1 - 2 -thiazoleacetam ide 
N-(2'-Hydroxyethyl)-2-methyl-4-thiazoleacetamide 
C 1 H 1 O 9 . Sorbic Acid 


Sorbamide 

CfHiaOt. Isocaproic Acid 

N-Isocaproyl-DL-valine 
i-Butylacctic Acid 
<-Bu ty lacety 1-0 li-valin e 


Stimulation 


0.92 

-(L) 


-(H) 


-(L) 

Inh. 

0.98 

0.69 

0.72 

-(H) 

-(H) 

1.18 (L) 
1.18 
1.05 
0.85 


-(L) 

1.02 

0.t)0 

1.30 

-(H) 

1.40 (L) 
1.70 (H) 
1.44 (II) 

Inh. (L)(H) 

-(H) 

-(H) 

-(L)(H) 

-(L)(H) 

0,87 

0.98 

0.43 


-(L) 

-(H) 


C'oiicen- 
t ration 
mg. % 


30 

20 

10 

13 ( + 15) 

40 

23 

40 

12 

20 

50 

10 

25 

50 

50 

16 

16 

10 

25 

50 

50 

13 

50 

10 

25 

50 

17 

15 

15 

15 

13 

21 

13 

16 
16 
50 
10 
25 
50 
50 



References 


(U\^.298, 8 
3 

(7m.7, 4 
I.,23, 1 

CPS.298, 8 

L.SO, 1 

CPSMH, 8 

L, 2 S, 1 

CPS.298, 8 
CPS.298, 8 
AM, 5 
AM, 5 
AM, 5 

LM, 1 

LM, 1 
L.29, 3 
AM, 4 
AM, 4 
AM, 4 

CPSM 8 , 8 

LM, 1 
CPSM 8 , 8 
AM, 3 
AM, 3 
AM, 3 

L.SO, 1 

LM, 2 
LM, 2 
L. 24 , 13 

LM, 1 

LMf 1 

L SO, 1 

L,28, 1 
LM, 1 
CPPM 8 , 8 
AM, 5 
AM, 5 
A,26, 5 
CPJSM 8 , 8 

L.IG, 1 

LM, 1 


17 
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TABLE VI.—(Continued) 


Empirical 



Conceit 


formula 

A(‘i(l. Acid derivative 

Stimulation 

tration 

Heferencos 

of a(!id 



ntiR. % 


C.II.,04 

<>,7-T)ihydro?iy-/i,^-dimelhYlhutyru* Acid 





N-(2-Hydroxycthyl)'*<j',V-diliydroxy-/i,/i-dimothylbutyramid(‘ 


15 

L.SS, 1 


1 - A rn in o-3-pant oy Ipropan e 

-(L) 

16 

L.S8, 1 

CtHoOj 

Acid 





N“Henzoyl“i>n-A aline 

-(L) 

18 

LJ4f 3 


Bonzaniide 

(?) 

60 

CPS.Z98, 8 


«-Aniinophen\ lacetic Acid 

4 (’) 

50 

cps.m, 8 ' 



0 76-1 31 

10 

Cv,7, 4, 5 


Benzylamine 

— 

50 

CPS.68b\ 2 


Beiizylaniine Hydrochloride 

— 

10-50 

tf.io, 3 


Benzaldohyde 

— 

50 

CPSMi), 2 

C7H7N02.. 

2-Pyridincacptic Acid 


1 



N-(2'-Hydroxy(itlivl)-2-pyridiiieacetamide 

-(ji) 

1 ’4 

L.SO, 1 


3-Pyn(hricacotic Acid 


1 



N-(2'-Hydroxyet hyl )-3-py ridineacetamide 

--(H) 

14 

L.S.9, 1 

C7H,NjO, . . . 

4-IIydroxy-2-mcthyl-5-pyrjniidiucacetic Acid 





N*(2'-Hydroxyothyl)-4-hydroxy-2-meth5'l-5-pyriuudine- 

-(H) 

17 

L.S6, 1 


ac(*taniide 




C,H,„NsO,S 

3“linmo-4-ox()'*5-isothiazolidineacctic Acid Hydrochloride 

0 90-0 82 

10-25 

A.24, 5 


2-lmin()-4-oxo-4«lhiazolidineaeetic Acid 





Kthyl 2-Imino-4“Oxo-4-tliiaz()lidineacetate (hydrochloride) 

012 

10 

A.22, 3 



0.02 

25 

A.22, 3 

C7H<o(L . 

2-C 'yclopcnteneacetic Acid 





N-(2'-Hydroxycthyl)-2-cyclopeiitcncacetainido 

1 5!) (L) 

13 

L.gS, 2 



1 -10 (H) 

13 

L.23, 2 

CrUuOj 

(ycloh<‘\arieciirbo\ylic Acid 





N-( 'yclohexaiiecarhoxy-Di^valino 

-(L) 

J8 

L.Sfl, 1 

CnUu^OS 

2-l8opr()pyl- l-thiazolidinocarboxj lie Acid 

- 

— 

U.S, 37 

CrlluOi . 

/i-Ileplauoic Acid 





N-(2,2-l)ietho\yelhyl '-reheptanoamidc 

~(L)(H) 

20 

L.29, 2 

(’.ILCLO, ... . 

2,4,0-l^^^’i^’lil^>roj)lH‘no\yac('l 1C Acid 

-(II) 

20 

L.gO, 1 


N-(2'-JlydroxycthyI)-2,4,r)-trichlor()phenoxya<‘ctaniide 

-(ID 

23 

L.g8, 1 


2,4,0“Trichlorophi‘n()xyacc*tyJ-i)ir-vaIine 

-(ID 

28 

L.gS, 1 

C.II,BrjO,. 

3,5-1 )jbroni()-bh> droxyphenvlacetic Acid 





N-(2-Hydro\ycthyI)-3,5-dibromo-4-h>droxyphen) 1- 1 

-(ID 

28 

L.g9, 2 


acetamide 




C.H.CljOj . . . 

3,4-Dichk)rophenylacetic Acid 1 





N- (2-Hydroxyethy 1 '-3,4-dichlorophenylacetamide 

2 10 (H) 

20 

L.SO, 2 


2,4-l)ichloropheiiyIaci*tic Acid 





N-(2-Hydr()\yethyl}-2,4-dichlorophcnylacetanude 

1 03 

10 ' 

A.24, 4 



0 87 

25 

A.24, 4 



0 67 

50 

A.24, 4 

C.HoCUO,. 

2,4-Dichlorophenoxyacetic Acid 

0 94 

10 

i A.25, 5 



1 06 

25 

A.25, 5 



0 93 

50 

A.25, 6 

o,n.LO,. 

3,5-Diiod()-4-hydroxyphenylacel ic Acid 





N-(2'-lIydroxy’ethylj-3,5-diiodo-4-hydroxypheDylaectannide 

-(H) 

35 

L.25, 1 

CVIcOi. 

Phthalic Acid 




t 

N-d-^k*rcaptoethylphthaliinidc 

1.05 

10 

Cu.7, 2, 4 

CiHiBrO,. 

7a-Bromophenylac<»tK* Acid 



, , 


N-(2-H3'droxyethyl)-7H-broniophenylacetamide 

2.21 (H) 

21 

L.80, 2 


o-Brornopliciiylacetic Acid 

1 0 

14 

Imperial College 





(Suppl. report) 


N- (2- Hy dr oxyethyl )-e-broniopheiiylacctainide 

1.10(11) 

20.5 

L,S0, 3 


p-Bromophenylacetic Acid 



•) 


iV - (2-11 yd rox y c th y 1) - p-bromopheny laceta mide 

2,90 (H) 

21 

2 



1.40-1.59 

10-60 

AMy 5 


N - (p-Bromophenylbuf y ryl )-Dii-valine 

2.60 (H) 

27 

LJOy 2 

cja,ao,. 

m-Chlorophenylacelic Acid 





N«(2-Hydroxyethyl)-7i/»chlorophcnylacetamide 

1.20 

10 

A.e4, 4 



1.84 

25 

A.e4f 4 



0,13 

60 , 

A,£4f 4 
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TAB1.E VI.—(CorUinwed) 


Empirical 


1 

C^onceri- 


formula 

And, Acid derivative 

Stimulation 

tration 

References 

of acid 



mg. % 


CJiyCUh 

o-Chlorophenylaeotie Acid 




(Continued) 

o-Chloropheiiylacotamide 

0 78 

10 

/l.v',5, 5 



0 (il 

25 

A .25, 5 



0 04 

' 50 

A.25, 5 


N- (2-Hydr()\yotJiyl)-o-chloropheriylacelaniide 


' 17 

1 


N>(o-(’hlor(*pheiiyhicetyIj'i)L-\ al^iie 

-(in 

22 

L.26, 1 



1 1 42 (L) 

' 22 

L.2(i, 2 


/)“C1iloroplicnylac(dic Acid 


1 



N-(/>*C'lil<)roplieiiylacotyl)-i)ir-valine 

1 .^0 (I.) 

22 

14 



I 33 (in 

22 

L.2J,, 14 


N-( 2-nydro\y(*thyl '-p-chloropheiiylacetamide 

1 08 (in 

17 

n.M, 2 

iWhCiO, .... 

p-( 'hloroplieno.xyaeelie Acid 





/^-(^lilorophenoxyaeetyl-Di^valiiie 

-aodi) 

23 

L.SS, 1 

c;ji,f()3 . 

w-KIuorophenylacetic And 





N-(2-liy(lroxyethyll-m-fluoropheTiyIacetamide 

1 1 IS 

10 

A..% 5 



1 42 

25 

A.24, 5 



1 74 

50 

A.24f 5 



1 93 (H) 

16 

L.StJ, 2 


o-Flu<ir()pb(*nyUieetic And 





N-(2-Hydr()xyethylj-e-fluoroplienyIaretaiiiide 

0 05 

10 

A.24, 5 



1 15 

25 

A .24, 5 



1.18 

50 

A.24, 5 



1 23 (H) 

IG 

LSD, 3 


p-FluoroplH‘n> laoetie Acid 





N- (2-11 \ dro\y(‘< liyl )-/y-fiuoropheiiylacetaniide 

1 54 (11) 

IG 

L.iSI), 2 


itf- (p- I‘'l u () roph eny 1) -e t li y 1 a null e 

2 32 

25 

Cl’HMSa, 2 

C.lljIOs . 

p-lodojd^enylacctic And 

1 0 

18 

Imperial College 





(Siippl. Report) 


N-(2-Ifydro\yethyl)-p-iodophoiiylaeetamide 

1 S3 (in 1 

24 

L.SO, 2 


p-Todopheii.v lacetyl-DL-valine 

-an 

29 

L.tifi, 1 

C 8 II 7 NO 4 

7/i-Nitropheny]acetu‘ And 

1 




N-(m-NitroplienylacetyF-nL-valine 

-an ‘ 

23 

L.i'S, 1 


o-Nitrophoiiylacetic Acid 





N-(o-Nitrophenylacetyl)-i)ii-valine 

-a.) an 

23 

L.e5, 1 


7 >-Nitrophenylacetic Acid 





N-(p-Nitrophenylacetyl)-DL-valiiie 

1 08 (J.) 

23 

L.2J, 5 



1,49 an 

23 

L.SOi, 1 


N-(p-Nitrophenylacety 1 )-i) L-isoIeucine 

1.29 (11) 

24 

L.SfJ, 2 


N-(2-1 ly droxy ethy 1 )-p-nit roplien> lacelamide 

-(Ddn 

18 

L.2S, 7 


N-( 7 -p-Ki 1 ropheiiyIbut 3 ''ryl i-dl-a aline 

1 46 (11) 

25 

L.sr>, 2 


4-Aniino-3-riitrophniylaoctie Arid 





N- (2-Hydroxyethyl j-4-arnino-3-riilrophenylacctamide 

-(Ddl) 

10 

L.W, 1 

CgllsOS. 

Phenyltiiioaretie Acid 

1 




N - I’h en^ 11 h ioace ty 1- n v al i n e 

-(L)aj) 

20 

L.16, 1 


N - Pheijy It h ioacet y l-DL-iaoleucine 

-an 

21 

LJ6, 1 



+ (?)(L) 

21 

L.ie, 2 


N-Phonylthioacetyl-D-ponicillainine 

-(L)(li) 

23 

L.Ul, 1 


N-Phenylthioacetyl-ri-peninllarnine 

-(n)(ii) 

23 

L.W, 1 

- 

N-PhcnylthioacetyI-/3,^-diethoxyalanine 

-(L)(H) 

25 

L.20, 1 

CaUOz . 

Mandelic Acid 

0.93-1 12 

10 

c«.r, 4 


N-(2-Hydroxyethyl)-mandclamidc 

-(L) 

15 

L.2S, 1 


Phenoxyacctic Acid 





N-Phenoxyacetyl-DL-valine 

1.19 (L) 

20 

L.22, 9 


N-(2-IIydroxycihyl)-7-phenoxybutyraniide 

-(L)(in 

17 

L.2A, 1 

CaHjAsOs. 

p-Arsonophcnylacetic Acid 

0.99 

10 

A.2<!, 5 



0 97 

25 

\ A.20, 5 



0.75 

50 

j4 .so, 5 

C,H,NO». 

N-Phenylglycine 

1.25 

10 

A .SO, 5 



0.04 

i 25 

A.SO, 5 



0.39 1 

1 50 

A.SO, 5 


p-Aminophonylacctic Acid 

Inh. 

50 

Imperial College 





(Suppl. report) 


Sodium p-Aminophenylacetatc 

-(L) 

14 

L.SO, 1 


p-Am inoph eny lacolon itrile 

-a.) 

11 

L.SS, 1 


N*(2-Hydroxyethyl)-p-aminophenylacetamide 

-0^) 

15 

L.S6, 1 


N« (p-Aminophenylacetyl)-Di,r-valine 

-a^)(H) 

20 

L.se, 1 
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TABLE VI.—(Contjnufrf) 


Empini^al 



Conceii- 


formula 

Acid Acid derivative 

Stimulation 

tration 

llefercnces 

of acid 



mg % 



7 -(y>-Aminophenvl)-butyr\l-DL-valme 

-(») 

22 

LS8, 1 

(Contmued) 

f)-Methyl-2 pyridmeacetic Acid 





N-(2'-Hydro\yc thvl)-6-niethj 1-2-pyridineacet amide 

-(H) 

15 

L m, 1 

C.lI.oO, 

I^enicillic Acid 

0 91 

10 

A m, 4 



0 83 

25 

A S6, 4 



0 89 

50 

A SO, 4 

C,H„0, 

2-Cvclohexeneacctic \( id 





N-(2 -lIvdroxvethyl;-2-cytlohexei)( at etainidt 

1 41-1 61 

10-50 

A SS, 3 



1 75 (H) 

15 

L S8, 2 



1 54 (L) 

15 

LS8, 2 

C.HuOj 

( Vdohi'xaneacetic Acid 





N-(2-ilydroxypthyl)-cyclohe\anearetamide 

-(L) 

15 

L S3, 1 


N-Cyclohexancacetyl-oi -valine 

+ (’)(L) 

19 

L lb, 2 


('oumanlic Acid 

1 02 

10 

A SO, 3 



0 84 

25 

A SB, 3 



0 25 

50 

A SB, 3 

C.H 7 F 3 O 2 

w-Trifluoromethylphenylacetic Acid 





’V-(2-ll> droxyethylha-tnfluoromethj Iphenylat etaniide 

1 27 (H) 

20 

/. SO, 2 

C.IlTNOa 

p-Cyanophenylacetic Acid 





N- (p-C\anophenylacetyl )-DL-valme 

1 24 (H) 

15 

L SO, 2 

C,H,NiO, 

2-Henzimida2oleacelic Acid 





\-(2-Hydroxyethyl )-2-bcn/imidazoleacetamide 

-(L)(H) 

17 

L SO, 1 


VBcnzimidazoleHcetic Acid 





N-(2-Hydroxyeth>l)-5-berizimidazolcacetamide 

-(L)(H) 

17 

LS9, 1 

C.H.O, 

Cinnamic Acid 

— 

25 

CPS S98, 8 


N-Cinnamoyl-i)r/-valine 

-a) 

• 20 

LSO, 1 

C,H.04 

3,4-Methylenedioxyphenjlacctic Acid 





d-(3,4-Methylenedioxyphenyl )-ethylamme hydrochloride 

1 25-1 6 

25-50 

U 10, 2 


N-(2 -Hydroxyeth\ l)-3,4-methylenedioxyphen> lacctamide 

0 95 

10 

AS4,A 



1 03 

25 

A S4, 4 



0 89 

50 

A S4, 4 


Caflfeic Acid 

0 95 

10 

A SB, 4. 



0 89 

25 

A SB, 4 



0 55 

50 

A SB, 4 


ilomophthalic Acid 

0 82 

10 

A SB, 3 



0 65 

25 

A SB, 3 



0 37 

50 

A SB, 3 


Homoterephthalic Acid 





N,N'-iBi«(2-hydroxyethyl)-homotcrephthalamide 

-(H) 

21 

L SO, 1 


I^henylmalomc Acid 





N, N -Bta(2-hydroxyethyl)-phenylmalonamide 

1 24 (ID 

21 

LSO, 3 

C.H,oNO,S 

Beiizylsulfenylacetic Acid 

0 98-1 12 

10-50 

A S4, 5 

C,H„NO«S 

Beiizylsulfonylacetic Acid 

0 49 

10 

A SS, 5 



0 56 

25 

A.SB, 5 



0 31 

50 

A SB, 6 

CiHigOt 

Phenylpropionic Acid 

— 

25 

CPS.SOS, 8 


N-^-Phenylpropionyl-DLrvahne 

-(L) 

20 

Lie, 1 


7 -Phenylpropylamme 

1 26-1 42 

50 

H 10,9 


m-MethylphenylacetK5 Acid 





N- (2-Hy droxyethyl )-m-methy Iphenylacetamidc 

1 39 (H) 

15 

Lse, 2 



1 63 (L) 

15 

Lse, 2 


o-Methylphcnylacetic Acid 





0 - Methylphcnylacetamide 

0 76 

10 

A SB, 5 



0 67 

25 

A.SB, 5 



0 31 

50 

ASB,B 


N-(2-Hydroxyethyl)-o-methylphenyJacetamide 

1 36 (H) 

15 

L.SB, 2 


p-Methylphenylacetic Acid 





N-(2-Hy droxyethyl)-p-methylphenylacetamide 

1 69 (H) 

15 

LSO, 2 

GfUicOiS 

Benzylmercaptoacctic Acid 

1 44 

10 

A.SS, 4 



0 92 

25 

A.SS, 4 



0 28 

50 

A.SS, 4 



1 77 (H) 

15 

L.S0, 2 


Benzylmercaptoacetamide 

1 25-1 58 

10-50 

A.S4, 6 



2 15 (H) 

15 

L.S9, 2 
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TABLE y\.—{Conlinved) 


Empirical 



Ooncen- 


formula 

Acid. Acid dori\ ative 

Stimulation 

1 ration 

References 

of acid 



lliK % 


C»llioOaS 

N-Beiizylm(*r(*aptoaeetyl-DL-viilin(‘ 

1 OB-l 12 

10-50 

A 5 

{Continued) 


1 40 (L; 

23 

L.Jiff, 2 


j!?“13c*nzyliricrr.Hptoeth>lainine (hydrochloride) 

1 18 

10 

A 24, 4 



1 09 

25 

A U, 4 


i 

0 27 ! 

50 

A ,U, 4 



1 (.<) (in 

16 

L.4f.9, 2 


N- (2-Beuzylm(Tc*Mp1 oethyB-phonylacetamide 
p-Mcthylmercaptophcnylacetic Acid 

0 33 0 30 

10 50 

A «4,4 


N-(2-lIydro\yetJiyI j-/>-mcthylmercaptophcnylacetamjilo 
p-ToI yImcrcapt oacet ic Acid 

1 2(> (H) 

18 

L 29, 3 


N-(2-H yd roxy el h YB-/>-t ol vlmercap toacetamide 
N-(/i-l\)lylmorcapt()acctyl)-UL-valine 

1 73 (in 

18 

h.29, 2 


1 42 (11) 

23 

1 L 2 

C9H10O3 

p-MethoxyphenyJacelic Acid 
N-(p-Methoxvphenylacetyl)-Di/-vaIine 

1 S2 (L) 

21 

L if), 2 


N-(2-Hydroxy c*tli> 1 )-p-iricthoxyphenylacetamide 

1 22 (L) 

17 

L S4, 14 



1 22 (ID 

17 

L. 24 , 14 


N- (2-AminoetIiyl )-p-nielhoxyphenylacctamide 

1 35 (L) 

17 

L.U, 13 



1 34 (IT) 

17 

L.24, 1 i 


/^-(p-Methox} phenyl )ethylamine hydrochloride 
O-Melhvlmandelic Acid 

1 IS 

25 

H.IO, 2 


N-(2- Hydiox^^el hyl )-0“mcthylmandelamide 

-iL) 

i 17 

L 26, 1 


Tropic A( id 

1 00-1 10 

1 10-50 

A 26, 4 

C 0 HUNO 2 

N-Phenyl-N-methvlglycLne 

N -(2-Ihtlro\ye‘thy 1 )-N-pheiivl-K'incthylglycmeaiiiide 

-(in 

1 17 

L.29, 1 

C,II,.0, 

2“Allyhl hexeneacctic Acul 

N-(2-Hvdioxyethx 1 )-2-allyl-4-hcxenarnide 

-(L) 

10 

h 20, 1 

C.HhO, 

l-Metliyl-2-()\ocyclohexaneacolic Acid 

0 09-0 70 

10-50 

A 26, 5 

C.lIi.Oi 

IVlargoTiu* Acid 

0 15 

10 

A 26, 4 

CiolKVOi 

3-Indoleacetic Acid 

+(?) 

50 

CPS JOS, 8 


N-(2 - 1 Ivilrowethyl )-3“mdoleacetamide 

(L) 

17 

h 21, 4 


N-(2 - Kvdroxyethyl )-7-3-indol<‘-rt-lnit,vramide 

-(L) 

19 

L 24, 13 

CiolliiNOsS 

2-l*heny 1-4-111inzolidinecarhoxyhe Acid 



US 37 


a-Innno-/:/-pli('nylethylmercaptoacetic Acid Hydrochloride 

- (L ) 

20 

L 22, 8 

CioHnNOsS 

2-(o-Hvdro\vpheiivl i-4-thui/olidinccarl)oxylic Acid 

— 


U.3, 37 

C10H12O2 

d-Phenyl but VI 1 C Acid 

1 04 

10 

A .26, 4 



0 08 

1 25 

A.2(1, 4 



0 09 

50 

A 26, 4 


a,«-Diniethylphenylacetic Acid 

)irne1 hylphenylacct yl)-Di7-valme 
a-Ethylphenylacetic Acid 

-(Id 

21 

L 16, 1 


N-(<y- K\ hylphenyla cetyl )-i)i/-valme 

-(L) 

21 

L 20, I 


2,r>-l)jiiiethylphenylacetie Acid 

0 80-0 90 

10-50 

A 24, 0 

C 10 H 12 O 2 S 

d-Ph(’iiylethyliTiercaptoacetic Acid 

0 91 

10 

A 2((, 4 



0 Of) 

c 

1 

LC 

CM 

A.26, 4 

CiolIiaOa 

d-(p-Hydro\yphi*nyn-butyric Acid 

0 42 

10 

A 26, f) 



0 15 

25 

A 26, r> 



0 03 

50 

A.26, 5 

CioHi704 

2,.‘1-T)imet hoxyphenylacetic Acid 

N-(2-Hydroxyothyl)-2,3-diniethoxypheiiylacetaniide 

-(II) 

19 

L 29, 2 


3,4- Dimethoxyphcny 1 acetic Acid 

1^-(2 - Hydroxyclhy 1 j-3,4-diinelhoxyphenylacetamide 

• 




0 9f) 

10 

.1 24, 4 



0 97 

25 

A 24, 4 



0 79 

50 

A 24, 4 


Homoveratric Acid 




N- (2- Hy d roxy c t h yl )-h omo veratramido 

-(ID 

- 19 

L SO, 1 

CiolIiaNOa 

N-(d-Phenylethyl )-glycine 

- 

10 

CPU 686, 1 

CipHjaO* 

Cyclohc'xanebutyric Acid 



CiiH*0» . 

N-(2»IIydroxyethyI)-cyclohexancbutyrainide 
7-TIydroxy-4-eouniariiiacetic Acid 

-a,) 

17 

L.22, 8 


N-(2-Hydroxyethyl)-7-hydroxy-4-coumarinacetamide 

-(11) 

21 

L.S0, 1 

CnllpNO* . 

3-Quinolineacetic Acid 
N-(2-Hydroxyethyl)-3-quinolmeacetamide 




-(ID 

18 

L.29, 1 


0-Quinolineacetic Acid 





N-(2-nydroxyothyl)-6-quinolineacetamide 
8-Quinolineacetic Acid 


18 

L.29, 1 


N-(2-Hydroxyethyl)-8-quinolineacetamide 

-(H) 

18 

L.29, 1 
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TABLE VI.—{.Continued) 


P'mpirical 



Concen- 


formula 

Acid. Acid derivative 

Stimulation 

tration 

References 

of acid 



ing. % 


CiJI^NOjS . 

2»BoiizyI-4-thiazolrca rboxylic Acid 

-(L) 

21 

L.SS, 8 

. 

ar-AllyIpli(*nyIacetic Acid 





N - (fy- A llylphcny lacctyl )-1)L- valine 

-(L) 

22 

L.20, 1 

C„1L=(L . ... 

/?-lMcthyl-/>-inctlio\ycinnainic Acid 

0.95 

10 

A .26, 5 



0.07 

25 

A .26, 5 



0 05 

50 

A. 26, 5 

CiiHi206. 

p-(’arbethoxyhydroxyphonylncetic Acid 





7)-(’arbctbox\hydroxy phonyhicctyl-Dij-valino 

1.29 (L) 

26 

L.21, 2, 5 

OjiHiaAsOa .... 

/3-Mothyl“/3-(;>*arsciu)aophonyl)-butyric Acid 

1.04 

10 

A. 26, 5 



0.93 

25 

A .26, 5 



0 04 

50 

A .26, 5 

CnII,3N04 . 

d-(p-NitrophcnyI)-isovalcric Acid i 

1 




N - \(i‘ ( NI tropli c n y 1) -ISO V al cry 1) ]- ni/-valine 

-(L) 

26 

L.26, 1 



1 31 (H) 1 

26 

L.2L), 3 



0.73-0 93 

10-50 

A. 20 , 4 

CiiHuOj . 

Moaitylacclic Acid 





Mcsitylacetyl-UL-valinc 

1.20 (H) 

22 

L.SO, 3 


/>-]sopropylplicnylacctic Acid 





N-(/>-Isopropylpliciiylacctyl)-DL-valiiie 

-(L) 

22 

L.W, 1 


N-( 2-Hydroxy ethyl )-/>-isopr()pylplieiiylcthylaminc 

Inh. (L)(H) 

16 

h.SU, 1 

! 

3-Plicnylvaleric Acid 





N- (5-Phcnylvaleryl )-nL-valin(‘ 

-(LHIl) 

22 

L.S!>, 1 

CuHuNO. . 

N-(/3-Phenylcthyl}-nL-alaniiie 


10 

CPS.IISh-, 1 

C11II20O2 . 

6-Cyclohexancvaleric Acid 

0 06 

10 

A.26, 4 


6-Cyclohcxanevalcryl-i)L-\ aliin* 

1.29 (11) 

23 

L.2S, 2 



1.50 (L) 

23 

L.26, 2 


9-Undecylcnic Acid 

0.02 

1.0-50 

A .26, 3 

Ciin2iBrO* . . . i 

w-Bromoundecvlic Acid 

0 82 

10 

A .26, 5 



0 71 

25 

A. 26, 5 



0 56 

50 

A .2(1, 5 

CnTItBrOt . 

O-Broino-2-napht hylacetic Acid 





N-(2-llydroxytithyli-G-broino-2-naphthylacetamide 

-ill) 

25 

L.SO, 1 

Ci*H»ao* . 

3-( 1iloro-2-naphthylacctic Acid 





N-(2'-HydroxyethyP;-3-chIoro-2-naphthylacctamide 

Inh. (11) 

22 

L.SO, 2 

Ci.II.FO. . 

6-Flu()ro-2-naphthaleneacctic Acid 





N-(2'-lIydroxyethyl)-r»-fluoro-2-iiaplithylacetaniide 

1.22(11) 

20 

L.SO, 2 

c,.n,oO. . 

1-Naphthylacetic Acid 

0.67 

30 

Imperial ('ollege 





(Suppl. report) 


N-(2'-Hydroxy ethyl )-l-naphthylacetainide 

-(H) 

18 

L./f;, 1 


N- (1 -N aphthylacotyl )-DL-vuline 

-(L) 

23 

L.25, 1 


2-Naphthylacetic Acid 





N-(2'-Hydroxyotbyl )-2-naph t hylacetamide 

1.40 (H) 

15 

L.S6, 1 

CiiITioO* . 

2-Naphthoxyacetic Acid 





N- (2-Naphthoxy acet yl Uni/-valine 

~(11) 

24 

\l.S0, 1 

CifHuOa . 

5,6,7,8-Tetrahydro-l-naphthylacctic Acid 

! 0 81 

10 

A. 24 , 6 



0.88 

1 25 

A.S4, 6 



0.73 

! 50 

A. 24 , 6 


N-(2-Hyd^oxyethyl)-5,0,7,8-tctrahyd^o-2-naphthyIacet- 

-(11) 

16 

L.S0, 1 


aIllide 




CiiHjaOa. 

^-Cyi'lohexylcaproic Acid 

Inh. 

10 

A. 26, 4 

Cnll*40*. 

Laurie Acid 

0.42 

10 

A. 26, 4 



0.08 

25 

A. 26, 4 



0.19 

50 

A.26, 4 

CiilliaOa. 

6-Me^hoxy-2-naphthylacetir Acid 





N-(2'-llydroxyethyl)-r)-niethoxy-2-iiaphthylacetamide 

-(H) 

21 

L.SO, 1 

CuIL.NO.. 

N-(/3-Phony lethyl )-Di/-valinc 

■f 

10 

I’ti.Um, 1 

CiiHiaOt. 

7)-Xcnylacetic Acid 

O.ll 

10 

A.26, 3 


N-(2-1 lydroxyeth yl )-p-xcnyIacct amide 

-(H) 

20 

L.28, 1 


Diphenylacotic Acid 

0.60 

10 

A.26, 5 



0.54 

26 

A.26, 5 



0.27 

50 

A.26, 5 


N- (2-Hydroxyet hyl )- diphenyl acetamide 

-(L)(H) 

20 

L.26', 1 

C14H12O3. 

p-Phenoxyphenylacetic Acid 





N- (2-Hydroxy ethyl )-p-phenoxyphenyJacetamide 

1.64 (H) 

22 

L.30, 2 
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TABLE VI.— {Continued) 


Empirical 



Ooncc'ii- 


formulae 

Acid. Acid derivative 

Stimulation 

t ration 

Befej on CCS 

of acid 



inR. '/t 


CuHi.O, 

Bicycloho\yl-4-acctic Acid 

0 21 

10 

A (. 



0 o:> 

25 50 

A 6 


7-(0ctalivdio-2-nii})h11\aleiiej-l)iit> nc Acid 

0 03 

10 

1 ''1 ,5 

CuIL.O, 

Myristic Acid 

0 .'■)•{-() 7:) 

10 50 

A >5, 5 


N-(2-J lydroxyetli vD-niM istaimde 

(11) 

22 

1 

O 16 H 12 O 2 

9-Fluorciu‘acctic Acid 





N-(2'-H\ droxyclln 1 )-9-fluor( ncacctaniidc 

lull (II) 

21 

L AO, 1 

Ci.lIuO, 

iei,/3-l)jphouylpropi()nic A( id 

1 SI 

10 

A ,>r,, 3 



0 77 

25 

A ‘B, ;t 



0 l.'> 

50 

1 'S, 3 


/j-Bcnyyloxyphcin lacctic Ac id 





N“(/i-B(‘n7vlox^ phcrn lacct\ 1 )-pi -\ aline 
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SUMMARY 

Addition to media of certain compounds con¬ 
taining, the phenylacetyl gjroup or of certain 
compounds wliich may be converted biologically 
to contain this group resulted in increased produc¬ 
tion of benzylpenicillin. The efficacy of compounds 
varied with the strain of the mold and with cultural 
conditions. 

The acyl portion of such stimulatory compounds 
was incorporated into the penicillin by the mold. 
Thus, when deuterophenylacetyl-N'®-valino was 
used as a precursor, the resulting benzylpenicillin 
contained the deuterium. In contrast, the con¬ 
tent of the benzylpenicillin was very low; therefore 
the nitrogen-containing moiety was not used 
directly in penicillin biosynthesis. 

Compounds which contained the comparable 
p-hydroxyphenylacetyl grouping led to the forma¬ 
tion of demonstrable quantities of p-hydroxybenzyl- 
penicillin. Most of the mold strains investigated 


did not utilize such compounds as efficiently as the 
benzylpenicillin precursors. 

Efforts to find precursors for the aliphatic peni¬ 
cillins have been unsuccessful. 

Keplacement of the phenyl group of phenylacetyl 
compounds by other groups led to a series of other 
precursors, many of which were efficiently utilized 
by the mold with the concomitant formation of new 
penicillins. Ele\en of these new penicillins have 
been isolated and crystallized (p-methoxybenzyl-, 
p-nitrobenzyl-, e-, w-, and p-fluorobenzyl-, />- 
chlorobenzyl-, p-broniobenzj’'l-, p-iodobenzyl-, 2- 
thiophenemethyl-, phenoxymethyl-, and p-tolyl- 
mercaptomethylpenicillin). The activity, as meas¬ 
ured by plate assay, and the differential assay values 
have been found to be characteristic properties of 
these penicillins. 

Attempts to find precursors for the three-carbon 
moiety or the penicillamine portion of the penicillin 
molecule have been unsuccessful. 


XX 


CHEMICAL MODIFICATIONS OF NATURAL PENICILLINS 

R. D. COGHILL/ F. H. STODOLA,* AND J. L. WACHTEL^ 


CONTENTS 


Introduction . 680 

Enters ... 680 

Ilalogenated Penicillins. . .... 681 

Azopcnicillins.682 

Table 1. Properties of Azopenicillins . . . 685 
Table II. Activity of Penicillins against 

Various Organisms . . 686 

Miscellaneous.687 

Summary. 687 


INTRODUCTION 

It is a well established principle in chemotherapy 
that even slight changes in the structure of a mole¬ 
cule generally alter the pharmacological properties 
of the drug, sometimes markedly so. It is thus 
natural that since the early days of the penicillin 
development there has been the desire to modify 
penicillin chemically in the hope of obtaining new 
compounds which might differ qualitatively or 
quantitatively in their biological activity, stability, 
or rate of excretion. It was early apparent that 
penicillins of greater stability and lower rate of 
excretion were badly needed; furthermore there 
was always the hope that a chemical modification of 
the molecule might so alter the specificity of the 
drug as to greatly broaden its field of application. 

The first chemically modified natural penicillin 
came as a result of the early attempts to purify 
A*-pentenylpenicillin. A reduction step in the 
purification process led to the elimination of the 
olefinic bond, n-amylpenicillin resulting. The bio¬ 
logical activity was not lost, and subsequently this 
supposedly modified” penicillin was recognized as 
a naturally occurring member of the family. It has 
been discussed in Chapter III. 

Subsequently many deliberate attempts were 
made to produce chemically modified penicillins. 
In addition some such compounds have beeh pro¬ 
duced as by-products of research directed to other 
ends. These will all be discussed below, grouped 
according to their chemical nature. 

1 The Abbott Laboratories, formerly of the Northern Regional Re¬ 
search Laboratory. 

‘Fermentation Division. Northern Regional Research Laboratory, 
Bureau of Agricultural and Industrial Chemistry, United States Depart¬ 
ment of Agriculture, Peoria, nUnois. 

* Sehenley Research Laboratories, formerly of the Northern Regional 
Heaearoh Laboratory. 


ESTERS 

The earliest deliberate attempt to modify a 
penicillin chemically was that of Meyer, Chaffee, 
Hobby, Dawson, Schwenk, and Fleischer {Science^ 
96 y 20 (1912)). In an effort to stabilize tliis very 
labile antibiotic, they subjected the ammonium salt 
to acetylation and benzoylation procedures. They 
reported an increased stability. Because the 
known penicillins, with the exception of p-hydroxy- 
benzylpenicillin, have been found to contain no 
acylatable groups, this result must be ascribed to 
the inactivation of inhibitors or other impurities 
contained in their material, which in retrospect 
we know could have contained not more than 15% 
of penicillin (240 units per milligram). 

Although in the above cited experiments, no 
chemically modified penicillin could have been 
produced, Meyer, Hobby, and Chaffee {Science, 97, 
205 (1943)) followed up their earlier work by pre¬ 
paring the methyl, etliyl, n-butyl, and bcnzhydryl 
esters of ^‘penicillin,” by the action of the cor¬ 
responding diazoalkanes on an ethereal solution of 
crude material. (The “penicillin” was in all 
probability a mixture of benzylpenicillin and 
A^-pentcnylpcnicillin.) This work was an attempt 
to get a chemically stable penicillin by esterification 
of the acidic group. Abraham, Chain, and Holiday 
{Bril. J. Exp. Path., 23, 103 (1942)) had previously 
tried unsuccessfully to attain this end by the treat¬ 
ment of silver penicillin with alkyl iodides. Meyer 
et al. found that the resulting esters were insoluble 
in aqueous buffers but soluble in solvents such as 
chloroform and benzene. In the latter solvents, 
in contrast to penicillin itself, the esters wore not 
precipitable by dry ammonia. These esters, when 
tested by an in vitro dilution assay method against a 
hemolytic streptococcus, were found to have less 
than one-tenth of the activity of the material from 
which they were prepared. But in mice infected 
with a highly virulent strain of a hemolytic strepto¬ 
coccus, the esters proved to be highly protective. 

In an extension of this work, Meyer, Hobby, and 
Dawson {Proc. Soc. Exp. Biol, and Med., 58, 100 
(1943)) conclude with respect to their esters of crude 
penicillin that “Although inactive in vitro, ethyl 
and n-butyl esters of penicillin have been shown to 
be highly effective chemotherapeutic agents in 
mice infected with large doses of virulent hemolytic 
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streptococci. These esters are apparently hydro¬ 
lyzed slowly with the liberation of active penicillin. 
They are effective when f^iven by the subcutaneous 
or by the oral route of administration.” Some¬ 
what later the Merck group {M.O^ 3-4) reported 
that a glassy preparation of methyl benzylpenicil- 
linate showed an in vitro activity of 40 U./mg. and 
was active in vivo against Diplococcus pneumoniae 
Type I (presumably in the mouse). The crystal¬ 
line methyl ester of benzjdpenicillin was subse¬ 
quently found by the Squibb workers to have a 
potency of 22 U./mg. {S.9, 1) and 20 U./mg. when 
determined in 20% acetone 2). The benzyl 

ester of an impure penicillin was reported by the 
Winthrop group (TF.77, 1; Cavallito, Kirchner, 
Miller, Bailey, Klimek, Warner, Suter, and Tainter, 
Science, 102 ,150 (1945)) to be at least three times as 
effective in mice as sodium penicillin. Pfizer 
workers {P£l, 10) prepared the impure benzyl ester 
(^* gummy crystals”) from pure benzyl penicillin 
and found that it assayed 9 U./mg. by the turbidi- 
metric method. The s.ame ester was obtained as 
a “glassy solid” by Squibb workers {S.S2, 1), who 
determined that its activity by the five cup method 
using 20% acetone as the solvent was 15“16 
U./mg. 

It is obvious from th(‘ foi’egoing that much effort 
has been expended on ihc making and testing of 
penicillin esters. These (^stt'rs arc all fat soluble, 
of a very low order of a(*tivity in vitro, and exert 
a protectiv(‘ action on mice infected with penicillin 
sensitive virulent organisms. Unfortunately it 
eventually developed that the mouse is peculiarly 
able to hydrolyze the esters to free penicillin, a 
capacity which is completely lacking in the dog, 
rabbit, monkey, and man. Richardson, Walker, 
Miller, and Hansen (7Vor. Soc. Exp. Biol, ami 
Med., 60, 272 (1945)) made a careful investigation of 
this point. Plasma levels following administration 
of benzyl and methyl esters of bcnzylpenicillin were 
determined in various species of animals. It was 
found that mice hydrolyze both of these esters 
rapidly and probably completely; rats do so less 
completely. Monkeys, dogs, and rabbits showed 
no appreciable plasma level of free penicillin fol¬ 
lowing subcutaneous injection of ordinary doses 
of these esters. That this lack of ability to 
hydrolyze penicillin esters is also shared by man was 
indicated by Broh-Kahn and Smith {Froc. Soc. Exp. 
Biol, and Med., 61, 21() (194())), who found that sub¬ 
cutaneous injections of the butyl ester of an un¬ 
specified species of penicillin gave no appreciable 
blood levels or curative effects in patients suffering 
from gonorrhea. This was in contrast to the action 
on xnice, which were well protected against strepto¬ 
coccal infections by subcutaneous injections of the 
same material. 

The p-iodobenzyl ester of benzylpenicillin was 
prepared by Imperial Chemical Industries (CPS.646, 
1), with the hope of obtaining crystals for purposes 


of X-ray analyses. No assays were reported on this 
material, however. 

One can only conclude that the est(»rs oi penicillin 
show no therapeutic promise at th(‘ jnx'sent time 

HALOGENATED PENICILLINS 

The first useful chemical moditical ions of p(‘ni~ 
cillin made their appearance after the advent, in 
amounts sufficient for preparative work, of pure 
crystalline p-hydro\ybenzylpenicillin. This devoL 
opment made possible a series of reactions bas(‘d 
on the highly reactive phenolic nucleus - rejudions 
Avhich wer(‘ impossible with any of the previously 
known penicillins. The (Irst of these reactions, 
described by Stodola, Waclitel, and C^oghill (NRRL, 
(LIO, 2), was halogenation. 

In the early experiments it was demonstrated 
that one could introduce iodine into the p-hydroxy- 
benzvlpenicillin moltH*ule without material destruc¬ 
tion of its activity by carrying out the reaction in 
an aqu(‘ous solution of sodium bicarbonate, a 
slight excess of aciueous iodine-potassium iodide 
})eing used as the iodinating agent. The resulting 
mixed penicillins w^ere transferred to a solvent and 
converted to the sodium salts by convent ional meth¬ 
ods. The final solution was then lyophilized. I'lie 
dried sodium salt of the mixed penicillins (uniodi- 
nated as w'cll as mono- and diiodinated p-hydroxy- 
benzylpcnicillins) contained 21.7% of iodine, as 
compared to the calculated value (for the mono- 
iodo-mono-sodi\im salt) of 25.5%. Tli(‘ cylinder 
plate assay values^ indicated that a new ijenieillin 
had been formed. Whereas the original p-hydroxy- 
bcnzylpenicillin had an activity of 825 units per 
milligram, the still impure iodinated derivative 
assayed at 1,205 units per milligram (average on 
two days). Furthermore, the differential assays 
gave a ratio of 0.7 as compared with one of l.fi for 
the starting material. A large increase in activity 
was also noted, 142,000 units of penicillin having 
been recovered from an original 82,500 units of 
p-hydroxybenzylpcnicillin. 

The diiodo-p-hydroxybcnzylpenicillin \vas pre¬ 
pared as follows (NRRL, C.1S, G): The sodium salt 
of p-hydroxybcnzylpenicillin (200 mg.) was dis¬ 
solved in 2.00 ml. of water containing 130 mg. (3 
moles) of sodium bicarbonate. To this was added, 
drop-Avise at room temperature over a period of 25 
minutes, 4.35 ml. (4 equivalents) of I 2 -KI solution 
(0.495 N). The dark brown solution was allowed 
to stand for 40 minutes. The excess iodine was 
removed with sulfurous acid. The solution was 

* Th« cylinder plate nBsay method, when applied to penicillins other 
than benavlpenioillm. must be iiiterpicted witli caution. This is because 
tho result is always calculated against a standard bensvlpomcillin, and 
one has to assume that the rates of diffusion of (he two rxiiiicilhns are 
the same. In general, however, when the unknown penicillin is a much 
largei molecule (as in the cases of the halogcnated and asopenicillins) 
one oxpocts the cylinder plate method to give low, rathei than high, 
results. 

* The differential assay ratio is the assay value, as obtained agains t 

a spocifio rough variant of BacUlu9 aubtihi, divided by the value obtained 
against the standard strain of Staphylocoeciit aureu$ (Schnudt, Ward 
«nd Coghill, J. Baet., 411 (1945)). ' 
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then brought to pll 2 with phosphoric acid after 
cooling to 0°. The acid solution was extracted 
twice with etliyl acjetate, and the brownish ex¬ 
tracts diluted with an e(iual volume^ of ether and 
applu'd to a silica gc^l-bufler (/dl (>.4) column. The 
column was devoloi)ed with 50:50 ethyl acetate- 
ether. Th(‘ course of tlie separation w^as follow^ed 
by testing tlie ability ol succ(‘ssive pcuTolatc^ frac¬ 
tions to couple with diazoti/ed sullanihc acid.^^ 
The first percolate^ gave no coloration with this 
reagent and w’cre shown b\ pUib^ assay to have no 
activity. Following this there api)earc‘d a zone 
which r('act(Ml strongly to give a deep red (‘olor, 
the intensity of this color Ixang roughly propor¬ 
tional to the activity as show'ii liy assay. This 
zone contained approximately 15 ),0d0 units having 
a different lal assay ratio ol l).3 ). Continu(*d d(‘vel- 
opment causiMl the intensity of the color to diminish. 
The column w^as thcui e\tru<led and (‘ut into six 
ecpial sections. J3ilTerential assay, as w’(41 as total 
units in each section, indicati'd a top Z()n(‘ of un¬ 
changed p-hydroxybenzylp(‘nicillin. V low'cr band 
containi'd W’hat w'as latcu* shown on tln^ basis o( its 
iodine (‘onteiit to be inonoiodo-p-hydrovybenzyl- 
peniciJlin. 

The active zone in the percolate w'as convt'rted to 
the sodium salt by extraction wuth NalfC^Oi to 
pll 7.3. Lyophilizatiou gave 122 mg. of a white 
powder. A sample (102 mg.) of this material w^as 
treated w'ith anhydrous methanol in order to re¬ 
move excess NaHCOs and then centrifuged. The 
bulky gelatino\is precipitate w^as w^aslKui three times 
with methanol and the w^ashings w'ere added to tlie 
original methanol extract. The extracts were 
cooled and ethyl acetate and a »mall amount of 
water were added. The resulting precipitate wuis 
separated by centrifugation (weight 77 mg.). This 
product was dissolved in the minimum amount of 
80:20 r?-butyl alcohol-water at 35-10®. (It was 
necessary to add some dry butyl alcohol from lime 
to time to keep the solution homogeneous.) Long 
needles separated at room temperature. After 
cooling to 0® the solution was centrifuged in the 
refrigerator, waslu^s of butanol and then ethyl 
acetate being used. The crystals were removed by 
filtration, ethyl acetate being used for the transfer. 
They w ei e dried at room temperature (0.1 mm. Ilg.) 
Weight 45 mg. Found 7.0% butoxyl The assay 
by plate (corrected for butanol): 1,715 U./mg. vs. 
Staph, aureus and 535 U./mg. vs. B. subtilis (rough). 

An attempt to remove butanol from a sample at 
70% relative humidity was unsuccessful because 
the material became gummy. The remaining 
38 mg. was dissolved in the minimum amount of 
80:20 acetone-water at room temperature. Addi¬ 
tion of acetone to cloudiness gave long needles. 
Filtration gave 34 mg. of pure white crystals show¬ 
ing no alkoxyl on Zeisel analysis. The material 

• It has been iound that diiodo-p-hydroxyben»yli>enicillin, aa well as 
3,5<'dliodo<‘4-hydroxypbonylacetic acid, couples readily with diasonium 

salts. 


appeared to have solvent of crystallization, a part 
of which was retained even at 78®(1 (0.1 mm. Ilg.). 
Moreover tlu' phenolic hydroxyl had apparently 
formed a sodium salt. Analys(*s agreed fairly well 
with those of a di-iodo-di-sodiuin salt having two 
molecules of acetone of erystallization. 

Uale. (% 2 H 2 .t> 7 N,Sl 2 Na>: 

C 31.0(3 11 3.11 I 33.20 Na 0.03 
Found: C 3 1.1 II 3.50 1 33.0 Na 0.19 

It is asMimeil, on the basis of the structure of 
other lodiriated phenols, (hat the io(lin(‘ atoms are in 
the 3,5-positions of the benztaie ring. The presence 
of twa> sodium atorn^ m tin* molecule is in keeping 
with th(‘ fael (hat i‘lectrometric titrations (in 
alcohol) of soiiK^ analogous diioduphenols showed 
th(*m to be nixirly as strongly aiadic as benzoie acid. 

Tht‘ brominatioii of p-hydroxylxaizylpenicillin 
(Stodola, Wachtel, and UoghiU, NRUL, 3) w\as 
carried out in absolut(* m(4hanol, as it is w'ell known 
that penieilliii is rapidly destroyed by the strong 
oxidizing activm of the IlObr iornied by hydrolysis. 
'The experimental eonditions wH're as follows: 

A solution of 37 mg. of p-hydroxybenzylpenicillin 
sodium salt in 0.(>0 ml. of magnesium-dried metha¬ 
nol was cooh'd to 0°. To this w^as added, dropw'isc, 
0.5S ml. of an ice-col<l siilution of Br 2 -NaHr- 
CllnOII (2.0 eijuivalents of bromine). After tAVo 
minutes, pif 0 buffer was added and then (‘thyl 
acetate. This ice-eold solution was acidified to 
pi I 2 with ])hospliori(i acid and extract/cd twdet' with 
ethyl acetate. Th(‘ combined extracts w^ere w^ashed 
twice with half volumes of water. Tlie penicillin 
w^as converted to the sodium salt in the usual Avay 
with dilute NallCOs solution, lyophilization giving 
37 mg. of a white powafer. The calculated yield for 
a 3-bromo-4-hydroxybenzylpenicillin sodium salt is 
45 mg. 

In this way bromine was introduecnl into the 
penicillin molecule without loss of activity. In 
fact there was an increase both in unit,s per mg. 
and total units recovered, even though the product 
was not purified (found 13.4% Hr; calculated for 
3-bromo-4-hydroxybenzylpeniciirm sodium salt, 
17.7%). This impure brominated derivative, as¬ 
sayed by the stanilard cylinder plate method, gave 
values averaging 1,190 units per milligram as com¬ 
pared with 825 for the starting material; the 
differential assay ratio was approximately 0.8, as 
compared with 1.6 for the original p-hydroxybenzyl- 
penicillin. A total of 44,000 units of activity was 
recovered, as (jompared with the 30,000 units of 
p-hydroxybenzylpenicillin used fur the experiment. 

Since this brominated penicillin was never puri¬ 
fied, there is no indication as to whether it is a 
mono- or a dibromo derivative. 

AZOPENICILLINS 

In addition to halogenation, the phenolic ring of 
p-hydroxybenzylpenicillin offered the possibility 
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of being coupled with diazonium salts. Stodola, 
Wachtcl, and Coghill (NKRL, C.IO, 4) domon- 
strated the feasibility of using this reaction to make 
a very wide variety of penicillins by first coupling 
p-bromob('nzenediazonium chloride to p-hydroxy- 
bcnzylpenicilliii. The production of a now penicil¬ 
lin was verified by assays on the is{)l/ite(l crude 
product, which containe«l Hr (Calc. 14.4%), 

assayed at 1,100-1,300 units ])er milligram by tlie 
conventional cylimler-])late method (as compared 
to 800-S50 for the original p-hydroxybonzylpenicil- 
lin), and ga\e a dilferenlial assay ratio of 0.37-4). 15 
instead of tlu' l.l-l.(S of th(‘ starting material. 
Furthermore, 50,000 units of activity were obtained 
from 30,000 units of />-hvdrozvb(‘nzyl])enicillin. 

Later (NHRL, C.jf7, 1) it was found possible to 
pr(»f)an' this new piaiicillin (3-( 1-bromophonylazo)- 
4-hydro\ybenzylpenicillin) in puri' crystalline form. 
It se])arat(‘s from water-butyl alcohol in aggregat(‘s 
of golden-yellow needles. It can be easily salted 
out in till' same crystallini* form by NallCO^ from 
ice-cold dilut(‘ aciueous solution. Although the 
crude' lyophiliz(‘d product could be crystallized 
directly, it has bevai found aelvantageous to remove 
unchanged p-hydi‘oxybenzylp(‘nicillin by chromato¬ 
graphic partition. 

The pure sodium salt of the azopenicillin has an 
activity of 1,190 units per milligram against 
Staphylococcus aureus. Because of the considerably 
increased moh'eular weights of tlie azopenicillins, 
it is of intc'rcst to compare them with their naturally 
oecurring analogue's on a molar basis. P^or uni¬ 
formity, the use eif the expression Units per micro¬ 
mole(one-millionth of a mede), with the abbrevia¬ 
tion U. ^iM. is proposed. On such a basis, this 
aze)pcnicillin of molecular weight 555 has an activity 
of 825 U. ''M., compared with values of 310 U./ M. 
for p-hyelreA'ybenzylpenicillin and 593 IL/M. 
feu* l)enzyh)enie*illin. On a nmlar basis, then, the 
azopenieillin is 2.6 time's as active' as /^-hydroxy- 
benzylpeiiie'illin and 1.4 time's as active as berizyl- 
penie'illin against Staphylococcus aureus. 

3-( l-Hrome)phenylazo)-4-hyeiro\yberizylpeniciIlin 
was prepared as follows (NHRL r./7, 3): Two hun¬ 
dred mg. (0.t54 m. mole) of the sodium salt ejf p-hy- 
droxybenzylpenicillin was dissolved in one ml. of 
water containing 90 mg. (1.07 m. mole) of NallCOa. 
The solution was ceiejlcd to 0°, and to it was added, 
dropwise, an ice-cold solution of 130 mg. (0.59 
mole) of p-bromobenzenediazonium chloride in 
1.0 ml. of water. The cloudy yellow solution was 
kept in the ice box for 12 houns. The reaction 
haixture was then acidified with phosphoric acid to 
pH 2 and t.he azopenicillin removed by three 
extractions with ethyl acetate. The combined 
extracts were washed twice with water and then 
diluted with an equal volume of ether. This solu¬ 
tion was then applied to a silica gel buffer (pH 6.4) 
column. The main orange band was washed 


through the column to yield an ethyl acetate-ether 
solution eontainiiig llu' azopenicillin. It was found 
to contain 373,090 units. This .solution was 
extra(’t('d with NalKMls. C\)()ling of Uk' reddish 
acpK'ous solution of the azopi'iiieillin gave a heavy 
deposit of tine nei'dles. It was found possibk* to 
filter these (’lystals in a eoM room, l)ut on washing 
with iee-(*old water a gummv mas'^ was obtained 
whieh eonld not be hlten'd. The acjiK'ous extracts 
were then combiiu'd, aridilieO, and extracti'il with 
ethyl acetate. Tlu' combiia'd extracts W(*rc‘ washed 
live timi's with ^valcr and thi'ii shaken thoroughly 
with H ml. of wauu* containing 21 mg. of Nallt'Oa. 
An easily broki'ii emulsion rt'^iilted, which yii'lded 
an aijueous solution ha\'ing a pll of S.O. lyo- 
philizalion gave' 101 mg. oi yellow^ powaliu*, w4iicli 
A\as onlv triVc fhat to bi' (‘xpected on the liasis of 
th(‘ 24 mg. of NaH( used. 

Tin' remaining ethyl acetate solution of thi' azo- 
peiiicillin was extracted again wuth 5.5 ml of waiter 
containing 16.5 mg of NallUOj. The aiiui'ous 
solution, after cc'utiifug ition was found to hav(» a 
pll of 8.2. Ly()j>hilization gavi' only OS mg. of a 
yellow^ powder, again only (>1% of the expected 
amount based on the weight of NalK’O.^ used. 
The ethyl aei'tate h'ft after these twa) \aIIUO3 
extraetions wais fouml later to have retained 03,500 
units of the azopenicillin. 

The two lyophilized proihiets, wliich were 
obviously contaminated with NaHCX),, wu're com¬ 
bined and subjected to the following puriheation: 
The material was dissolved in the minimum amount 
of water (0.70 ml.) and treated with t>() mg. of 
//-butyl alcohol to give a less viscous solution. A 
small amount of solid separated and was brought 
into solution by the addition of 0.15 ml. of water. 
//-Butyl alcohol (1.30 ml.) was then added, ('ool- 
ing in the refrigerator gave a heavy deposit of 
crystals. The solution wxis centrifuged, the super¬ 
natant liquid removed, and the crystals washed once 
with //-butyl alcohol and once with ethyl acetate. 
They were then filtered, using ethyl acetate for the 
transfer. IXic orange crystals weighed 117 mg. 

This product was largely dissolve/l in 3 rnl. of 
80-20 //-butyl ah'ohol-water kept at 35®. The uri- 
dissolved material appeared to be NallUOs and 
was removi'd by ei'iilrifugcation. The clear super¬ 
natant liquid on slow^ (’ooling in the refrigerator gave 
beautiful yellow needli's. Tliese were C(*ntriluged, 
washed once w4th ici'-eold //-butyl alcohol, and 
once with ethyl aoi*tal(*. For filtration and wash¬ 
ing, more etliyl aci'tate wiis used. The golden- 
yellow crystals weighed 60 mg. after a preliminary 
drying for one-half hour at room temperature at 
0.1 mrn. Hg. Assay values were: 

1,100 U./mg. vs, Slaph, aureus 

430 U./mg. vs. B. subtilis (rough) Ratio = 0.31 
400 U./mg. B, subtilis (smooth) Ratio » 0.29 
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and a rc-check on the same sample the following day: 

1,300 U./mg. vs. Staph. aurcuH 

380 U./ing. vs. B. snbiihs (rough) Ratio = 0.29 

330 U./mg. vs. B. suhlihs (smooth) Ratio = 0.25 

If an average value of 1,350 U./rng. vs. Staph, aureus 
is taken for this preparation, tlie true value cor¬ 
rected for 10% volatile matter (see below) would be 
1,490 U./mg. (825 U./M). 

The material, after the preliminary drying de¬ 
scribed above, showed high carbon and hydrogen 
values, suggesting the presence of butyl alcohol. 
To test this, a sample was dried two hours further 
at 50® (0.1 mm. Ilg.) with a weight loss of 3.4%. 
This dried material was found to contain 6.1% 
butoxyl. Since drying at 100® (0.1 mm. Hg.) 
removed only a part of this butanol, the preparation 
was humidified (80% relative humidity) overnight 
to remove alcohol. (See Jansen, Waisbrot, and 
Rietz, J. Ind. Eng. Chem., Anal. Ed., 16, 523 
(1914)). Two hours drying at 56® (0.1 mm. llg.) 
then gave an anhydrous product showing acceptable 
agreement with theory. 

Calc. C 22 H 2 o 05 N 4 BrSNa: 

C 47.57 H 3,63 N 10.1 Br 14.4 Na 4.14 
Found: C 47.3 II 3.90 N 10.1 Br 14.6 Na 4.43 

The dried butanol-frce azopcnicillin, assayed by the 
cylinder plate method, showed 1,440 U./mg. 
against Staph, aureus. 

In similar fashion there was prepared a second, 
and to date the only other, pure azopenicillin 
(NRRL, C.IO, 3). The sodium salt of p-hydroxy- 
benzylpcnicillin (1.20 g. or 3.22 m. moles) v/as 
dissolved in 18 ml. of water containing 540 mg. 
(6.43 m. moles) of NallCOa. To this ice-cold solu¬ 
tion was added, dropwise, an ice-cold solution of 
615 mg. (3-32 m. moles) of crystallineiS-naphthalene- 
diazonium chloride in 4 ml. of water. Aft er standing 
in the ice box overnight, the solution was lyo- 
philized to a brown powder weighing 2.12 g. (For 
preliminary experiments the step was of advantage. 
In a repetition of this work, however, it would be 
unnecessary.) The greater part of this product 
(1.97 g. or 93%) was dissolved in 10 ml. of ice w^ater 
and 30 ml. of ethyl acetate added. Acidification, 
with 2 ml. of 1:1 phosphoric acid and vigorous 
shaking brought all of the azopenicillin into the 
organic phase. The ethyl acetate was washed with 
water several times and then extracted in the cold 
with 30 ml. of water containing 750 mg. of NallCOs. 
A dark purple pigment remained in the ethyl acetate 
and the azopenicillin was salted out by this opera¬ 
tion. It was separated by centrifugation. The 
yellow product so obtained was washed in the 
centrifuge tube with five portions (40 ml. each) of 
ice-cold 10% Nal solution, which removed all 
sodium bicarbonate and unchanged p-hydroxy- 
benzylpenicillin. The final azopenicillin residue 
suspended in a small amount of Nal solution was 


lyophilized to a bright yellow' pow’dcr weighing 
1.1 i g. This was washed with 25 ml. of dry acetone, 
filtered with suction, and the precipitate washed 
well with acetone. Dried in air, the azopenicillin 
weighed 819 mg. (This corresponds to a yield of 
49% at this stage.) 

For crystallization, the 849 mg, was dissolved in 
the minimum amount of acpieous acetone at 40® 
(50 ml. of 90-10 and 30 ml. of 80-20 acetone-water) 
and filtered through cotton-asbestos. Cooling in 
the refrigerator gave long fragile yellow blades, 
radiating from a center. Filtration yielded 340 mg. 
of 3-(iS-naphthylazo)-4-h,ydroxybenzylpenicillin, ap¬ 
pearing to be a hydrate. For analysis it was con¬ 
verted by drying at 56® (0.1 mm. Hg.) to the 
anhydrous form, in which state it is very hygroscopic. 
The analytical data correspond to a compound of 
composition C 26 H 2306 N 4 SNa. 

Calc: C 59.30 H 4.42 N 10.61 S 6.09 Na 4.37 
Found: C 59.4 II 4.65 N 10.2 S 6.12 Na 4.15 

The compound appeared to burn writh some difii- 
culty in the Dumas determination, although strong 
heating was used. Under the same conditions, a 
similar behavior was observed with the sodium 
salt of p-hydroxybcnzylpenicillin, which gave a 
Dumas nitrogen value of 0.60% below the theoret¬ 
ical value. 

Second and third crops of crystalline material 
totaling 360 mg. showed correct carbon and hydro¬ 
gen values. The total recovery of pure crystalline 
product was 700 mg., or 40% of theory. The 
potency of this penicillin was later reported (NRRL, 
C.W, 1) to be 5,000 units per milligram (2,640 units 
per micromole) as determined by the turbidi- 
metric method. 

Table I gives a list of other azopcnicillins which 
have been prepared, along with certain data per¬ 
taining to them. With the exception of the two 
already described, none of these has been prepared 
in a pure form. They were extracted into a solvent 
from the reaction mixture, converted to a sodium 
salt with sodium bicarbonate, and lyophilized. 
Some of them wore submitted to a partition chro- 
tograra. They were contaminated with inorganic, 
as well as organic, impurities. It is obvious there¬ 
fore that the assay values represent minimal figures, 
being in all probability 30% low on the average. 
This table was compiled from various of the reports 
of the Northern Regional Research Laboratory 
{C.16,17,18,19, SO). 

For several reasons, the assay values in Table I 
must be taken with circumspection. In the first, 
place, with the exception of No. 7, none of the 
penicillins was more than approximately pure. 
The assay values, therefore, reflect not only the dif¬ 
ferences in potency but the varying degrees of 
purity. How far off they may be from the true 
values is well demonstrated in the case of No. 6, 
the /9-naphthylazo derivative. Material of potency 
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TABLE I 


Pioportips of AzopeniciDnib 


No 

Diazonium salt from^ 

Units/mg 
cvhndcr plate 

Differential 
assay ratui 

I^nits niR 
tiiibidinH trie 

Dnits iniiruniole 
turbidiinetru 

1. 

Amlin 

1340 

0 33-0 37 



2 

/?-Toluidine 

»230 

0 38-0 41 

1840 

000 

3 

4~m-Xvlidino 

— 

— 

1530 

770 

4. 

Renzichne 





6 

j9-Naph1 hylaniinr 

8G0 

0 2(>-0 39 

1800 

1000 

6 

p-Clilorourulmc 

— 

— 

2()0() 

1350 

7 

p-Hromofiiiiline 

1490 

— 

3000 

1670 

8 

p-lodoaiiilinu 

— 

— 

3550 

2130 

9 

2-Nitro- l-bi(>nioarulint‘ 

290 

0 47-0 62 

3180 

1910 

10 

o-Nitroariilmo 

— 

— 

1970 

1030 

11 

t«-Nitroaiiilinc 

— 

— 

1700 

890 

12 

/?«Nitroariiliiio 

840 

0 62 

1020 

530 

13 

p-Ammobcn/oic acid 

420 

— 

400 

270 

14 

Sulfamlic acid 

32 

0 75-0 94 

360 

210 

15. 

Arsanilic acid 

— 


1 110 

85 

16 

p-Aininohippiinc acid 

i — 

— 

340 

200 

17. 

Succinyl-p phcnvkncdiaininc 

! _ 


1 610 

370 

18 

Acclyl-;) plicnvlcncdiaminc 

I 

— 

13S0 

735 

19 

Sullamlainidc 

640 

1 0 52-0 58 

860 

480 

20 

Eth’vl p-amiriobcnzoalc 

630 

0 38-0 45 

1270 

700 

21. 

Methyl D-aminobcnzoat( 

— 

— 

1710 

910 

22. 

Novocamo 

— 

— 

2340 

14.50 

23 

p-Ai n in oacL t oph cTioiu 

850 

0 44-0 65 

1420 

735 

24 

1 - AminoanthraquinoiK 





25 

l-Amlno-2-llyd^ox^ pin n\larsonic acid 






(Followed by rodiution) 

t 






^ Fin He iiicilliiiH i it n Ltix (i an Mubhl iliih il Im tl7^i{>enu illina as J i (Ph<n\hzo) 4 J S (p 1 (>lvla7o)>4-, 3 3 (J 4* 

Diinetliv Ipliein 117<)'> 1- J < (/) /> Pipla nvllnsa/o; 4 5 3 N iplithj 1 i7(>)-4 , (> 3-(/>“( iiloroi>htn\la^o) t , 7 3 (p-l^roniopla inla*o)-4-, 8 3-(p“ 

lodopla »nlazo) 1 <) 3 (2-Niti<» 4 bn) noplu tnla/o)-4 10 3-(o Nitiophi nvli/o) 4-, 11 3-(7«-Ni(i<)phf*n\la7f )-l 12 3-(p Nitiophetnla7o)"4-, 

13 3 (1-C irhoxvi»liou>li7o)-4- 11 1 ( l-'^ulfophemU/u) 4- 15 3 (l-AiS(>n(iphtn\lHzo)-4-, lO 3-(4 (AT-C aiboxynu thvl)-carl>oxaiiii(ioi>henvluzoj-4-, 
17 3-(4-Su(cino\lii)runopheinli*<)> 4 IH 3 tvlaimriopheinluzo) 1, 10 3-(l-Sulfonimidophenvla*o)-4-, 20 1-14-0arbi th(xvphtn\la70)-4-, 

21 1 (2-(’aiboTnf thoxyphonyl i/o) 1- 22 3 [l-Carbo(/?-dKthjla>miio)-e(hoxyphen>lazo]-4-» 23 3-(4-Ace1uphenyln/o)-4-, 24 3-(l-AnthioQuinon>l- 
azo)-4-, 25 3-( 1 At8onox>-2-h\<lrox>pb( nvlazo)-4- 

comparable to the others in the list gave an assay Unit. Results obtained by this type of calculation 
value of 1,890 units per milligram (1,000 units per are reliable only when the curves depicting per cent 
micromole), while after complete purihcatioii, the inhibition as a funetion of penicillin concentration 
value was 5,000 units per milligram (2,040 units are of the same shape for benzylpenicillin and the 
per micromole). The second source of doubt is the penicillin in (question. Unfortunately this is seldom 
assays themselves. Although these assays were the case, curves of widely differing shapes being 
conducted (by Althea Cone and W. II. Schmidt) obtained (NRRL, 8). The only solution is to 
with great care and skill, inherent and fundamental describe the use or dosage of these compounds on a 
difficulties serve to cloud the issue. It is felt that weight basis only, the unit basis having little or no 
the turbidimetric assay is the most reliable method meaning. 

because it eliminates the factor of diffusion. That Having demonstrated that a wide variety of new 
this element may cause an error of as much as ten- and highly potent penicillins could be synthesized 
fold is illustrated in the case of No. 9 (prepared from by coupling diazonium salts with p-hydroxybenzyl- 
diazotized 2-nitro-4-bromoaniline), the plate and penicillin, it was of interest to see wlietlier these 
turbidimetric assays being 290 and 3,180 units per new derivatives had any special merit. Thifortu- 
milligram respectively. nately most of this w^ork still remains to be done. 

Even when the factor of diffusion is eliminated, For instance nothing is yet known about their 

there still remain troubles. A so-called *‘umt’' of toxicities or stabilities, and only relatively little 
penicillin has certain parameters. Not only is it about their action against a variety of organisms 

defined on the basis of pure sodium benzylpenicillin, Table I does, however, indicate that azopenicillins 

but it is measured in terms of the relative activities with polar substituents have lower potencies 
of various amounts of benzylpenicillin on a specific against Siaph, aureun than do those with non-polar 
test organism—the so-called ‘‘standard curve/^ A substituents. 

penicillin, no matter what its nature, has to be A preliminary survey to explore the field of 
measured on the “standard curve''of benzylpenicil- activity of these azopenicillins was conducted by 
lin, else it loses all connection to the International Benedict of the Northern Regional Research 





686 


CHEMICAL MODIFICATIONS OF NATURAL PENICILLINS 


TABLE JI 

Activity of IVnicillins aKainst Vhi ious OrgaiiKsnis 
(Dilution Assays I 




Bon/vl- 

p-U\ droxy- 

.No 5 

No 7 

No. 0 

No. 12 

No 19 


Organism 

p(‘nicilljn 

brnzyl- 

pciiicilliii 

{TuhW I) 

(Tablf I) 

(Tabl(‘ 1) 

(Table I) 

(Table 1) 

l 

S scholituulh ra ^NRUL 

1 ,000 

390 

.>10,000 


12.500 

25,000 


2 

r (M{[{L M-213) 1 

>100,000 1 

.w.ooo 


- 

' 10 000 

>50,000 


3. 

/•; coll (NIJUI. 1! 210' 

:>o,ooo 

50.000 

'>10,000 


— 

>50,000 


4 

A af(N URL ^ 

^100,000 

>50,000 

''10,000 


^10,000 


- 

r>. 

Pf n ic 1 11 1 n - s( fi'- tt tr* hai ill n s 


1 



1 1 




iNHHL 1 

<12 

32 1 

32 


1 

_ 


6. 

B siihlih.s ('smoollii (NRR!.| 


1 1 







R-:)r>8) , 

2:) * 

25 

(>2 


1 < ()2 1 

— 

— 

7. 

B ((rats (NIUIL ILSl.")) i 

.'100,000 1 

>50,000 

10,000 


■'•10 000 I 

•50,000 

— 

s. 

ruginosd i\RI{!i 11-2."),')) | 

'•100.000 1 

>50,000 

10 000 

— 

'10 000 , 



1). 

>S’ mfucf^ans (\HR1. R-lSf)) i 

.>100,000 1 

^50,000 



1 

>50,000 


10. 

San nut Ihtra (NULL lLr)SS> ' 

12:> 1 

39 





_ 

11 

B (r/pha<^as (NRRJ. H-.WL ' 

2 500 1 

1 ,500 

•10 000 

12,500 

50 000 

25,000 

^50,000 

12 

S. am ms (NRRl-i H-313j | 

10 ' 

1 

GO j 

31 

02 

31 

02 

125 


J^abonitory {CJSj 5), In ibis work the ililution 
methotl oi assay was usimI. Tiu* values report oil are 
tiu‘ nuinheu’ of millirnioroj 2 :rams (10 giain) of an 
azopenirillin requinal completely to inhibit the 
growth of the organism in one ml. of broth. The 
last tube n'maining perfectly clear \\ii< us(mI as 
the basis of the calculation, ihmzylpenicillin and 
p-hydro\ybenzylpcuicillin were first studied so that 
a basis of comparison would be available. The 
results are shown in Table II. 

It is apparent from Table II that although there 
are differences in the activiti(»s of the natural and 
azoponicillins against various microorganisms, they 
all have activities of the* same giuieral order of 
magnitude. It is the opinion of the authors, how¬ 
ever, that assuming their stability and non-toxicity, 
certain of tliese azopenicillins may bo found to have 
distinct advantages over others for the treatment of 
specific infections. 

Benedict (NRRL, C.^Oj 1) points out that be¬ 
cause one of the more troublesome problems of 
penicillin therapy has been the control of resistant 
strains of organisms which arc ordinarily susceptible 
to penicillin, an effort was made to determine 
whether the azopenicillins would exhibit cither a 
bacteriostatic or bactericidal action against these 
resistant strains. For this work, six hemolytic 
strains of Staphylococcus aureus^ isolated from 
human cases of chronic osteomyelitis, were ob¬ 
tained from Dr. Chester S. Keefer. Two of the 
strains, J-1 and M-1, wore highly susceptible to 
penicillin at the start of penicillin therapy but ac¬ 
quired resistance during treatment. These strains 
were tested first against benzylpenicillin and then 
against pure 3-(p-bromophenylazo)-4-hydroxybenz- 
ylpenicillin and less pure samples of 3-(4-sulf- 
onamidophenylazo)-4-hydroxybenzyIpenicillin and 

3- [4-(N-carboxymethyl)-carboxamidophenylazo]-, 

4 - hy(lroxybenzylpeniciIlin (Nos. 7, 19, and 16, 
Table 1). The results showed that the strains 


rosislant to Ixmzylpenicillin are likewise resislant 
to 3-(y>-bromophenylazi>)-l-hydroxybenzylpeiiicillin. 
Similar results were obtained with the other two 
azopeiiicillins. This conclusion adds stnxigth to 
the gr(>vving belief that changt's in the penicillin 
molecule r(*sult only in (plantitative differences in 
action. There appears a> yet to b(‘ no authentic 
cavsc of any specitic penicillin showing a (pialitalive 
ditT(»r(*nco from any of tlu^ other penicillins. 

Finally it was considers 1 of int(»rest to determine 
whether any of the azopenicillins, particularly one 
containing arsenic, w'ould have any activity against 
spirochetes and trypanosomes. Small quantities 
of various of thc^ azopenicillins were sent to Dr. 
Harry Eagle of the U. S. Public Health Service for 
in vitro tests of their trypanocidal and spiro- 
cheticidal properties. Doctor Eagle reported as 
follows (pcrscmal communication to R. D. Coghill): 

‘^We have just completed the assay of the try¬ 
panocidal and spirocheticidal activity of the varicius 
penicillin derivatives recently submitted to this 
laboratory. The trypanocidal activity {T. cqui- 
perdum) may be taken as a measure of the activity 
of these compounds considered as phenylarsen- 
oxides, since penicillin is wholly inactive against 
these organisms in vitro, lirieliy, only one of the 
10 penicillins had any significant action, the other 9 
being l/10,0()l)th as active as the reference com¬ 
pound, phenylarsenoxide. The exception was peni¬ 
cillin No. 25 of Table I which was l/500th as active 
as the reference arsenoxide. 

‘‘The spirochotical assays were carried out with 
the Reiter strain of S. pallida in the presence of 
1 :1,000 sodium thioglycollate to induce anaero- 
biosis. Unlike cysteine, thioglycollate had not 
been found to inhibit the spirocheticidal action of 
penicillin in vitro. Gravimetrically, 9 of the 10 
derivatives had a fairly uniform activity ranging 
between 9 and 24% of crystalline benzylpenicillin. 
The exception was penicillin No. 3 of Table I which 
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was more than 150% as aetive as rrystallino Ixaizyl- 
peiiicillin per millif^ram. However, when the 
results were expressed as the relative* activity per 
(Staphylococcic) unit, the activities varied widely, 
indicating a lack of correlation l)etwecn staphy- 
lococcidal and vSpirocheticidal activity/^ 

The other compounds t(*sted by Doctor Ragle 
were Nos. 1, 5, G, S, 15, IG, 21, an<121 of Table I. 
It is of some interest that ot t(‘n t(‘sted, the only 
azopcnicillin which was a(*tive against tlie trypano¬ 
some was the one containiiu; I he arsenoxide 
grouping. 

MISCELLANEOUS 

Attempts to oxidize ixaiicillin liave met with 
varying success. When a du^xam* solution of 
nudhyl lK*nzvlp(Mucillinat(' was trelated with per¬ 
manganate in a pll t).<S pho'-^phate buffer (Merck, 
MmG, 7), an excelhmt yield of a product was ob¬ 
tained wdiich analyzed for the sulfone. This (ami- 
pound is more stable under acid con<litions than is 
the original (‘ster. Its biological activity has been 
studied by the Merck group {Mf)lK 15). Its 
extremely low solubility in ivatc^r makes direct 
plat(‘ assay impracticable' When it is sa])onifu‘d 
by treacting a chilled solution ol 10 mg. in 0.1 ml. of 
pyridiiK' witli L ml. of chilled 0.1 N sodium hydrox¬ 
ide at 0° for one minute, t luai diluting with buffer, an 
activity of approximately 40 U./rng. is secured. 
When O.G ml. or 0.3 ml. (2 or 1 equivaUmts) of 
0.1 N sodium hydroxide is usi^d rather than 1.0 ml. 
as above, lowTr activity is obtained. 

The suHonc* w^as tested lor effieac}^ in vivo^ in 
comparison wdth methyl benzylpcmieillinate and 
sodium pimieillin, in mice injected intraiieritoneally 
with one hundred or one tliousand lethal doses of 
DiplococciJii pneumoniae Typo I, No. 37. One 
hundnsl per cent survival was secured witli 0.3 mg. 
of sulfone or 200 units of S(xliurn penicillin wdien a 
single dose was injected subcutaneously. C\jmplctc 
protection was secured with 5 mg. of sulfone or 1,000 
units of sodium penicillin on oral administration. 
Complete protection was obtained wdlh 10 mg. of 


()S7 

the sulfone, 3 mg. of methyl b(uizylpeni(*illinat(', 
and 1.2 mg. of crystalline sodium penicillin wdien 
these compounds w'cro administered by moutli. 
When given liy suheutaneous injection, the crystal¬ 
line S(xliuin salt and the estei* appeared to have 
about the same activity, wdu'reas the sulfone re¬ 
quired about ten tiin(‘s as much material to jiroiliico 
the same jirotc'clion 

The H(‘ydeii Ctuunical Corporation (//.IL 4) 
tried to oxidize Kie sodium and I rimethylamiiu' salts 
of benzyliieiiicilhn with iiotassium permanganate 
in a neutral phosjiliate Imlli'r. All activity was 
dest royed. 

14ie sulfoxi(li‘ of the mi'thyl ester of benzyl- 
jienieillin has been prepari'd l;y Sykes and Todd 
((TS./}J()\ 3), using sodium m(4a])eriodate as the 
oxidizing ag(*nt. 'rii(\y ri'jiort that th(* product 
has no l)iological activity m vitro. 

Nitrosation of benzylpi'iiicillin wuth nitrous 
fumes, presumablv in the S position, has beim at¬ 
tempted by Merck (1/.5L 7), Tliis inaction was 
reported to lead to a product which was inactive 
in i itro. 

SUMMARY 

Many attempts of widi'ly divergemt (‘haracter 
have been made with Ihf* object of producing 
superior ehemieally moditicvl penicillins. Of the 
comfiounds so produced, only those piT])arcd by the 
coupling of p-hydroxylx'nzylpenicillins with diazo- 
nium salts, or its halogfuiation, api)oar to have any 
great promise. This program of the Nortliern 
Regional Research Ijaboratory has been an exceed¬ 
ingly interesting exploration into the fiidd of 
peni(*illin variation. The compounds so produced 
represent a large proport ion of the knowm chemically 
moditied penicillins. Although the w^ork w'as only 
preliminary in character, it has paved the waty for 
the more extensive chemical and pharmacological 
w’^ork wiiich wull follows Its i)Otcntialities are 
great, for by this method it may wtU be possible to 
produce pcuiicillins of wuder effectiveness, greater 
stability, and slower excretion. 
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2-ATnyliminaz()leand 2-benzyliminazole deriva¬ 
tives . . 704 

2-Hen zyloxaz ole-4-carboxylic acid from 
2-benzyl-4-bydr()xyrnethylcne-5-oxazolone . 705 
Pyrolysis of 2-phenyl-4-(a-hydroxycthyIidcnc)- 

5-oxazolone. . 705 

Rearrangement of 2-amyl and 2-pentenyl-4- 

hydroxymethylene-5-oxazolones.705 

Methyl thiobenzylpenaldatc diethyl acetal and 
its reaction with silver benzenesulphonate . 706 
Ethyl 2-phenyl-5-methyloxazole-4-carboxylate 

and derivatives . . .706 

2-Amyloxazole-4-aldchyde. 707 

Derivatives of 2-benzyloxazole-4-carboxylic 

acid.707 

5-Ethoxy-2-pIienyloxazole . ... 707 

Preparation of 5-alkoxyoxazoles using phos- 

phoryl chloride.708 

Preparation of 5-alkoxyoxazoles using phos¬ 
phorus pentoxide.708 

2-Phenyl-5-benzyloxyoxazole . . .... 709 

5-Ethoxy-2-benzyloxazole by the silver benz¬ 
enesulphonate method.709 

Reaction of ethyl thiophenaceturate with silver 

acetate and benzoate.709 

Silver perchlorate complexes.710 

5-Ethoxy-2-amyloxazolo by the benzcnesul- 

phonyl chloride method.710 

5-Ethoxy-2-amyloxazole by the silver benzene¬ 
sulphonate method.710 

Benzenesulphonyl chloride and phosphorus 
pentachloride procedures: various applica¬ 
tions.711 

Cyclization of ethyl a-benzamidocrotonate. . 712 
Preparation of 2-amyl-4-styry 1-5-ethoxy oxazole 712 
Preparation of various 4-carbethoxy-6-alkoxy- 

oxazoles.712 

Hydrogenation of 5-benzyloxyoxazoles. . . . 713 
2-Phenyl-5-methoxyoxazole-4-carboxylic esters 
from the oxazolones and diazomethane. . . 713 
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Preparation of ethyl /S-anilino-a-caproylamino- 
acrylate and analogous penaldic ester anils; 
and their reaction with phosphorus halides. 714 

Cyclization of penaldic ester acetals.715 

Cyclization of penicilloic esters.716 

Cyclization of other thiazolidines and thi- 
azolines.718 

4- Bronio-5-ethoxy-2-phenyloxazolft.719 

Oxidation of 2-phenyl-4-ine thy 1-5-ethoxy ox- 

azole .719 

Preparation of 4-styryI-5-ethoxyoxazole-2-alde- 

hyde and derivatives ... 720 

2-AmyI-5-ethoxyoxazole-4-carboxylic acid and 
its transformation to 6-chloro-oxazole deriva¬ 
tives.720 

Synthesis of 2-amyl-5-chloro-oxazole-4-alde- 

hyde and a related thiazolidine.721 

Synthesis of 2-phenyl-5-chloro-oxazole-4-alde- 
hyde and some derived thiazolidines. . . . 721 
Synthesis of 2-benzyl-5-chloro-oxazole-4-alde- 
hyde and related thiazolidines . ... 724 

Preparation and reactions of 5‘alkoxy-4-cyano- 

oxazoles.725 

Preparation and reactions of ethyl 2-phcnyl-5- 

amino-oxazole-4-carboxylate.726 

Preparation and reactions of ethyl 2-benzyl-, 
2-(r-pontenyl)-, and 2-amyl-5-amino-ox- 

azole-4-carbo.xylate.727 

Synthesis of 2-phenyl-4-carbobenzyloxy-5- 
amino-oxazole.728 

5- Amino-oxazole-4-aldeliydos and derivatives . 729 
5-Amino-4-cyano-oxazoles and derivatives . . 729 


Oxazolone Section 

Paut I. General Chemistry of Oxazol- 


ONES 

Preparation of Oxazolones 

Action of acetic anhydride on a-acylamino 

acids. . . 730 

Action of silver oxide etc., on a-thioacylamino 

acids. . ... 730 

Use of one oxazolone to prepare another 731 

Oxazolones from a-acylamino acid azides . 731 
Action of phosphorus halides on a-acylamino 

acids; oxazolone hydrohalidcs.731 

Other reagents.732 

Hydrogenation of 4-alkylidene-5-oxazolones . 732 
Methods of preparing 4-alkylidene-5-oxazolones 732 
Mechanism of the Erlenmeyer synthesis; 2- 
phenyl-5-oxazolone as an intermediate, . . 732 
Acyl interchange in the Erlenmeyer synthesis. 733 
Applications of other oxazolone syntheses . . 733 
Ring-opening Reactions of Oxazolones 

Hydrolysis.734 

Alcoholysis.734 

Abnormal alcoholysis.734 

Action of thiols.735 

Action of amines.735 

Action of hydrazine.735 


Reactions of Type II Oxazolones 

Action of diazomethano.736 

Addition of mercaptans.737 

Addition of hydrogen sulphide.737 

Reactivity of methyl groups in 2-phenyl-4-iso- 

propylidene-5-oxazolone.738 

Miscellaneous TteacAions of Oxazolones 

Action of Grignard reagents.738 

Attempts to make (juaternary salts . ... 738 

Enolic form (?) of an oxazolone.738 

Action of mercuric acetate.738 

Pseudoxazolo nes 

2-BenzyIidone-ps(Mjdoxazolones.739 

Preparations and reaci.ions of 2-benzylidene-4- 

mcthylpseudoxazolone.739 

Reduction to oxazolones. 739 

'‘Dchydro-bcnzylpcnicillin''.739 

Attempts to prepare a thiazoline-pseudox- 

azolone.740 

Other methods of preparing pseud oxazolones . 741 

Miscellaneous reactions.741 

Optically Active Oxazolones 

Historical. ... ..742 

Attempts to obtain optically active derivatives 742 

Preparation of optically active oxazolones . . 742 


Part II. Ohkmistry of 4-Heteromethyl- 
ene-5-oxazoloneb 

Preparation of 4-Ileieromethylcne-5~oxazolones 
Synthesis from ethyl orthoformatc and a-acyl- 


amino acids.743 

Synthesis from penaldic acid acetals. . . 743 

Scope of the ‘^orthoformatc*’ synthesis. . . 743 

Use of phosphorus halides in the “penaldate** 
synthesis. . . 744 

Identity of oxazolone “hydrohalides** . . . 746 

Reaction of dialkylformamidines with a-acyl- 

amino acids.746 

Dimorphism in aminomethyleneoxazolones. . 747 

Miscellaneous syntheses.747 

Reactions of /r^Ieteromethylene-d-oxazolones 

(a) Reactions of the heteromethylene group . 747 

Table of “replacement reactions*'. . . . 749 

Some reactions of 4-hydroxymethylene-5- 

oxazolones.748 

(b) Ring-opening reactions 

(i) 4-Hydroxymethylene-5-oxazolones 

Hydrolysis.748 

Alcoholysis.754 

Reaction with thiols and amines. . . 754 

(ii) 4-Alkoxymethylene-5-oxazolones 

Hydrolysis.755 

Alcoholysis.755 

(iii) 4-Alkylthiomethylene-5-oxazolones . 

Hydrolysis.755 

Reaction with amines and thiols . .755 

(iv) 4-Aminomethylene-5-oxazolones 

Hydrolysis and alcoholysis.756 

Reaction with amines.766 
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(c) Reactions involving both functional groups 
Action of bcnzylainine on 2-beiizyl-4- 


othoxymethyleno-5-oxazolone.756 

Reactions involving fission.750 

Reaction with hydrazine .757 

Reaction with aiuidines.757 

C h rom oi som crisvi 1 7i A m i nom eth yleneoxazol- 
onefi . 757 

4-{a-II y(lroxyalkylitlenv)-o-oxaz()lones .758 

Uliravtolct Absorption of Oxozolones .758 

Rakt III 

Reaction of 4’’lf^i('^'onicthylcneoxazoIones with 
PeniciUaminc and Siynilar Substances , . . 758 

(i) Reactions with 4-hydroxymethylene- 

S-oxazolones.759 

(ii) Reactions with 4-alkoxyinethyl<uie-5- 

oxazolones.701 

The penicillenales.761 

Other products .702 

(iii) Reactions with 4-aminonieth3derie-5-‘ 

oxazolones.763 

Attempts to Prepare True Oxazolone-^-alde- 
hydes; A1 isrella nvo us S^jn theses 
Bromination of 4-hydroxyTnethylene-5-oxazol- 

ones.704 

Preparation and ozonolysis of 2-benzy 1-4- 

styryl-4-inethyl-5-oxazolonc.701 

4-Alkyl-4-diaIkoxyinethyl-5-oxazolones. , . . 705 

Other attempted syntheses.706 

Azlactonization of penaldic acid acetals . , . 706 

Azlactonization of penicilloic acids.707 

Unclassified preparations.767 


Part IV, Misceli.aneous Work Bearing 
ON Oxazolones 
Derivatives of a-Acylamino acids 
Action of acetic anhydride on caproyglycine . 768 
Action of acetic anhydride on phenaceturic 


acid.709 

^'Rugheimer's compound''.707 

Ilippuroflavin.771 

"Hoffmann's compound".772 

Thiazolones .773 


Experimental 

Part I. Chemistjiy op Oxazolones 
Preparative Methods 

New oxazolones from a-acylamino acids and 
acetic anhydride; preparation of the inter¬ 
mediates and reactions of the oxazolones 


with amines.773 

2-Phenyl-5-oxazolone.778 

Action of silver oxide on phenylthioacetyl- 

rfyeine.778 

Action of silver oxide on phenylthioacctyl- 

alanine.779 

Silver benzenesulphonate on phenylthioacetyl- 

glycine.779 

Silver benzenesulphonate on thiobenzylpeni- 
cilloic acid.779 


Stability of penicillin to silver benzenesulpho¬ 


nate.779 

Azlactonization by means of an azlactone . . 780 

Attempted cyclization of phcnylthioacetyl- 

glutamic acid.780 

Oxazolones from acid azides.780 

Action of phosphorus tribromide and of phos¬ 
phorus pentachloride on o-acylamino acids . 781 
Use of phosphoryl chloride to prepare oxazol¬ 
ones.782 

Use of acetyl chloride .782 

Use of chloroacet vl chloride.782 

Azlactonization of ethyl a-bcnzaraidocinna- 

mate.782 

Hydrogenation of 2-phenyl-4-benzylidcne-5- 

oxazolone.782 

Attempted hj^drogenation of 2-bonzyl-4- 

n>etliyl-5-oxazolone.783 

Reat lion of 2-})h('n3d-5-o\azolone with acetone 783 
Reaction of 2-phenyl-5-oxazolone with benzal- 

dehyde.783 

4-Et hylidene- and 4-propylidcne-2-phenyl-5- 

oxazolone.783 

Prei)aration of 2-phen5'l-4-isopropylidene-5- 

oxazolone, . . .783 

Glyoxylidcne-bis-phenyloxazolonc.783 

Condensation of ca])roylgIycine with bonzal- 

dehyde.784 

Condensation of caproylglycine with acetone 784 
Ring-opening Reactions of Oxazolones 
Comparison of 2-phcn}4-4-bcnzylidene-5-ox- 
azolone with 2-phenyl-4-benzyl-5-oxazolonc 784 


Alcoholysis of oxazolones.785 

Abnormal alcoholysis.785 

Action of thiols on oxazolones.786 

Special reactions of oxazolones with amines. . 787 
Condensation of oxazolones with cysteine 

derivatives.787 

Action of hydrazine on 2-phcnyl-4-rnothyl-5- 

oxazolone.788 

Formation of oxadiazines.788 

Formation of pyrazolidones.788 

Formation of triazines.789 

Reactions of Type II Oxazolones ’ 

Action of diazomethane.789 

Action of liquid ammonia.789 

Action of aqueous ammonia.790 

Addition of benzyl mercaptan to 2-phenyl-4- 

isopropylidene-5-oxazolone.790 

Addition of benzyl mercaptan to 2-phenyl-4- 

bcnzylidene-6-oxazolone.791 

Addition of benzyl mercaptan and of thioacetic 
acid to 2-phenyl-4-isopropylidene-5-oxazol- 

one.791 

Action of hydrogen sulphide on 2-methyl- and 
2-phenyl-4-isopropylidene-5-oxazolone. . . 791 
Action of sodium hydrosulphide on 2-phenyl- 

4-isopropylidene-5-oxazolone.791 

2-Phenyl-4-bcn2ylideneisopropylidene-6« 
oxazolone.792 






























































OXAZOLES 


091 


Miscellaneous Reactions of Oxazolones 

Reaction with Grignard reagents.792 

Silver perchlorate complexes.792 

Isomer of 2,4-diphenyloxazolone.792 

Oxidation with mercuric acetate.792 

Pseudoxazolones 

2-Benzylidenepscudoxazolone.793 

2-Benzylidcne-4-methylpscudoxazolone; prep- 

aration and reactions.793 

Hydrogenation of pscudoxazolones.795 

2-Ben zylidcne-4-diet hoxy me thy Ipseudox- 

azolono.795 

Synthesis and reactions of ^Mehydrobcnz^d- 

penicillin'^.795 

Attempt to make a ihiazoline-pseudoxazolone. 797 
Miscellaneous preparations of pseudoxazolones 798 
Reaction of 2-benzylidene-4-rnethylpseiidox- 

azolone with aniline and methanol.799 

Pseudoxazolone colour reaction.799 

Optically Active Oxazolones 

Attempts to prepare optically active deriv^a- 

tives via an oxazolone.799 

Optically active thiohydantoins.800 

L-2-phenyl-4-isobut3d-5-oxa2olone; preparation 

and reactions. ... 802 

Azlact onization of N-b(‘nzoyl-L-p-methoxy- 

phenylalanine. . 802 

L-2-Benzyl-4-/>-methoxy]>enzyl-5-oxazolone; 

preparation and reactions.802 

Reaction of 2-phcnyl-4-isobutyl-5-o\azolono 
with ammonium thiocyanate.803 


Part II. Chemistry of 4-I1eteromethyl- 


ene-5-oxazolones 

Preparation of ^-11 eteromethylene-6-oxazolones 
Orthoformatsynthesis of 4-alkoxymethyl- 
ene-5-oxazolones listed in Table II, including 

preparation of intermediates.803 

‘^Penaldatc^^ synthesis of 4-aIkoxymethylene- 
6-oxazolones listed in Table III, including 

preparation of intermediates.806 

Oxazolone “hydrohalidesand the action of 

hydrogen halides on oxazolones.813 

Synthesis of 4-aminomethylene-5-oxazoloncs 
from acylglycines and dialkylformamidines. 814 
Preparation of 2-benzyl-4-hydroxymcthylene- 

5-oxa2olono from O-ethylserinc.815 

Preparation of 2-benzyl-4-ethylthiomethylene- 

5-oxazolone from S-ethylcysteine.816 

2-Phenyl-4-chloromethylene-5-oxa2olone. . . 816 
Action of methyl formanilide-phosphoryl chlo¬ 
ride on hippuric acid.816 

Reactions of 4-Heteromethylene-5-oxazolone8 
Reactions of the heteromethylene group 
Reaction of 2-phenyl-4-ethoxymethylene-5- 

oxazolone with amines.817 

Exchange of alkoxy groups.819 

2-Phenyl-4-hydroxyinethylene-5-oxazolone . 819 
Reaction of 2-phepyl-4-ethoxymethylene-6- 
oxazolone with hydrogen sulphide and 
with thiols.819 


Reaction of 2-phenyl-4-hydroxymelhylene- 


5-oxazolonc with amines.819 

2-Phenyl-4-thiolmelhylene-5-oxazolone. . . 820 


Exchange reactions of 4-ho(eromethylenG-5- 
oxazolones having various 2-substituents 
(styryl, phenyl butadienyl, p-nitrophenyl, 
p-chlorophcnyl, propenyl, propyl, pen- 


(enyl, heptenyl, amylj.820 

React ion of 2-benzyl-4-alko\ymethylene-5- 

o\az(}Ione uith amines.821 

Reaction of 2-benzyl-4-methoxyniethylene- 

5- oxazolone \vith N-carbobcnzyloxy-n-cys- 

teine 822 

2-Benzyl-4-hydroxymethyIcn(‘-5-oxazolone . 822 
Thiobis(4-methinyl-2-phenyl-5-oxazoIone) . 822 
Ultraviolet absorption of some aniinometh- 

34cne()xazolones in chloroform.823 

2-Phenyl-4-acel oxymet hylene-5-oxazolone . 823 
2-Phenyl-4-ehlorometh3dene-5-oxazolone . . 823 
2-Benz\4-4-benzo34oxymet h3dene-5-oxazolone 823 
Action of (liazomethanc on 4-hydroxymethyl- 

ene-5-oxazolones.823 

Action of alk34 iodides on the silver salts of 

4- hydroxymethylcne-5-oxazolones. . . . 824 
Ring-opening reactions 

Hydrolysis and stability of 2-benzyl-4-hy- 

droxymcthyIeno-5-oxazolone.824 

Reaction of 2-benzyl-4-hydroxymethylene-5- 
oxazolone with alcohols and thiols. . . . 825 
Re*act ion of 2-b(ui7yl-l-hydro\3uneth3dene- 

6- oxazolonc with benzylamine.825 

Hydrolysis of 4-alkoxymethylene-5-oxazol- 

ones.825 

Alcoholysis of 2-phcn3d-4-ethoxymethylenc- 

5- oxazolone.826 

Hydrolysis of 4-alk3dthiometh3done-5-oxazol- 

ones.826 

Reaction of 4-alkylthiomethylene-5-oxazol- 

ones with amines.826 

Reaction of 4-alkylthiomothylene-5-oxazol- 

ones with thiols.827 

Reaction of benzyl mercaptan with 2-phenyl- 

4- anilinomethylcne-5-oxazolone. . . , 827 

Reactions involving both functional groups 

Action of benzylamine on the “hydro¬ 
bromide” of 2-benz3d-4-cthoxymeth3dene- 

5- oxazolone.827 

Action of morpholine and of piperidine on the 

* ‘ hyd robromide'' of 2-benzyl-4-othoxy- 

methylene-5-oxazolone.828 

Action of benzylamine on 2-phenyl-4-benzyl- 

aminomethylene-5-oxazolone.828 

2-PhcnyI-4-hydrazinometh3dene-5-oxazolone; 
preparation reactions and rearrangement 

to 4-ben2amidopyrazolone.828 

Cyclization of 4-benzamidopyrazolone. . . 828 
2-Phenyl-4-azidomethylene-5-oxazolonc . . 829 
Reaction of 2-phenyl-4-ethoxymethylene-5- 
oxazolone with phenylhydrazinc. .... 829 
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Rearrangement of 4-acetamidinomethylene- 
and 4-guanidinomethylene-2-phenyl-5-ox- 
azolone to 6-benzainido-pyrimidones, and 
(‘yclizaiion of the latter to oxazolopyrimi- 


dines.829 

Rearrangement of 4-iiroidomethylene- and 
4-a-pyri(lylamiriornothyleno-2-phenyl-5-ox- 

azolones to pyriinidones.829 

2“Phcnyl-4-cyanamidomethylene-5-oxazol- 

one. 829 

4^{<x-Hydroxyeihylideney6'-oxazolones 
Preparation and reactions of 2-phcnyI-4“(a-hy- 

droxyethylidone)-5-oxazolone.830 

Preparation and methylation of 2-styryl-4-(a- 
hydroxyethylidene)-5-oxazolone.830 


Paiit III 

Reaction of /rHeteromethylene-'d-oxazolones with 
Penicillamine and Related Substances 
Reactions A\ith 4-hydroxyrnethylene-5-oxazol- 
onos 

Condensation of 2-phenyl-4-hydroxymethyl- 


ene-5-oxazolone with cysteine.831 

Condensation of 2-amyl-4-hydroxyinethyl- 
ene-5-oxazolone with DL-pcnicillamine. . 831 
Condensation of 2-benzyl-4-hydroxymethyl- 
ene-5-oxazolone with i)L-penicillaraine 
methyl ester. .831 


Preparation of methyl D-ainylpenicillenate 831 
Reactions leading to antibiotically active 
material 

Condensation of 2-benzyl-4-mcthoxymethyl- 


ene*-5-oxazolone with i)-penicillamine . . 832 
Condensations of 2-styryl-4-ethoxymethyl- 
ene-5-oxazolone and other oxazolones with 

penicillamine.832 

Reactions with 4-alkoxymethylene-5-oxazol- 
ones 

Methyl d- and DL-phenylpenicillenate; prep¬ 
aration and reactions.832 

Methyl D- and Di>styrylpcnicillenates. , . 833 
Methyl D-amylpenicillenate and its reaction 

with benzylamine.833 

Benzyl DL-phenylpenicillenate.833 

Methyl D-benzylpenicillenate and its re¬ 
actions.833 

Condensations of 2-benzyl-4-alkoxymethyl- 
ene-^oxazolones wdth dl- and D-penicill- 

amine methyl ester.834 

Condensations of 2-phenyl-4-ethoxymethyl- 
cne-5-oxazolone with nir- and n-penicill- 

amine.834 

Condensations of 2-phenyl-4-(N-acyl-2',4'- 
dichloroaniIinomethylene)-5-oxazolone 

with DL-penicillamine.836 

Attempts to Prepare True Oxazolone-4-aldehydes; 
Miscellaneous Syntheses 

Bromination of 4-hydroxymethylene-6-oxazol- 
ones.836 


Preparation of styrylglycine and some styryl- 


hydantoins.837 

Condensation of cinnamaldehyde with phen- 
aceturic acid and with caproylglycine, . . . 837 
Condensation of N-acylalanines with ethyl 

orthoformate. . . .*.838 

Reaction of N-acylnorleiicines with ethyl 

orthoformate.839 

C-Methylation of ethyl phcnylacetylamino- 
rnalonate and of ethyl acetamidomalonate. 840 
Methylation of ethyl benzylpenaldate .... 840 
Preparation of a-amino-a-methyl-/?, 7 -dihy¬ 
droxy butyric acid.840 

Ethyl a-bromo-a-mcthyl-/3,i(?-diethoxypropion- 

ate.841 

Azlactonization of benzylpenaldic acid acetals 841 
Azlactonization of /S-methyl-D-phenylpenicil- 

loatc.843 

Azlactonization of j^?-methyl-D-benzylpenicil- 

loate.843 

Methyl DL-pherxvlpenicillcnate from ^?-methyl- 

DL-phenylpenicilloate-of-hydrazide.843 

2-Bcnzyl-5-oxazolone and methyl D-5,5-di- 

methylthiazoline-4-carboxylate.843 

2-Phenyl 4-(4'-carboxy-5',5'-dimethylthiazol- 
idyl-2')-methylaminomethylene-5-oxazoIone 844 
Preparation and cyelization of a-phenylacet- 
amido-benzoylaminopropionic acid .... 844 
a-Phenylacetamido-/?-carbobenzyIoxypropionic 

acid.844 

a-Bcnzamido-d*carbethoxymethylaminopro- 

pionic acid ... 844 


Part IV. Miscellaneous Work Bearing 
ON Oxazolones 

Derivatives of a-Acylamino Acids 

Action of acetic anhydride on caproylglycine . 845 

Action of ethylmagnesium iodide on2-phenyl- 


4-methyl-5-oxazolone.845 

By-produ(;t in preparation of 2-benzyl-5-ox- 

azolone.845 

Action of acetic anhydride on phcnaceturic acid 845 
Action of methylmagncsium iodide on 2- 

phenyl-5-oxazolone.846 

Action of triethylamine-hydrogen cyanide on 

2-phenyl-5-oxazolone.846 

3-Caproylamino-2,4-diketopyrrolidine .... 846 
Benzoylaminomethylmaleic anhydride. . . . 847 
Cinnamoylaminomethylmaleic anhydride . . 847 
Thiazolones 

Condensation of phenylthioacetylglycine with 

ethyl orthoformate.847 

2-Benzyl-4-benzyIidene-5-thiazolone.848 

2-Benzyl-4-hydroxymethylene-6-thiazolone. . 848 


OXAZOLE SECTION 

Synthetic work related to penicillin has led to a 
considerable advance in the chemistry of oxazoles. 
New general methods have been devised for con- 
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structing the ring, and much light has been thrown 
on the behavior of functional groups attached to an 
oxazole nucleus. 

At an early stage of the work (C'ornforth, ('orn- 
forth; Abraham, Ihiker, Chain and Robinson, 
the synthesis of 2-amyl oxazole-1-car¬ 
boxylic acid (I; R = CdIIujR' = II) was described. 
Amyr-^ cyanide was converted to the irninoether 
(II), which reacted with glycine ethyl ester hydro¬ 
chloride (cf. E. Schmidt, Ber,, Jt.7, 2548 (1914)) to 
give ethyl a-ethoxyraprylideneaminoaceiate (III; R = 
CsHii; R' = C 2 II 6 ); the nu4liyl irninoether and 
glycine methyl ester hydrochloride similarly gave 
methyl a-methoxycapryhdeneaminoacetate (III; R = 
Cslln; R' = Cila). Formylation of these esters 
in the presence of i)otassium alkoxide gave potassivm 
ethyl ff-hydroxy-a’(a-ethoxyrapryliden(amino)acrylafe 
(IV; H = C^lln; R' “ C^TT^), and the correspond¬ 
ing ?wr///oj«/compound (IV; H — (\Ilii;R' — CIU) 
respectively. 

N (-('(),R' 

R C CMI 

\ 

0 

I 

(K^,1J. 

/ 

CsIInC^ 

.XJl 

II 

OH' 

/ 

RC 

\ 

NCI1./’0,R' 

III 

N- C -COaR' 

ll II 

RC (mOK 

\ 

OR' 

IV 

Treatment of the salt (IV; R = CsHu; R' = 
CjlR) with ethereal hydrogen chloride gave ethyl 
2-amyloxazole-4-earboxylate (I; R = CsHn; R' = 
C 2 Hs), which was saponified to the acid. Later 
(Cornforth, Cornforth; Abraham, Baker, Chain and 
Robinson, CPS.43S) a better cyclizing agent was 
found in boiling acetic acid. The acid (I; R = 
Cilln; R' = H) was also shown to be readily 
decarboxylatod, and 2-amyloxazole was thus pre¬ 
pared. The whole process constitutes a synthesis of 
2-8ubstituted oxazoles and their 4-carboxylic acids 
which proved to be of rather general application. 

* '*Ainyr* or in this seuUon always denotos n«amyi. 


The method'^ waH applied (Barber, Gregory, Sluf^k, 
Stickings and Woolman, CP^^Md) to prepare ethyl 
2-phenyloxazole-4~carboxylnte (I; H — Gbllh; R' = 
(' 2115 ) and the corrchponding avid, the synthesis 
from benzonitrile proceeding through new inter¬ 
mediates of the type described above. Later 
(Cornforth, Cornlortli; Abraham, Jhiker, (4iain and 
Robinson, this syn(h(‘sis was improved 

and earned on to the known 2-phenylo\jiZole. 

The method ean also be used in tlie synthesis of 
iminazoles (Cornfortli, Cornforth; Abraham, Baker, 
Chain and Robinson, CPS.‘)7). The potassium 
salt (IV; R ~ C'bBn; R' — (LHf.) ^vith aqiu^ous 
ammonia gave 2-avujlumnnzoli-Jr-caiboxylic and 
(IVa; R' = R" — 11); vvith methylamine hydro¬ 
chloride or glycine ethyl ester liydrocdiloride in 
alcohol, ethyl 2~amyl’-l-mcthylnmnazole-Ji.-carhoxyU 
ali (IVa; IV = (^ 2 !!^; R" = Clh) and (iJiyl J-^amyl- 
imi7iazole-4-carhoxylalni-acetate (IVb; It — CrJIn; 
K' = C/Hs). Similarly the potassium salt (IV; 
R* = Chilli; R' = CHa) gave methyl 2-arnyl-l-meth- 
ybmwazole-If-rarboxylate (IVa; R' ~ R" = CII3) 
and methyl 2-am yhmi nazal e-Jf-carhox if late-1 -acetate 
(IVb; R^Cblln; R'- (TG). The esters IVa 
(K' - C^ 2 n 6 ; R" - Clh) and IVb (R - C.lln; 
R' = (Xllf.) have been hydrolyzed to the cor¬ 
responding acids. The method has been applied 
(Merck, 12; 4 ^, 4) to the preparation of 

ethyl 2-henzyhminazole-4-carboxylate-1-acelate (IVb; 
R — CeHBCIl 2 ; R' - C^illh) starting from phenyl- 
acetonitrile. On heating with metlianol a methyl 
ethyl ester Avas obtained, 

N COM' 
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> It should be noted that Dr. and Mrs. Cornforth have applied sinular 
mothods to the synthesis of oxasolo itself, the hitherto unknown parent of 
the group. This work was released for independent publication. (R. R.) 
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It was also found (Cornforth, C'ornforth; Abra¬ 
ham, Baker, Chain and Robinson, CPSJ7) that 
2-aniyloxazole-4-earboxylic acid on heating with 
aqueous ammonia gave 2-amyliminazole (IVc: R ==• 
H); with aniline S-arayl-l-phenyl-iminazole (IVc; 
R — Cells) was formed. 

The possibility of obtaining oxazoles from oxazol- 
ones arose (Merck, M47, 7) when from a reaction 
involving 2-bcnzyl-4-hydroxymethylene-5-oxazol- 
one (V) an isomeric substance was isolated which 
was later {M.51, 11) proved to be 2-henzyloxazole-j(i.- 
carboxylic actd by synthesis from phenylacctonitrile 
by the method of CPS.57. Thus the following 
rearrangement had taken place: 


N-C--“CI 1 ()I 1 

I' 1 

CJIsClIjC CO 
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V 


C^HoCUI 


N- 

II 

2 C 


C—COjH 
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VI 


Suitable conditions were described in a later report 
(Merck, M.69, 17). Again, it was found (Elliott, 
Ifems and F. A. Robinson, CPId^.^OO) that 2-phenyl- 
4-(a-hydrox\vethylidene)-5-oxazolono (VII) gave 2- 
phenyi-5-methyloxazole and carbon dioxide on 
heating. This reaction evidently proceeded via 
a rearrangement to 2-phenyl-5-methyloxazole-4- 
carboxylic acid (VIII; R = H), though an alterna- 
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tive mechanism was also considered at the time. 
This rearrangement has been shown (Cornforth, 
Cornforth; Abraham, Baker, Chain and Robinson, 
CPS,Ji92) to be a special case of a more general 
reaction, which is discussed more fully below. It 
was found {CPH,J!tD2) that the sodium salt of 2-amyl- 
4-hydroxymethylene-5-oxazolone was rearranged on 
melting to that of 2-amyloxazole-4-carboxylic acid 
(I;R — C6Hn;R/ - H). This method, which was 
later (Cornforth, Cornforth; Abraham, Baker, 
Chain and Robinson, CPSM47) applied to the prep¬ 


aration of 2-(P-pmtenyl)oxazole-4“Carboxylic add 
(I; R - CH 8 CTl 2 CH 2 CH=CH—; R' - H), ap¬ 
pears to be the best way so far devised of carrying 
out the transformation. 

Among the incidental syntheses of oxazole deriva¬ 
tives may be mentioned the formation (Brodrick, 
Peak, Whitmont and Wilson, CPS,692) of 2-benz- 
yloxazole-4-carboxylic acid (VI) as one product 
of the action of silver benzenesulphonate on methyl 
thiobenzylpenaldate diethyl acetal (IX), and the 
preparation (Elliott, Hems and Robinson, CP SMS) 
of ethyl 2-phenyl-5-methyloxazole-4-carboxylaie (VIII; 
R — C 2 II 6 ) by dehydration of ethyl a-beiizoylamino- 
acetoacetaie, thus extending to a-acylamino-/3- 
ketoesters a reaction already knowm to succeed 
with a-acylaminoketones and a-acylamino car¬ 
boxylic esters. 

Some general remarks have been made (Corn¬ 
forth, (^ornforth; Abraham, Baker, Chain and 
Robinson, CPS.4^S) in regard to the properties of 
some 2-substituted oxazoles and their 4-carboxylic 
acids and esters. These w^ere all feebly basic, 
especially the carboxylic esters. All w'^ere readily 
oxidized by cold aqueous permanganate solution, 
but resisted the action of bromine in carbon tetra- 
cliloride. In all (‘aaes the ring was opened by 
warming with 2,4-dinitrophcnylhydrazinc m 2 N 
hydrochloric acid: thus ethyl 2-amyloxazole-4-car- 
boxylate (I; R = C^Hn; R' = Et) afforded the 
2,4-dinitrophenylhydrazone (X) of ethyl caproyl- 
aminoformylacetate. There was a tendency for 
glyoxal osazone derivatives to be formed at the 
same time, and this was especially the case with 
ethyl 2-phenyloxazole-4-carboxylate, where reac¬ 
tion was very slow. 

It was found possible to modify the carboxyl 
group in acids of type I. Thus the chloride of 
2-amyloxazole-4-carboxylic acid w'^as reduced {CPS. 
IfiS) by the Rosenmund method to 2-amyloxazole-4- 
aldehyde (XI), w^hich with D-penicillamine gave the 
thiazoUdine (XII), The reaction of 2-benzyloxazole- 
4-carboxylic acid chloride with n-penicillamine 
methyl ester and with i>-valine has been described 
(Merck, M,63, 21). The hydrazide and benzylamide 
of 2-benzyloxazole-4-carboxylic acid, and the amide 
of 2-amyloxazole-4-carboxylic acid, could be pre¬ 
pared from the corresponding ethyl esters. 
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In the course of attempts to synthesize the thi- 
azolidine-oxazolone structure for penicillin, many 
workers were attracted by the idea that 5-substi- 
tuted oxazoles, and especially r)-alkoxyoxazoles, 
might serve as a source of oxazolones. Attention 
in particular was directed t<o the j^reparation of a 
2-alkyl-5-alkoxyoxazole-4-aldehyde (XIII). 

Karrer and Griinacher (Ilelv, Chim. Acta, 7, 7G3 
(1924)) have described the preparation of 2-phenyl- 
5-ethoxyoxazole (XIV; K = (VJlo; R' — C 2 n 6 ), 
and other substances of the same type, by the action 
of phosphorus pentachloride on ethyl hippurate 
and other a-acylainino esters. A later paper from 
the same laboratory (Heir. Chim. Ada, 8, 205 
(1925)) mentioned phowsphorus pentoxide as an 
alternative dehydrating agent, lliis general reac¬ 
tion has served as the basis of 5-alkoxyoxazole 
syntliesis. The original process has been improved 
and many variations de\ eloped. Thus the prep- 


N- C -CHO 

II I, 

RC C—OR' 


\ / 


O 


xni 


N-CII 

11 II 

RC COR' 


\ / 


0 

XIV 


NH—Clla 

CeHsCHsi^S iojCjIR 

XV 

aration of 2-n-amyl-5-etho:icyoxazole (XIV; R == 
Csllii; R' == 02115 ) from ethyl caproylaminoacetate 
was effected (Brodrick and Peak, CPS.60) 92) by 
the use of benzenesulphonyl chloride in pyridine. 
A novel method was introduced (Brodrick, Peak 
and Whitmont, CPS.4¥>) in the preparation of 
2d)emyl-5-ethoxyoxazole (XIV; R = O 6 H 6 CII 2 ; R' = 
C 2 H 6 ) from ethyl thiophenaceturate (XV) by the 
action of silver benzenesulphonate and pyridine at 
low temperatures. 2-Amy 1-5-ethoxyoxazole was 
later (Brodrick, Peak, Whitmont and Wilson, 
CPS.592) prepared by the same method. 

Silver acetate and silver benzoate gave products 
which were considered to be probably the imido- 
esters (XVI; R = CHa or CoHs), though the alter¬ 


native formulation (XVII) is not excluded by the 
evidence, and it was suggested that a similar type 
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C^6ir5ClT2( 


DCOR 

XVI 


CTI. 
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I I 
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XVII 


N-CHj 

CJIsCIli iojCjIR 

^OSOaC.H* 
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of intermediate (XVTII) was the source of the 
oxazole when silver benzenesulphonate was used, 
and also when benzenesulphonyl chloride was used 
to cyclize a-acylamino esters. 

l^hosphoryl chloride may also serve (Brodrick, 
Peak, Short, Whitmont and Wilson, CPS.305) in 
the preparation of 5-alkoxyoxazoles, and it was 
shown (Boon, (\arrington, Davies, Jones, Ramage 
and Waring, CPS.479) that thionyl chloride con¬ 
verted ethyl hippurate to 2-pheny 1-5-ethoxy oxazole 
in lo^v yield. 

The 5-alkoxyoxazoles prepared by cyclization of 
acylamino esters are tabulated below. In general, 
the phosphorus pentachloride method is unsatis¬ 
factory for the preparation of 2-benzyl-5-alkoxy- 
oxazoles, and in this series, phosphorus pentoxide 
is the cyclizing agent of choice. On the other hand, 
the phosphorus pentoxide method is ineffective in 
the preparation of 5-benzyloxyoxazoles, so that no 
method has yet been devised for the preparation of 
2-benzyl-5-benzyloxyoxazoles. Such a method 
would be useful in the attempted synthesis of the 
oxazolone-thiazolidine structure corresponding to 
benzylpenicillin (see pp. 5 and 697). Liberation of 
the oxazole from its hydrochloride is often neces¬ 
sary in the phosphorus pentachloride method, 
though the 4-carbethoxyoxazoles are as a rule too 
feebly basic to retain hydrogen chloride. The 
relative merits of diazomethane, aqueous sodium 
acetate, sodium hydroxide and sodium ethoxide 
were studied (Boon, Carrington, Davies, Jones and 
Ramage, CPS.274) in connection with the isolation 
of 2-phenyl-5-benzyloxyoxazole. Alcoholic potash, 
sodium carbonate, or phosphate buffer have also 
been used. It has been shown that this step is 
sometimes important (Boon, Carrington, Davies, 
Gaubert, Jones, Ramage and Waring, CPS. 
684): 2-phenyl-4-me1 hyl-5-benzyloxyoxazole and 
2-phenyl-4-benzyl-5-bcnzyloxyoxazole could be pre¬ 
pared from their hydrochlorides by the use of 
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diazornethaiie, but not of phosphate buffer, whieh 
led to nonbasic products. 
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The possibility of converting an alkoxyoxazoJe to 
the corresponding oxazolone v as realized in practice 
(Boon, Carrington, Davies, Jones, Ramage and 
Waring, CPSJ?4l 4-^^) Hydrogenation ol 2 - 
phenyl-5-beiizyloxyoxazole (XIV; R = CJR; R' = 
C 0 II 5 CH 2 ) over palladium black led to the known 
2 -phenyl oxazol one. 2 - Phenyl -4 -methy 1-5-bcnzy 1- 

oxyoxazole and 2-phenyl-4-benzyl-5-benzyloxyox- 
azole have also been hydrogenated and the oxazol- 
ones identified by reaction with aniline (Boon, 
Carrington, Jones, Ramage, Tyler and Waring, 
CPS,693). Another reaction which possibly pro¬ 
ceeded through the oxazolone was that of 2-amyl-5- 
ethoxyoxazole (XIV; R - C,Rn; IV - Calls) with 
aniline hydrochloride (Brodrick and Peak, CPS,92 ): 
caproylaminoacetanilide was formed at 110 - 120 ®. 
On the other hand, there is no evidence that oxazol- 
ones are formed even transiently by the hydrolysis 
of 6 -alkoxyoxazoles: 2-amyl-5-ethoxyoxazole with 
dilute acid gave ethyl caproylaminoacetate, the 
ring being thus opened preferentially (CPS.92), 

The converse reaction, transformation of an ox¬ 
azolone to an alkoxyoxazole, has also been achieved. 
The action of diazomethane (Merck, 31) on 


2-phcnyl-l-cfjrbcthoxy-5-oxazolone (XIX) gave ethyl 
2-phenyl-5-mctho:ryoxazole-jlrcarboxylate (XX; R = 
CeH,; R' - R" = CTI«) l^his work later 

received confiimation (Boon, C^irrington, Davies, 
Jones, Ramage and Waring, CPl^SJfO) when it 
was shown that the action of diazoethane on the 
oxazolone (XIX) ga\e the same ethyl 2-phenyl-5- 
etho\yo\az()lc-4-caibo\ylate (XX; R = CeHsiR' = 
R" ~ C 2 II 6 ) as could be prepaied by dehydration 
of (‘tliyl l)(‘nzovlaminoniHlonate. Methyl 2-pheriyP 
9-m elh o.x yoji azole-i-ca rbox i/la f( w as sun ilarly p i c- 
pared in the two diffeient wavs (Boon, Canington, 
Jones, Ramage, Tyler and ^\almg, CPS (>93). 
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Attempts to obtain a 5-alk.o\3'^oxazole-4-al<lehy(le 
covered a wide range, 'i'he cyehzation ot ethyl 
0-anilino-a-caproijlaminoarrylate (XXI; II = (’sHii; 
R' = C’slR) was tried (Brodrick, Peak, Short, 
Whitmont and Wilson, CPS S0f>) using phosphonis 
pentaehloride. Two products wore obtained, the 
suggested structures being 2-amyl-4-anihnomcthyl- 
ene-6-oxazolone (XXm; R = CsHu; R' = C,H6) 
and a chloro derivative of ethyl l-phenyl-2-amyl- 
iminazole-4-carboxylate (XXIV). A similar result 
was obtained (Boon, Carrington, Davies, Jones, 
Ramage and Waring, CPS-Sj^jS) by the action of 
phosphorus tribromide, phosphorus pentaehloride or 
phosphoryl chloride on ethyl P-bemylatmno-a-bem- 
amidoacrylaie (XXI; R »= CeHj; R' = CgllsCHj), 
which gave 2-phenyl-4-benzylaininomethylcnc-5- 
oxazolone (XXHI; R = C.H,; R' - CeHjCHj), the 
constitution of which was confirmed by synthesis. 
In t be same way (Boon, Carrington, Davies, Jones, 
Ramage and Waring, CPS.^^S) ethyl /S-benzyl- 
amino-a-phenylacetamidoacrylate (XXI;R » R' ■» 
CelljCHs) with phosphorus tribromide gave 2- 
benzyl-4-benzylaminomethylene-5-oxazolone 
(XXni; R - R' = C,H,CH,). Ethyl a-benzoyl- 
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mi 


anuiu)-/!?,/3-diethoxypropionatc (XXII; R = C^IR) 
with phosphorus tribromide gave a product {CPS. 
4S2) consisting essentially of ethyl 2-phenyloxazole- 
4-carbo\ylate (I; R ~ R' — C^Hs); with 

phosphorus pcntachlorido-phosphoryl chloride' 2- 
pheiiyl-4-cthoxymethylcne-5-oxazolone was isolated 
(Brodrick, Peak and Wilson, CPS.417). Benzyl 
a-hcnzoylammo-^jp-dielhoxypropionale (XXII; R = 
C(,ll 6 Cil 2 ) on distillation gave a mixture of products 
among which wore identified benzyl a-benzoylamino- 
^-ethoxyacrylafc (XXV) , 2-phenyl-4-ethoxymeth3d- 
enc--5“Oxazolono and benzyl ^2-p}ienyloxazolc-4-<^arb- 
oxylate (I; R - R' - C^el’lBC^l^) (Boon, 

Carrington, Davies, Jones, Rainage and Waring, 
CPS.422). Attempts were made (Boon, (\irring- 
ton, Davies, Gaubert, Jones, Ramage and V'aring, 
CPS.479; 684) to eyclize a-benzyl-P-victhyl-mjr 
phenylpenicilloate (XXVI; R = C^IU; R' — CII 3 ), 
(Hbcnzyl-i>h-phenylpe7}icilloate (XXVI; R ~ GeHs) 
R' = CfiirsCIIi)) and the benzyl esfn' of Di.-j^-(cnr/>- 

\ C (MIMTir 

I' I 

RC (’() 

\ / 
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XXIII 

\- (' C'OoCMfr, 
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CJls 

XXIV 


CsIROCII=C- CO^CIIjCelR 
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NHCOCglls 

XXV 


oxy-1 -hexenoylam inom ethyl) -5,5-dimclh yl-4-earbo- 
methoxythiazolidtne (XXVI; R = C'H.C’HsC’Hs 
(;H=-CH ; R' = CHs) . By the action of phosphorus 
pentachloride on the first two of these three peni- 
cilloates definite evidence was obtained of the for¬ 
mation of the thiazolidine-alkoxyoxazoles (XXVII; 
R = CellsCIIj or CH>), advantage being taken of 
the fact that oxazoles substituted in the 2-position 
by a group such as phenyl, styryl or 1-pentenyl 
show an absorption maximum in the range 2,600- 
3,000 A. In the case of'the dibenzyl penicilloate 
the reaction product was decomposed by aqueous 
buffer, but in the case of the benzyl methyl penicil¬ 
loate the product gave no oxazole absorption unless 
diazomethane was used. 

Following this indication that the dibenzyl peni¬ 
cilloate gave a more stable product, the process was 
repeated (Boon, Carrington, Jones, Ramage, Tyler 
and Waring, CPS.69S) on dibenzyl nn-phenyl- 
penicilloate and its hydrochloride, and the product 
purified by chromatography. In this way an im- 
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purity showing '‘ponicillenate’^ light absorption 
(see section on oxazolones) was removed, and a 
crystalline product obtained which gave a (‘orrect 
analysis for benzyl 2-‘{2'-phenyl-5'-benzyloxit4^-o.r-- 
azolyl)5j5-(limethylthiazoli(hn(-/rcarboxylaie (XXVII; 
R = GBII 5 CII 2 ). On catalytic hydrogenation of 
this material, two moIecul(*s of hydrogen were 
absorbed, corresponding to the removal of two 
benzyl groups. No antibiotic activity was detected 
in a buffer extract of the product {CPS.698). 

The case of simpler thiazolidines was also ex¬ 
amined (Brodrick, l*eak, Whitmont and Wilson, 
CPS.417; 502). The action of phosphorus penta¬ 
chloride on 3-methyl-2-(benzamido-carbcthoxymeth- 
yl)thiazolidine (XXVIII) gave a chlorine-containing 
product which was converted by sodium bicarb¬ 
onate to a substance which was probably the 
sulphoxide (XXIX); a different substance of the 
same composition was obtained in another experi¬ 
ment. Phosphorus trichloride with the thiazolidine 
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(XXVm) gave a product converted by aqueous 
alkali to 2-phenyl-4-hydroxymethylene-5-oxazol- 
one, thus indicating that here as in other oases 
alcohol was eliminated in preference to water. 

NH—Cil-COaCJla 

I I 

CcUbCIIsC CH(()C2H6)2 
X 

XXX 

llie action of silver henzenesulphonate on methyl 
a-phenylthioacetamido-^l,/!^-diethoxypropionate 
(XXX; X == S; Brodrick, Peak, Whitmont and 
Wilson, CPS.592) gave a })roduct irom which 
methyl benzylpenaldatc (XXX; X — ()) was isolated 
as the 2,4-dinitrophenylhydrazone; another frac¬ 
tion on alkaline hydrolysis gave 2-benzyloxazole-4- 
carboxylic acid (I;R = CWUCil 2 ; iV - 11). 

It has been found possible to prepare 
azolyl)-2-benzyl’‘5-ethorfjoxazol€ (XXXI) and 2-p-mtro^ 
phenyU4’-{5\5'-dimethyl-Ji!-carbomethoxy-2'-i}uazohn- 
yl)-fy-ethoxyoxazole (XXXII) by the phosphorus 
pentachloride method (Cook, Elvidge and Ileil- 
bron, CPS.618] 080). 
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The introduction of an aldehyde group in the 
4-position of 2-phenyl-5-ethoxyoxazole was tried 
(Brodrick and Peak, CPS.60) 92) using methyl- 



formanilide and phosphoryl chloride, but the prod¬ 
uct was 2-phenyl-4-anilinomethylene-5-oxazolone 
(XXIII; R = Cslh) K' - Cells). Other methods 
(Brodrick, Peak, Short, Whitmont and Wilson, 
CPS.dOO) met with no better success. 2-PhenyI-5- 
ethoxyoxazole with N-brornoacetamide gave 2 - 
phenyl-4-hromo-5-ethoxyoxazole (CPS. 8 O 0 ): attempts 
to form a magnesium or lithium derivative from 
this were unsuccessful. It was not found possible 
to oxidize 2-phenyl-4-mcthyl-5-ethoxyoxazole to 
the aldehyde wuth selenium dioxide (CPS.SOO; 
Boon, Carrington, Davies, ,lones, Ramage and 
Waring, CPS. 422 ) or various other agents (Boon, 
Carrington, Davies, Jones, Ramage and Waring, 
CPS. 47 9). Far-reaching breakdown invariably oc¬ 
curred and the products isolated represented only 
i ragments of the original molecule. The condensa¬ 
tion of benzylpyruvic acid with acetamide and 
with cajiroamide gave ot-acetamido- and a-caproyl- 
amino-y-phenylisocrotonic acid (XXXIII; R = C'Hs 
or CbHh), or possibly the corresponding crotonic 
acid derivatives. On treatment with phosphorus 
pentachloride the ethyl ester of XXXIII (R = 
(>&H u) afforded 2-amyl-4-styry 1 - 5-ethoxyoxazole 
(XXXIV). The action of ozone on XXXIV disrupted 
the oxazole ring with production of benzoic acid and 
ethyl oxamate. The exocyclic double bond w^as 
also found to resist hydrogenation (Brodrick, Peak, 
Short, Whitmont and Wilson, CPS.305). Oxida¬ 
tion of XXXIV with lead tetraacetate gave 2- 
{V-acetoxyamyl)-4’‘Siyryl-T)-ethoxyoxazole (XXXV), 
which lost acetic acid on distillation, giving 2-{l*- 
pentenyl)-4-styTyl-5-eihoxyoxazolc (XXXVI). Cata¬ 
lytic reduction of XXXVI gave XXXIV; oxidation 
with ^er^.-butanolic hydrogen jieroxide-osmium 
tetroxide gave n-butyrald(4iyde and 
cthoxyoxazoIe-2-aIdehydc (XXXVII) (Brodrick, Peak 
and Wilson, CPS.417)y from which the thiazolidine 
(XXXVni) was later prepared (Brodrick, Peak, 

Whitmont and Wilson, CPS.592) using nn-peni- 
cillamine. 

C oil fiC H-OII—C-N 

II II 

CsHsO-C C—CsHi, 

\ / 
o 

XXXIV 

C,H6CH-=CH—C-N OCOCH, 

CjHbO—C C—(!yHC4H« 

\ / 
o 

XXXV 


C,H4CH=CH—C-N 

CjHsO—(!: (!:—ch=chc,H7 


\ / 
o 

XXXVI 
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C,H5CH-CH—C- 


-N 

CjHbO—C dl—CHO 

\ / 
o 

XXXVII 


C.IJsCH-OH— 


-N S- 


C2H5O—c c— c;h 

\ / \ / 

0 NH 

XXXVIII 


(’(Cl]a)2 

illCOsH 


N- 


-C -ClljCIIjOCMIs 


CoHcC COCnllr, 

\ / 

0 

XXXIX 

The ))reparatiori of 2-phenyl-4-viny]-5-el hoxy- 
oxazole by the action of pliosphonih ])eiitachloride 
on ethyl oi-benzaTnidix'rotoiiate was tried (Brodru'k, 
Peak and Wilson, CPS.4-17) in the h()i)e that here 
the double bond niij»ht b(‘ more react i\ e. This may 
indeed have been the cav‘, tor the product after 
treatment with sodium c thovide a})peared to be 
2-phcnyU4-{P-ethoxijcihyltkoxyoxazole (XXXIX). 

2’-Amyl-5-eth()xyoxazole-'rcarboxylic acid (XL; R 
- i\Kn; IV - H) (Brodrick, Peak, Short, Whit- 
mont and Wilson, CPS.SOf), 4.17) was rec'ognized 
as a possible source of the t-aldehyde, and unsuc¬ 
cessful attempts were made to prepare the acid 
chloride. The preparation of XL (R = (\Jlii; 
R' == H) was later improved (Cornforth, Corn- 
forth; Abraham, Baker, Chain and Robinson, C7\S, 
4^2) j and it was shown that the action of phosphorus 
pentachloride on the pure acid gave a })roduct 
having the composition but not the properties of 
the expected acid chloride. Catalytic reduction 
of this product led to ethyl 2-amyloxazole-4- 
carboxylate (I; R = CsHn; R' = C 2 H 5 ). Rear¬ 
rangement had thus evidently occurred, and the 
product was ethyl 2-amyU5-chloro-oxazole-4-carl>- 
oxylate (XLI; R = C,}U,; R' = 02115 ). This was 
confirmed by hydrolysis to the corresponding acid 
(XLI; R ~ CbHh; R' = H) which gave the ethoxy- 
acid (XL; R = C 5 H 11 ; R' = H) with alcoholic 
sodium ethoxide. The chloro-acid (XLI; R == 
CsHii; R' = H) was converted through the chloride 
and amide to 2-amyl-5-chloro-4’-cyano-oxazole (XLII; 
R == C 5 H 11 ) which was reduced by ethereal stan¬ 
nous chloride to 2--amyU5-chloro-oxazole-‘4-‘<ddehyde 
(XLIII; R = C 5 H 11 ), an unstable substance which 
on keeping for three days at room temperature or on 
distillation under low pressure was rearranged to 
2-amyloxazole-4-carboxylic acid chloride. This re¬ 
arrangement explained a previous observation 
that the chloride of the chloro-acid (XLI; R = 
CjHii; R' = H) on reduction by the Rosenmund 
method gave 2-amyloxazole-4-aldehyde (XI) instead 


of the chloro-aldchydc (XLIII; R = (^TTn): the 
conditions were such that the (diloro-aldehyde 
would be rearranged instantly, and the resulting 
acid chloride would then be read}^ for further reduc¬ 
tion. Despite the instability of the chloro-aldehyde 
to heat, a thiazolidme (XLIV; R ~ CbTlu) was 
easily obtained with D-pcnicillamine. A similar 


II >1 

RC cx)rofi6 

\ / 

0 

XL 

N-(’—(V)2R' 

1 

RC C C'l 

\ / 

o 

XLI 

i\-C *CN 

II I 

RC C—('ll 

/ 

0 

XLII 


X-C CHO 

I 

K{’ ('--Cl 

\ / 

0 

XLIII 


N 

ll 

RC 




-cn- 


—s 

NH (*3(CJI,)2 

\ / \ / 

0 CII 


COjH 


XLIV 


scries of substances, starting from ethyl 2 -]ihenyl- 
5-ethoxyoxazole-4-carboxylate (XL; R — ('ell 5 ; R' 
= C 2 H 5 ), and proceeding to the thmzolidine 
(XLIV; R — Cello) was later prepared (Golds¬ 
worthy, Robinson; Abraham, Baker and Chain, 
CPSM50), In this series rearrangement did not 
occur so easily, and it was found possible to isolate 
2-phenyl-6-elJioxyoxazole-4^carboxylic acid chloride 
and to demonstrate that it was converted to ethyl 
2^phenyU6-chloro-oxazole-4^carboxylaie (XLI; R = 
CeHo; R' = C 2 H 6 ) by boiling xylene. The chloro- 
aldehyde (XLIII; R == C 6 Hb) was also more stable 
than its amyl analogue, but was rearranged on dis¬ 
tillation to the chloride of 2-phenyl oxazole-4- 
carboxylic acid. The Ihiazolidine (3ttIV; R = 
CeHfi) exhibited a low order of antibiotic activity. 
This work has been repeated (Boon, Carrington, 
Jones, Ramage, Tyler and Waring, CPS.093) and 
methyl and benzyl j>ix-2-{2'-phenyl-5'-chloro-4'- 
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oorazolyl)-»^),5-dimcihyl’’thiozolidine-Ji’-carhoxylaie 
(methyl and benzyl estens of XLIV; R == C'eHs) 
prepared. A similar series of 2-benzyloxa2ole 
derivatives (XL to XLIV; li = (\Hb("H 2 ) has been 
prepared {CPSM9d, (ioldsvvorthy and Robinson, 
CPS.6D5). In this case the tliiazolidine showed no 
ant ibiotic activity. At tempts w ere made to replace 
chlorine bv alkoxyl in various of these 5-chloro- 
o\azol(» derl\ati^e^>, but with the exception of the 
case alr(*a(ly namtioned, and the parallel conversion 
of 2 -phenyl”5-chloro-o\azole-l-carbo.\vlic acid (XLI; 
R = ('bllB; R' -- H) to the etho.xy acid (XL; R - 
CelU; R' ^ H), no success was obtained. The 
amide ol 2 -’phenyl-r)-etho\y()\azole-l-carbo\ylic acid 
was also ])repared (CPSAIdO; 693) and found to be 
rearranged on melting to ethyl 2-phenyl-5-amino- 
oxazole-l-carboxylate (XLVII; R — C'ello) ^ sub¬ 
stance, already known (Boon, Carrington, Davies, 
Jones, Ramagc and Waring, CPS. 422 ), which will 
be discussed later. 

Several exami)les have now been given of the 
rearrangement of oxazole derivatives. All the 
substances which have be(»n found to undergo re¬ 
arrangement can be formulated as 5 -substituted 
oxazoles having a carbonyl group attached to the 
4-position, the general case being 


N- 

I! 

R'—C 


-c-roR' 


\ / 
0 


C’R' 


N-(’ ('OK'" 

I 

R'(^ CTi" 

\ / 

O 


Oxazolones are seen as 5-hydroxyoxazoIes from this 
point of view^ 'rhe mechanism of the rearrange¬ 
ment has not yet been investigated, but it seems 
rather less likely that direct exchange of R" and 
R'" group occurs, than that the oxazole ring is 
opened and reformed: 


N- 


O. 

IP 

-C~C—R' 


N- 


R'fi 4 r'" R'Jl 


o- 

-C— 


CR' 


R" = 


O 


o 


o 


N-C—CR'" 

& 


R'C 


JR' 


N- 

■ II 

R'C 


0 

II 

-C—CR'" 


CR' 


\ / 
0 


The known examples of rearrangement are sum¬ 
marized in the following table. 

It will be seen that when R'" is ethoxyl the mole¬ 
cule is unstable when R" is cliloridc, and when R'" 
is chloride the molecule is unstable when R" is 
hydride. From these rather slender premises it 
may be deduced that the ethoxyaldehydes (Xni; 
R — OC 2 HB) should show great lability, and it is 


possible that the many attempts at synthesis de¬ 
scribed above were directed to a substance the 
existence of which under ordinary (*ondifions might 
be measured in fractions of a second. 


K' 

R" 

ir" 

1. CMIfiCfl, 


-OH 

2. 

--II 

— ()- 

3. vCUI 

— H 

— ()- 

4. CaHn-- 

—Cl 

—OC.Hb 

5. CoH,- 

Cl 

-OCjlh 

6 CtlhClh- 

- Cl 

—OCzlU 

7. 

— H 

—Cl 

8. CclU— 

-11 

—Cl 

9 CMlr— 

-NIL 

— ()C/2lL 

10 — 

ML 

— Of’.Hs 


The reduction of 2-amyl-r)-ethoxy-4-cyano-ox- 
azole (XLV; R = ('bHu) by stannous chloride in 
ether gave none of the desired aldehyde. The 
action of methyl magnesium iodide on XLV (R = 
CbHh) was tried, and the product worked up with¬ 
out the use of acid. However, no 4-acetyloxazole 
derivative could be isolated. The water soluble 
fraction of the product alTouled the 2,4-diniiro- 
phenylhydrazone of ethyl a-caproylaminoacetoacet- 
ate; the oxazole ring had thus been broken 
(Cornforth, Cornforth; Abraham, Baker, Chain and 
Robinson, CPS.689). 

2-Benzyl-4-cyano-5-ethoxyoxazole (XLV; R — 
C 6 H 5 CII 2 ) w^as obtained by dehydration of the 
amide of 2 -bcnzy 1-5-ethoxyoxazole-4-carboxylic acid 
with phosphoryl chloride, or alternatively by trt»at- 
inent of benzoylaminocyanoacetic acid with acetic 
anhydride to give crude 2-benzyl-4-cyano-5-oxazol- 
one, which gave XLV (R == CelltCID) with diazo¬ 
ethane. This nitrile was apparently unaffected 
under the conditions of a Stephen aldehyde 
synthesis (Boon, Carrington, Jones, Ramage, Tyler 
and Waring, CPS.693). 

A number of 5-amino-oxazoles were made in the 
course of investigation; no examples of this class 
had previously been recognized. The original 
discovery (Boon, Carrington, Davies, Jones, 
Ramage and Waring, CPS.346) was that ethyl 
benzoylaminocyanoacetate (XLVI; R = CeHs) on 
melting, or on treatment with phosphorus pentoxide 
or pentachloride, was converted to an isomeric 
substance, which was considered to be ethyl 
3-phenyl-S-amin(hoxcuole-4^^carhoxylaie (XLVII; R 
== CeHft). The same substance was formed by the 
action of phosphoryl chloride on ethyl benzoyl-- 
aminomalonamate (XLVni; R = CeH,) (Boon, 
Carrington, Davies, Ganbert, Jones, Ramage and 
Waring, CPS.634). The alternative formulation, 
2-phenyl-4-carbethoxy-6-iminazolone (XLDf; R *» 
C*Ht), was eliminated by the ssmthesis of this 
viAaiance in two different ways from benzimino 
ethyl ether and ethyl aminomalonate {CP8,684). 
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N--CCN 



II 

(’(X’jH 


\ / 


O 

XLV 


6 


Nn- rii c’().,c'2iir. 

R(*X) (^'N 

XL VI 


N-(^(’OaColI, 

II II 

RC (’NIT, 

\ / 

() 

XL VII 

NH- (’H COal’.Ih 

I I 

R(’() ('ONII, 

XL VIII 


N-(’IIC'O.CMU 

l| I 

RC (’() 

\ / 

Nil 

XLIX 

N-(’ITI’O/’jIL 

II 

R(’ ('- Nil 

\ / 

() 

L 

The aniino-oxazoles (XLVIIj may also be regarded 
as iinino-oxazolines (Lj. With acetic anhydride 
two products, apparently a mono- and :i diacelyl- 
derivative, were formed either from XLVII (II = 
CeHa) or the cyanoacetic ester (XLVI; R = CoHj,). 

Ethyl phenylacetamidocyanoacetate (XLVI; R = 
C(iH 6 Cfl 2 ) was also converted to the corresponding 
amino-oxazole (XLVII; R = C 6 II 6 CH 2 ) by phos¬ 
phorus pentachloride or phosphoryl chloride (Boon, 
Carrington, Davies, Jones, Ramage and Waring, 
CPS.8^)j by alcoholic hydrogen chloride (Barber, 
Gregory, Langford, Slack, Stickings and Woolman, 
CPS.S8d)f or by heating at 160® (Boon, Carring¬ 
ton, Davies, Gaubert, Jones, Ramage and Waring, 
CP8,684), Hero again the isomeric 2-henzyl-4- 
carbethoxy-5-iminazolone (XLIX; R = CelloCIL) 
was prepared and found to differ markedly from 
the amino-oxazole. Similarly ethyl hexenoylamino- 
cyanoacetate (XLVI; R = ClUClhClhCH-^CH) 
and ethyl caproylaminocyanoacetate (XLVI; R == 
CsHa) were converted by alcoholic or ethereal 
hydrogen chloride to the amino-oxazoles (XLVII; 
R 1-pentenyl or amyl) (Boon, Carrington, 
Davies, Gaubert, Jones, Ramage and Waring, 
CPS479] 684;'CondoTthj Comforth; Abraham, 
Baker, Chain and Robinson, CPS;689); in the 


latter case the iminazolonc (XLIX; K — C 5 H 1 J) nmus 
also ])repared for comparison. 

11 has been found that on heating ethyl 2-amyl-5- 
amino-o\azol('-4-carboxylato (XLVII; R =* CgHh) 
to 170® for a short time, smooth conversion (o 
ethyl caproylaminocyanoacetate (XLVI; R = 
C 5 H 11 ) took])lace (Cornforth, Cornforth; Abraham, 
Bak(‘r, Chain and Robinson, (PS.GSO). When 
e*ith(‘r ethyl 2 -benzybr)-amino-oxazole- 1 -carboxylate 
(XLVII; R - (\.Il*r,( dlo) or ethyl phenylacetamido- 
eyanoacetate (XLVI; R — C 1 JI&CH 2 ) was heated 
at IGO®, an ecpiilibrium inixtun* of these two esters 
resulted, the open-(‘hain ester })redominating. 
2-Benzyl-5->elho\vo\azol(‘-r)-carboxyli(‘ acid amide 
gave the same equilibrium mixture, doubtless 
through an initial rearrangement to the amino- 
oxazole (XLVII; R — C 6 II 6 CI 12 ), f^uch as has al¬ 
ready been ])roved in the phenyl series (Boon, 
Carrington, Jone.s, Ramage, Tyler and Waring, 
CPS/W8). 

Benzyl bcnzoylaminocyanoacetatc has been pre¬ 
pared; it passed on heating above its melting point 
to benzyl 2-phenyl-'')-amino-oxazol(-Jrcarho,vylafe 
(CPSM93). 

The 4-(‘arbethoxy-5-amino-oxazoles tiiv' feebly 
basic substances; the hydrochlorides dissociate 
rather easily. The hydrochloride of XLVII (R = 
('Jill) on boiling with alcohol-other, ga\e ethyl 
caproylaminonialonama(e(XLVlll\R - Cr,Hn) along 
with ammonium fdiloride and other i)r()dncts. The 
action of nitrosyl chloride on XLVII (R ~ Ci)Hii) 
gave a low yield of ctJuyl 2-amyloxazole-4-carb()xyl- 
ate (Cornforth, Cornforth; Abraham, Baker, Chain 
and Robinson, CP8.680), 

It has been suggested (Cornforth, Faw^az; 
Abraham, Baker, Chain and Robinson, CPS,684) 
that the forrnylation of hippuronitrile (Squibb, 
S,4t, 4) gives not the formylacetonitrile (LI) 
but 2-phenyl-5-amino-oxQZole-4-cddehyde (LII; R == 
CeHs). The main product of the reaction was 
shown to have an ultraviolet’absorption spectrum 
very similar to that of ethyl 2-phenyl-5-amino- 
oxazole-4-carboxylate (XLVII; R = CeHs) and 
different from what would be expected of the 
open-chain nitrile (LI), The benzoyl derivative 
{ 8 , 41 ) of LI (R = Cells) appeared to be the 
O-benzoate (LIII), for it did not react with phenyl- 
hydrazine in acetic acid, but with 2,4-dinitro- 
phenylhydrazinc in hydrochloric acid gave the 
dinitrophenylhydrazonc of LII (R = C 0 H 5 ). The 
direction of benzoylation api)cars to indicate that 
the amino-aldehyde may exist largely in the tauto¬ 
meric form (LIV). The forrnylation of caproyl- 
aminoacetonitrile gave a product characterized as a 
benzylamine derivative; attempted isolation of the 
free formyl compound by distillation led to 2 -am 34 - 
oxazole-4-carboxylic acid amide (LV), evidently 
by rearrangement of the amino-aldehyde (LII; R = 
CftHii) (Cornforth, Fawaz; Abraham, Baker, Chain, 
and Robinson, CP8,684), 
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2-Phen,yl-6-amino-4-<'y(tno-oxazole (LVI; R = 
C«Hs) and 2-amyl-rt-amino-Jt-cyano-oxazole (LVI; 
R = Call 11 ) have been prepared by the action of 
phosphoryl chloride on th(‘ corresponding inalondi- 
amides (LVII; R = (\H 5 or CsHn). These amino- 
oxazolc's could not be reduced to aldehydes (Boon, 
Carrington, Davies, Oaubert, Jones, Ramagc and 
Waring, CJ^S.634). It has been suggested (Corn- 
forth, Fawaz; Abraham, Raker, Chain and Robin¬ 
son, CPS.6S4) that the substance report(»d by 
Grischkewitz and Trochinawski {Chon. Zentr,, 
1923II, KI()5) as bonzoylaminomalonitrile is identi¬ 
cal with LVI (R - iWi,). 

NH—CH—Clio 

c«h/o cn 

LI 

N- C—Clio 

II II 

RC CNH, 

\ / 

0 

LH 


N-C^-CHOCOGJIi 

II I 

RC C-=NH 


\ / 


O 


LIII 


Ethyl phenylihioacetarnidocyanoacetate was found 
(Bentley, CaU*h, Cook, Heilbron and Shaw, CPS. 
267) to give tlie hydrochloride of 2-benzyl-‘4’’f^ar-^ 
hetkoxy-5-aminothiazoic (LVIII) with alcoholic hydro¬ 
gen chloride. 

E X r E R I M E N T A L 

Ethyl a-Ethoxycaprylideneaminoacetate (III; It ~ 

R' « C 2 il&) ((yornforth, Coraforth; Abraham, Baker, 
Chain and Jiobinson, CPE.d7), n-Capronitnlc (51.1 g.) 
was mixed with alcohol (24.5 g.) and treated below 0° with 
dry hydrogen chloride (19.2 g.). The mixture was left in a 
refrigerator for a fortnight, then decomiiosed with a con¬ 
centrated solution of potassium carbonate (74 g.) and ether. 
The product wa.s distilled, b.p. 52-t)5°/ll mm. (52.4 g.). 
This consisted largely of caprimido ethyl ether with a little 
capronitrile. 

The above product (26.2 g.) was mixed with a little ether 
and shaki'ii for one hour with a cold concentrated aqueous 
solution ot glycine ethyl ester hydrochloride (26 g ) The 
upper layer was separated and fractionated under reduced 
pressure. The ester was collected at 91°/0.5 mm. (83°/ 
0.1 mm.). A twice-distilled product was analyzed. 

Calc, for Cun 2 »OjrN: (\ 62.9; H, 10 0 
hound* 63.0, H, 10.3 

The ester could be kept in sealed ampoules for some time, 
but quickly become' yellow e\en uiidcT these* conditions 
On gentle warming with dilute* acid ethyl caproate was 
formed. 

The methyl ester (III; R * (Mb,; R' = (TI,) (22.4 g.) 
was prepared from amyl cyanide (30 g.) m the same way. 
It formed a colorless oil b.p. 74°/0.1 mm. and was somewhat 
more stable. 
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rA i=NII 
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II II 
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rS (SiNHa 
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C.H,CHj(!I! AnH, 

V 
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Calc, for C,oH,o()*^: 59.7; H, 9.5 

Found: C, 59.8; II, 9.6 

Potassium Salts of Ethyl and Methyl j3-Hydroxy-a(a- 
alkoxycaprylideneamino)acrylate (IV; H « Cftlln; R' * 
C 2 II 6 and cn,) {CPE.57). 

(a) Ethyl ester. Potassium (0.85 g.) was dissolved in 
alcohol (2.5 g.) and ether (14 g.). The solution was dduted 
with ether to 50 cc., cooled to —15° and treated with a 
similarly cooled mixture of the ester (HI; K * CsHn, R' « 
C 2 H 6 (4.85 g.) and ethyl formate (3.2 g.). The solution 
was kept below —10° for three hours, crystallization setting 
in after about one hour. The fine, colorless needles were 
quickly collected (^2.6 g.) and washed with ether. The 
potassium salt was very hygroscopic and reddened on expo¬ 
sure to air. It dissolved easily in alcohol. The alcoholic 
solution, cautiously treated with dilute alcoholic ferric 
chloride, gave a deep red-violet color which faded rapidly to 
dull yellow wrhen excess ferric chloride was added. 


Calc, for Ci,H2a04NK: N, 4.7 
p'ound: N, 4.5 

(b) Methyl ester. The potassium salt was prepared in an 
analogous manner from the ester (III; R' ■* CHi) and 
methyl formate. In this case the reaction mixture was kept 
overnight in a refrigerator. The salt (VIII) was somewhat 
more stable to air than the ethoxy analogue. The yield was 
3.2 g, from 3,75 g. of ester. 

DL-N^Caproylpeniciliamine (CPS.57). The potassium 
salt (IV; R - CjHu; R' - CsHb) (2.6 g.) was shaken in 
alcohol (6 cc.) with Di>pemcillamine (1.25 g.). When all the 
latter had dissolved, alcoholic hydrogen chloride (1.64 N) 
10.5 cc.) was added, and the precipitated potassium chloride 
removed. The solution was poured into dry ether (400 cc.); 
a slightly sticky solid separated. This was collected and 
washed with ether. The filtrate was washed with water and 
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evaporated, leaving a red gum which partly crystallized 
on standing. The crystals (0.3 g.) were collected by means 
of benzene-light petroleum, and reerystallized from benzene. 
Colorless diamond-shaped leaflets were thus obtained, in.p. 
137-138®. The substance was insoluble in water, easily 
soluble in other, alcohol or alkali carbonates. It gave a 
blue ferric chloride reaction and liberated hydrogen sulpliide 
on pyrolysis. 

Calc, for CuHjiO.NS: C, 53.4; H, 8.5 
Found: C, 53.5; H, 8.5 

Ethyl 2-Amyloxazole-4-carboxylate (I; U = (Min; * 
C 2 H 6 ) {CPS.S7). The potassium salt (IV; It « CsHu; R' 
« CgHs) (1.3 g.) in alcohol (5 cc.) was treated with one 
equivalent of ethereal hydrogen chloride. The potassium 
chloride was removed, the solution evaporated and the 
residue distilled, b.p. 99®/0.07 mm. The yield was quanti¬ 
tative. The ester formed a colorless oil, soluble in strong 
acid, from which it separated on dilution. 

Calc, for (biHnOaN: C, 62.5; H, S.l 
Found: C, 62.1; 62.2; 11, 8.3, 8.3 

On treatment with 2,4-dinitrophenylhydrazine in warm 
2 V hydrochloric acid a precipitate w'as slowly formed. 
4'his crystallized from alcohol in small needles 1 x 1 .p. 165-166®. 

Calc, for 0 i 7 Ha. 07 N 5 : N, 17.1 
Found; N, 17.7 

Bentley, Catch, Cook, Elvidgo, Hall and lleilhron {PEN, 
114) give 166-167® for the m.p. of ethyl cafiroylaininoforinyl- 
acetate diiutrophenylhydrazon<‘ (X;. 

The ester on standing a few days with aqueous ammonia 
gav'e crystals which after recrystalh/ation from 5% aqueous 
alcohol had m.p. 152® and formed colorless plates. This was 
found to be the amide. 

Calc, for C.BuO.Ts,: C, 59.1, IT, 7 7 
Found: 59.4; IT, 7 7 

The substance evolvc'd ammonia on boiling with aqueous 
alkali. 

2-Amyloxazole-4-carboxylic Acid {I;H ^ Cfilln;R' ~ II) 
{CPSf>7). Tlieester (I; R - C\H,i; IC « C2H5) was boiled 
for a f(‘W^ minutes with aqueous alkali, and the clear solution 
cooled and acidified. The acid crystallized from benzene- 
light petroleum in colorless feathery needles m.i). 92- 93®. 

Calc, for C»H„O.N: C, 59.0; II, 7.1; N, 7.6 
Found: C, 58.9; H, 7.2; N, 7.7 

The sodium and ammonium salts were sparingly soluble in 
water. The aniline salt crystallized from benzent* or aqueous 
alcohol in rectangular plates m.p. 98.5-99.5®. 

Calc, for C^HiiOiN CeHftNHa*. C, 65.2; H, 7.2; N, 10.1 
Found: C, 65.5; 11, 7.2; N, 9.9 

2-n-Amyloxazole (Cornforth, Cornforth; Abraham, Baker, 
Chain and Robinson, CPS.423^ 5). 2-n-Amyloxazole-4- 
carboxylic acid was heated until carbon dioxide ceasx'd to be 
evolved, and the residue distilled, b.p. 172-173®. The 
distillate was treated with alcoholic picric acid, when 2-nr. 
amyloxazole picrate was obtained: yellow flattened needles, 
m.p. 84.5-86.5®. 

Calc, for C 8 H 1 .ON-C 1 H.O 7 N,: C, 45.7; H, 4.3 
Found: C, 46.0; H, 4.4 

From this with ether and ammonia 2-n-amyloxazole was 
regenerated, a colorless oil, b.p, 172-173®, with a curious 
sweet smell. 

Calc, for CsHlON: 0, 69.1; H, 9.4 
Found; C, 68.8; H, 9.7 


Ethyl a-£thoxybenzylideneaminoacetate (III; R «= (MU; 
R' « C.H.) (Barber, Gregory, Slack, Sti(‘kings and W'ool- 
man, CPS.66), A solution of benzimino ethyl ether (10 g.) 
in ether (5 cc.) was shaken for one hour with a solution of 
glycine ester hydrochloride (9.5 g.) in water (10 cc,). A 
little more (‘then was then add(‘d, the upper layer separated, 
washed once with wat(*r, dried and distilled. The sulisti- 
tuted imino ether (7.1G g.) had b.p. 105.5®/0.1 mm., 
1.5069. 

Cale. for CiaHnO.N: C, 66.3; II, 7.2; N, 6.-0 
Found: C, 66.0; H, 7.2; N, 6,0 

Benzimino ethyl ether (4.03 g.) was recovered, b.p. 65-57®/ 
0.1 mm., 1.5295. 

Benzimino ethyl ether (37 g.) and a little ether were 
shaken {CPS.423, 8) w ith glycine ester hydrochloride (35 g.4 
and water (30 c(‘.) for four hours. Worked up as usual, the 
product (37 g.; 71 %) I ad b.p. 100®/0.1 mm. 

Found: C, 66.5; II, 7.2 

Potassium Ethyl /l-Hydroxy-a(a-ethoxybenzylidene- 
amino)-acrylate (IV; R - CbIU; R' ('2IU) (CPS.66). 
Potassium (1.08 g.) was dissolved in a mixture of ethyl 
alcohol (3.17 g., 99.5%) and dry ether (18 cc.). A further 
40 cc. dry ether were added and the mixture cooled to —15®. 
A similarly cooled mixture of ethyl benzimidate-N-acetate 
(6.3 g.) and ethyl formate (4.05 g.) was then added and the 
temperatur(i kept below —10® for three hours. After two 
hoxirs only a small quantity had separated but on scratch¬ 
ing crystallization sot in fairly rapidly. The solid was 
filtered off and w^ashed rapidly with dry eth<-r. The 
potassium salt was obtained as a yedlow, hygroscopic com¬ 
pound (2.25 g.). 

The above ester (23.5 g.) was formylated as described 
above, but the mixture was left overnight (CPS.423). The 
potassium salt (21 g.; 70%) was obtained as a yellow^ hygro¬ 
scopic powder which eould not be kept long w^ithout becom¬ 
ing sticky. 

Gale, for Ci 4 Hj, 04 NK: N, 4 7 
PWnd: N, 4.4 

The substance gave the characteristic ferrn* chloride 
reaction. 

Ethyl 2-Phenyloxazole-4-carboxylate (CJ*S.6fi). The po¬ 
tassium salt (IV; R = GiJU; R' = G^IU) (2.25 g.) was dis¬ 
solved in alcohol (8.5 cc.) and treated with 1 equivalent 
of alcoholic HCl. After standing for a short w'hile the potas¬ 
sium chloride was filtered off and the alcohol removed at 
room temperature under vacuum. The oil which nmiained 
was extracted with a small quantity of dry ether and the 
solution decanted from some gummy material. On evapora¬ 
tion the ether solution yielded a solid residue which was 
reerystallized from petroleum ether (b.p. 60-80®). The 
pure ester was white and had m.p. 65-66°. Mixed m.p. 
with 2-phenyl-4-ethoxyinethylcne-5-oxazolone (m.p. 97- 
98®) was 46®. 

Calc, for Ci 2 HnO,N: N, 6.44 
Found: N, 6.35 

The potassium salt (21 g.) was added (CPS.43S) during 
five minutes to boiling acetic acid (40 cc.). The cold solu¬ 
tion was poured into a mixture of sodium carbonate (50 g.) 
and water (200 cc.). The product was isolated by means 
of ether and dried at 100®/10 mm. It formed an oil which 
solidified on cooling, m.p. 67-69® (13.2 g.; 87%). A pure 
specimen w^as prepared by crystallization from isopropyl 
alcohol, and formed flat colorless prisms m.p. 69-70®. 

Calc, for CiJIiiO.N: C, 66.4; 11, 5.1 
Found: C, 66.5; H, 5.3 

2-Phenyloxazole-4-carboxylic Acid (CPS.66). Ethyl 
2-phenyloxazole-4-carboxylate (0.1 g.) was boiled for several 
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minutes with 2 N NaOH until all in solution. On cooling 
and aci<]ification the acid was prcci])itated, and was filtered 
off, washed and dried in a vacuum desiccator. It had m.p. 
209*^ (doc.). 

Prepared {CPS.4^3) b}' alkalim* hydrolysis of the ester, 
this acid crystallized from 30% ulcoliol in clumps of color¬ 
less needles, m.p. 207-208" with sublimation. 

Calc, for ChoIlTOaX: N, 7.0 
Found: N, 7.-I 

The absorption spectrum in N/\0 XaOH showed a maximum 
at 2,050 A (Km 10,300), and a minimum at 2,200 A (Em 
4,500) (Klliott, Hems and F. A Hobinson, CPS./i90). 

2-Phenyloxazole {CPS Th(‘ above acid was 

smoothly decarboxylated by distilling slowly with a little 
copper carbonate. The oxazole was w’ashed with sodium 
carbonate solution and distilled, b.p. 223-225"". It was a 
colorless oil smelling like methyl salicylate. 

Calc for C^IItON: 74.5; II, 4.8; N, 0.7 
Found: V, 74.0; II, 5.0; N, 9.7 

The picrate formed a felt of yellow needles from alcohol, m.p. 
115-110® (('ass, J. Am, Chnn, Soc.y 04 ^ 785 (1942), gives b.p. 
225-228°, picrate, m.p. 115-110°, for 2-ph(‘iiyJoxazole 
prepared by another method). 

Cinnamimino Ethyl Ether (Parber, Grt'gory, Slack, Stiek- 
ings and Woolman, CPS.SSi). C'innamie nitrile (20 g.) was 
dissolved in dry chloroform (100 cc.) and anhydrous alcohol 
(20 cc.) added. The solution was saturated with dry HCl at 
0° and allow'ed to stand for one wn^ek. Ice and w'ater were 
then added and the chloroform layer separated. The aque¬ 
ous layer was extracted with chloroform, then basified and 
again extract(‘d with cldorofonii. The second chloroform 
extract was washed with w'atcr and dried. On distillation 
only a very small yield of imino-ether was obtained ( 0.8 g.) 
b.p. approximately 100°/0.2 mm., nD*‘1.5777. The 
remainder of the material was a high boiling resin. 

Ethyl (a-Ethoxycinnamylideneamino)acetate {CPS.234). 
Cinnamimino ethyl ether (3.11 g.) was dissolved in ether 
(3.5 ec.) and stirred for one hour with a solution of glycine 
ester hydrochloride (2.8 g.) in water (3.5 cc.). More eUier 
was then added, the ether layer separated, washed once with 
wrater and dried. Distillation gave a little unchanged ma¬ 
terial (1.12 g.) and a liquid b.p. 135°/0.1 rnm., hd**’ 1,5535 
(1.58 g.). 

Calc, for CuHi» 0 ,N: C, 68.9; II, 7.3; N, 5.4 
Found: C, 69.1; H, 7.4; N, 5,5 

Potassium ^3-Hydroxy-a(af-ethoxycinnamylideneamino)- 
acrylate {CPS.234). Potassium (0.23 g.) w^as dissolved in a 
mixture of anhydrous ethanol (0.87 cc.) and dry ether 
(4 cc.). The solution w^as diluted with more dry ether 
( 8.6 cc.) and cooled to —15°. A similarly cooled mixture of 
ethyl (a-ethoxycinnamylideneamino)acctatc (1.48 g.) and 
ethyl formate (0.87 g.) was added. After keeping for three 
hours below 15° nothing had separated, but on vigorous 
scratching the potassium salt crystallized rapidly. It was 
filtered off and washed with dry other giving a golden yellow 
powder (0.92 g.). 

Calc, for (heHigOiNK: K, 12.0 
Found: K, 12.6 

Action of Alcoholic HCl on Above Potassium Salt {CPS. 
234 ). The potassium salt (0.85 g.) was dissolved in anhydrous 
alcohol (3 cc.) and 10 N alcoholic HCl (0.27 cc.) added. 
After a few minutes the voluminous white precipitate was 
filtered off and washed first with alcohol and then with water. 
It had m.p. 111 ° (dec.) (0.35 g.). 

Calc, for Ci 4 Hi,OiN: 

(;, 69,0; H, 6.35; N, 5.76; OCsH., 18.5 
Found: C, 66,1; H, 6.25; N, 6.06; OC,H», 24.82 


From the analytical figures and the high melting point and 
low alcohol solubility it was apparent that the nmtoriol was 
not^ the requin^d oxazole (a possible structure, is ethyl 
/3-cthoxy-«-cinnamamidoacrylate). 

Calc, for Ci 6 Hi»() 4 N: C, 66.4; II, 6.6; N, 4.8; OCbMe, 31.1 

2-Amyliminazole-4-carboxylic Acid (IVa, U' = K" = 11) 
(Coriiforth, (Joriifortii; Abraham, Baker, Chain and 
Robinson, (l*S.o7). Tlie potassium salt (IV; R =» C6Hu; 
K' ~ CoHe) (0.21 g.) wa.s dissolved in aqueous ammonia 
(2 cc., d *= 0.880). After three hours tlio excess ammonia 
was boiled off, the solution neutralized to litmus and the 
product collected. H(>crystallization from alcohol gave the 
acid (50 mg.) in small colorless leaflets, which decomposed 
at 230° with previous blaekeniiig. 

Calc, for C 9 II 14 O.N,: C, 59.3; H, 7.7 
Found: (', 59.3; H, 7.7 

Ethyl l-Methyl-2-amylitninazole-4-carboxylate (IVa; 

R' « ('.Hs; R" - CHs) {CPS.fj;). The potassium salt 
(IV; R -= C\Hu; R' = CJU) (4 g.) in alcohol (10 cc.) was 
treated with methylamim' hydrochloride (1 g.). N(‘xt day 
the product was dilut(‘d with water and ether. TIkj (*ther 
layer was shakcui with dilutt‘ hydrochloric acid. The* acid 
extract was treat(‘d with sodium carbonate. The product, 
isolated })y means of ether, was distilled, b.p. 165-170° 
(bath)/0.05 mm. (2.25 g.). It formed an oil w'hich soon 
crystallized. A portion of tlu* distillate w^as dissolved in 
light petroleum (40 60°) at room temperature, and tlie 
solution cooled to — 15°. The colorless leaflets were quickly 
collected, m.p. 42-43°. 

Calc, for CiaH.oOjN^: C, 64.3; H, 8.9 
Found: C, 64.0; II, 8.7 

Methyl 1-Methyl-2-amyliminazole-4-carboxylate {CPS. 
37). This was prepared similarly from the potassium salt 
(IV ;R = Cfcllu;li' =» CHi). Distillation was unnecessary. 
The product crystallized from light petroleum (80-100°) 
in long needles, m.p. 66-67°. 

Calc, for CuHiHOjNi: C, 62.9; II, 8.6 
Found: C, 03.0; H, 8.6 

Ethyl 2-Amyliminazole-4-carboxylate-l-acetate (IVb; 

R « CfiHn; R' « C 2 H 5 ) {CPS.57). The potassium salt 
(IV; R « CfcHi,; R' « C2II5) (0.5 g.) in alcohol (2 cc.) was 
treated with glycine ethyl ester hydrochloride (0.25 g.). 
Next day water was added, and the crystalline product col¬ 
lected (0.13 g.). Cry-stallization from light petroleum (80- 
100 °) gave long, colorless needles, m.p. 61°. 

Calc, for CUH 94 O 4 N 2 : C, 60.8; H, 8.1 
Found: C, 60.9; H, 8.3 

Methyl 2-Ainyliminazole-4-carboxylate-l-acetate {CPS. 
67). This was obtained in the same way from the potassium 
salt (rV; R » C^Hu; R' » CHi) (0.5 g.) and glycine 
methyl ester hydrochloride (0.28 g.). It crystallized from 
benzene in colorless needles (0.18 g.), m.p. 107°. 

Calc, for Cx»H 2 o 04 N 2 : C, 58.2; H, 7,5 
Found: C, 68.2; H, 7.6 

l-Methyl-2-amylimmazole«4-carboxylic Acid {CPS.67). 
The ester (IVa; R' « C 2 H»; R'" « CHi) (0.66 g.) was 
hydrolyzed by shaking with a slight excess of aqueous 
baryta. The barium was removed by means of dilute 
sulphuric acid and the solution evaporated under reduced 
pressure. The residue was boiled with benzene to expel 
water, and the solution filtered hot. The acid crystallized 
in microscopic needles m.p. 121-123°. 
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Calc, for CioHiftOaNai C, 61.2; 8.2 

Found: C, 61.0; IT, 8.2 

The acid was very soluble in water. 

2oAmyl-i-carboxy-iminazole-l-acetic Acid (CPS t>7). 
The ethyl ester IVb (0.45 g.) was hydrolyzed as in the previ¬ 
ous experiment. The acid obtained by evaiairation of the 
solution crystallized from water in colorless prisms in.p. 
132^134°. 

Calc, for ChiHiflOiN^ HaO: C, 51.2; II, 7.0 
Found: C, 51.2; H, 7.1 

Ethyl 2-Benzyl-4-carbethoxy-iminazole-l-acetate (Merck, 
12). This ester (IVb; R - C^IRCHa; IV - ChH^) 
was prepared in a fashion similar 1o the ])reparalion of IVb 
(H ~ Cj,FIij; R' ~ White needless, m.p. 111-112°. 

Calc, for (b 7 H 2 o() 4 No: 64.5; H, 6.4; N, HA) 

Found: (\ 64.3; II, 5 0; N, 9.1 

When this ester (70 mg.) was heated (Af.4rt, 5) with dry 
methanol (7 cc.) at 100° for forty hours, a methyl ethyl ester 
w'as obtained, m.p. 132-133°. 

('ale. for (:i 6 Hi 8 () 4 N?: 63.6; II, 6.0; X, 9.3 

Found: C, 63.5; H, 6.1; N, 9,8 

2-Amyliminazole (Cornforth, ('ornforth; Abraham, Baker, 
Chain and Robinson, (). 2-Amyloxazole-4-earboxylic 
acid (1 g.) was luxated with aqut'ous ammonia (10 cc., d « 
0.880) in a sealed tube at 150' for one hour (at 100° no reac¬ 
tion took i)Iaee). Tlu* oil whieli had separated was taken up 
in ether. The etlier was lemoved and the residue treated 
wdth jiierolonie acid in acetone. The yidlow pierolonate 
(0.97 K ) was collected. A portion was recrystallized from 
acetone, forming dull yellow prisms m.j). 190-191". 

(’ale. for (hdR4)5X«: 53,7; H, 5 5; X, 20.9 

Found: C, 53.5; 11, 5.7; N, 21.2 

The bulk of the product was decomposed by hydrochloric 
acid and the base puritied by distillation from a bath at 200° 
under 20 mm. pressure. It formed a colorless oil which 
rapidly set to a crystalline mass, m.p. 33- 34°, which liquefied 
and dissolved in contact with all organic solvents. 

Calc, for (VHuNa: C, 69.6; II, 10.15 
Found: C, 69.1; II, 9.9 

1- Pheiiyl-2-amylixninazole {CPS.57). 2-Amyloxazole-4- 
carboxylic acid (1 g.) was boiled with aniline (1 g.) for thirty 
minutes. Excess aniline was removed in steam and the 
residual oil (0.8 g.) collected by means of <4her. The 
fiicrolonate separated from acid one in large yellow rhombs, 
m.p. 143-144° unaltered by further crystallization. 

Calc, for C^iHjoOftNe: C, 60.3; H, 5.4; N, 17.6 
Found: C, 60.3; H, 5.3; N, 17.3 

2- Benzyloxazole-4-carboxylic Acid (I; R » C'eHiiCIIa; 

R' « H) (Merck, M.47^ 8; 61^ 11). (a) In a condensation 

of penicillamine with the reaction product of 2-bcnzyl-4- 
hydroxymethylene-5-oxazolone and ethyl alcohol, a sulphur- 
free acid, m.p. 158°, was obtained. 

Calc, for CxiH90tN: C, 65.0; H, 4.5; N, 6.9 
Found: C, 66.1; H, 4.7; N, 7.3 

(b) 2-Benzyloxazole-4-carboxylic acid was synthesized by 
the method of CPS,67\\i had m.p. 166-158° and was identi¬ 
cal with the acid obtained as above (Found: C, 64.7; H, 4.6; 
N, 7.4, 7.6); potentiometric titration with 0.106 N NaOII 
showed it to be a monobasic acid of equivalent weight 202 
(calc, value 203) and 3.79 (20% ethanol). 


Ultraviolet absorption in uudhanol: 


WaA^e-length (A) 


2,.')(K) 

327 

2,400 

1,720 

2,300 

5,700 

2,250 

9,040 

2,200 

12,800 

2,150 

15,100 


This absorption is (‘.ssentj;iJl\ uiicijsiigcd over the pll ritnge 
3-10. The* efhyl estir had m p. 74.5 75.5". 

2-Benzyloxazole-4-carboxylic Acid {M fUK 17; A solu¬ 
tion of 2.7 g. of tlu* sodium salt of 2-b(‘ijzvi-4-hydrox)- 
metiiyieni‘-5-o\azolom’ in .">0 ec. ol al)solut(* rm'thano) was 
treated with 5 ce. of absolute ethyl ether eonlaimng 0.3S g. 
of hydrog(‘U ehloridi*. An immediate w luU* tuibuiity 
(sodium cldornle) lormed, which w’as removed aft<T ten 
iiiinutes. The filtrate was e\ajiorated m vacuo to yield 
2.28 g. of an amher-colr>n*d gum. 'i'lus was dissolved in 
10 ml. ot absolute methanol, then tri‘a}e(l wuth 6.2 ec. of 
water containing 420 mg. of sodium hydroxnie. The 
solution was heat(*d on the* steam hath for thirty minutes 
after which it was con(‘entrat(‘d to dryness in vacuo. The 
residue was dissolved m 10 ml. of lee water and acidified 
wuth dilute hydroehloric acid to p\\ 6.5. White droplets 
separated ami were isolated by c(‘ntrifuging. After w'ashing 
twice with l()-nd. portions of water, the gum was extracted 
lour tunes with 15-rnl. portions of ether. JSot all of the gum 
was ether soluble. (Vystals formed in the ether solution 
aftiT diluting with petroleum (4her and scratching the w’alls 
of tlie flask. Tlie white needles (762 mg.) melted at 155- 
156° and om* recrystallization from ethyl ether-light 
petroleum gave 700 mg. of inatenal melting at 158". There 
was no depreH.sion in the melting point wdien this jiroduct 
was mixed with the 2-benzyloxazole-4-curl)oxylie acid 
prepared pnwiously. 

Decomposition of 2-Phenyl-4-(a-hydroxyethylidene)-6- 
oxazolone to 2-Phenyl-6-methyloxazole (Elliott, Hems and 
F. A. Robinson, (7AS'.^.90), The crude oxazolone (10 g.) w’as 
heated to 220°. Iwolution of carbon dioxide w^as rapid 
and ecHst'd in fifteen minutes. A few drops of acetic acid 
distilled from tin* reaction mixture. The iik'H was then 
cooled and the tarry residue extracted several time's with 
hot ether. The t'thc'real extracts were (‘A aporated and the 
residue distilled. The product had b.p. 136-138°/10 mm. 
(yield 1.75 g.), and partially solidified. This was dissolved 
in boiling light petroleum, and the er 3 ’^stals of benzoic acid 
(m.p. and mixed m.p.) which si'paratod on coolipg, were 
removed. I'he oxazole was then jireeipitated as the hydro¬ 
chloride by addition of ethereal hydrogen chloride to the 
petroleum solution. The hydrochloride (650 mg.) formed 
glistening prisms from methanol-ether, m.p. 184-185° (dec. 
and previous softening). It immediately dissociated into 
the oily oxazole base on contact wfith water. An authentic 
specimen of the hydrochloride of 2-phenyl-5-Tnethyloxazole 
prepared from benzoylaminoacetonc by the method of 
Gabriel (Bcr., 45,1285, (1910)) had m.p. 184 -185° A mixed 
m.p. of the two compounds was also 184-185°. 

Rearrangement of 2-Amyl-4-hydroxymethylene-6-oxazo- 
lone (('ornforth, (Virnforth; Abraham, Baker, ('hain and 
Robinson, CPS. 492), Hodium 4-hydroxyinethylene-2-n- 
amyl-5-oxazolone was melted (230°). The solution of the 
product in winter gave on acidification 2-n^amyloxazole-4- 
carboxyliij acid, m.p. and mixed m.p. 93-94°, after crystal¬ 
lization from light petroleum. 

2-Pentenyloxazoie-4-carboxylic Acid (I; R ('iH?- 
ClI—CH; R' H) {CPS,647), A neutral solution of 2-pen- 
tenyl-4-hydroxymetbyleneoxazolone in sodium hydroxide 
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was evaporated to dryness, and the residue melted under 
reduced pressure (bath at 250®). The cooled melt was dis¬ 
solved in water and acidified, the crystalline product col¬ 
lected and recrystallized three times from benzene. The 
acid formed feathery needles in.p. 145-147®. 

Calc, for C#HuO,N: (', 59.7; H, 6.1; N, 7.7 
Found: C. 59.9; II, 6.0; K, 7.7 

Thiobcnzylpenaldic Acid Diethylacetal (Brodrick, Peak, 
Whitinont and Wilson, (n^S.5U2). Freshly redistilled 
i3,/3-diethoxyalanini* ethyl ester was hydrolyzed with the 
theoretical amount of aqueous 4 N NaOTT and acylated with 
methyl iihenyidithioacetate in 50alcohol as described in a 
Lilly report 20) to give a 95% yield of thiobenzyl- 

pcnaldic acid diethyl acetal, m.p. 73-74®. 

Methyl Thiobenzylpenaldate Diethyl Acetal {CPS.502; 
cf. Cook, Flvidge and ITeilbron, CPS.IOO). The acid 
(15.4 g.) in ether was treated with a slight deficiency of 
ethereal diazomethane and the product isolated as usual to 
give 13.5 g. (86.4%) of a yellowish-brown oil. 

Calc, for ChJl2304NS: C, 59.1; H, 7.1; N, 4,3 
Found: C, 59.6; H, 7.15; N, 4.6 

Treatment of an alcoholic solution of the ester with 2,4-di- 
uitrophenylhydrazine in 2 N HCl gave a small yield of a 
product, red, poorly defined prismatic needles from methanol, 
m.p. 191-193®. 

Found: N, 20.6 

Reaction with Silver Benzenesulphonate {CPS.502). 
The following summarizes numerous experiments carried 
out using a variety of conditions and im'thods of working 
up th(* products. 

In a typical oxp(‘riment, silver beiizene.sulphonate (18.8 g.; 
2.2 mols,), dry pyridine (6.0 cc.; 2.2 inols.) and pure chloro¬ 
form (120 cc.) were stirred under nitrogen at —15® and the 
above methyl ester (10.5 g.; 1 mol.) in pure chloroform 
(40 cc.) added dropwdsc during one hour. Silver sulphide 
soon separated and after a further hour at —15® the mix¬ 
ture was allow^ed to reach room temperature whilst being 
stirred for sixteen hours. It was then shaken with sodium 
carbonate solution, filtered, and the qrganic layer dried 
and fractionated. 

Ethyl benzenesulphonate was invariably obtained as a low 
boiling fraction which redistilled as a pale yellow mobile 
liquid, b.p. 110-114®/! mm. 

Calc, for CgHioOiS: S, 17.2; OEt, 24.2%; nn*' 1.5145 
Found: S, 16.4; OEt, 22.9%; nD*‘ 1.5105 

It was further identified by hydrolysis to benzenesulphonic 
acid, characterized as the S-benzylthiouronium salt, m.p. 
145-146® which did not depress the m.p. (148®) of an 
authentic specimen. 

Calc, for CuHieO.NA: N, 8.7 
Found: N, 9.0 

The alkoxyl content of the various higher boiling 
fractions was always low. The action of 2,4-dinitrophenyl- 
hydrazine, however, gave two products. The one precipi¬ 
tated first, in low yield, was recrystallized from methanol 
as red micro-crystals, m.p. 187-190® (Found: N, 19.8), ap¬ 
parently identical (mixed m.p.) with the product prepared 
from methyl thiobenzylpenaldate diethyl acetal. The ether, 
precipitated more slowly, formed yellow needles, from 
methanol, m.p. 177-178® not dejiressed by the dinitrophenyl- 
hydrazone of methyl benzylpenaldate. 

Calc, for CiallnOTNft: N, 16.9 
Found: N, 16.3 

The remaining products were then hydrolysed with alco¬ 
holic sodium hydroxide and separated into nonsaponifiable 
and acidic fractions. The former were, in general, negligi¬ 


ble, but where possible the alkoxyl content was determined 
and the action of 2,4-dinitropiionylhydrazine examined. 
The results indicated that the acetal group could not be 
intact and that only traces of aldchj^dic compounds were 
present. 

From the acidic fractions crystalline material could usually 
be isolated. Thus in the experiment described above 
2-benzyloxazole-4-carboxylic acid was isolated as colorless 
prisms, m.j). 156-157®. 

Calc, for CiiH^OsN: C, 65.0; li, 4.5; N, 6.9 
Found: C, 64.8; H, 4.5; N, 6.7 

The Merck grouj) {M.51^ 11) reported m.p. 156-158®. 

When the reaction time was iucu'cased to thirty-eight hours 
or when the mixture was finally refluxed for four hours the 
major acidic product was benzylpcnaldic acid diethyl acetal, 
which crystalliz(*d from ethyl acetate as colorless prisma, 
m p. 107-109® (dec.), not depressed on admixture with an 
authentic specimen, m.p. 110-111® (dec.). 

Calc for CifillnOfiN: C, 61.0; H, 7.1; N, 4.8 
Found: C, 61.0; H, 7.2; N, 5.1 

There wore indications of the presence of 2-benzyloxazole-4- 
carboxylic acid also. 

Working up under anhydrous conditions by passage 
through an alumina column gave all the aforementioned 
products and in addition pyridine benzenesulphonate, m.p. 
and mixed m.p. 132.5°, and a small amount of crystalline 
material from the fraction b.p. 198-203°/] mm. Hecrys- 
tallized from ether-light petroleum it formed colorless 
needles, m.p. 75-77®. 

Found: C, 47.5; 11, 4.7; N, 5.6 

Ethyl 2-Phenyl-6-methyloxazole-4-carboxylate (Elliott, 
Hems and F. A. Robinson, CPS.50S). (a) Ethyl a-benzoyl- 

aminoacetoacetate (10 g.) dissolved in dry ether (100 cc.) 
was mixed with pure thionyl chloride (6 cc.; 2 mols.) and the 
mixture allovveil to stand at room temperature for three 
days. Massive crystals of the ester hydrochloride separal ed. 
No attempt was made to handle the hydrochloride because 
of its instability and deliquescent nature. The ether and 
excess thionyl chloride were removed in vacuo, water added 
to the residue and the oil extracted with ether. After 
thorough washing with water and sodium bicarbonate the 
ether was dried and evaporated. The residue distilled at 
126®/0.03 mni. as a yellow oil (7 g., 75%) which eventually 
solidified. It formed large prisms from petroleum ether, 
m.p. 51-52®. 

Calc, for Ci.H„OaN: C, 67.5; H, 5.7; N, 6.1 
Found: C, 67.8; H, 5.5; N, 5.7 

(b) The keto-ester (2.5 g.) was dissolved in dry ether 
(50 cc.) and phosphorus pentachloride (2.5 g.) added. The 
mixture was refluxed for twenty minutes, cooled, evaporated 
in vacuo and worked up as in (a). The crude oil obtained 
on removal of the ether was converted directly to the acid by 
hydrolysis with caustic soda yielding 1.6 g. (80%), m.p. 
180-181® after crystallization from aqueous alcohol. No 
depression in m.p. was obtained on admixture with the acid 
described immediately below. 

2-Phenyl-5-methyloxazole-4-carboxylic Acid {CPS.59S). 
This was prepared by hydrolysis of the ethyl ester with 
aqueous caustic soda. It formed long colorless needles, 
m.p, 180-181 ®, from hot water containing a small quantity of 
alcohol; Xn». 2,700 A (Em 17,800), 2,290 A (Em 4,700) 

in 0.1 A sodium hydroxide (compare the figures for IJ-phen- 
yloxazole-4-carboxylic acid). 

Calc, for CiiH,OiN: C, 65.0; H, 4.5; N, 6.9 
Found: C, 64.7; H, 4.4; N, 6.7 

2-Phenyl-6-inethyloxazole {CPS.693), The acid (0.93 g.) 
was heated with a trace of copper oxide at 220^ Smooth 
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decarboxylation took place and after fifteen minutes the 
bath temperature was raised so that the oxazole could distil. 
The product was a colorless oil, b.p. 246-248®; yield 0.65 g. 
(89%). The hydrochloride had m.p. 184-185® (dec.) and 
gave no depression with an authentic sample prepared as 
described above (p. 705). 

2-Amyloxazole-4-aldehyde CCornforth, (''ornforth; Abra¬ 
ham, Baker, Chain and Robinson, CPSJ^SS), 2-Amyl- 
oxazolo-4-carboxylic acid (2.0 g.) was warmed under reflux 
with thionyl chloride (1.1 cc.) until effervescence ceased. 
The residue on distillation gave the acid chloride (2.0 g.), a 
colorless liquid b.p. 126®/7.6 mm. which did not fume ap¬ 
preciably in air. 

Calc, for CJli.ONCl: Cl, 17.6 
Found: Ch 17.0 

The above chloride (2.0 g.) in xylene (10 cc.) with pal- 
ladized barium sulphate (0.5 g.) and thiourea (5 mg.) was 
refluxed during the passage of hydrogen with occasional 
shaking. After six hours 85^; of the calculated quantity of 
hydrogen chloride had been liberated. Th<* catalyst was 
collected and washed with ether. The filtrate w'as shaken 
with saturated sodium bisulphite solution (14 cc.). After 
fifteen minutes at 0® the colorless leaflets of bisulphite 
compound w’ere collected, washed with etln'r, dissolved in 
water and decomposed witli sodium (*arbonate. The 
aldehyde was extracted with ether and distilled. It was a 
colorless oil (1.15 g; 70^';,), b.p 108®/8 ruin., had a faint 
fatty odor and was not easily oxidized in air. 

Calc, for CgH^OaN: C, 6*1.5; 11. 7.8 
Found: C, G4.5; H, 7.7 

The 2,4-dmitrophenylhydrazon(> separated from alcohol in 
small, clustered, orange leaflets, m.p, 172-173®. 

Calc, for Cx.UnOiN,: N, 20.2 
Found: N, 19.8 

Thiazolidine from 2-Amy]oxazole-2-aldehyde and i>-Peni- 
cillamine A mixture of the aldehyde (170 mg.), 

i>-penicillamine hydrochloride (190 mg.) and acetic acid 
(1 cc.) w^as warmed until nearly all the solid was in solution; 
the re.si(lue was removed l)y iiltration. After one hour, 
ether (10 cc.) was added. The colorless crystals (180 mg.) 
were collected after tw'o days, washed with ether and dried in 
the air. 

Found: C, 43,1; 11, 7.0; S, 8.3; Cl, 15.3% 

The analysis indicates a mixture of the mono- and dihydro¬ 
chlorides of XII, e.g. a mixture of Ci4n2208N2S*2nCI-2H20 
with 25% of CHHagOiNaS HCl H/) requires C, 42.9; H, 6.9; 
Cl, 15,6. The product melted at 128-130® (dec.). It partly 
dissolved in water, the residue becoming pasty. Addition of 
sodium carbonate to the mixture caused at first precipita¬ 
tion; the whole dissolved on further addition of alkali to give 
a clear solution at pH 7. This solution on treatment with 
mercuric chloride gave the mercury-penicillamine complex 
and the aldehyde, which was recovered as the dinitro- 
phenylhydrazone. Fission was also shown to take place 
with hydroxylainine, thus establishing the presence of a 
thiazolidine ring. 

This salt was found to be devoid of antibiotic properties. 

Hydrazide of 2-Benzyl-4-carbozyoxazole (Merck, 7). 
To 2.5 g, of 2-bonzyl-4^carbcthoxyoxazole was added 0.55 cc. 
of hydrazine hydrate. After twenty hours the mixture was 
digested with 20 cc. of water and extracted with benzene. 
The residue from the benzene extracts crystallized (1.9 g.) 
from benzene-light petroleum; m.p. 80-82®. Hecrystalliza- 
tion from »^propyl ether gave colorless needles, m.p. 81-83®. 

Calc, for CiiHuOjN,: C, 60.8; H, 6,1 
Foimd: C, 60.5; H, 6.0 

Attempted Reaction of the Azide of 2-Benzyl-4-carboxy- 
oxazole with n-PeniclUamine Methyl Ester {M.60y 7). To 


a cooled (0°) solution of 0.5 g. of the hydrazide of 2-benzyl-4- 
carboxyoxazole in 3.3 ml. oi I N hydrochloric acid was 
added 0.175 g. of sodium nitrite dissolved in 2 ml. of water. 
The crystalline azide was immediately precipitated. 

To a solution of the azide in 10 ml. of methylene chloride 
(dried over sodium sulphate) was added a dried solution of 
0.38 g. of D-ponicillamine methyl ester in 10 ml. of methylene 
chloride containing 0.5 ml. of pyridine. After twenty hours 
the mixture was washed with dilute tartaric acid, 5% jwtas- 
sium bicarbonate solution, and water, and dried over sodium 
sulphate. Oincontratioii yielded 0.1 g. of colorless needles, 
m.p. 169-170®. RecryslMllization from methylene chloride 
gave a sulphur-free product, m.p. 170 *-171®. The analytical 
data are suggestive of the corresponding oxazole isocyanate. 

Calc, for CiillgO.Na: C, 66.0; H, 4.0; N, 14 0 
Found: C, 65.4; 11, 4.3; N, 14,8 

Benzylamide of 2-Benzyloxazole-4-carboxylic Acid {M .60y 
10). A mixture of 100 mg, of 2-benzyl-4-carbethoxyoxazole 
and 400 mg. of benzylamine was heated at 100® for sixteen 
hours. A chloroform solution of the reaction mixture was 
washed with water, then evaporated to dryness in vacuo. 
The benzvlamide was crystallized from ether, then twicer 
from methanol to give 58 mg. of product as rods melting 
constantly at 121-122^. 

Calc, for CibHi.O.Nj: N, 9.6 
Found: N, 9.6 

Acid Chloride of 2-Benzyl-4-carboxyoxazole (4/.67), S). 
A suspension of 0.2 g. of 2-borizy 1-4-car boxy oxazole in 2 ml. 
of thionyl chloride was warmed on a steam bath for flve 
minutes. The clear solution was concentrated undtT 
reduced pressure to an oil. The last traces of thionyl 
chloride were removed by flushing with toluene. A solution 
of the crystalline acid chloride in 5 ml. of benzene was 
treated with 0.4 ml. of benzylamine in 5 ml. of benzene. 
After washing with water and dilute hydrochloric acid the 
benzene was removed and the residue crystallized from 
methanol (0.19 g.), m.p. 120-121®. A melting point of a 
mixture with an authentic sample of the benzylamide of 
2-l)enzyl-4-carboxyoxazole was not depressed. 

6 -Ethozy-2-phenyloxazole (a) (Brodrick and Peak, 
CPS.9^). This substance was not obtained by the action of 
benzenesulphonyl chloride and pyridine on ethyl hippurate. 
It was conveniently prepared by a modification of the 
method of Karrer and Granacher (Helv. Chim, Ada, 7, 763 
(1924)). A mixture of ethjd hippurate (100 g.) and phos¬ 
phorus pentachloride (110 g.) was gently warmed until 
reaction commenced. The mixture was Anally heated at 
100 ® until evolution of hydrogen chloride had almost 
ceased (ten-fifteen minutes). The phosphoryl chloride was 
removed completely under reduced pressure at 40-50®. 
The solid residue was then treated with an ice cold solution of 
caustic potash (56 g.) in water (56 cc.) and methanol 
(600 cc.) and kept for two hours at room temperature. (The 
solution should still be strongly alkaline. If not, more 50% 
aqueous caustic potash sliould be added until alkalinity 
persists for two hours.) The bulk of the methanol was 
then distilled under reduced pressure, the residue was diluted 
with water, extracted wdth other and the ethereal extract 
dried. Evaporation of the cfher gave practically pure 
ethoxyphenyloxazole, b.p. 149 150®/12 mm. Yield, 50 g. 
or 55% of theory. 

(b) (Boon, Carrington, Davies, Jones and Ramage, CPS, 
274). The reaction was carried out in chloroform by meth¬ 
ods similar to those described below (p 709) for 2-phenyl- 
5 -benzyloxyoxazole, but the preferred procedure is as 
follows. Phosphorus pentachloride (14 g., 1.4 mols.) was 
added to a cold solution of ethyl hippurate (10.0 g.) in dry 
ether (100 ml.) and the solvent distilled from a water bath at 
60®, finally employing reduced pressure. The resulting solid 
residue was triturated with dry ether, the hydrochloride 
(10.2 g.) filtered and washed with a little ether. A suspen- 
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sion in cold other was ilocoiriposed by shaking vvith disodium 
hydrogen phosphate solution and the (^therenl cixtract dried 
with Rodiiun sulfdmte, filtered an<l the solvent completely 
removed, 'j'ho pale yellow oil (8 0 g.) on strong cooling 
easily solidifii'd to give 5-cthoxy-2-phenyloxazole, crystal¬ 
lizing from liglit petroleum (b.p. 40°) in prisms, in.p.38°. 
Thi' hydrochloride was precipitated when hydrogen chloride 
was passed into an ctliercal solution, hut the addition of 
water h*ave^ the oxazole in the ether. The hydrocldoride 
crystallized from acetone in fine needh‘s, in,p. 127” (tlec.). 
Till' pierate, from (‘thariol, has m.p. 118”, 

Calc for C\ 7 Hn()«N 4 : (\ 4S.8; 11, 3 4; X, 13.1 
Fouml: C, 4tS.7; H, 3.3; N, 13.G 

2 -l'henyl-f)-ethoxyoxazole showi'il an absorption maximum 
(in chloroform) at 2,880 \ (Km 14,400) (Boon, (Barrington, 
Davies, (hiuberl, Joints, Uamngoand Waring, CJ*S.nJ4). 

Preparation of Substituted 6-Alkoxyoxazoles Using 
Phosphoryl Chloride (Hrodrick, Peak, Short, Wlutmont 
and W ilson, (*FSAiOo), The appropriate acylnmino ester 
was heated with phosphorus oxychloride (4-8 parts) at 
0(V-100° for live houis. Tiie exet'ss phosphorus oxvchloride 
was then removed under reduced pressure and the residue 
worked up by treatment with alcoholie [lotassium hydroxide 
as described by Hrodrick and Peak {CFiA.9^). 


I5‘<U*r 

Product 

AnalyHii* 

Pierate 

Analysis 

Moihvl 

bi])l>urttte. 

r)-Mo1ho.xy-2- 
plicuv 1- 
oxazolc 
(2J%1. b p 

Calc, for 
(hoIbOiN; 
N. 8.0 
r«)i>nd, 

N 8.1 

Yellow 

tablets 

(benzene) 

m.p. 

120-127° 

Calc, for 
Cionn()»N4. 
N, 13 9 
Found. 

N. 14.0 

KthjI 

hippurat**. 

5’Ethoxv-2- 

pluMivl- 

OX»7ol<‘> 
(62%), li.p, 

134°/(j miu. 
m.p. 

40-40.6° 

(ether) 


Yellow 
needles 
(aentone)® 
m.p. 122° 

Kairei and 
Grauachei 
(lldv. 

Chtrn. Acta, 
7, 740 
(1924)) 
record m.p. 
122-123° 

DL-Benzoyl- 

aiarune 

elhyl 

crater.* 

6-Elhox3"-2- 
phonyl-4- 
methyl 
oxazole 
(67 %) b.p. 
130°/l miu. 
151°/l() mm. 

Calc, for 
CuIlMOiN; 
N. 6.9 
Fouml: 

N. 7.1 

Yello\^ 

pnAnm 

(beiizoiie) 

m.p. 

128-129° 

Calc, for 
CisHnOsNi: 
N. 12.9 
Found: 

N, 13.1 

i>L-n-Caproyl- 

alamne 

olhji 

€<iater.*' 

6-Kt hoxy-4- 
iTieth3d-2-n- 
amyloxazole 
(63%) b.p. 
92°/3 mm. 

Calc, for 
C«HnOi,N: 
N, 7.1 
Found: 

N,7.2 

Very soluble 
and not 
isolated 



i luilthoxyphcnyloxaxolo can alao be obtained by the vise of POCb/PCU 
(&7%) or PCli/PCU (60%). A cursory examination of other oyclo- 
dehydratiiig agents haa not been pronusing. Thionyl chloride and 
pyridine in hot chloroform gave no recognizable products nor did 
phosphoryl chloride and pyriciino at 16-30°. Warming with thionyl 
chloride gave a solid, pONMii)ly the oxazole hydrochloride, but no oxazole 
was obtained by the usual method of working up. 

* Crystallization ftom absolute ethanol gives a less pure product 
m.p. 118°. 

* Prepare^ in 82 % yield by esterification of DL-benzoylalanine with 
absolute ethanol and acetyl chloride. 

< Prepared in 70% yield from DL>n-caproyialanine (m.p. 83-84° from 
ethyl acetate/petroleum), absolute alcohol and acetyl chloride. Color¬ 
less oil, b.p. I33-l38°/3 mm. 

Calo. for CuHnOiN; N, 6.5 
Pound: N. 6.6 

Preparation of Ozazoles by Phosphorus Pentoxide Pro¬ 
cedure (Boon, Carrington, Davies, Jones, Ramage and 
Waring, CP8./f.79). A solution of the ester (6 g.) in dry 
chloroform (50 cc.) was refluxed with phosphorus pentoxide 
(20 g.) for six hours. The chloroform was then decanted 
into oxcesfl of ice cold aqueous sodium hydroxide ( 10 %) and 
the hard mass left in the flask powdered and added in por¬ 


tions to the alkali-chloroform mixture with frequent shaking 
or stirring. W'^hen all the solid had dissolved the cliloro- 
form layer was si'parated, dried, the solvent removed and the 
residual oil was then fractionated. The following oxazolcs 
have been prepared and characterized by this method: 

2-PiiENYi/-5-KTfi()X vox AZOLE. Kthyl hippurato readily 
gave the solid oxazole (3.7 g.) crystallized from petroleum 
ether (40°), m.p. 38” (cf. CPSJ74). 

2-BENZYL-5-MKTn()xyoxAZoi.E. Methyl phenaceturate 
gave a colorless mobile liquid (3.7 g.), b.p. 140°/15 mm., 
crystallized from light iietroleum (40-“60”) with strong cool¬ 
ing, m.p. 31 -32°. 

Ciiic. for (BnlliiOaN: c; 09.8; II, 5.8, X, 7.4 
Found: C, 70.0; H, 5.4; N, 7.4 

Pierate, crystallized from methanol, m.p. 87-88”. 

Ciilv. for C, 7 Hu 09 N 4 : C, 48.8; H, 3 3; N, 13.4 
Found- C, 48.6; H, 3.3; N, 13.4 

2-BENzyL-5-ETiioxYOXAZoLE. Ktliyl phenaceturate gave 
a coioih‘ 8 s liquid (3.5 g.), b.p. 152-“154”/15 mm. Pierate, 
m.p. 9(> 97° (cf. Hrodrick, Pi'ak and W^hitinont, ("PS,4W), 
2-J4enzyiy-4-metiiyl-5-ethoxyoxazole. Kthyl «-phenyl- 
acetaiuidopropionate gave a colorless mobile oil ( 3.5 g.), 
b.p. 145-15()”/15 mm. 

Calc, for CiJIijOaN: N, 0.5 
Found: N, C.7 

Picralo, crystallized from methanol, m.p. 91-92°. 

Calc, for C, 9 HuO<»X 4 : C, 51.1; H, 4.0; N, 12.6 
Found: C, 50.0; 11, 3.9; N, 12,5 

2,4-DniENZYL-5-ETHoxYOXAZOLE. Fthyl «-phenylacet- 
amido-jS-phenylpropionate yielded a [lalc yellow liquid 
(3.7 g.) b.p. 1 45 -150 70.3 mm. 

Calc, for OiJlijOiN: N, 4 S 
Found: N, 6.0 

No pierate was obtained. 

2- ( 1-Penten YL )-5-meti I ox y^ a zo l e. A“- 11 cx(m oylgl ye i n e 
methyl ester gave a colorIes.s nil (3.2 g.), b.p. 108-lio°/15 
mm. 

Calc, for CglluOjN: N, 8.4 
Found: N, S.i 

The pierate, m.p. 102 °, was identical with the product from 
the benzenesulphonyl chloride method beJow. 

2- (1 -PENTBt^ yl)-^ethoxyoxazole. A®-Hexenoylglycine 
ethyl ester gave a colorless liquid (2.8 g.), b.p. 125-128°/ 
20 mm. 

Calc, for CioIIuOzN: N, 7.7 
Found; N, 7.6 

The pierate, crystallized from ethanol, m.p. 94-95°, was 
identical with that obtained from the benzenesulphonyl 
chloride procedure below. 

2-(l-PENTENYL)-4-CABBoxY-5-ETH()xyoxAZOLE. Diethyl 
A®-hexenoylaniinomalonate yielded the oxazole ester as a 
colorless mobile oil (3.0 g.), b.p. 125°/0,? mm. 

Calc, for C 11 H 19 O 4 N: N, 6.5 
Found: N, 5.6 

No pierate or hydrochloride could be obtained. 

Hydrolysis of the ester (3.0 g.) in ethanol (15 cc.) occurred 
by standing forty-eight hours after adding potassium hydrox¬ 
ide ( 1.2 g.) in water (6 cc.) and ethanol (15 cc.). Ether 
was added and aqueotis extracts were combined, acidified 
and the solid product filtered ( 2.0 g.) and crystallised from 
aqueous ethanol ( 1 : 1 , voL), yielding the corresponding acid, 
m.p. 1127 
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Calc, for CuH, 504 N: C, 68.7; H, 6.7; N, 6.2 
Found: C, 58.6; H, 6.6; N, 6.4 

The ester in chloroform showed \m**. 2,610 A (P^m 12,200); 
the acid showed Xma*. 2,620 A (Em 17,400). 

2-8TYByL-5-ETiioxroXAZOLE. (’iiiiiamoylglycine ethyl 
ester gave a yellow oil (2.5 g.), b.p. 118-120”/0.1 mm., which 
solidified and was crystallized from light ])etroleiim (tiO 80“) 
with strong cooling and had in.p. 35". 

Calc, for (hsHMOjN: N, 0.5 
Found: N, (>.5 

Picrate crystallizi'd from methanol had m.p. 143-144". 

(^ale. for (h 9 HjnOoN 4 : C\ 51.3; II, 3.0; N, 12.0 
Found: (\ 51.0; 11, 3.5; N, 12.7 

The use of phospliorus pentachloride (13 4 g., 1.3 mols.) 
with einnamoylglycine ethyl ester (11.4 g ) in dry chloroform 
(100 ee.) refluxed for thirty minutes gave tlie above oxazole 
(1.3 g ), m.p. 35", picrat(‘ m.p. 143-141". The absorption 
spectrum in ehlorolonn show(‘d Xm**. 2,S45 A (P)m 23,000), 
Xmax 2,400 A (PJm 10,500). 

2-Phenyl-6-benzyloxyoxazole (Boon, Carrington, Davies, 
Jones and Hamage, Phos])horuH pentachloride 

(16.8 g.) was added to a solution of henzyl hippunite (20 g.) 
in dry chloroform (60 cc.). The vigorous reaction w'as 
complet<‘d by 10 minutes heating on the steam bath under 
reflux. Chloroform and phosphoryl chloride were removiul 
by distillation in vacuo, leaving an oil. 4'he further working 
up of this produ(*t has been earned out by s(*v(‘ral methods: 

(1) With diazomethane. Th(‘ residin' was triturated with 
dry ether. The hydrochloride* of 2-phenyl“5-benzyIoxy- 
oxazole (‘rystalhzed and was tillered (4.0 g.). This w^as 
suspend(‘d in dry ether and treate<l with an (*xeess of ether<‘al 
diazoinetham*. The solid dissolved wdth a vigorous reac¬ 
tion, and distillation of the (‘tlu'r lelt the crystalline base. 
Aft(‘r recrystalhzation from light petroleum, this w^as ob¬ 
tained as fine ne'cdles (3.4 g.) m.p. 56®. 

C^alc. for ChoHisDiN: 76.4; II, 5.2; N, 5.6 
Found: C, 75.8; II, 5.6; N, 5.8 

The pierate had m.p. 128® (from ethanol). 

Cale. for C^.:^H, 6 N 4 () 9 : 55.0; H, 3.3; N, 11.7 

Found: C, 54.8; H, 3.4; N, 11.9 

The ethereal solution from the trituration of the crude oil 
was evaporated and th(» residual oil was extracted with 
petroleum ether. After evaporation of the extract, the 
crystalline residue w^as treated wdth diazomethain* as before 
and gave a second crop of 2-pherivl-5-benzvloxyoxazole 

(6,0 g.). 

(2) With aqueous sodium acetate. The residue (from 
10 g. of benzyl hippurato) was added gradually to an ice cold 
stirred mixture of ether (60 ee.) and sodium aectato solution 
(40 g. in 60 cc. water). The ethereal layer was washed with 
sodium bicarbonate solution and dried over anhydrous 
sodium sulphate. Dry hydrogen chloride precipitated the 
hydrochloride of 2-phenyl-5-bpnzyloxyoxazole (4 g,). This 
was converted into the free base by treatment with aqueous 
sodium acetate, extraction into ether and removal of ether 
from the dried solution by distillation. 

(3) With sodium hydroxide. The above picrate (7.2 g.), 
m.p. 126°, w^as obtained from 31.4 g, of benzyl hippurate. 

(4) With sodium ethoxide. The above picrate (5.2 g.) 
and 2.9 g. of the pierate of glycine ethyl ester were obtained 
from the same amount of benzyl hippurate. 2-Phenyl-5- 
benzyloxyoxazole in chloroform showed an absorption 
maximum at 2,890 A (Em 16,500). 

Ethyl Thiophenaceturate (Brodrick, Peak and Whitmont, 
a mixture of thiophenaccturic acid (100 g.), 
absolute ethanol (676 oc.) and acetyl chloride (22 cc.) was 
allowed to stand for forty-eight hours, concentrated under 


reduced pressure and diluted with water. Isolation in the 
usual manner gave the ester as a ])ale orange oil, b.p. 171"/ 
0.5 mm. Yield, 93 g. (82,5%). By strongly cooling its 
alcoholic solution, it could be obtained as white plates, m.p. 
32-33". 

Calc, for C^,lIu,()oNS: N, 5 9 
Found: JS, 5.8 

6-Ethoxy-2-benzyloxazole (CPS.44^0’ A solution of thi* 
above ester (5 8 g ) in jnire chloroform (10 ee.) was add(‘d 
during one hoiii to a stirred susiiension ol anliydrous silver 
benzenesulphonate (log i in rhlorofonn (70 ee.) and p> ndiiu* 
(5 ee.» at —15 to 20 . (Silver benzenc'sulphonati* retains up 
to 7 % of water at 100' and drying, first at 120' foi some 
hours, and finally at I?.") , w-as nt'ei'ssary to reinler it an¬ 
hydrous.) Silvi'r snl})hide was rapidly formed. After a 
further hour’s stirnnji at —20\ the mixture was stirred over¬ 
night at room tenqn'rature The eldorofonn was then 
shaken writh dilute sialnmi carbonate solution to coagulate 
the silver sulphide, filteri'd, dried and concentratt*d. Distil¬ 
lation of the dark brown residue gave 2.5 g. (50%) of 
5-ethoxy-2-benzyloxazole as a tnolule, orange oil, b.p. 
108 118"''! rnm (pradicaily all at 114 ) Ktiiyl jihen- 
aeeturate (0.9 g.), b.]). about 160'/I inm , was also obtained. 
The oxazole was purified by treatment with exec'ss niethan- 
olie potash for thn*!* hours at room teinjieraliin*. Beeovery 
and di.stillation gavi* the product as a colorless liquid b.p. 
104®/0 5 mm. It w^as (’videntlv still not eonqiletc'ly pure. 

(’ale. for ('isHnO^N: C, 70.9; H, 6 5; 0.9 
Found: (’, 71.5; H, 6 9; N, 6.9 

The pierate crystallized from benzene in yellow needles, 
m.p. 96^ 

Calc, for (’,hIIu() 9 N 4 : (\ 50.0; H, 3,7; N, 13.0 
Found: (\ 50.4; H, 4.J; N, 13.1 

Reaction of Ethyl Thiophenaceturate with Silver Acetate 

{CPS.44^)). A solution of the ester (31 g. ) in drv benzene 
(100 ee.) was added to a suspimsion of silver acetate (50 g.) 
in benzene (250 cc.); rapid blackening of the silver salt 
oeeurring. The mixture w'as then refluxed for twenty-four 
hours under anhydrous conditions. The silver sulphidi* was 
removed by (*entrifuging and the benzene evaporated. 
Distillation of the residue gave a jiale yellow liquid (24.3 g.), 
b.p. 153-183®/2 mm., which slowdy deposit(*d crystals of 
ethyl plienaceturate ( 2.1 g.) over a period of several days. 
The residual oil after separation of the latter gave* on retlis- 
tillation a sharp fraction (13.7 g.), b.p. 162-163®/0.6 mm., 
but analysis and the slow deposition of ethyl phenaceturate 
indicated that this was not homogeneous. 

Calc, for C 14 II 17 O 4 N: (’, 63.9; H, 6.5; N, 5.3 
Found: (/, 04.9; H, 0.7; N, 5.7 

Saponification neutralized 1.83 equivalents of alkali instead 
of the theon'tienl 2 equivalents for the imido acetate (^XVII; 
1< « CHs). Refluxing with excess aniline in benzene 
regenerated ethyl phenaceturate (m.p. 79-80®) in 80% yield. 

Reaction of Ethyl Thiophenaceturate with Silver Benzoate 
{CPS.44^)‘ Silver benzoate (11.5 g.) w^as gradually added 
with ice cooling to a solution of the estiT (5.4 g.) in dry 
benzene (40 ec.) and pyridine (4.1 cc.). Bapid darkening 
occurn'd. The mixture was shaken ovi'rnight, the silver 
sulphide centrifuged off and the benzene solution con¬ 
centrated. Distillation of the residue gave benzoic acid 
( 2.9 g.), b.p. 80-100®/0.5 mm., and a fraction, b.p. 160- 
180®/0.5 mm. (4.1 g.). This was heated at 120®/0.6 mm. to 
remove benzoi(‘ acid. Redistillation gave the product, 
probably the imide benzoate (XVII; 11 — CeHn), as a color¬ 
less liquid b.p. 166"/1.1 mm., still contaminated with traces 
of benzoic acid. 

Calc, for (\ 9 Hi 904 N: N, 4.3 
Found: N, 4.4 
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Complexes with Silver Perchlorate {CPS,446). (a) Ethyl 

thiophenaccturate. Addition of a benzene solution of silver 
perchlorate to a benzene solution of the ester gave a colorless 
er\stallme compound, analyzing approximately as an equi- 
molocular complex 

('ale. for AgC 104 *Ci 2 llij,() 2 NS: N, 3 1 ; Ag, 24.2 
Found: N, 2.6; Ag, 28.1, 28.6 

The product could not be recryatallized. It was hygroscopic 
and photosensitive In contact with water or absolute 
etlianol there’ was immediate separation of silver sulphide. 
Ketiiixing vMth benzene also decomposed it to silver sulphide 
and a viscous gum which was not 5-ethoxy-2-benzyloxazole 
perchlorate since saponification \Mth nlcoliolic potash gave 
phenaceturic acid (61 of theory). 

(b) Pyndine. Addition of excess pyridine to a benzene 
solution of silver perchlorate gave a mixture of solid and oil 
which gradually formed large crvstals. Repeated recrystal- 
hzation from chloroform gave the pure product as colorless 
needles, m p. 149-150“, decomposing explosively above the 
m p. 

('ale. for AgC) 104 - 2 (Ml 6 N: N, 7.7 
Found: N, 7.6 

It was not hygroscopic. 

6-£thoxy>2-n-amyloxazole (Brodiick and Peak, CPS.\)2). 
A mixture' of ethyl caproylaminoacetate (30 g.), benzeiuisul- 
phonyl cldonde (26.4 g.), dry pyridine (15 cc ) and alcohol- 
Iree chloroform (75 oe.) was kept at room temperature for 
twenty-four hours, then washed with an excess of saturated 
aqueous sodium carbonate (150 cc.) and the chloroform 
layer dried. Fractionation of the residue obtained by 
evapoiating the chloroform solution gave 5 -ethoxy- 2 -n- 
amyloxazolc, h.p. 82-85“/0.8 mm. (10.5 g.), and unchanged 
ethyl caprovlaniinoacetate, b.p. 135-142°/0.4 mm. (12.1 g.). 
Yield, 64 % of theory allowing for the recovered ethyl 
caproylaminoacetate. The yield was not increased by 
heating the reactants, prolonging the reaction time or by 
increasing the proportions of benzenesulphonyl chloride 
and pyridine. 

Purification w'as effected by dissolving in cold dilute 
hydrochloric acid, extracting traces of nonbasic material 
with ether and rendering the aqueous layer alkaline with 
sodium carbonate. The precipitated oil was distilled, 
b.p, 83-85“/l mm. 

CJalc, for C 10 H 17 O 2 N: 66.1; H, 9.3; N, 7.7; OEt, 24.6 

Found: C, 65.7; H, 9.6; N, 7.6; OKt, 23.6 

Tlie picrate separated from ethyl acetate-petroleum in yel¬ 
low needles, in.p. 120 - 120 . 5 “. 

( ale. for (' 161121 ) 09 ^ 4 : N, 13.6 
Found: N, 14.2 

The material was readily soluble in dilute hydrochloric 
acid but the clear solution rapidly became turbid. The 
neutral oil which separated had the same b.p. as ethyl 
caproylaminoacetate and afforded caproylglycine on hy¬ 
drolysis. The material was quite stable to aqueous or 
alcoholic alkali. Attempts to convert it into glyoxalone-5 
derivatives by heating with aniline resulted in complete 
resinification. With aniline hydrochloride, de-ethylation 
occurred at 119-120“ giving n-caproylaminoacctanilide, 
m.p. 157 5-168“, undepressed by authentic n-caproylamino- 
acetanilide prepared from ethyl caproylaminoacetate and 
sodium anilide. 

Calc, for C 14 H 20 O 2 N 2 : C, 67.7; H, 8.1; N, 11.3 
Found: C, 67.5; H, 8 . 0 ; N, 11.0, 11.9 

Pyridine hydrochloride aiso de-ethylated the material at 
170-180“ but the product was resinous and no oxazolone 
iould be isolated. 


Preparation of 5-Ethoxy-2-n-amyloxazole from Thio- 
caproylglycine Ethyl Ester (Brodrick, Peak, Whitmont and 
Wilson, CPS,592), A solution of crude dithiocaprcic acid 
(from 200 g. of n-amyl bromide as described by Cook, 
Elvidge and Ileilbron {CPS.27S)) in 10% sodium carbonate 
(200 cc.) was added to a solution of glycine (25 g.) in 10% 
sodium hydroxide (150 cc.). After five hours the mixture 
was acidified with concentrated hydrochloric acid and the oil 
taken up in ether. Addition of light petroleum to the con¬ 
centrated ether solution gave crude thiocaproylglycine 
(4.8 g.) as yellow crystals, m.p. 99-103“. A further crop 
(800 mg.) was obtained from the mother-liquor. Yield 
2 . 2 % calculated on tlie amyl bromide. Kecrystallization 
from water gave the pure acid as colorless plates, m.p. 110 ®. 

Calc, for CsIliftOaNS: K, 7.4 
Found: N, 7.5 

('rude acid ( 6.1 g.) w'as kept overnight with absolute 
ethanol (40 cc.) and acetyl chloride ( 1 .7 cc.). Isolated in the 
usual way, thiocaproylglycine ester was obtained as a yellow 
oil (6.65 g.), b.p. i41-148“/0 4 mm. (practically all at 142“). 

The ester (5.5 g.) in pure chloroform (30 cc.) was added 
dropwise at — 15° to a suspi'nsion of silver benzenesulphonate 
(13.4 g., 2 mols.) and pyridine (2.08 cc.; 1 mol.). After 
about sixteen hours pvridine ( 2.1 cc.) was added, the black 
suspension shaken with sodium carbonate solution, filtered 
and the chloroform layer sc^parated and dried. Concen¬ 
tration and distillation pf the residue gave 6 -ethoxy- 2 -n- 
amyloxazole as a colorless liquid (2.92 g.; 63%), b.p. 78- 
85“/1.0mm. 

Calc, for CioHnOaN: N, 7.7 
Found: N, 7.4 

The absorption spectrum (in ethanol) showed max. 2,250 A 
(Eiem.'% 630). 

2-Amyl-6-methoxyoxazole (Merck, M.OS^ 20). To a 
mixture of 30.6 g. of p-toluenesulphonyl chloride, 80 cc. of 
ethylene dichlondc and 16 cc. of purified pyridine was added 
30 g. of the methyl ester of N-caproylglycinc and the mix¬ 
ture was allowed to stand at room temperature for twenty- 
four hours. After neutralization with cold sodium carbonate 
solution, the ethylene dichloride extracts were concentrated 
and the residue was fractionated at 1 mm. The fraction 
of 2-amyl-5-methoxyoxazole boiling at 60-66“ weighed 
6.3 g. (23 %). Ten grams of unchanged ester was recovered; 
b.p. 125-130“. A portion of the oxazole was redistilled for 
analysis. 

Calc, for C 9 H 16 O 2 N: C, 63.9; 11, 8.9 
Found: C, 63.9; H, 8.7 

A«-Hexenoylglycine Methyl Ester (Boon, Carrington, 
Davies, Jones, Ramage and Waring, CPS.479), A mixture 
of glycine methyl ester hydrochloride (26.2 g.), water 
(20 cc.); benzene (80 cc.) and anhydrous sodium carbonate 
( 21.2 g.) was ice-cooled and shaken during the addition of 
hexenoyl chloride (26.4 g.). After five hours at room 
temperature, water was added, the benzene layer separated, 
washed with aqueous sodium carbonate, hydrochloric acid, 
water, dried and the solvent removed. The hexenoylglycine 
methyl ester (24 g.) distilled as a colorless liquid, b.p. 120- 
125“/0.2 mm., and solidified on cooling. 

(;alc. for CjHuOiN: N, 7.6 
Found: N, 7.7 

A«.Hezenoylglycine Ethyl Ester {CPS,479), This ester 
was similarly obtained from glycine ethyl ester hydro¬ 
chloride, had b.p. 130-135“/0.2 mm. ( 86 % yield) and 
crystallized on cooling, m.p. 42“. 

Calc, for N, 7.0 
Found; N, 7.0 
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Ethyl 4^<>‘-Hexenoylaminomalonate (CPS.479). Hexenoyl 
chloride (13.4 r.) was added slowly to a well cooled mixture 
of ethyl aminomalonato hydrochloride (21.2 g.) and an¬ 
hydrous sodium carbonate (10,0 g.) in heixzene (80 cc.) 
and water (20 cc.) with frequent shaking. After four hours 
the bt'iizcne layer was separated by further addition of water, 
dried and the solvent removed. I'he remaining oil (24 g.) 
solidified and the ethyl hexenoylamiiiomalonate readily 
crystallized from light petroleum (80-100°); m.p. 88°. 

(^alc. for CuTIsiObN: C, 57.0; 11, 7.7 
Found: C, 57.7; H, 7.0 

Benzenesulphonyl Chloride Procedure (cf. Brodrick and 
Peak, CPS.9^). Bcnzeneaulphonyl chloride (8.8 g.) was 
added to a solution of the ester (10 g.) in dry chloroform 
(25 cc.) containing dry pyridine (5 cc.) After standing at 
room temperature for twenty-four hours the mixture was 
shaken with saturated aqueous carbonate, washed with 
water, dried and the solvent removed. Fractionation of the 
residual oil separated oxazole and unchanged ester. The 
following oxazoles were obtained: 

2- A«-Pente n y i^5-metiiox y ox a zole . exenoy Igly cine 

methyl ester gave oxazole (1.25 g.), b.p. 115-120°/15 mm., 
and unchanged ester (G.O g.), b.p. 125°/0.2 mm. The 
picrate of the first fraction crystallized from methanol; m.p. 
102 °. 

Oalc. for Ch 6 lii« 09 N 4 : C, 45.5; 11, 4.0: N, 14.1 
Found: C, 14.9, H, 4.2; N, 14.2 

2-A“-Pentenyl-5-ethox vox AZOLE. Hex(‘noy Igly cine 
ethyl eater > ielded the oxazole (1.0 g.), b.p. 120°/15 rnm. and 
unchanged eater (6.0 g.) b p. 130°/0.2 mm. The picrate 
of the oxazole crystallized from ethanol; m.p. 94-95°. 

Calc, for C,oIIi809 N4: N, 13.7 
Fotind N, 13.7 

The oxazole in cldoroform showed an absorption maximum 
at 2,785 A (P^m 5,480). 

Preparation of 6-Benzyloxyoxazoles (Boon, ('arrington, 
Davies, Gaubert, Jones, Kamage and Waring, CPS.0S4)- 
The following were prepar(*(l from the corresponding a- 
benzoylainino acids and benzyl alcohol in the usual way: 

Benzyl a-BENzoYi^MiNOPKOPioNATK. Crystallized from 
benzene; m.p. 91°. 

Calc, for ChHitOiN: N, 4.9 
Found: N, 6.0 

Benzyl o-benzoylamino-zS^phenylpropionate. Crys¬ 
tallized from benzene-light petroleum; m.p. 110-111°. 

Calc, for CjiHaiOiN: N, 3.9 
Found: N, 4.0 

CiNNAMOYLGLYCiNE BENZYL ESTER. Crystallized from 
benzene; m.p. 110°. 

Calc, for CisHiyOtN: N, 4.7 
Found: N, 4.7 

2-Sttryl-6 -benzyloxyoxazolb. Cinnamoylglycine 
benzyl ester (5 g.) in dry chloroform (15 cc.) was treated with 
phosphorus pentachloride (3,9 g.) and the mixture refluxed 
gently for ten minutes. Removal of the solvent under 
reduced pressure left a dark red oil which was stirred in 
dry ether (16 cc.) and saturated with dry hydrogen chloride. 
The ethereal layer was decanted from tlio insoluble thick oil 
and the latter washed several times by decantation with dry 
ether. The insoluble residue was shaken with an excess of 
disodium hydrogen phosphate solution and ether. The 
ethereal layer, after washing, drying and evaporating, gave a 
gum which was extracted several times with light petroleum 
(40-60°). Evaporation of the extracts gave a small yield 
of 2-8tyryl-6-benzyloxyoxazole as a yellow oil. The picrate 
crystallized from ethanol in orange needfies m.p. 135° (dec.). 


Calc, for C34H,809N4: C, 56.9; B, 3.6; N, 11.1 
Found: C, 56.8; 11, 3.8; N, 11.4 

2-Piienyl-4-metiiyl-5-benzyloxyoxazole. Benzyl a- 
benzoylaminopropionate (5.7 g.) in dry chloroform (20 cc.) 
was refluxed with phosphorus pentachloride (4.6 g.) for 
ten minutes. The solvent w'as removed under reduced 
pressure, and the residue triturated with dry ether (30 ce.), 
cooled, and saturated with dry hydrogen chloride. The 
solid hydrochloride (3.3 g.) was decomposed with ethereal 
diazomethane. Removal of the solvent in vacuo left a 
mobile yellow oil (3.6 g.;. 

Calc, for CirHuOaN: N, 5.3 
Found: N, 5.4 

The picrate of 2-pbenvl-4 -methyl-5-benzyloxyoxazole crys¬ 
tallized in needles from ethanol, m.p. 112-113°. 

Calc, for C23lI,809N4: C\ 55.9; II, 3.65; N, 11,3 
Found: C, 55.7; H, 4.1 ; N, 11.5 

The base darkened on keeping, eventually giving a viscous 
brown oil from which no picrate could be obtained. The 
absorption speedrum (in chloroform) had Xma*. 2,910 A (Em 
6,500); Xmin. 2,595 A (Em 4,100). On re-examination after 
two weeks the oxazole absorption had disappeared. 

2-pHENyL-4-BENZYL-5-BKNZYLOXYOXAZOLE w^as prepared 
from benzyl a-l)enzoylainin()-/I-pheiiylpropionatein a similar 
way. The base (1.6 g. from 4 g. of ester) was a mobile 
yellow oil. The absorption spectrum (in chloroform) 
showed Xni«. 2,895 A (Em 7,700); X„un. 2,600 A (Em 5,600). 
The picrate crystallized from ethanol, m.p. 117°. 

Calc, for C29Hn09N4: C, 61.1; H, 3.9; N, 9.8 
Found: 61.6; H, 3.9; N, 10.3 

2,4-Diphenyl-5-ethoxyozazole (Boon, Carrington, Jones, 
Ramago, Tyler and Waring, CPS.(j%i). 

(a) h)thyl a-benzoylaminophenylacetate (5 g.) in dry 
chloroform (40 cc.) on treatment with jihosphorus penta¬ 
chloride (4.5 g.) gave 2,4-diphenyl-5-cthoxyoxazole (2.0 g.) 
after working up in the usual way with aqueous buiTcr or 
ethereal diazomethane. 

(b) By the phosphorus pentoxide procedure (see Boon, 
Carrington, Davies, Jones, Ramage and Waring, CPS.479) 
ethyl a-benzoylaminopbenylacetate (5 g.) gave the oxazole 
which W 7 AH extracted by light petroleum (40-60°) and dis¬ 
tilled (2.4 g.), b.p. 195°/2 mm. It crystallized from light 
petroleum (40-60°) in colorless prisms m.p. 47-48°. 

Calc, for CnHuOaN: C, 77.0; H, 6.7; N, 6.3 
Found; C, 7G.8; H, 5.9; N, 5.6 

The absorption spectrum in chloroform showed Xn>*,. 2,760 A 
(Em 9,950). The picrate crystallized from ethanol in 
crimson prisms, m.p. 99-100°. 

Calc, for C2 iH,809 N4: C, 55.9; H, 3.6; N, 11.3 
Found: C, 55.6; H, 3.8; N, 11.2 

2-Phenyl-4-niethyl-6-ethoxyoxazole (Boon, Carrington, 
Davies, Jones, Ramage and Waring, CPS.346). Ethyl «- 
benzoylaminopropionatc, m.p. 71°, was prepared from dl- 
alaninc by benzoylation follow ed by esterification with 1 % 
ethyl alcoholic hydrogen chloride. The ester (10 g.) in 
chloroform (50 cc.) was treated with phosphorus penta¬ 
chloride (9.4 g.). After the reaction had subsided the mix¬ 
ture was heated on the steam bath for five minutes and the 
solvent was removed in vacuo at 40°. The solid residue was 
triturated with ether and filtered. On treatment with ether- 
phosphate buffer as described above, the ethereal solution 
gave on evaporation a mobile oil (6 g.), b.p, 82°/0,07 mm. 
On treatment with picric acid in (jthanol this gave 2-phenyl- 
4-methyl-5-cthoxyoxazolc picrate, m.p. 127° (from ethyl 
acetate-light petroleum). 

Calc, for Ci8Hi809 N4: C, 50.0; H, 3.7; N, 13.0 
Found: C, 50.4; H, 3.0; N, 13,0 
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The absorption spectrum of 2-phenyl-4-niethyl-5-ethoxy- 
oxazole (in chloroform) showed Xbm*. 2,040 A (Km 0,800); 
^nun. 2,550 A (Em 2,780). 

Preparation of 2-Phenyl-4-benzyl-6-ethoxyoxa2ole by the 
Phosphorus Pentachloride Method (Boon, Carrington, 
Davies, Jones, Ramagc* and Waring, CPS.479). Ethyl 
a-benzoylaxnino-d-phenylpropionate (3 g.) in dry ether 
(30 cc.) was treated at room tempeiature with phosphorus 
pentachltiride (2.4 g.). 4'he ether was removed and the 
residue heated at 00° in vacuo for thirty minutes. After 
trituration with ether the solid product was filtered and 
decomposed with phosphate bulTer and ether. The ethereal 
solution was dried and the solvent removed. The product 
did not crystallize, but 2-phenyl-4-benzvl-5-ethoxyoxa2ole 
was charact(Tiz(‘d as the picrate, lu.p. 105°, pr(‘])ared in 
methanol, crystallized from an (*thyl acetate and light 
petroleum mixture. 

(’ale. for C24 H,o()9N4: 50.7; H, 3.0; N, 11.0 

Found: (\ 50.3; 11, 3.7, N, 11.3 

Ethyl oc'-Benzamidocrotonate (Brodrick, Peak and Wilson, 
CPS.4-17), (’rude a-benznmidocrotonic acid,m.p. 180-100*^’, 

(22.1 g.) was refluxed for three hours with absolute alcohol 
(250 cc.) and concentrated sulphuric acid (2 ec.) and the 
product isolated in the usual way. The fraction b.p. 160- 
170°/2 mm. (15.7 g.; 62.5%) was almost pure ethyl a-benz- 
amidocrotonate. It crystallized on cooling to a solid, m.p. 
69-60°, and reerystallized from ethyl acetate-hglit petroleum 
as colorless, prismatic needles, m.p. 60°. 

C^alc. for (’„HuO»N: (’, 06.9; H, 6.4; N, 6.0 
Found: (’, 66.9; H, 6.4; N, 6.0 

Action of Phosphorus Pentachloride on Ethyl a-Benz- 
amidocrotonate {CPS.417), The ester (7 g.) in pure chloro¬ 
form (30 cc.) was refluxed for five minutes with phosphorus 
pentachloride (6.6 g.). The product after removal of chloro¬ 
form and phosphorus oxychloridt* in vacuOf was treated with 
excess absolute alcoholic sodium ethoxide; water was then 
added and after three hours the non saponifiable fraction 
isolated. Distillation gave a product b.p. 124- 128°/1.25 
mm. (1.69 g.) which was redistilled, the fraction b.p. 122°/1 
mm. being collected for analysis. 

Calc, for Ci 6 Hi 90 iNr C, 69.0; H, 7.3; N, 5.4; OKt, 34.5 
Found: i\ 68.6; H, 7.1; N, 5.6; CEt, 32.3 

604 at 2,290 A. 

Omission of the sodium ethoxide treatment gave only a 
trace of volatile product from which a few crystals of 
benzamide separated. 

Condensation of Benzylpyruvic Acid with Amides (Brodrick 
and Peak, CPS.92). 

(a) With acetamide. Benzylpyruvic acid sesquihydrate 
(2.05 g.; 1 mol.) (Wisliceiius and Munzesheimer, Ber., Sly 
564, 3134 (1898) or Bougault, J. Pharm. Chim.y [7], 6*, 337 
(1912)) was heated with acetamide (1.2 g.; 2 mols.) at 
110-120° and 20 mm. for three hours. Extraction of the 
mixture with ethyl acetate left an insoluble residue (0.8 g.), 
m.p. 168-170° (dec.). Treatment of the latter with boiling 
glacial acetic acid gave a-styryl-N-acetylglycinc (or isomer), 
crystallizing from aqueous methanol in needles, m.p. 176- 
177° (doc.). 

Calc, for CJijHiaOsN: N, 6.4 
Found: N, 6.5 

(b) With caproamide. Benzylpyruvic acid sesquihydrate 
(32.1 g.; 1 mol.) and caproamide (18.6 g.; 1 mol.) under 
similar conditions gave a product, precipitated from ethyl 
acetate by petroleum, and crystallizing from aqueous 
methanol or benzene as needles (15.0 g.), m.p. 134-136°. 

Calc, for CieHjiOaN: C, 69.8; H, 7.6; N, 5.1 
Found: C, 69.8; H, 7.7; N, 6.2 


Boiling glacial acetic acid afforded an isomeric substance 
crystallizing from aqueous methanol in needles, m.p. 160°. 

Found: (^ 69.1; H, 7.6; N, 5.1 

Attkmptko Azi.AeTONizATioi>T OF (a) Tsomek, m.p. 134- 
135°. 

(i) Vacuum distillation resulted in decomposition and a 
sublimate of caproamide. 

(li). Acetic anhydride at 100° for two or seventy-five 
minutes gave a viscous oil (Found: N, 6.2 The azlactone 
requires N, 5.5) .\ttcmpte(l convc‘rsion to an anilide gave a 
small quaiitity of an acidic substance, m p, 157.5-158.5°. 

Found: (’, 73.1; II, 6.9; N, 4.9 

(iii) Acetic anhydride and pyridine at 100° gave a 1% 
yield of a neutral siibstanee, m.p. 140°. (Found: N, 4.8) 
Hydrolysis of the viseous r(‘sidue with methyl alcoholic 
jiotash gave a small amount of the acid, m.p. 157.5°. 

(IV) C'aproie aiihyilride at 100" for five minutes or two 
and one-half hours gave about 10 of the aeid, m.p. 157.5°. 
The viseous r(‘s]due would not distil. 

(v) Phusphoryl chloride for twentv-four hours at room 
tompeiatun* gave a similar resin. 

Attempted Azla<’tonization of (b) Isomer, m.p. 160°. 
.Although not examined in detail, thi.s gave similar resinous 
products with acetic anhydruh*. (Found: N, 5.3) 

Ethyl ot-Styryl-N-n-caproylaminoacetate (Brodrick, Peak, 
Short, Whitmont and Wilson, ('PS.SO/l). a-Styryl-N-n- 
caproylglyeine (00 g., isomer m.p. 132°) was refluxed with 
dry ethanol (600 ee.) and concinitrated sulphuric acid (9 cc.) 
for four hours. I'he ester was isoiated by pouring on ict* and 
extraction >\ith ether. Evaporation of the bicarbonate- 
washed and dried extract gave an oil which solidified on 
keeping. Yield, about 90% of theory. It was not purified 
further but was pre'sumably the required ester since it 
regenerated the original acitl on hydrolysis. 

2-n-Amyl-4-styryl-6-ethoxyoxazoie (CPS.305). The 
above crude ester (60 g.) Mas dissolved in alcohol-free 
chloroform (180 cc.) and phosphorus pentachloride (44 g.) 
added. Vigorous evolution of hydrogen chloride ensued, 
with spontaneous warming, and the reac-tion was completed 
by refluxing for fifteen minutes. The product was worked 
up as described for 5-cthoxy-2-phenvloxazole (Brodrick and 
Peak, CPS.92). 

The residue (47 g.) was distilled, the main fraction being 
collected at 188“193°/1 mm. (26.4 g.) and another one at 
200-220°/!-3 mm, (3.29 g.). (Nonvolatile residue, 13 g.) 
On treatment with 2 volumes of boiling light petroleum 
(60-80°) the first fraction gave 15.8 g. of crystalline 5-(‘thoxy- 
2-n-aniyl-4-styryloxazole, m.p. 90-92°, and the second 
0,42 g., m.p. 81-87°. Total yield, 16.22 g. or 28.7% of 
theory. 

The pure compound crystallized from light petroleum in 
colorless needles, m.p. 92°. 

Calc, for CiglhjOaN: C, 76.8; H, 8.1; N, 4.9; OEt, 16,8 
Found: C, 75.7; H, 8.0; N, 5.1; OEt, 13.9 

It was insoluble in concentrated hydrochloric acid and did 
not form a hydrochloride in anhydrous solvents. 

2-Phenyl-4-carbethozy-5-6tboxyoxazole. 

(a) (Boon, Carrington, Davies, Jones, Ramago and 
Waring, CPS.349.) A mixture of ethyl benzoylamino- 
malonatc (20 g., most conveniently obtained crystalline in 
its preparation by cooling an ethereal solution with solid 
COj), toluene (40 cc.) and powdered phosphorus penta- 
chloride (20 g.) was slowly warmed with shaking on the 
water bath. A solid material quickly separated and volatile 
material was then completely removed under reduced 
pressure. Ether (25 cc.) was added and with ioe-cooling the 
solution was saturated with hydrogen chloride. The 
resulting hydrochloride (17 g.) was filtered, washed with cold 
ether con^ning hydrogen chloride and added to ether 
and excess of aqueous sodium carbonate. The ethereal 
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extract was dried with sodium sulphate and the solvent 
completely removed; the residue (14.6 g.) whicli completely 
solidified was obtained crystalline by strong cooling of an 
ethereal solution. Uecrystallization from light pefrolonm 
(GO-SO") gave the carbethoxyoxazolc, m.p. 75^*. 

Calc, for CHlli 604 N; C, 64.4; 11, 6.7 
Found: (\ (54.6; H, 6.6 

The absorption spectrum in chloroform showed a maximum 
at 2,860 A (Km 16,200). 

(b) (Goldsworthy, Uobiijson; Abraham, Baker and f'bain, 
CPS.0f)O.) Kihyl bonzoylaminomalonatc (11.2 g.; 0.04 
mole) in pure chloroform (80 cc.) was heated under reflux 
with phosphorus pentachloride (8.4 g.; 0.04 mole) for forty- 
five minutes. The phosphorus chloride and cliloroform 
were distilled off under reduced pn'ssure, the residue (solid 
after cooling) dissolved in chloroform, and the solution ren¬ 
dered neutral to litmus by the addition of a 6 % solution of 
sodium in alcohol (about 2 cc. n'quired). The solution was 
waah(‘d twice with water, dried with magnesium sulphate, 
the solvent removed, and the residue di.stillcd, b.p. 176‘V 
0.5 mm. ( 8.0 g.; 77 %). A portion of thi* solidified distillate 
was crystallized from light pc‘troleum (60-80'^’); m.p. 74-75°. 

(^alc. for (\ 4 Hu 04 N: (\ 64.4; 11, 6.7; N, 6.4 
Found: C, 64.8, Tl, 6 . 6 ; N, 5.6 

Ethyl 6-Ethoxy-2-n-amyloxazole-4-carboxylate (Brodrick, 
Peak, Short, Whitmont and Wilson, CPS.805). Diethyl 
?i-caproylarninomalonate (5.4() g.), prepared as described 
by Bentley, Catch, Cook, h]lvidge, Heilbron and Shaw 
(CPS.68)y was dis.solvcd in drv, alcohol-free chloroform 
(16 cc.) and phosphorus pentachloride (4.2 g.) added The 
mixture, which warmed Rixmtaiieously and evolved hydro¬ 
gen ehlorid(‘, was r(*fliix('d for fiftecui minutes and then the 
chloroform and phosjihorus oxychloride completely re¬ 
moved /n vacuo. The residual y(dlow^ oil was dissolved in dry 
chloroform and a 5% solution ol sodium in absolute alcohol 
added until the mixture was neutral to moist litmus. After 
treatment with water the chloroform layer was dried, 
evaporated and the residue distilled. The fraetioii b.p. 
138 136 /0.8 mm. (2.75 g.) was cooled w'ith light petroleum 
(60 80°) (20 ce.) at 0 ° overnight when colorless needles of 
starting material (0.21 g.) separated. Distillation of the 
mother liquor gave almost pure ethyl 5-eth()xy-2-n-amyl- 
oxazole-4-earboxvlate, b.p. 12(5-130°/0.4 mm, (2.08 g. or 
42.4 % of theory, allowing for the recovered ester >. 

Calc, for C 13 H 21 O 4 N: r, 61,2; Tl, 8.2; N, 5.5 
Found: C, 60.8; II, 0 . 1 ; N, 6.5 

On a larger scale, by increasing the reaction time to forty 
minutes, a 52 % yield has been obtained, 

2*7?-Amyl-4-carbethoxy-6-ethoxyoxazole (Boon, Carring¬ 
ton, Jones, kamage, Tyler and Waring, CPSMOS). Di¬ 
ethyl caproylaminomalonate (10 g,) by the chloroform- 
phosphorus i>eiitoxide procedure readily gave the oxazole 
(8.0 g.) b.p. 122-125°/0.1 mm. 

2-PhenyD6-oxazolone. Cataljrtic Hydrogenation of 2- 
Phenyl-‘5-benzyloxyoxazole (Boon, C-arrington, Davies, 
Jones, Ilamage and Waring, CPS. 422 ). 2-PhcnyI-5-benz- 
yloxyoxazole (2 g.) in dry (iioxan (30 cc.) was shaken wdth 
palladium black (from 0.4 g. of palladium chloride) in an 
atmosphere of hydrogen. Uptake of hydrogen was complete 
in forty-five minutes at atmospheric temperature and pres¬ 
sure and after filtration the solution was concentrated in 
vacuo at 50°. The residue crystallized and after drying on a 
tile was rccrystallized from absolute ethanol to give 2 -phenyl- 
6 -oxazolono in pah' yellow plates, m.p. 01 °, identical with 
autlientic material. 

Catalytic Hydrogenation of 6-Benzyloxyoxazoles (Boon, 
Carrington, Jones, Ramage, Tyler and Waring, CPS.09S). 
2-Phenyl-4-m6thyl-5-benzyloxyoxazole (3 g.) (Boon, ('ar- 
rington, Davies, Gaubert, Jones, Ramage and Waring, 
CPS,684) ill dry dioxan (30 cc.) was shaken with a pal¬ 


ladium-charcoal catalyst ( 0.1 g. palladium on 2 g. charcoal) 
in an atniospliere of hydrogen. Uptake of hydrogim (‘eased 
after two hours (70% of theory absorbed); the catalyst 
was filten'd, and the solvent evaporated in vacuo. The 
residual oil, on treatment with aniline in dry ether gave 
N-b('nzovlalaiiine anilide, m p. 174°, identical with an 
authentic Bp(*cirn(‘n. 

2-Plienyl-4-b('iizyl-5-bcnzyloxyoxazol(', uiuh'r similar con- 
ditioiLs, gave X-l)enzoyl-/^-phcnylalanim* anilide, m.p. 237°, 
identical with an authentic specimen. 

2-Phenyl-4-carbethoxy-6-methoxyoxazole (Merck, M.23, 
31). To a solution of 600 mg. diazorncthaiie 111 50 cc. ether 
was achh'd 3.(K) g. 2-ph(‘nyl-4-earbethoxy-6-oxazoloue. 
After several minutes sli/ikmg, solution of the oxazolone was 
complete and nitrogen evolution had (‘CHH(‘d. Kxcess 
diazomcthiiiK* w^as boiU‘d off and the solution was evaporated 
to dryness A solution of the residin' in ether gave by 
chilling in solid (’()« 1.020 g. ol colorless product, m.p 66 °. 
Hccrystallization from ('ther-liglit petroleum gav(‘ a product 
melting constantly at 72°. 

(’ale. for (’i*ni»() 4 N: (’, 63.2; TT, 6.3 
Found: (\63.6; II, 5.0 

An oxazole strueturi* for this product is suggi'sU'd by 
absorption spectra, sliowing a 2,800 A band characteristic 
of 2 -phenyl oxazoles 

2-Phenyl-4-carbomethoxy-6-methoxyoxazole (Boon, Uar- 
rington, Jones, Hainage, T>li>r and Waring, CPS.GyS) 
MethvI benzoylaminomalonate (5 g.), pliospliorus peiita- 
chloride (4.4 g.) and chloroform (20 cc.) were gently refluxed 
for thirty minutes. On removing the cliloroform the resi¬ 
due solniific'd and the oxazole crystallized from light petro¬ 
leum 80-100°); m.p. 08° 

(’ale. for (b 2 Hn 04 N: (', 61.8; H, 4.7; N, 6.0 
Found: (’, 62.1; H, 4.8, N, 5.8 

2 -Phenyl- 4 -carbomcthoxvo\azolorje ( 1.0 g ) with an 
excess of etheri'al diazomethanc (and a trace of mi*thanol) 
passed into solution and aft(‘r completely r(‘moviug the 
solvent the residue ( 0.6 g.) crystalliz(*d from light petroleum 
was identical w’ith the above. 

2-Phenyl-6-methoxyoxazole-4-carboxylic Acid (CPS.693). 
The above ester in dioxan w^as hydrolyzed by a 10 7t excess 
of hot N potassium hydroxide for thirty minutes with some 
shaking. The acid, isolated in tlie usual way, crystallized 
frcmi dioxan-liglit petroleum in stout prisms, rn.p. 146'^. 

(’ale. for (\iH904N: N, 6.4; neut. equiv., 219 
P’ound: N, 6.3; neut. equiv., 224 

Anil of Ethyl Amylpenaldate (Brodrick, Peak, Short, 
Whitmont and Wilson, CPS.305). A mixture of ethyl 
caproylaminoac('tat(* (40.2 g.) and ethyl formate (15 g.) was 
added at 0 - 6 ° to a stirred Busp(‘nsion of dry sodium ethoxide 
(from 4.6 g. of sodium) in ether (300 cc.). The gelatinous 
mass which separat('d overnight was decomposed with a 
slight excess of glacial acetic acid, washed with wat(*r and 
then w ith a slight exc(*ss of dilute* sodium bicarbonate. Tho 
dried ether solution was concent rated to 100 cc. and aniline 
(15 cc.) added. After standing overnight, the crude anil 
was eoll(*eted and washed with ether. Recrystaliization 
from {^thanol (100 cc.) gav(' the pure product (20 g.) as small 
needles, m.p. 146-146°. 

Gale, for (’i 7 n 2408 N 2 : 67.1; H, 7.8; N, 9.2 

Found: (’, 67.7, 11, 7.9; N, 9.5 

With 2,4-(linitrophenylhydra/ine in 6 V hydrochloric acid, 
the anil rapidly gave the dinitroph(‘nylliydrazone of ethyl 
amylpenaldate; yellow' ncedh’s from etiiaiiol, m.p. 170-171° 
undepressed by an autlu‘iitic sjiecimen. 

Action of Phosphorus Pentachloride on Ethyl Amylpenald¬ 
ate Anil (CPS.305). The anil (10 g.) was suspeuded in 
pure, dry chloroform (50 cc.) and treated with phosphorus 
pentachloride (7.0 g.). The mixture became dark and the 
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anil gradually dissolved. After standing for two hours the 
chloroform and phosphoryl chloride were removed under 
reduced pressure at 50” ancl the residue, which smelt strongly 
of phenyl isocyanide, redissoived in pure chloroform (50 cc.) 
and cooh'd at 0”. The product (1.25 g.) which separated 
was collected and washed with chloroform. A further 
crop (1.05 g.) was obtained by evaporation to 15 cc. and 
cooling to —70®, Kecrystallization from chloroform gave 
pale yellow needles, m.p. 142-144® (dec.) after darkening at 
120®. The .sul>atance was the hydrochloride of a weak base, 
immediately hydrolyzed by water. Treatment with excess 
sodium carbonate and ether gave the free base as a pale 
5 ''ellow oil whi(*h slowly crystallized. It separated from light 
petroleum-benzene in pale yellow needles, m.p. 71-72®. 

Calc, for (^ftHisOsNa: (J, 00.8; II, 7.0; N, 10.0 
Found: C, 00.8; H, 0.0; N, 11.0 

The substance was recovered unchanged after prolonged 
treatment with cold alcoholic potassium hydroxide. 

Tlie residue from the isolation of the hydrochloride was 
diluted with pure chloroform and absolute^ alcoholic sodium 
ethoxide added with cooling until the mixture was alkaline. 
Kxcess aqueous sodium bicarbonate was then adilcd, the 
chloroform lajer dried, concentrated and the n'skliu* dis¬ 
tilled. The main fraction (2.4 g.; b.p. 208 220®/2 mm.) par¬ 
tially crystallized on cooling. Separation from the oily 
impurities was best achieved by crystallization from ether at 
— 70®. The crude product (1.08 g.; m.p. 05 70®) could then 
be satisfactorily purified by recrystallization from light 
p(»troleum (60-80M from wliich it separated in colorless 
needles, m.p. 74-75®. 

Calc, for (‘nlljiOaNzd: 63.7; H, 0.0; N, 8.8 
Found: C, 63.8; II, 6.7; N, 9.2 

The substance was easily soluble in dilute acids and gave 
no precipitate with dinitrophenylhydrazine. It was stable 
to 5 A hydrochloric acid in the cold but was hydrolyzed 
at 100® for fifteen hours to an amphoteric substance, crystal¬ 
lizing from aqueous ethanol in long needles, m.p. 154-155®. 

Calc, for CuUnOaNaCl: C, 61.6; H, 5.8; N, 9,6 
Found: C, 62.1; II, 6,0; 9.7 

Saponification with cold alcoholic potassium hydroxide 
gave the same substance on one occasion b\it repetition gave 
a different substance, also amphoteric, cr^^stallizing from 
ethanol in needles, m.p. 255-257®. 

Clalc. for CiJIi 70 ,N*C 1 : C, 68.3; H, 5.5; N, 9.1 

Found for material dried at 100®: C, 58,8; H, 5.2; N, 9.3 

Ethyl a-Benzylaminomethylenehippurate (Boon, Carring¬ 
ton, Davies, Jones, Kamage and Waring, CPtS.340). Kthyl 
hippurate was forniylated by the action of ethyl formate 
and sodium ethoxide in ethanol according to the procedure 
developed in the University of Michigan (Mich. Chem., 
BJj 1). The yield of crude formyl derivative was about 
60%. The crude formyl derivative (21 g.) in ether (60 cc.) 
was treated with benzylamiiie (9.6 cc.) and tlie mixture 
allowed to stand at room temperature overnight. The 
product was collected and crystallized from aqueous 
methanol, m.)). 106® (23 g.). A further crystallization 
raised the melting point to 108®. 

Calc, for C.gHjoOiNj: C, 70.3; H, 6.2; N, 8.7 
Found: C, 70.5; TI, 5.9; N, 8.6 

2-Phenyl-4-benzylaminomethylene-B-oxazolone (CPS. 
346). (a) From the above aldimine. The aldimine (9.6 g.) 

in dry chloroform (90 ce.) was treated with phosphorus penta- 
chloride (6.3 g,). After one hour a homogeneous yellow 
solution was obtained. The chloroform was removed in 
vacuo at 30-40®, and the resultant yellow glass treated with 
ether (100 ce.) and saturated aqueous disodium hydrogen 
phosphate (200 cc.). The ethereal extract was dried over 


sodium sulphate, and the product precipitated as a yellow 
oily hydrochloride by the action of dry hydrogen chloride. 
On prolonged trituration with an ether-acetone mixture this 
hydrochloride crystallized, but it was more convenient to 
reconvert it to the base by the action of ether-phosphate 
buff(‘r, evaporate the ethereal solution, and triturate the 
r(‘sultant oil with methanol. The oxazolone was thereby 
obtained as an almost colorless crystalline solid. After 
reervstallization from methanol it had m.p. 134-136® 
(1.74 g.). 

Calc, for CnlluOjNa: C, 73.4; H, 6.1; N, 10.1 
Found: C, 73.5; II, 4.9; N, 10.2 

The same product was obtained when the N-benzylald- 
imine (5 g.) was heated with phosphoryl chloride (20 ec.) 
for three hours on the steam bath. I'he excess j)hosphoryl 
chloride was remov(‘(l in vacuo at 60® and the product was 
isolated as above. Yield, 1.1 g., m.p. 134-137®. 

When the N-benzylaldimine (6.4 g.) in chloroform (50 cc.) 
was treated with phosphorus tnbromidc (5.2 g.) and allowed 
to stniul overnight at room temperature, the product, after 
removal of chloroform in vacuo at 30®, gave the crystalline 
hydrobromidc of the oxazolone. This was washed with 
etfier and converted to the base in the usual way. Y'i(»ld 
4.15 g.; recrystallized from methanol, m.p. 136-137®. 

(b) In a procedure similar to that described by the Up¬ 
john group ((/.//, 27), benzylamiiie (1.2 cc.) was added to a 
solution of 2-phenyl-4-ethoxyiiiethyl(’ne-5-oxazolone (2 g.) 
in benzene (25 cc.). After about sixteen hours the crystal¬ 
line product was collected, m.p. 134® (1.4 g.). It showed no 
depression in melting point on luixmg with the product from 
(a). 

The variability of meeting jioint of 2-phenyl-4-benzyl- 
aminomethylen<'-5-oxazoloiH* resembles that of the cor¬ 
responding anilinomethyleuo diTivative (cf. Boon, Carring¬ 
ton and Jones, C^PS S9). Analytically pure material has 
been obtained witli melting points varying from 120 to 140®. 
To confirm the identity of the produets obtanu'd by routes 
(a) and (b), the absorption spectra were determined. 



Min. 2.G30 A 

lull. 3,000 A 

Max. 3,570 A 

(a) Km. 

3,000 

6,070 

30,800 

(b) Km . .. 

2,840 

6,130 

30,500 


Both the products from (a) and (b) on refluxing for three 
hours with acetic anhydride gave the same acetyl derivative, 
fine white needles from methanol, m.p. 140®, 

Calc, for Ci.HuOiNa: N, 8.8 
Found: N, 8.8 

2-Benzyl-4-benzylaminomethylene-5-ozazolone. (a) 

From 2~henzyl~4"^^t‘hoxymethylene-6^zazolone (Upjohn U. 
11, 28). A solution of benzylamine (1,07 g.) in ether (10 cc J 
was added in portions to a cold suspension of 2-ben2yl-4- 
methoxymethylenc-5-oxazolone (2.17 g.) in dry ether 
(20 cc.). The clear solution was allowed to stand in the 
refrigerator overnight. The large colorless plates (1.70 g.) 
were collected and washed with ether; m.p. 93-94®. A sec¬ 
ond crop (0.46 g.) was obtained from the mother liquor and 
washings. 

Calc, for CxaHuOjNa: C, 74.0; H, 5.5; N, 9.6 
Found: C, 73,8; H, 5.7; N, 9.9 

When warmed with an acid solution of 2,4-dinitrophenyl- 
hydrazine, this compound yielded the dinitrophenylhydr- 
azonc of phenylacetamidoacetaldehyde. 

In a re|)ctition of this condensation (Merck, M.47, 7), 
benzylamine (1.12 g.) was added to a filtered solution of 
2-benzyl-4-methoxymethylene-5-oxaBolone (2.84 g.) in dry 
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ether (500 cc.). Aii immediate cloudiness formed that 
settled on standing for five minutes. The ether solution was 
filtered and concentrated to about 200 cc. At this con¬ 
centration, light petroleum was added until a/aint turbidity 
was noticeable. On refrigeration overnight, needles (1.23 g.) 
separated which melted at 70®. When the crystals were 
allowed to form at room temperature, the product melted at 
while those that formed at ice-box temperature 
had a melting point of 70®, and one form was readily con¬ 
vertibles into the other by use of the appropriate recrystal¬ 
lization technique. Both forms gave the same analytical 
data. 

Found for product of m.p. 70®: C, 74.2; H, 5.6; N, 9.8 

Found for product of m.p. 110-117®: C, 73.9; H, 5.4; N, 10.1 

The absorption spcctriiin showed a maximum at 3200 A 
(Em 20,000). 

In anotlier modification (Boon, Carrington, Davies, 
Jones, Bamag(‘ and Waring, of this preparation, 

the product, lustrous prisms from ether, molted at 95-108°. 
The picrate was obtained by the action of picric acid in 
methanol and after crystallization from benzene-light petro¬ 
leum (00-80®) it had m.p, 112°. 

Calc, for CzJIiftOsNfi*. C, 55.3; H, 3.a5; N, 13.45 
Found: 55.05; 11, 3.55; N, 13.75 

It readily d(‘comi)osed on heating in solution to give benzyl- 
amine picratc, m.p. 199®. On boiling for thirty minutes with 
acetic anhydiide and removal of the excess reagent in vacuo, 
th(‘ acetyl derivative was obtairu'd as a viscous gum, which 
has not b(‘en crystallized. 

(b) Ftoio N,N'-dibnizyJformarni<line and phcnaceltinc acid 
iCPJ^,4 JS). N,N'-Dibenzylformamidine (5 g.), pheuaeeturic 
acid (13 g.) ami acetic anliytlnde (30 cc.) were heated at 
100° tor tliirty minutes. Acetic anhydride was reinov<‘d tn 
vacuo at 50', leaving a viscous syrup, which did not crys¬ 
tallize. A portion (1 0 g.) was triturated wdth benzylaminc 
(0.3 g.). The mixture liecame warm and the reaction was 
compl(‘ted at 110® for a few^ minutes. The product'wa.s 
treated w ith a solution of picric acid in acetic acid. Addition 
of wat(‘r caused the separation of a picrate, which after 
crystallizing from licnzeiie-liglit ])(‘troleinn had m.p. Ill® 
and was identical with the picrate of 2-beiizyl-4-beiizyl- 
aminometliylenc-5-oxazolone described above. 

(c) Fiom the N-hemylaldimine of ethyl formylphennccturate 
{(^PS./fJ/i). The N-b(*nzylaldimine (3.5 g.) in chloroform 
(25 cc.j was treated with phosiphorus tribroiiiido (2.7 g.) 
at room temperature for one hour. The solvent was 
removed in vacuo at 30®, leaving a yellow glass which was 
treated with ether and disoduim phosphate buffer. The 
etluT solution on evaporation gave a yellow oil, which on 
treatment with picric acid (2 g.) in methanol gave a picratc 
(1.4 g.). After crystallization from benzene-light petroleum 
this had m.p. 112” and was identified as the picrate of 2- 
benzyl-4-benzylaminorneth3dene-6-oxazolone. The picrate 
(1.0 g.) was decomposed on an alumina column from a 3:1 
benzene-methanol solution. The eluate gave an oil which 
crystallized on seeding wdth 2-ben2yl-4-bcnzylaininomeihyI- 
eno-5-oxaz()l()nc. Trituration with ether gave the oxazolone 
(0.1 g.),ra.p. 118®. 

The Action of Phosphorus Tribromide on Ethyl a-Benzoyl- 
amino-/?,/i-diethoxypropionate {CPS,4^^)- Phosphorus tri- 
bromide (8.1 g.) was added to a solution of ethyl a-benzoyl- 
amino-jtf,/!^-dieihoxypropionate (9.3g.) (Bet3r, King; Abraliam, 
Baker, Chain and Itobinson, CPS.268) in dry ether (75 cc.). 
An oil rapidly separated and crystallized on standing over¬ 
night. The ether was decanted and after wasliing with dry 
other the solid was dissolved in chloroform (60 cc.) and added 
slowly with shaking to a saturated disodium phosphate buffer 
(200 cc.). The chloroform solution gave on evaporation 
an oil (6.0 g.), which on treatment with 2,4-dinitrophenyl- 
hydrazine in acid solution gave the dinitrophenylhydrazone 
of ethyl formylhippurate, m.p. 179®, identical with an au¬ 


thentic sample. On treatment with strong aqueous am¬ 
monia at room temperature for two days the oil gave 
2-phenyloxazole-4-carboxyamide as needles, m.p. 159®. 

Calc, for CiollsOjNa: N, 14.9 
Found: N, 14.8 

On boiling for fifteen minutes with an excess of 4 % aqueous 
sodium hydroxide tlus oil dissolved, and on cooling and 
acidifying 2-phenyloxazolc-4-carboxylic acid was precipi¬ 
tated. Crystallization from methanol gave needles, m.p. 
211 ®. 

C^alc. for CioUtOsN: N, 7.4 
Found: N, 7.4 

Attempted Cyclization of Ethyl ^,/?-Diethoxy-a-benz- 
amidopropionate to the 6-Ethoxyoxazole Derivative (Brod- 
rick. Peak and Wilson, CPS.417). (a) With phosphoryl 

chloride-pho.^phorus pentachloride. Ethyl /Sl,ifcl-dicthoxy-a- 
benzamidopropionate (20 g.) was dissolved in phosphoryl 
chloride (40 cc.) and phosphorus pentachloride (13.fi g.) 
added in portions at 0®. No heat evolution occurred. The 
mixture was then warmed to 60® at which temperature IT Cl 
evolution commenced and was complel(‘ in two hours. 
Excess phosphoryl chloride was removed under vacuum and 
the viscous rt'sidue dissolved in benzene (20 cc.). I’lie crys¬ 
talline hydrochloride (8.2 g.; m.p. 115-120'') winch separated 
lost IK4 with comparative ease, l^urific.^tion was tljcrefore 
difficult and analyses were unsatisfactory. Conversion to 
the free base by shaking with ether and sodium bicarbonate 
solution gave 2-phenyl-4-ethoxymethylene-5-oxaz()lone, m.p. 
97-98°, undepressed by an authentic specimen. Attempts 
to isolate other products from the benzene mother-liquor 
gave only resinous products. 

(b) With bemrnesulphonyl chloride^pyridine. A mixture 
of the acetal (5 g.), chloroform (12 cc.), pyridine (3.8 g.) 
and benzenesulphonyl chloride (5.75 g.) was kept at room 
temperature for two days. The chloroform was then re¬ 
moved under reduced pressure, the viscous residue was tritu¬ 
rated with ether and the precipitated pyridine hydrocliloride 
separated. Fractionation of tlie ether-soluble material 
gave benzenesulphonyl chloride (1.85 g.) and a viscous red 
fraction (1.92 g.; b.p. lfi0-190°/2 mm.). This partly 
crystallized on standing. The product (0.23 g.), probably 
ethyl /?-othoxy-a-benzamidoacrylate, after repeated crys¬ 
tallization from ether had m.p. 115-llfi® but was evidently 
still impure. 

Calc, for CmH, 704N: C, 63.9; 11, 6.4; N, 5.3 
Found: C, 63.2; H, 6.4; N, 5.7 

Benzyl a-Benzoylamino-^,j8-diethoxypropionate (Boon, 
(’arrington, Davies, Jones, Ramagc and Waring, CPS.428). 
Benzyl formylhippurate (3 g., see next experiment) was 
allowed to stand at room temperature for five hours in dry 
ethanol (25 cc.) containing hydrogen chloride (1,5 g.). 
Aft(T pouring into water, making alkaline with 4 % sodium 
hydroxide and extraction with ether, there was isolated from 
the dried ethereal solution a pale yellow oil (3.3 g.) which on 
precipitation from benzene with light petroleum (40-00°) 
and refrigeration gave a low melting solid (1.82 g.). Crys¬ 
tallization from ethyl acetate-light petroleum afforded 
benzyl a-benzoylami uo-/3,j3-dietI loxypropionate as long nee¬ 
dles, m.p. 50-51.® 

Calc, for CjillasOfiN; C, 67.9; IT, 6.7; N, 3.8 
Found: C, 07.8; 11, 6.5; 4.15 

In another experiment an attempt was made to distil 
the acetal; there was obtained benzyl er-benzoylamiuo-jt#- 
ethoxyacrylate as fine white needles from ethyl acetate-light 
petroleum; m.p. 108-109°. 

Calc, for Ci»H, 904 N: C, 70.2; H, 5.9; N, 4.3 
Found; C, 70.6; H, 6.0; N, 4.8 
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Benzyl forniylhipptiraie (5.0 la:), ethyl orthofomiate 
(3.3 g.), ammonium chloride (O.l g.) and ethanol (15 cc.) 
were refluxed for fifteen hours. After removal of the solvent, 
extraction with ether and washing with dilute sodium 
hydroxide, the ethereal .solution gave a reddish oil. This on 
distillation gave; in small yield 2*phenyl-4-ethoxymethylene- 
5-oxazolonc, m.p, 00-97'’, identical with an authentic 
sample, and betizvl 2-phenyloxazoie-4-carboxylate, m.p. 
106--107“ (from methanol). 

Calc, for ChTlIuO.N: (\ 73.5; TT, 4.6; N, 5.0 
Found: (', 72.9; II, 4.7; N, 5.1 

This was characterized by alkaline hydrolysis to 2-phenyJ- 
oxazoIe-4-earboxyhc acid, m.p. 211 ^ 

Benzyl Formylhippurate (Ihion, Carrington, Davies, 
Jones and Ramagt*, (a) By formylation of 

benzyl hippuraU. A solution of sodium (1.2 g.) in benzyl 
alcoliol (255 c<\) was stirred at 0\ and ethyl formate (4 g.) 
in a little benzyl alcohol was added during thirty minutes. 
The cooling bath w'a.s removed, and stirring continued for 
twenty hours. Benzyl hippurate (13.4 g.) in benzyl alcohol 
(15 cc.) w'as added, the mixture was stirred iutermittently 
at room temperature foi three davs and tiien heated to 
50 for two and one-half hours w’ith stirring. The cooh'd 
mixture was extracted once with water and then several 
times with caustic soda. The united extracts were 
acidified wuth hydrochloric acid, and the preeipitate col¬ 
lect ed (2.02 g.). After crystallizing from light petroleum 
(40-60®). it formed colorless gli.stening needles, m.p. 112- 
113®. 

Calc, for (h 7 nu, 04 N: <\ 68.7; II, 5.1; N, 4.7 
Found: (\ 67.7; H, 4.9; N, 4.8 

It did not reduce Fchling’s solution, but gave a silver 
mirror, and a reddish-purple eoloration witii fiTrh* chloride. 

The 2,4-diiiitropheiiylhydrazone formed small yellow* 
rhombs, m.p. 184® (dec. after softening at 180®). 

C^alc. for CaaHiflOzNft: C, 57.7; H, 4.0; N, 14.7 
Found: 58.3; H, 3.8; N, 14.7 

Th(;r(* was no increase in the yield of the formyl derivative 
when a large excess of ethyl formate *(23.5 g.) was used. 
Formylatioiis were attempted using ethyl formate and pow¬ 
dered sodium in bo]iz(*ne or tolu(*ne, and sodium ethoxido 
in ethyl alcohol, ether or benzem*, but uniformly without 
success. 

(b) From ^-phenyl-yrhydroxymethylene-S-oxazolone. The 
crude oxazolone (3.5 g.) was refluxed for om; hour with 
dry benzyl alcohol (2.5 g.) and dry benzene (225 cc.). The 
clear red solution was evaporated at 40-60” in vacuo, and 
the solid residue was triturated wuth light pi'troleum (40- 60®) 
and filtered (5.3 g.). After recrystallization from light 
petroleum (60-80®; 300 cc.) it formed needles, m.p. 112-113® 
(3.7 g.), identical with the product described above. 

a-Benzyl /^-Methyl OL-Phenylpenicilloate (Boon, (.ar- 
rington, Davies, Junes, Ramage and Waring, CVS.470). 
(a) Mtihanol condensation. A mixture of benzyl formyl¬ 
hippurate (24 g.), i)L-penicillamiiie methyl ester hydro¬ 
chloride (16 g.) and powdered fused sodium acetate (8 g.) in 
dry methanol (100 cc.) was warmed gently to boiling and 
refluxed for thirty minutes. After standing, llie filtrate 
from salt was diluted w ith absolute ether (100 ce.) and then 
kept in the cold room ov(*rnight. A crop of crystals was 
collect'd, washed with ether and dried in a vacuum desic¬ 
cator (18.4 g.); the m.p. show'ed softening at 70-80® and 
cleared at 115®. The mother-liquor was concentrated under 
reduced pressure and a second crop (3.7 g.) obtained; 
m.p. 95-9f)®. On long standing most of the penicilloate 
crystallized if the methanol was replaced by ether. 

(b) Agueous ethanol condensation. A mixture of benzyl 
formylhippurate (3 g.), nn-penicillamine methyl ester 
hydrocliloride (2 g.) and anhydrous sodium acetate (2 g.) 
in ethanol (30 cc.) was warmed for fifteen minutes, and 


water added to give a clear solution. After cooling, more 
w'ator was added to give a cloudy solution from which a 
crystalline solid separated (1.9 g.), m.p. 118-125®. After 
two crystallizations from methanol the product had m.p. 
130®. 

Calc, for C, 62.4; II, 5.9; N, 6.3; S, 7.2 

Found: C, 62.3; H, 5.6; N, 6,3; S, 7.2 

Benzyl cv-Benzylaminomethylenehippurate {CPS.479). 
Benzylamine (0.535 g.) in dry benzene (2 cc.) was added to a 
solution of benzyl formylliippurato in dry benzene. After 
standing overnight the solid prodiK’t was separated and 
cry.stallized from ethyl acetate-light petroleum as colorless 
needles, m.p. 136\ 

(*alc. for C24H2a08N2: f ‘, 74.6; 11, 5.7; N, 7.3 
Found: C\ 74.5; H, 5.7; N, 7.5 

Attempted Preparation of a-Benzyl /^-Methyl n-Phenyl- 
penicilloate {CPS.479). The above NJ-benzylaldirnine (0.4 g.) 
aiul P'penicillamine methyl (‘ster hydrochloride (0.2 g.) 
w*ere heated together at 60-70” for t\v(‘nty minutes in abso¬ 
lute ethanol (5 cc.). After twelve hours at room tempera¬ 
ture unchanged N-benzvlaldimine was recovered. 

Dibenzyl Di.-Phenylpenicilloate (Boon, ('arrington, Da¬ 
vies, (Jaubert, Jones, Ramage and Waring, CVS.t>S/t). dl- 
Penicillamine benzyl ester hydrochloride (13.78 g.) and 
benzyl formylhippurate (14.85 g ) were dissolved in warm 
methanol (150 ce.). Fused sodium acetate (4.5 g.) was 
added, and the mixtun* was retiuxed gently for one hour. 
After removal of the solvent tin* residue was treated with 
ether and water; the ethereal layiT w*as washed with 10% 
sodium carbonate solution and w'ith water and dried. The 
hydrotdiloride was pr(‘cipitat('d as a gum by passing dry 
hydrogen chloride. Th(‘ solvent w’as decanted and the 
residue crystallized by trituration with warm isojiropanol 
(lUO ec.). It was collected, washed with isopropanol and 
ether and dried (24.95 g.); m p. 169-170®, unchanged by 
recrystalhzation from isopropanol. 

The hydrochloride (6.75 g.) was suspended in ether (100 
ec.) and shaken with 10% sodium carbonate solution until 
no solid remained. The eth(»r solution was w*ashed with 
water, dried, and evaporated h*aving a gum which was crys¬ 
tallized from dry benzene (20 cc.) and light petroleum (60- 
80®). After standing at 0® for several days the crystalline 
base (2.93 g.), m.p. 101-103® (after previous sintering), was 
separated. No further solid base could be obtained, but 
the rt'sidue was recovered from tlie mother liquor as the 
hydrochloride, m.p. 166-169® (2.7 g.). The base was 
recrystallized from light petroleum-ethyl acetate (9:2) as 
silvery needles, m.p. 107-108°. 

Dale, for ()2»H,o06N2S: O, 67.2; H, 5.8; N, 5.4; S, 6.2 
Found: O, 67.3; 11, 6.2; N, 5.5; S, 6.4 

The product showed only end absorption in the ultraviolet 
(at 2,435 A, Em 4,800 on the slope of the curve). 

Action of Phosphorus Pentachloride on Dibenzyl dl- 
Phenylpenicilloate (CPS.0S4). A mixture of the penicilloate 
(3 g.), dry chloroform (30 cc.) and phosphorus pentachloride 
(1.47 g.) was refluxed for ton minutes. The solvent was 
removed in vacuo at 30® and the residue was fractionated 
from chloroform-other-light petroleum mixture? to give four 
hydrochloride fractions and a residual fraction of noribasic 
material. The hydrochloride fractions were basified with 
aqueous phosphate buffer; the isolated free bases were 
glasses wdiich could not be crystallized. 

The absorption spectra of Fractions I to IV showed the 
following characteristics: 

Fraction I —Max. 3,475 A, Em 15,300; 2,795 A, Km approx. 
7,000. Probable inflections at 3,360 A and 3,625 A. 

Fraction II —Max. 3,476 A, Em 16,500; 2,785 A, Em 
12,100. Inflection at 3,625 A and probably at 3,3^ A. 
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Fraction ///—Max. 3,485 A, Em 13,300; 2,785 A, Em 
12,200. Inflection at 3,625 A and probably also at 
3,340 A. 

Fraction IV —Max. 3,495 A, Km 6 , 000 ; 2,795 A, Km 8,600. 
Doubtful inflections at 3,300 A and 3,025 A. 

Action of Phosphorus Pentachloride on a-Benzyl ^-Methyl 
DL-PhonylpeniciUoate (CPS.(0^4). In all oxperiinenth the 
reaction was carried out as follows: I’hc* penicilloatc (3 k-) 
in dry chloroform (30 c(*.) was treated with phosphorus 
pentachloride (1.72 g.) and the solution was refluxed for ten 
minutes. Tin* solvent was removi'd in vacuo at 30'", leav¬ 
ing a syrupy residue. The working-up has been carried out 
in several ways. 

(a) Fractionation of the hydrochloride and conversion to 
the base with aqueovs buffer. The fractionation was carried 
out by precipitating the solid iiydrochloridi* by addition of 
dry ether to a dry chloroform solution. The h^^drochlorides 
wore converted to tin' base by treatment with benzene and a 
mixture of acpieous disodium hydrogen phos])hate and 
sodium bicarbonate. The bases w(t«‘ isolated as brownish 
glasses by evaporation of tlic dried benzene solutions. The 
fractionation is summarized in the following scheme: 


Reaction producl in 

h>ac- 

Hydro- 

Fr(»e 

dry chloroform (25 cc.) 

t ion 

chloride 

base 

Dry ether added (150 cc.) 

I 

1 -) K- 

1 iK. 

Dry ether added (a further 109 cc.) 

11 

0 47 R. 

0 .Tr. 

Dry ether added (a further 100 cc.) 

III 

0 41 R. 

0.3r. 

Total filtrate evaporated to a svrup 

IV 

0.2(i 

K- 


The absorption spectra of th(‘ bases in (d luinol showed only 
general end absorption. 

Fractions II, III and TV could not be obtained crystalline. 

Fraction 1 crystallized Irom benzem'-liglit petroleum as 
colorless needles, m.p. 120-127° (0,4 g.). With a fraction of 
the original penicilloatc, m.p. 121°, there was a large depres¬ 
sion (m.p. 105°). The product was dried in vacuo at 60° for 
four hours. 

Oalc. for C\sll 2 e 06 N 2 H (the penicilloate): 

(), 02.4; H, 5.9; N, 6.3, S, 7.2 

Calc, for Cb»H 2404 N 28 (loss of ll 20 ): 

C, 65.1; H,5.7; N, 0 0 ; S, 7.5 

Found: C, 63.9, 63.7; H, 6 . 1 , 5.9; N, 6 . 2 , 6 . 1 ; S, 7.2 

In other similar preparations carbon was estimated as 
high as 65.1. 

Crystallization of the penicilloate starting material from 
benzene-light petroleum also gave a product which, after 
being dried in vacuo at 60'’, gav(* high carbon figures. 

Found: C, 64.3, 64.5; H, 6 . 1 , 5.9 

(b) Conversion of the total hydrochloride to the base with 
ethereal diazomethane. The hydrochloride was isolated as a 
pale yellow solid by twice precipitating thi* syrupy product 
in chloroform solution (10 cc.) with ether (80 cc.)-light 
petroleum (20 oc.). It w'as then converted to the liase by 
treatment with an excess of ethereal diazomethane Evapo¬ 
ration of the solution gave a brownish glass (1.6 g.). The 
absorption spectrum of the product in ethanol showed the 
following chnractiTistics: Max. 3,475 A, Km approx. 17,000; 
2,775 A, Em 11,400. Min. 3,045 A, Km 10,050 (Em ealc. to 
M.W. 442). End absorption down towards 2 , 2()0.^, no sign 
of max. at 2,300-2,400 A. 

Dimethyl n L-Phenylpenicilloate Hydrochloride (CPS, 
6S4), 2-Phonyl-4-lrydroxyniethylcne-5-oxazolone (5 g.) was 
suspended in benzene (25 cc.) and methanol (2 ce.) was 
added. The mixture was refluxed gently for ten minutes, 
when a clear red solution was obtained. The solvent was 
removed in vacuo and the residual oil was dissolved in acetic 


acid (46 cc.). niz-Penicillainine methyl ester hydrochloride 
(4.5 g.) was added and tlic solution heated on the .stt‘am 
bath for thirty minutes, 'fhe acetic acid was removed in 
vacuo at 50-00’ and tin* residual oil crystallized on tritura¬ 
tion w'ilh dry m<*thanol (10 ce.). The crude dimethyl dl- 
pheiiylpisiieilioate hydi'ochloritle (4.S5 g ) h;id ni p 202° 
(d(*c.). After recrvstallization from ini'thanol it had m.p. 
204'^ (dee.) 

Cnie. for (h 7 ll 2 ^(hN^S(M: C, 50.7; 11, 5.7; X, 7 0 
Found: (', 51 1 , H, 5.3: X, 7.25 

A second cro]> (1.95 g m.p. 190-192°, W'as obtained by the 
addition of (*ther to tln' imdhanolic mother-li(|uors Tlie 
tree base was obtained b> dissolving the hydroehloridi* in 
water, adding an excess oi scKliurn bicarbonate and extract¬ 
ing with chloroform. 

Action of Phosphorus Pentoxide on Dimethyl OL-Phenyl- 
penicilloate (CPS.O^^/f)- Dimethyl i>i.-phenylpctiicilloHte 
(3.7 g.) in dry chlorolorin (100 cc ' was heat(*d under reflux 
with pliosplioruh i)cnto\i(l(' (20 g.) for six hours. The prod¬ 
uct, Lsolated by the method ol Hoon, ( arrington, Davies, 
Jones, liamag(‘ and Waring (C^PS. cf p 708), was a thick 
brown gum ( 2.0 g.) which showa*d only general end absorp¬ 
tion at about 2,300 A, with no sign of a maximum in the 
2-phenyI-5-alkoxyoxazole region at 2,800 3,000 A. 

Action of Phosphorus Pentachloride on Dibenzyl Phenyl- 
penicilloate (Hoon, C^irrington, Jones, Hamage, 'fvler and 
Waring, CPS.01)3). The jicnieilloatc* (3 g ) in drv chloro¬ 
form (30 cc.) was tr<*ate(l with phos])horns p<‘ntacliloride 
(1.47 g.). The mixture was refluxed for fiftei'u minutes, 
and the chloroform and phosphoryl chloride wvrv nmioved 
in vacuo. The residual gum was dissolved in (ddoroform 
(10 ce.) and the solution w’as added to a mixture <d* (‘ther 
(50 ce ) and light pi'troleum (150 ce.). 'Plie precipitated 
hydrochloride ( 2.0 g ) was Altered and dnisl in vacuo. It 
w'as dissolved in l>cnzent‘ (10 ce.) and converted to the base 
by the action of a slight excess of ethereal diazomethane 
(distilled over sodium). TIu' solvent was removed, leaving 
the base as a pale yellow glass ( 2.4 g.). 'fhe absorption 
spi'ctrura shuwn*d maxima at 3,500 and at 2,850 A. 

Th<‘ chromatographic separation was carried out on a 
column of alumina (200 g ) which had bc»cn heated to 150° 
for ten hours, then partially deactivat<‘d by shaking o^^er- 
night with water (12 cc.). The column W'as pr(‘par(‘d using 
chloroform-ether ( 1 :4) as solvent, and the base was adsorbed 
from the same solvent mixture (50 cc.), which was also used 
for the developnamt. The first fraction passing through the 
column was givim a second similar chromatographic treat- 
iiu'iit, and the resultant pale yellow glass crystallized from 
benzene-light petroleum. After two recrystallizations the 
product ( 0.2 g.) had m.p. 112 °. 

Calc, for (^»H 2 s 04 N 2 S: (\ C9.G; H, 5.0; X, 5.0; S, 0.4 
Found: (', 69.7; H, 5.1: N, 5 . 8 ; S, 6.0 

Action of Phosphorus Pentachloride on Dibenzyl ni..- 
Phenylpenicilloatc Hydrochloride (CPS 003). The hydro¬ 
chloride (0 g.) was freateil with phospJiorus jientachloride 
(2.4 g.) in dry chloroform (85 c(‘.) and the hydrochloride of 
the reaction product was isolatinl and converted to the free 
base with diazomethane in the usual way. Th<‘ base 
(4.7 g.) w'as pasar‘d through au alumina eolumii in chloro¬ 
form-ether solution as deseribed above, and this chromato¬ 
graphic tr(»atnient was repeatt*(l. 'fhe product ( 2.0 g.) 
cry.staJlizi'd from a Ix'nzene-light petroleum mixture. After 
four recry.stallizations from the sam(‘ solvents the product 
(0 0 g.) had m.p. 120.5°. 

Calc, for (" 29 H 28 O 4 N 2 S: C’, 69,(>; II, 5.0; 5.6 

Found: 69.5; H, 5.3; N, 5.2 

The absorption spectra in chloroform show'ed Xm*, 2,850 
A, Km 18,200. 

Reduction of Benzyl 2-(2^-Phenyl-5'-benzyloxy-4'-oxaz- 
olyl)-6,6-dimethylthiazoUdine-4-carboxylate (CPS,69S). 
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The material (17.2 mg., m.p. 120.6®) was hydrogenated in 
ethyl acetate solution (9 cc.) using a palladium-barium 
sulphate catalyst (Mozingo, Harris, Wolf, Hoffhine, Kaston 
and Folkers, /. Am. Chcm, 8oc., 67, 2092 (1945)). Hydro¬ 
gen absorption (1.52 cc., corrected; theory, 1.54 cc.) was 
completed after five minutes. The catalyst was separated 
and the ethyl acetate extracted with 0.05 M phosphate 
buffer (pH 6.5, 1 ec.) at 0®. The buffer extract showed no 
antibacterial activity. 

/9-Methylammeethyl Mercaptan (Brodrick, Peak and 
Wilson, CPS.417), 2-Methvl-A*-thia2olinc methiodido 
(Wenker, J. Am. Chem. Soc., 67, 1079 (1935); Brooker, JT. 
Am. Chem. Soc., 68, 662 (1936)) (5 g.) was heated in a sealed 
tube with 5 N HCl (10 cc.) at 150-170® for twenty hours. 
The colorless solution was evaporated under vacuum in an 
inert atmosphere, hnally at 100®. The viscous residue of 
^-methylaminoethyl mercaptan hydriodide (4.4 g.) contained 
a little free iodine. An aliquot (1 g.) in water (10 cc.) with 
a solution of picric acid (1.8 g.) in 0.25 N NaOH (32 cc.) 
in contact with air for several days gave a crystalline picrate, 
m.p. 157-158®. Yield, 1.35 g. or 90.5% of theory. 

Calc, for CjaHwOnNsSa: N, 17.5 
Found: N, 17.5 

(Gabriel and Colman, Ber., ^6, 1663 (1912) give m.p. 157- 
158® for the picrate of bis-^-methylaminoethyl disulphide.) 

The residue (3.4 g.) was warmed with benzaldehyde (4 cc.), 
ethanol (10 cc.) and water (10 cc.). After removal of the 
ethanol and extraction of the excess benzaldehyde with ether, 
2-phonyl-3-methylthiazolidine hydriodide separated in 
prisms (1.86 g., m.p. 183-185®). Recrystallization from 
water raised the m.p. to 189-190®. 

(’ale. for CioHuNIS: N, 4.6 
Found: N, 4.7 

The free base w^as a mobile oil, the picrate of which crys¬ 
tallized from ethanol in sbjut yellow needles, m.p. 166-167®. 

Calc, for (’hHi, 07 N 4 S: N, 13.7 
Found: N, 14.1 

The methiodide could also be hydrolyzed by refluxing with 
5 N II Cl for twenty-four hours in an inert atmosphere 
although the yield was usually slightly less, 

8-Methyl-2-(benzamido-carbethoxymethyl)thiazolidine 
(CPS.417). /l-Methylaminoethyl mercaptan hydriodide 
(from 5 g. of 2-methylthiazolme methiodide) in water 
(10 cc.) was added to a suspension of ethyl sodiofonnylhip- 
purate (5 g.) in ethanol (10 cc.). The clear solution was 
then made just neutral to Brilliant Yellow by the addition 
of acetic acid. On standing it set to a mass of needles. 
These were collected and washed with 50 % ethanol. Yield 
3.7 g., m.p. 125® to a turbid melt clearing at 132®. The 
product (a-isomer) crystallized from ethanol in flat needles, 
m.p. 126-126®. 

Calc, for C, 58.4; II, 6.5; N, 9,1 

Found: (\ 58.7; H, 6.7; N, 9.0 

Dilution of the aqueous alcoholic mother-liquor gave the 
/9-isomer (0.7 g.), m.p. 135-136® unclianged by further 
crystallization from aqueous ethanol or benzene. Traces 
of benzime were retained tenaciously and prolonged drying at 
110® in vacuo was necessary before analysis. 

Found: C, 58.5; H, 6.7 

Reaction of 2-(Benzamido-carbethoxymethyl)-3-methyl- 
thiazolidine with Phosphorus Chlorides (Brodrick, Peak, 
Y^itmont and Wilson, CPS.692). (a) The above thiazol- 

idine (a-isomer; 1 g.) was refluxed for thirty minutes with 
chloroform (5 cc.) and phosphorus pentachloride (0.8 g.). 
The palo-yellow solution was cooled and dry benzene added 
to turbidity, Gn standing a pale-yellow solid (0.98 g.) 
separated as prisms, m.p, about 145® (dec,). It could not 
be recrystallized. A portion (0.56 g.) was shaken with ether 


and excess sodium bicarbonate solution, the ether separated, 
dried and concentrated to 5 cc. The product separated in 
colorless prisms (0.31 g.), m.p. 113-116°, raised by recrystal¬ 
lization from ethyl acetate and finally from ether to 115.6- 
116®. 

Calc, for C,5 H*o 04N2S: C, 55.5; II, 6.2; N, 8.6 
Found: C, 55.8; H, 6.3; N, 8.6 

The same product was obtained from the /3-isomer, m.p. 
135-136®. 

(b) The a-isomer (10 g.) was refluxed for two hours 
with chloroform (50 cc.) and phosphorus pentachloride 
(8 g.). Volatile material was then removed in vacuo and a 
solution of the residue in chloroform (30 cc.) added at 0-5® to 
a solution of sodium (3 g.) in absolute ethanol (60 cc.). The 
mixture was triturated with ether, the ethereal solution 
decanted from a quantity of dark gum and concentrated. 
The residual red oil (5 g.) partially crystallized on standing. 
Tlie crystals (1.4 g.) were separated from the oil and 
recrysiallized from ether to give the isomeric product as 
needles, m.p. 80®. 

Found: C, 55.8; H, 6.3; N, 8.8 

(c) I’lio a-isomer (5 g.) was refluxed with phosphorus 
tricldoride (25 cc.) for three hours and the excess phosphorus 
trichloride removed tn vacuo. The sticky residual yellow 
solid (6.9 g.) could not be satisfactorily purified. On shak¬ 
ing with an excess of 20 % potassium hydroxide at 0®, it 
rapidly went into solution and colorless crystals of a potas¬ 
sium salt separated. This salt (2.8 g.) was dissolved in 
water and acidified with dilute hydrochloric acid. The 
product (1.45 g.) gave a deep-groim coloration with ferric 
chloride. It crystallized from ether in pale-yellow plates, 
m.p. 153° (dec.) after softening at 140°. 

Calc, for CioIItOiN : 

C, 63.5; n, 3.7; N, 7.4; neut. equiv., 189 
Found: C’, 65.6; II, 4.1; N, 7.4; neut. equiv., 190 

As the m.p. is considerably higher than that usually recorded 
for 2-phenvI-4-hy(lroxymethyleneoxazolone, a portion was 
converted to 2-phenyl-4-benzylaminomethyleneoxazolone by 
reaction with benzylamine in ether; needles from benzene, 
m.p. 148-149®. 

Calc, for C, 7 Hi 402 Na: 73.4; H, 5.0; N, 10.1 

Found: C, 73.3; H, 6.1; N, 10.1 

The m.p. was lowered to 138® by crystallization from meth¬ 
anol. An authentic sample prepared from 2-phenyl-4- 
ethoxymethyleneoxazolone and benzylamine in methanol 
had m.p. 135-137®, raised by addition of the sample m.p. 
148-149° (cf. p, 714 for the variable m.p. of this compound). 

2-(Amino-carbethoxymethyl)-3-methylthiazolidine Dihy- 
drocMoride (CPS.592). /3-Mothylaminoethyl mercaptan 
hydriodide from 15 g. of 2-methylthiazoline methiodide 
(p. 718) was dissolved in water (20 cc.) and the crude sodium 
salt of C, N-diformylglycine ethyl ester (11 g.) added. The 
mixture was made neutral to phenolphthalein by the addition 
of acetic acid and allowed to stand overnight. Sodium 
bicarbonate (6.0 g.) was then added and the product ex¬ 
tracted with chloroform (6 X 20 cc.). The combined 
chloroform extracts after drying and concentration gave 
6.55 g. of crude 2-(formamido-carbcthoxymethyl)-3-mcthyl- 
thiazolidine as a viscous yellow liquid. The crude product 
was dissolved in 10% ethanolic hydrogen chloride (65.6 
cc.). After standing overnight, the crystalline product 
(4.4 g.) was collected. It softened at about 160® and melted 
at 169-170® (dec.), unaltered by recrystallizatiori from 
ethanol. 

Calc, for CaHisO»NaCl,S: N, 10.1; Cl, 25.6 
Found ; N, 10.6; Cl, 26.3 

2-(PhenylthioaceUmido«carbethoxymetliyl)«8-metliyl* 
thiazalidine (Brodrick, Peak, Whitmont and Wilson, CPB. 
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The above product (10.0 g.) was dissolved in 2 
caustic soda (36.1 cc.) and ethanol (35 cc.) and stirred with 
methyl phonyldithioacetate (6.6 g.) for forty-five hours. 
The liquor was decanted from the semi-solid mass which 
crystallized from ethanol (10 cc.) in colorless prisms (6.2 g.), 
m.p. 96-‘98°. For analysis a portion was sublimed, recry¬ 
stallized from ethanol and then from ether. The pure 
substance had m.p. 100-100.5®. 

Calc, for (;i«H 2202N2S: C, 56.8; H, 6.5; N, 8.3 
Found: C, 56.4; H, 6.4; N, 8.4 

It was feebly basic and was not extractable from chloroform 
by N sulphuric acid. 

Reaction with Silver Benzenesulphonate (CPS.592). The 
above substance (5.0 g.) in cliloroforin (20 cc.) was added to 
silver benzenesiilphonate (8.0 g.; 2.2 mols.) and pjrridine 
(2.5 cc.; 2.2 mols.) in chloroform (70 cc.) under the usual 
conditions. The solution bccam(' brown but no silver sul¬ 
phide separated. An almost colorless substancte (2.17 g.) 
m.p. 130® (dec.) was collected. 

Found: N, 4.25; Ag, 25.0 

Addition of (‘IIkt (2 vols.) to the filtrate gave a brown mix¬ 
ture of amorphous and crystalline material (11.9 g.). It 
was triturated with w'atcr and <x)llected. The filtrate was 
freeze-dried and the residue (5 g.) identified as pyridine 
benzenesulphonate, m.p. 132-132,5® after crystallization 
from chloroform-benzciK*. The insoluble residue (6.6 g.) 
WHS precipitated from chloroform solution by ether as an 
amorphous brown powder, rneHing to a dark liquid at 130®. 

Found: N, 4.9; S, 13.9; Ag, 41.7, n.2;Ag/N/S = 1.1/1.0/1.2 

The absorption spectrum showed a fiat shoulder 203 

at 2700-3280 A. It was unallccted by dilute hydrochloric 
acid or caustic soda. ('oncentrated hydrochloric acid slowly 
liberatt'd silver chloride but no ul(‘ntifiable organic products 
could be obtained. 

Reaction of Methylformanilide with 2-Phenyl-6-ethoxy- 
oxazole (Jlrodrick and Peak, CPS.92). FAhoxyphenyl- 
oxazole (2 g.) was added to a mixture of N-methylformanilide 
(2.8 g.) and pbosphoryl chloride (11 cc.). After thirty 
minutejs it w^as poured on crushed ic(', the solid collected and 
crystallized from ethanol; yellow iKsslles, m.p. 137-138®. 

(’ale. for (b7Hu02N2: (’, 73,8; H, 1.9; N, 9.9 
Found: 73.4; 11, 5.0; N, 10,1 

Thi.s was identical wdth 2-phenyl-4-N-mothylanilinomethyl- 
cne-5-oxttzolone obtained by the condensation of 2-phcnyl- 
4-ethoxym(‘tliylenc-5-oxazolonc with methylaniliue. The 
same substance was o])tained using ethyl hippurate or 
hippuric acid instead of etho\y])heiiyloxazole, but attempts 
to prepare the 2-amyl analogue failed. 

Under similar conditions formanilide did not give the 
corresponding anilinomethylene-oxazolone but unilerwent 
dehydration to phenyl isocyanidc*. 

lOthoxyphenyloxazole, etliyl orthoformati* and phoaphoryl 
chloride gave a resinous product devoid of aldehydic proper¬ 
ties and affording no anilino derivative. With acetic 
anhydride and ethyl orthoformate under reflux for two and 
one-half hours, the oxazole was recovered unchanged. 

4-Bromo-6-ethoxy-2-phenyloxazole (Brodriok, Peak, 
Short, Whitmont and Wilson, CPS.S05). N-Bromoacet- 
amide (11.5 g.) was added during one hour, with exclusion of 
moisture, to a well stirred, ice-cooled solution of 6-ethoxy-2- 
phenyloxazole (I 5.8 g.) in dry ether (150 cc.). The mixture 
was allowed to reach room temperature, and the white 
precipitate collected. Evaporation of the filtrate gave a 
clear rod oil from which a further small quantity of solid 
could be separated by redilution with dry ether and filtra¬ 
tion. Distillation of the residue after evaporation of the 
ether gave 4-bromo-5-cthoxy-2-phenyloxazole as a pale 
yellow oil, b.p. 130-134®/! mm. The product was decant- 
ated from the small amount of solid which separated on 
standing and refractionated. Yield 12.5 g. (36%), b.p. 
]l28®/0.8mm. 


Calc, for CiiHioONBr: N, 5.2; Br, 29.8 
Found: N, 5.2; Br, 29.2 

Hydrolysis of the product (240 mg.) with 2 AT hydrochloric 
acid for eight hours at 100® afforded benzoic acid (54 mg.; 
50% of theory) and the filtrate yielded a 2, l-dinitrophenyl- 
hydrazoiie, m.p. 188-180®, agreeing with tlie literature value 
for the dinitroph(»nylhydrazonc of glyuxylic acid. lOxposurc 
to air caused rapid decomposition to a wdiite solid, needles, 
m.p. HI® from ethanol-etlier, wdiich w’as not further 
investigated. 

The Oxidation of 2-Phenyl-4-methyl-6-ethoxyoxazole 

(Boon, Carrington, Davit's, Jones, Ilamage and Waring, 
CPS./f?})). (a) With selenium dioxide. Freshly sublimed 

selenium dioxide (16.5 g.) was added gradually (three hours) 
to a solution of 2-pheiiyl-4-methyl-5-ethoxyoxazole (30 g.) in 
boiling acetic anhydride* (150 cc.). The solution was 
filtered from selenium ind the acetic anhydridt* was removed 
in vacuo. The residual oil did not form a din itro phenyl- 
hydrazone and gave no insoluble hydrocliJoride wuth hydro¬ 
gen chloride in dry eth<*r. A fraction soluble in light 
petroleum was distilled with some decomposition, Init only 
benzoic acid could be identified in the distillate. 

(b) WHh chromic anhydride, (’hroinie aTihj’’drido (5,8 g.) 
was added gradually at 0 ® to a stirred solution of the oxazole 
(5 g.) in a mixture of glacial atu'tic acid (29 (‘c.) and acetic 
anhydride (26.4 oc.) containing one drop of sulphuric acid. 
After standing at room temperature for thr(»e days tlie green 
solution w’as add(*d with stirring to a mixture of ice water and 
ether. ''Fhe ethereal solution was waslied with aqueous 
sodium bicarbonate and dried. K('moval of tlie ether left a 
crystalliru* residue ( 2.8 g.) wdiich erystnllized from water 
as white* needles, m.p. 115.5 116.5®. This product ap¬ 
pears to be N-benzoylacctamid(‘ (cf. (’olbv and Dodge, Am. 
Chrm.J., 13, 6 (1891)). 

C’ale. for (’jH^OoN: C), 66.3; H, 5.5; N, 8.6 
Found: (’, 65.9; H, 5.35; N, 8.35 

(e) With chromyl chloride. Ohromyl ehloride (3.8 g.) in 
dry carbon disulphide (100 cc.) was gradually added at 0 ® 
to a solution of the oxazole (5 g.) in carbon disulphide 
(50 cc.). After standing at 0 ® for ten days the light brown 
solid was sepnnited, waslied with carbon disulphide* and 
added with stirring to a mixture of ether and aqueous di¬ 
sodium hydrogon phosphate. The ethereal lay(*r was dried 
and evajiorated to a viscous syrup (3 g.). The syrup 
( 0.2 g.) w'as heated in aqueous ethanol with phenylhydrazine 
hydrochloride and sodium acetate for fifteen iniiiuU’s at 
100®. A yellow crystalline product (0.12 g.) separated 
from the hot solution. After several recrystallizations from 
benzene-light petroleum, pale yellow needles, m.p. 228®, w'ere 
obtained. 

(’ale. for C 2 eH 22 N 4 : C, 80.0; H, 5.6; N, 14.4 
Found: C, 79.3; II, 5.7; N, 14.5 

It did not depress the melting point of an authentic speci¬ 
men (m.p. 230®) of bonzil diphenylhydrazone. 

Ozonolysis of 6-Ethoxy-2-n-amyl-4-styryloxazole (Brod- 
rick. Peak, Short, Whitmont and Wilson, CPS.305). 5- 

Ethoxy-2-n-amyl-4-styryloxazole (2.85 g.) ir dry ethyl 
acetate (80 cc.) was ozonized at — 20 ° until excess ozone 
could be detected; considerably more than oiu* molecular 
proportion of ozone was absorb(*d. The resulting solution 
was hydrogenated in presence* of I % palladium-calcium 
carbonate (0.7 g.) when slow absorption took place during 
eighteen hours. The residue, after removing catalyst and 
solvent, %vas a viscous oil (3.2 g.) which was distilled: 

Fraction A (0.16 g.), b.p. 6.5-90°/l mm., was a mobile 
liquid possessing the odor of caproic acid; it was not defi¬ 
nitely identified. 

Fraction B (0.96 g.), b.p. 100 - 1 20®/l-2 mm., partly 
crystallized and was separated into benzoic acid and ethyl 
oxamate, m.p. 113-114®, not depressed on admixture with 
an authentic specimen. 
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C^alc. for CMl 70 aN: C, 41.0; H, 6.0; N, 12.0 
Found: C, 41.3; 11, 6.0; X, 12.4 

Fraction C (0.57 g.), l).p. 130-160®/l-2 mm., a viscous oil, 
yielded, with Bra<ly’« reagent, a small amount of an amor¬ 
phous yellow solid, m p 267-260° (dee.), which could not be 
puritied satisfactorily. 

Calc, for CnlljiOfiNt ((hiiitrophenylhydrazone 

of the reipiired aldehyde): N, 17.9 
Found: N, 21.2 

A second experiment gave qualitatively the same results. 

In another ('xpc'rimont the oxazolc was treated with one 
molecular proportion of ozone in absolute ethanol and the 
product w'orked up as before. About 40* o of material was 
recovered unchanged, while ethyl oxamate and benzoic acid 
were again isolated. 

6-Ethoxy-4-styryl-2-(l'-pentenyl)oxazole (Hrodrick, Peak 
and Wilson, CPSJ, 17). 5-Ethoxy-2-n-aniyl-4-styryloxazole 
(5.7 g.) in glacial acetic acid (JOO cm‘.) was stirred with lead 
tctra-acetate (t) 0 g.; 1 mol ) at room tcunperature until 
reaction was complete (about three hours). After addition 
of 5 volumes of dry ether and removal of precipitated lead 
acetate, the solvents w'^ere completelv removed under 
rediicecl pressure. Trituration of the gum with ether, 
filtration, and evaporation left a yellow oil (6.1 g.) whicli 
partly solidified on cooling. A portion w^as crystallized 
several times from light petroleum (60 80°) wlien it formed 
dense, colorless prisms, m.p. 90-91°, evidently the «-acetoxy 
compound XXXV. 

Calc, for (^ 2 oH 26 () 4 N: C, 70.0; II, 7.3; N, 4.1 
Found: C, 70.1; 11, 7.3; N, 4.5 

The remainder of the product was distilled, it lluireby lost 
acetic acid and afforded 5-ethoxy-4-styryI-2-(r-pentenyl)- 
oxazole, b.p. 193-196°/J .25 mm., which crystallized on 
cooling; m.p. 90-95°;yield4.93g. (87<r). Rocrystallization 
from light petroleum (60-80°) gave the pure comiiound, 
m.p. 100°. 

Calc, for Ch8H2i02N: (\ 76.3; H, 7.4; N, 5.0; OEt, 15.9 
Found: 76.7; H, 7.6; N, 5.1; OEt, 16.5 

In presence of Adams catalyst it absorbed two atoms of 
hydrogen to yield 5-ethoxy-2-ri-amyl-l-styryloxazole. 

6-£thoxy-4-styryloxazoie-2-aldehyde {CPS.417). A mix¬ 
ture of 5-ethoxy-4-styryl-2-(r-pentenyl)oxazole (2.83 g.; 
10 millimoles), tert.-butanol (30 cc.) containing hydrogen 
peroxide (0.75 g.; 22 millimoles) and osmium teiroxide 
(about 30 mg.) was heated in a bath at 40-50° for two hours; 
volatile products were removed in a current of air and passed 
through a solution of 2,4-dinitrophenylhydrazinc (2 g.) in 
2 jV hydrochloric acid (1 lit.). The yellow precipitate* which 
separated was crystallized from methanol to give orange 
yellow needles of the 2,4-dinitrophenylhydrazone of n-butyr- 
aldehyde, m.p. and mixed m.p, with an authentic specimen, 
123°.' 

Calc, for 010111204 X 4 : N, 22.2 
Found: N, 22.2 

(Yield, 40% of theory.) 

The residue in the flask crystallized on cooling and tritura¬ 
tion with a little ahjohol gave colorless needles, m.p. 129-130° 
(0.61 g.), recrystalhzed from light petroleum (60-80°) to 
give pure 6-ethoxy-4-8tyryloxazole-2-aldehyde, m.p. 130.5°. 

Calc, for CulluO.N: C, 69.1; H, 5.35; N, 5.8; OEt, 18.5 
Found: (\ 69.0; II, 5.4; N, 6.0; OEt, 18.5 

Addition of Brady's reagent (from 2 g. of 2,4-dinitro- 
phenylhydrazine) to the alcoholic filtrate immediately gave 
a bright red precipitate (1.30 g.; m.p. 220-230°), best crys¬ 
tallized from pyridine-methanol as fine red or orange needles, 
m.p. 241 °, which analyzed as the dinitrophenylhydrazone of 
the above aldehyde. 


Calc, for CaoHnOcNs: N, 16.6 
Found: N, 16.6 

Total yield of aldehyde, 56%. 

Action of tert.-Butanolic Hydrogen Peroxide and Osmium 
Tetroxide on 6-Ethoxy-2-a-amyl-4-styryloxazole (CPS. 
417). The oxazole (2.85 g,; 10 millimoles), tert.-butanol 
(25 ec.) containing hydrogen peroxide (1.5 g,; 44 millimoles) 
and osmium tetroxide (about 20 mg.) were heated to the 
boiling jioint and allowed to cool slowly. This was repeated 
twice and the pnxluct which i)recipitated was collected 
( 0.11 g.; m.p. 210 250°;. Crystallization from n-butanol 
gave almost colorless prisms, m.p. 251—252°. 

Found: C, 67.9; H, 5 2; X, 6.4 

The original niotluT-liquor gave a viscous oil on evapora¬ 
tion which contained onlv traces of aldehydic material. 
Distillation gave no well-defiiH'd fractions. 

Condensation of 6-Ethoxy-4-styryloxazole-2-aldehyde 
with DL-Penicillamine (Brodrick, Peak, Whitmont and 
Wilson, CPS./>92). Penicillamine hydrochloride (from 
113 mg of isopropylidenc penicillamine hydrochloride), 
the ald(*hydc (121.5 mg ) and glacial aci'tic acid (0.6 cc.) was 
warmed until a clear solution w as olitaincd After standing 
at room temperature for six days the product (143 mg.) was 
iaolatt‘d by precipitation with water. It was purified by 
.solution in bicarbonate and reprec^ipitation with acetic acid 
and then by crystallization from ethanol; micro-crystals 
(50 rng.), m.p. 169° (dec.) darkening at 167°. 

('ale. for (' 19 H 22 O 1 N 2 S: (', 61.0; H, 5.9; X, 7 5 
Found: (\ 61.1; H, 6.3; X, 7.2 

Ej«m 570 at 2,410 455 at 2,820 A It gave no colora¬ 

tion with alcoholic feme chloride. 

2-Amyl-5-ethoxyoxazole-4-carboxylic Acid (Brodrick, 
Peak, Short, Whitmont and Wilson, (^PS.S05; 417). Ethyl 
2-amyl-5-ethoxyoxazole-l-carbo\ylate (2 g.) in ethanol 
(5 cc.) was kept for tw^nity-foiir hours with n slight c'xcess of 
N alcoholic potash. The mixture was neutralizc'd to phi'iiol- 
phthalein wdth .V sulphuric acid and cvaporat(*d /w vavuo. 
The re.sidup was dissolved in water (5 cc.) and treati'd with 
about two-thirds of the theoretical amount of sulphuric acid. 
Ether extraction gave the crude acid, which was obtained 
crystalline by careful addition of light petroh'um to its 
solution in ethyl acetate. The acid crystallized in colorless, 
prismatic needles, m.p. 61-62°. 

('•ale. for CuHitO^N: (', 58.2; H, 7.5, X, 6.2; OEt, 19.8 
Found: C, 57.7; 11, 7.4; X, 6 . 2 ; OEt, 16.4 

It showed an absorption maximum at 2,360 A (Ei«m.^^ 
430). The difficulty of isolation is due to the presence of, 
presumably, ethyl hydrogen caproylaminomaloimte, isolated 
as colorless needles, m p. KS-SO® (Bentley, Catch, Cook, 
Klvidge, Ileilhron and Shaw, CPS.()3. reported m.p. 92°). 

The betizylammouiurn salt crystallized from ethyl acetate 
in folorless iiec'dles, m.p. 94-95°. 

(^alc. for ri»II„ 04 N 2 : C, 04.7; II, 7.8; X, 8.4 
Found: (\ 63.4; 11, 8.4; N, 8.5 

The barium salt was a colorless solid. 

Calc, for CjiH^O^NgBa: N, 4.8; Ba, 23.3 , 

Found: N, 5.0; Ba, 23.5 

2-ri-Amyi-6-ethoxyoxazole-4*carboxylic Acid (Cornforth, 
Cornforth; Abraham, Baker, Chain and Kobinson, CPS. 
492). The cyclization of ethyl caproylaminomalonate was 
carried out essentially as described by the Boots workers 
(p. 713). It was found more convenient to mix the product 
before distillation with 2-8 volumes of light petroleum and 
chill t .0 — 15°. After a few minutes separation of unchanged 
material was complete. This was removed and the ester 
distilled. Further fractionation was unnecessary. 
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The ester was shaken wiili a 10% excess of boiling 15% 
aqueous sodium hydroxide until a clcjar solution resulted; 
this took 5-10 minutes. The solution was cooled in ice and 
treated with the calculated quantity of dilute suljihuric 
acid. The oily product was taken up in ether, and the dried 
solution evaporated under a low pressure. The residue 
crystallized rapidly. It was covered with light petroleum 
(40'”00") and kept at 0® for one or two days, then colh'cted 
on a filter. It was stirred several times witli small quantities 
of a 1:1 mixture of ether and light petroleum until free from 
oil. This product usually represented 50-60% of the theo¬ 
retical 5 deld. A second crop was obtained by evaporating 
the filtrate and keeping at 0° with light petroleum. Both 
crops molted at 62-64° and wore pure enough for tin* next 
stage. The mother liquors from a number of run.s w^ere 
dissolved in ether and fractionally extracted with A/20 
alkali. From the middle fractions a significfint amount of 
the acid was n^covered. From 60 g. of ethyl cajiroylamino- 
malonate, 20 g. of the ethoxy-acid was obtaine<l. 

A pure specimen was prepared by crystallizing from two 
parts of ether with strong cooling. 'FIk' acid separated in 
wc*ll-formed colorless p)risrns, ni.p. 63 64°. 

Cvi\c. for C,i11 ,7()4N: (\ 58.1; II, 7.5 
Found: 58.1; 11, 7.4 

Ethyl 2-'?4-Amyl-5-chloro-oxazole-4-carboxylate ((Jorn- 
forth, ('ornforth; Abraham, Haker, Chain and Robinson, 
CPS,4^2), 2-??^Amyl-5-ethoxyoxazole-4-carboxylic acid (1 
g. pure) in pure chloroform (8 cc.) was treated with phos¬ 
phorus i>entachlorid(‘ (0 tl5 g.) and heated under reflux for 
ten minutes. The solvcuit anrl phosjihoryl chloride were 
removed at low pressure and the residue distilled, b.p. 
106°/0.3 mm. (1.03 g.; 96%) With crude acid of m.p. 
62-64° the yield was about 90but greater amounts of 
impurity lowered it rapidh^ The chloro-ester was a 
colorless oil. 

Calc, for CuHuO.XCd: Cl 14 5 
Found: (4, 11.8 

Hydrogen was passed through a gently boiling mixture of 
the ester (0.85 g.), xylene (5 cc.), and palladised barium 
sulphate (0.5 g,), until hydrogen chloride ceased to be liber¬ 
ated. Hemoval of catalyst and solvent left an oil which w’a.s 
saponified by aqueous alkali. Acidification gave as the sole 
product 2-n-arayloxazole-4-carb()xylic acid, m.p. and mixed 
m.p. 93-94°. 

2-n-Amyl-6-chloro-oxazole-4-carboxylic Acid {CPS4f^2), 
Ethyl 2-n-ainyl-5-ehloro-oxazole-4-earboxylale was added 
to a 10 % excess of boiling A sodium hydroxide. The mix¬ 
ture was kept boiling and shaken violently until homo¬ 
geneous. This took about five minutes. The solution 
was immediately cooled in ice and the calculated amount 
of A hydrochloric acid added. The precipitated acid crys¬ 
tallized at once; it was collected and dried. This product 
was pure (‘iiough for the next stage. The yield was (juantita- 
tivc. Crystallized from light petroleum (50-60°) the ehloro- 
acid formed colorless silky needles, m.p. 71-72°. 

Calc, for CtHijOiNCl: 49.6; II, 5.5; (^1, 16.3 
Found: C\ 49.0; H, 5.3; Cl, 16.6 

The halogen in this acid was ionised by heating with 2 A 
alkali on the steam bath for two hours. The acid on boiling 
for one hour with slight excess of a 5 % solution of sodium in 
alcohol gave 2-amyl-5-othoxyoxazolc-4-carl>oxylic acid, 
m.p. 62-63®, undepressed by authentic material, 

2*n-Amyl*5*chloro-oxazole-4-carboxylic Acid Chloride 
(CPS.402). 2-n-Amyl-6-chloro-oxazolc-4-carboxylic acid (2 
g.) in chloroform (10 cc.) was treated with phosphorus 
pentachloHde (1,98 g.). Reaction was immediate and 
vigorous; it was completed by boiling for 5-10 minutes. 
Worked up by distillation, the acid chloride was a colorless 
mobile liquid, b.p. 96®/0.3 mm. (2.08 g.; 96%). 


Calc, for C.HiiOsNCfla: Cl, 30.1 
Found: Cl, 29.8 

This chloride (1.55 g.), xylene (10 cc.), palladium-barium 
sulphate (0.3 g.) and “ehinolin-H^' poison (17 mg.) wore 
boiled gently during the passage of hydrogen. After two 
hours one molecular proportion of hydrogen chloride had 
been prod\iced, and the reduction was stopped, though it was 
still unfinished. The aldehyde present was converted to 
dinitrophonylhydrazone in 2 N hydrochloric acid. The 
precipitated hydrazonc after being washed was free' from 
halogen. 2-;/-.Vmyl-oxaz()l(>-4-aldehyde was isolated from 
another run a.s tlie bisulpliilc* compound. It gave with 
dinitrophenylhydrazinc sulphaft* in alcohol a mixture of the 
orange derivative^, m.p 172 173°, described on p. 707, and 
a yellow derivative crystallizing from alcohol in needles, 
m.p. 118 119° 

(^alc. for (h 5 lIi 7 ()f,Nfi: C, 51,9; H, 4 9; N, 20 2 
Found; (\ 52.1; H, 5 1, X, 19.9 

The acid chloride was added to a solution of aniline* in 
ether The e‘tlieT afte*r washing with eliinte acid w^as 
evaporateul. Tlie residue on crystallizatiem freun light petro¬ 
leum gave* 2-7/i-amyl-5-chle)re)-oxazoIe-4-carbo\yh(‘ acid anil¬ 
ide, long emlorless needle's, unctuous tei the iemch, m.j). 
63-64°. 

('ale. for (‘uHnCbN-itn: (\ 61 .3; 11, 5 8; (4, 12.2 
Found: (\ 61 3; H, 5.8; (4, 12.2 

2-n-Amyl-6-chloro-oxazoIe-4-carboxylic Acid Amide 

(CPS,4,92). 2-n-Arnyl-5-chloro-oxaze)le-4-carboxylic acid (1 
g.) was converted to the' ediloride, which wm mixed without 
distillation wdth powelered ammonium carbematt' (2 g.) and 

few drops of aquejous ammonia. After a few minutes the 
product was rubbed with water, eeillccted and dried (0.9 g.). 
CVystallization from benzene-light pe'trolcMim gave the 
amide, opaque needles, m.p. 90°. 

Calc, for (WhzOiN.CU (\ 49.9; 11, 6 0; N, 12.9 
Found: C, 50.3; 11, 6.0; N, 12.4 

For the next stage the crueie product was satisfacteiry. 

2-a-AmyI-6-chloro-4-cyano-oxazole (CPS.4,92). 2-a- 
Amyl-5-chle>ro-oxazole-'4-carboxylic aciel amide (4.8 g.) 
was mixed with an equal weight of phosphoric anhydride 
and heated at 140“150”/0,2 rnm. The distillate' w^as redis¬ 
tilled, giving the nitrile, a colorless liquid, b.p. 72°/0.15 mrn. 
(3.8 g.;88%). 

('ale. for (\HnON2(4: (\ 54.4; II, 5.6; (4, 17.9 
Found: C, 54.7; H, 5.6; C4, 18.1 

2 -7{-Amyl-6-chloro-oxazole-4-aldehyde {CPS.402). 2-n- 

Arayl-5-chloro-4-cyabo-oxaz()le (3.0 g.) was added to a 
suspension of stannous chloride (5.7 g.; anhydrous) in dry 
ether (40 cc.) wdiich had been treated wnth dry hydrogen 
chloride until it .separat'd into two liquid layers. The mix¬ 
ture was stirred for six hours. The upper layer w^as de¬ 
canted and the viscous lower layer w’ashed w*iih fresh 
ether, then dissolved in water and extracted wdlh ether. 
The decomposition of the aldimine stannichloride appeared 
to take place very rapidly. After a few' minutes the ether 
layer was separated and washi'd w'ith water, dried (mag¬ 
nesium sulphate) and evaporated at low' pressure. The 
residue was a light yellow' mobile oil, consisting very largely 
of the aldehyde. It had a smell resembling that of 2-n- 
aniyioxa2ole-4-aldehydc. With dinitrophcnylhydrazine in 
2 N hydrochlorie acid it gave an orangi' precipitate. Slow 
crystallization of thia from light petroleum gave orange-red, 
aggregated leaflets, m.p. 109-110°, of the dinitrophenyl- 
hydrazone of the aldehyde. 

C'alc. for Ci5lli60*N*(^l: C, 47.2; II, 4.2; (4, 9.3 
Found: (', 47.2; H, 4.2; Cl, 9.4 
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When the orange form was caused to separate several times 
froirx light petroleum, it changed into a yellow form melting 
rather indefinitely at about 115^. 

The crude aldehyde on distillation gave a colorless oil, 
b.p. mm. (2.2 g.). This had a sharp smell and 

fumed strongly with ammonia, unlike the product before 
distillation. 

C^alc. for N, 7 0 

Found: N, 7 4 

That it consisted almost entirely of 2-n--amyloxazole-4- 
carboxylic acid chloride was shown by shaking with am¬ 
monia, when the amide of 2-n-amyloxazole-4-carboxylic acid 
was produc(*d, m.p. and mixed m p. 152-'!54**. The amide 
after collection was washed with light petroleum. These 
w^ashings on evaporation left a small amount of oil, from 
which a few mg. of the dinitrophenylhydrazone of 2-n- 
amyloxazole-4-aldehyde could be preparc'd, rn.p. and mixed 
111 p. 172-173®. This indicated a small d(*gr(*(' of didialogena- 
tion during reduction wdth stannous I'hlorido. The aldehyde 
rearranged in the same w'ay on keeping at room temperature 
for three days. 

D-2-(2'-a-Amyl-6'-chloro-4'-oxazolyl)-6,6-dimethyl- 
thia2olidine-4-carboxylic Acid Hydrochloride {CPS492 ). 
An ethereal solution (12 cc.) of the above aldehyde from 
reduction of the nitrile (0.5 g.) was added to n concentrated 
aqueous solution of D-penicillamiiie hydrochlondi' (0.4 g.). 
After an hour with occasional shaking, sodium liicarbouate 
solution was added. Next day the lower layer was sepa¬ 
rated and acidified. The oil was taken up in ether, the 
solution dried (magnesium sulphat(‘) and treated with 
hydrogen chloride- The hydrochloride separated in color¬ 
less needles (0.4 g.), m.p. 150-152° (dec.). 

Calc, for CuHaiOjNjSCMICl: 

C, 45.6; H, 6 0; S, 8 7; Cl, 19.2 
Found: C, 46.0, II, 6.0; S, 8.5; Cl, 18.1 

It was decomposed to the base by cold w^ater. 

2->Phenyl-6-ethoxyozazole-4-carbozylic Acid (Golds¬ 
worthy, Kobinson; Abraham, Baker and Chain, CPS 61)0), 
Ethyl 2-phenyl-5-ethoxyoxazole-4-carboxylate was refluxed 
for thirty minutes with a 50% excess of 15% aqueous 
potash. The resulting clear solution \^as evajK)rated, with 
the occasional addition of water, to remove aleohol, cooled, 
and treated with the calculated amount of dilute sulphuric 
acid. The precipitated crystalline acid, m.p. 142-144°, 
equiv. 238 (Calc, for CiglluO^N: 233), was obtained in 72% 
yield. A portion recrystallized from ethanol had m.p. 148°. 

2-Pbenyl-5-etboxyoxazole-4-carboxylic Acid Chloride 
{CPS.650). A suspension of the acid (4.66 g., 21.6 milli¬ 
moles) in pure chloroform (80 cc.) was treated with phos¬ 
phorus pentachloride (4.2 g.; 20.2 millimoles), and the mix¬ 
ture refluxed for thirty minutes. The phosphorus oxy¬ 
chloride and chloroform were removed under diminished 
pressure, and the residue, which solidified on cooling, was 
crystallized from light petroleum (60-80°), m.p. 105-106° 
(3.8 g.;70%). 

Calc, for C 12 H 10 O.NCI: C, 57.3; H, 4.0; N, 5.6; Cl, 14.1 
Found: C, 57.5; H, 4.2; N, 5.8; Cl, 13,2 

A solution of the substance in cold alcohol gave an im¬ 
mediate precipitate with silver nitrate. A portion of the 
product was converted into the original acid by hydrolysis 
with potash followed by acidification. 

Attempts to Reduce 2-Pbenyl-6-etboxyoxazole-4-carb« 
ozylic Acid Chloride by the Rosenmund Method {CPS.660), 
Hydrogen was passed for two hours into a boiling solution of 
the acid chloride in dry xylene (5 cc.)„ to which palladium- 
barium sulphate catalyst (0.4 g.) and a 10% solution of 
sulphurized quinoline (0.1 ec.) had been added. No hydro¬ 
chloric acid was liberated. The catalyst was filtered off, 
and the solvent removed from the filtrate by evaporation at 
low pressure. A solution of the residual oil in light petro¬ 


leum (60-80°) when cooled in the ice chest yielded crystals, 
m.p. 08°, of what proved to be ethyl 2-phenyl-5-chloro- 
oxazole-4-carboxylate (see below). This substance in 
alcoholic solution gave no precipitate with silver nitrate 
even on warming. An experiment in which benzene was 
used as the solvent instead of xylene gave a similar result. 
In boiling other there was no reduction during six hours, and 
the acid chloride was recovered unchanged. 

Ethyl 2-Phenyl-6-chloro-oxazole-4-carboxylate {CPS, 
650). 2-Phcnyl-5-cthoxyoxazolc-4-carboxylic acid chloride 
was refluxed with 5 times its weight of dry xylene for one 
hour. The solvent was removed at low pressure and the 
residue crystallized from light petroleum (60-80°); m.p. 68°. 

Calc, for CuTfioOsNCl: C, 67.3; II, 4.0; N, 5.6; (1, 14.1 
Found: C, 58.2; II, 4.1; N, 5.4; Cl, 13.9 

The absorption spectrum (Boon, Carrington, Jones, Barn- 
age, Tyler and Waring, CPS 6,93) in chloroform showed 
Xnuut. 2,700 A (Km 19,700). 

2-Phenyl-6-chloro-oxazole-4-carboxylic Acid {CPS.650). 
A mixture of the above ester (19 g.) and a homogeneous 
solution of potassium hydroxide (5 0 g.) in water (58 cc.) 
ami dioxan (42 cc.) was heated under reflux. A vigorous 
rcaefion set m at the boiling point, and the hydrolysis was 
completed withm a few minutes After the removal of the 
bulk of the solvent at low ]>r(‘ssure, water (100 ec ) w^as 
added, and the acid was pn'cipitated by the addition of the 
calculated amount of dilute hydrochloric acid. It was col¬ 
lected, washed with water, dried (15 8 g.) and recrystallized 
from benzem*; pri.snis, m p. 173-174° (dec.). 

Calc, for CioHeOaNCl: (\ 53.7; H, 2.7; N, 6.3; Cl, 15.9 
Found: (\ 51 4; 11, 2.9; N, 6 2; Cl, 16.2 

2-Phenyl-6-chloro-oxazole-4-carboxylic Acid Chloride 
and Amide {CPS.650), A suspension of 2-phonyl-5-chloro- 
oxazole-4-carboxylic acid (14.7 g ) in pure chloroform 
(140 cc.) was treated with an equimolar quantity of phos¬ 
phorus pentachloride (13.8 g ), and the mixture refluxed for 
tw’enty minutes. The phosphorjd chloride and chloroform 
were removed at reduced pressure, and the solid residue used 
without purification for the preparation of the amide. A 
sample was crystallized from light petroleum (60-80°); 
prisms, m.p. 118-120°. Th^' crude acid chloride was pow¬ 
dered and added slowly with stirring to cold concentrated 
aqueous ammonia (300 cc.). The amide was collected, 
washed with water, and dried, m.p. 180°. Yield quantita¬ 
tive. For analysis a sample was crystallized from ethanoL 
Needles, m.p. 183°. 

Calc, for CjoIlTOaNaCl: C, 53.9; H, 3.1; N, 12.6; Cl, 16.0 
Found: C, 54.2; II, 3.2; N, 12.4; Cl, 16.3 

2-Phenyl-6-chloro-4-cyano-oxazole. (a) {CPS.650) 
The above amide in amounts of 3-4 g. at a time was heated 
with an equal weight of phosphoric anhydride at 160-180°/ 
0.1 mm. in'a flask provided with a wide side-arm. The 
distillate solidified in the side-arm and receiver; m.p. Hi¬ 
ll 2°. Yield 70%. For analysis a sample was crystallized 
from light petroleum (60-80°). Thin plates, m.p. 112-113°. 

Calc, for C,on»ON,Cl: C, 68.7; II, 2.5; Cl, 17.4 
Found: C, 68.9; 11, 2.6; Cl, 17.8 

(b) (Boon, Carrington, Jones, Ramage, Tyler and Waring, 
CPS.69$) 2-Phenyl-5-chloro-oxazole-4-carboxyamido (3.0 
g.) and phosphoryl chloride (10 cc.) were heated on the 
steam bath for ten minutes to a clear orange solution and 
then for a further five minutes. The solvent was removed in 
vacuoy ice was added to the residue followed by an excess 
of aqueous sodium bicarbonate and the mixture was ex¬ 
tracted with ether. On distilling the solvent the cyano- 
compound solidified (2.8 g.) and was crystallized from light 
petroleum (60-80°); m.p. 112°. 

2->Phenyl-6-chloro->ox»zole-4-aldehyde {€PS,660), Dry 
hydrogen chloride was passed into a suspension of anhydrous 
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stannous chloride (5 g.) in dry (»thor (25 cc.) until two liquid 
layers wcrcj formed. 2-Phenyl-5-cliloro-4-cyano-oxazolc (2.5 
g.) was then added^ the mixture shaken mechanically for 
five hours and left to stand overnight. A crystalline ald- 
imine stannichloride separated. This was washed st*veral 
times with dry ether, dried in vacuo at the ordinary tem¬ 
perature (9.8 g.), and decomposed with wattT with slight 
wanning. The pale yellow aldt‘hyde was collected, vi ashed 
with water, dried (1.(5 g.), and crystallized from light petro¬ 
leum (GO- 80°). Yellow needles, (1 g.) in.p. 91-93°. 

(Wc. for CiollflOaNCI: 57.8; H, 2.9; N, G.7; Tl, 17.1 
Found: C, 57.9; 11, 3.1; N, G.5; Cl, 10.9 

From the ethereal washings 0.5 g. of the nitrile was recoveri‘d. 

2-(2'-Phenyl-6'-chloro-4'-oxazolyl)-6,5-diinethylthi- 
azolidine-4-carboxylic Acid Hydrochloride (CPS£o()), A 
mixture made by dissolving 2-phenyl-5-chloro-oxazole-4- 
aldehyde (1.14 g.) in ethanol (5 cc.) and ether (10 cc.), and 
adding n-penicillamiiie hydrocldoride (0.93 g.) in water 
(5 cc ) and sodium acetate' (0.()5 g.) was shsken for four 
hours. The aqueous layer then gave no coloration with 
ferric chloride. Tht' mixture was evaporated to dryness at 
low jiressun', and the residue dissolvt'd in IV sodium bicar¬ 
bonate solid ion (20 cc.) with the addition of ether. The 
ethereal layer was discard(‘d, and the aqueous layer acidified 
to pH 2 by the slow addition, with stirring, of N hydrochloric 
acid. Th(* jirecipitated thiazolidine was collected, washed 
with water, and dried in vacuo at room temperature (1.5 g.). 
By passing liydrogen chloride into a filtered solution of the 
thiazolidine in ether the hydrochloride was precipitated in 
fine rods, m.p. 178° (dec.). 

Calc, for Ci JIieOaNjClaS: C, 18.0; II, 4.3; Cl, 18.9; S, 8.5 
Found: 47.8; II, 4.3; C4, 18.7; S, 8.1 

Methyl 2-(2'->Phenyl-6'-chlo^o-4'-oxazolyl)-6,6-di- 
methylthiazolidme-4-carboxylate Hydrochloride {CP^£50), 
A solution of the above thiazolidine hydrochloride (125 mg.; 
0.33 millimole) in pyridine (20 cc.) containing exactIv G mg. 
(0,33 millimole) of water was heated in a stoppered fia.sk for 
five hours at G0°. The light brown (originally colorless) 
solution was evaporated to dryness in vacuo over sulfihuric 
acid. The crude free thiazolidine prepared in this way wa.s 
treated with excess of diazomethane in ether. Tin* solution 
was evaporated to dryness m vacuo, and the residual gum 
dis.solved in dry ether. Hydrogen chloride precipitated the 
hydrochloride of the methyl ester, which was collected and 
washed wuth other; m.p. 120-122°. 

Calc, for (\8Hi»0»N2SCl2: Neut. equiv., 389 
Found: Neut. equiv., 38G 

2- (2'-Phenyl-6'-chloro-4'-oxazolyI) -5,6-dim ethylthiazoli- 
dine-4-carboxylic Acid (Boon, Carrington, Jones, Hamage, 
Tyler and Waring, CPS.60S)> DL-Pcnicillamine (0.15 g.), 2- 
pheiiyl-5-chloro-oxazole-4-aldehyde (0.2 g.), water (2 cc.), 
ethanol (2 cc.) and ether (5 cc.) were shaken for three hours, 
the product taken into ether and the et hereal solution shaken 
with water, dried and the solvent removed completely m 
vacuo. The solid residue was crystallized from benzene and 
gave the acid® (0.25 g.) m.p. 166°. For analysis a sample was 
dried at 100° in vacuo. 

Calc, for CuHuO.NaSCl: C, 53.2; II, 4.4; N, 8.3 
Found; C‘, 53.6; H, 4.5; N, 8.4 

Methyl 2-(2'-Phenyl-6'-cliloro-4'-oxazolyl)-6,6-dimethyl- 
thiazolidine-4-carboxylate {CPS.69S) . 2-Phenyl-5-chloro- 
oxazole-4-aldehydo (0.2 g.), Di;-penicillamine methyl ester 
hydrochloride (0.2 g.) sodium acetate (0.09 g., fused, pow¬ 
dered) and methanol (10 cc.) were gently refluxed to a clear 
solution and after thirty minutes water (4 cc.) was slowly 

* The acid, given suboutanoouely ae a solution of the sodium salt in 
6 mg. dosea four times a day had no effect on a haemolytic streptococcal 
infection in mice. Larger doses were not tolerated. Under similar 
conditions 10 units of penicillin four times a day had a definite action. 


added with cooling. Crystallization ocrurrc'd readily and 
the methyl ester (0.26 g.) was collected and recrystallizod 
from methanol, in which it was not very soluble, m.p. 154°. 

Cult-, for ('uH.tOsNjSCI: (\ rA.4; H, 4.8 
Found: (\ 54.6; H, 4.8 

Th(‘ absorption spi'ctrum (in chloroform) showf'd Xm**. 2,760 
A (Em 20,400) 

Benzyl 2-(2'-PhenyI-5'-chloro-4'-oxazolyl)-6,6-dimethyl- 
thiazolidine-4-carboxylate (CPSMOS). 2-Phenyl-5-chloro- 
oxazole-4-aldf‘hvde (0 69 g.) and i>u-]>eni(*illamine benzyl 
ester hydrochloride (0 92 g.) were addc'd t(» sodium acetate 
(0.3 g.) dissolved in watiu (0.5 ce ) and then followed by 
methanol (10 cc.). A cl(*ar solution resulted on warming 
but after short standing the b(*nzyl ester quickly separated 
and was completely precipitated with water (1 cc.). The 
filtered solid was crystallized from light petroleum (60-80°) 
and gave the benzyl eeter® (1.0 g ), in p 116-117°. 

Calc, for C22H2i()3N2SCi: C, 61.6; IT, 4.9; Cl, 8.3 
Found; C, 01.7; 11, 5.1; Cl, 8.3 

The absorption spectrum (lu chloroform) showed Xm** 2,810 
A (Em 18,500). 

Replacement of Chlorine by the Ethoxy Group in 2-Phenyl- 
6-chloro-oxazole-4-carboxylic Acid ((lolilsworthy, Robin¬ 
son; Abraham, Baker and (Jiaiii, CPHJ>d(*), The acid 
(223 mg ) was adderl to a solution of sodium (46 mg.) in 
ethanol (3 cc.), and the mixture refluxi'd for three hours. 
Tlu' solution was evaporated to small bulk with the occa¬ 
sional addition of water to ri'iiiove alcohol, cooled, diluted 
with water, and acidified. The precipitated acid was crys¬ 
tallized from ethanol, and shown by m.p. and mixed m.p. 
(148°) to be 2-pheriyl-5-ethoxy-oxazole-l-carboxylic acid. 

Rearrangement of 2-Phenyl-5-chloro-oxazole-4-aldehyde 
{CPS.Sf>0). The aldehyde (0.5 g.) was distilled at 0.1 mm. 
pressure. The distillate of 2-phonyl-oxazolo-l-carboxylic 
acid chloride solidified, m.p. 107-108°. (Vystallized from 
light petroleum (60-80°), m.p. 108°. In alcoholic solution 
the substance gave an immediate precipitate in the cold with 
silver nitrate. The acid chloride was converted by stirring 
with cold concentrated aqueous ammonia into the amide, 
which was crystallized from ethanol. M.p. and mixed 
m.p. with an authentic specimen of 2-phenyl-oxaz()le-4- 
catboxylic acid amide 157°. 

Sodamide on 2-Phenyl-6-chloro-oxazole-4-car boxylic Acid 

(Boon, Carrington, Jones, Kamage, Tyler and Waring, 
CPS.693), The acid (0.8 g.), and powdered sodamide 
(0.6 g.) in liquid ammonia (48 g.) in a Dewar flask were 
allowed to stand twenty-four hours. After removing the 
ammonia, the sodium salt was acidified and the unchanged 
acid filtered and crystallized from toluene in needles (0.6 g.) 
m.p. 180° (dec.) 

Calc, for CiolIeO.NCl: C, 53.7; H, 2.7 
Found: C, 54.0; H, 2.8 

Experiments * with 2-(2'-Phenyl-6'-chloro-4'-oxa2olyl)- 
5,5-dimethylthiazolidine-4-carhoxyUc Acid and the Product 
of Its Reaction with Pyridine (Goldsworthy and Robinson, 
CPS.69f)), (a) A solution of the thiazolidine hydro¬ 

chloride (containing approximately 40 mg. per cC.) was 
made by dissolving it (02.5 mg.) in a mixture of N KHCOa 
(0.33 cc.; 2 equiv.) and pH 7 0.2 M phosphate buffer 
(1.17 cc.), and tested before ami after treatment with peni¬ 
cillinase on the same plate (dil. staph, aur.). Rings of 
diameter 25 mm. were obtained in each case, the treatment 
with penicillinase having no apjiarent effect on the activity. 
When a dilute solution (containing approximately 4 mg. per 
cc.) made by dissolving the hydrochloride (25 mg.) in a 
mixture of 0.1 N KHCOi (1.33 cc.; 2 equiv.) and pH 7 

•Tho ester given euboutanoously in 10 mg. doses four times a day 
had no effect on a haemolytic streptococcal infection in mice. Under 
similar conditions 10 units of penicillin four times a day had a definite 
action. The eeter appeared to bo very poorly abaorbod. 
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0,2M phosphate buffer (4.67 cc.), was tested in a similar way, 
the sample which had not been treated with penicillinase 
gave a rin^ of diameter 12 mm., whereas the treated sample 
showed only a minute traee of activity, 

(b) A solution of the thiazolidine hydrochloride (62.5 mg.) 
in pyridine (10 cc*. containing 1 molar proportion of water) 
was heated at 60° for live hours, and tlnui evaporated to 
dryness. The residue was dissolved in a mixture of N 
KHC’Oa (0.3U cc ; 2 equiv.) and pH 7 0.271/ phosphate buffer 
(1.17 cc ), and the solution (concentration approximately 
40 mg. per cc.) w*as 1(\sted l)(*fore and after treatment with 
penicillinase cm the same plate (dil. staph, aur.). In eacdi 
case a ring of diamc'ter 25 mm. was obtained. The activity 
was thus the same as that of the solution of corresponding 
strength in (a) in winch the thiazoIi<line hydrochloride was 
not tn'ated with pyridine. 

Another solution of the hydrochloride (125 mg.) in 
pyridine (20 cc. containing 1 molar proportion of water) 
was kept at room temp(‘raturo for twenty-four hours, and 
then evaporaled to dryness. A dilute maitralized buffered 
solution of the residue (containing approximately 4 mg. per 
cc.) was tested befon^ and after treatment wuth penicil¬ 
linase on tlu‘ same plate (dil.staph.aur.). The sample 
which had not been treated with penicillina.se gave a ring of 
diameter 12 mm., wherea.s lh<* treated sample .shov(‘d only a 
trace of activity. Again the activity was tin* saim* as that 
of the solution of corresponding strength in (a) 

(c) A solution of the thiazolidine hydrochloride (250 mg ) 
in pyridine (40 cc. containing 1 molar proportion of water) 
was kept at room temperature for sixt(‘en hours, and then 
evaporated to dryne.ss. The pyndim* liydrochloride in the 
residue was extracted hy trituration with water (5 cc.), fol¬ 
lowed by filtration By gravimetric estimation the filtrate 
was found to contain only half actually vc'ry slightly le.ss 
than half—of the total chlorine, showing that the ehlonno 
atom of the oxazoh* nucleus had not been removed. The 
weight of the wafer-insoluble residue was 228 mg , almost 
exaclly the calculated weight (226 mg.) of tin* (rov thiazol¬ 
idine corresponding to 250 mg. of the hydrochloride. This 
residue gave crystals from bonzcuie containing benzeme of 
crystallization, m p. 147- 148°. For analysis a specimen 
was heated in vacuo at 100°. 

C&lc. for (heHuO.NaC’lvS: C\ 53.2; 11, 4H 
Found: C, 53.7; IT, 4.5 

From these results it is clear that the thiazolidine hydro¬ 
chloride undergoes no apjireciabh* change on treatment with 
pyridine. 

2-Benzyl-4-carbethoxy-5-ethoxyoxazole (lioon, CJarriiig- 
ton, Jones, Ramage, Tyler and Waring, CPS.60S). The 
oxazole was prepan*d in 80% yield by heating a solution of 
diethyl phenylacetylaminomalonatc in dry chloroform with 
phosphorus pentoxide, and working up as described hy 
Boon, (’arrington, Davies, Jones, Ramage and Waring {CPS, 
470). It was an almost colorless liquid, b.p. 165°/0.1 mm. 

Calc, for C1JI17O4N: C, 65.9; H, 6.2; N, 5.4 
Found: C\ 65.6; 11, 6.2; N, 5.1 

2-Benzyl*4*carboxy*6-ethoxyoxazole. (a) {CPSM0$) 
The carhethoxyoxazole (10.2 g.) in ethanol (50 cc.) was 
hydrolyzed by standing overnight at room temperature with 
a solution of potassium hydroxide (5 g.) in water (20 cc.) 
and ethanol (80 cc.). The solution was diluted with ether 
and extracted with small amounts of water until the extracts 
were colorless. Acidification of the combined aqueous 
extracts gave a precipitate which was collected and dried 
(6.4 g.). A sample recrystallized from aqueous ethanol 
(1:1) had ni.p. JHM20" (dee.). 

Calc, for C,«H„04N: C, 63.2; H, 5,3; N, 5.7 
Found: C, 63.1; H, 5.5; N, 5.4 

(b) (Goldsworthy and Robinson, CPS.695) The ester 
(10 g.) was refluxed with a 10% excess of 15% aqueous 


potash until the whole of the oil had passed into solution 
(about five minutes), and refluxing was continued for a few 
minutes to ensure the completion of the reaction. The 
solution was cooled in ice water, and acidified with normal 
sulphuric acid added drop-wise with mechanical stirring. 
The precipitfltod acid was collected, washed with water, and 
dried. Yield 8 5 g. (94%). From benzene the acid crys¬ 
tallized in thin diamond-shaped plates, m.p. 118° (dec.). 

(^alc for (^,Hl»04N: 

63.2; H, 5.3; N, 5.7; neut. equiv., 247 
Found: C, 63.7; H, 5.3; N, 5.7; neut. equiv., 247 

It was found suhs(*quently that crystallization from 50% 
aqueous alcohol gave a better yi(‘l(l of the pure acid. 

2-Benzyl-6-ethoxyoxazole-4-carboxylic Acid Chloride 
{CPS.OOS). 2-Beiizyl-4-carboxy-5-ethoxyoxazole (5.0 g.) in 
dry chloroform (40 cc.) was treated with phosphorus penta- 
chlondc (4.4 g.) and refluxed for ten minutes. Removal 
oi th<‘ Holvenl and phosphoryl chloride under reduced pres¬ 
sure left a residue of acid chloride which (‘rystallizt'd from 
light pi'troleiim (60-80°) in colorless ncaalles (3.8 g.), m.p. 
81-82''. 

Gale for (\8Hu03N(‘l: 58.8; JI, 4.5; N, 5.3; (4, 13.4 

Found: C, 58.8; II, 4.6; N, 5.0; C4, 12.8 

The prodiK't immediately gave a precipitate with alcoholic 
silver nitrate. 

2-Benzyl-4-carbethoxy-6-chloro-oxazole. (a) {CPS.693) 
The crystalline acirl chloridi* (3.8 g.) was refluxed in dry 
xyh'ne (20 cc.) for one hour, and the solvent then removed 
under reduced pn'ssun*. The residue distilled as a mobile 
colorless liquid (3.6 g.), b.p 170-175^/0.02 mm. The prod¬ 
uct gave no precipitate with silviT nitrate. 

Calc, for C\,Hi 2 ()sN( 4: i\ 58.8: fl, 4 5; N, 5.3; Cl, 13.4 
Found: C, 59.3; H, 4.1; N, 5.3; (4, 13.6 

(b) (C/^S^6^95) A suspension of the ethoxy-acid (5.2 g.) 
in pure chloroform (7 cc.) wa.s refluxed for thirty minutes 
with a solution of thionyl chloride (2.8 g.; IOC? excess) in the 
same solvent (11 cc.). Aft(‘r the removal of the solvent and 
excess of thionyl chloride at low pressure the residual oil was 
distilh'd. There was no decomposition during the distilla¬ 
tion at 0.1 mm. pn\ssurc, and the yield was 4.5 g. (81%) of 
the rhloro-(*ster. 

2-Benzyl-4-carboxy-5-chloro-oxazole. (a) {CPS.698) 
The carbothoxy-chloro-oxazole (4.6 g.) in ethanol (25 cc.) 
was added to a solution of potassium hydroxide (2.5 g.) in 
water (5 cc.) and ethanol (It) cc,). After a few seconds a 
white crystalline preeipitati* of the potassium salt of the 
carhoxyoxazole w^as thrown down, and after ten minutes was 
collected, dissolved in cold water and acidified with 
hydrochloric acid. The chloro-oxazoh*-carboxylic acid was 
precipitated, collected, and dried (3.6 g.). A sample 
recrystallized from aqueous ethanol (1:1) had m.p. 137- 
138°. 

Calc, for (:nH,0,NCl: C, 55.6; H, 3.4; N, 5.9; Cl, 15.0 
Found: C, 55.0; H, 3.75; N, 5.6; Cl, 15.0 

t 

(b) {CPS.695) The ester (4.5 g.) was refluxed for ten 
minutes with a 10% excess of an approximately normal solu¬ 
tion of potash in aqueous dioxan (made by dissolving 
5.6 g. of potash pellets in 40 cc. of water, adding 40 cc. of 
dioxan, and diluting to 100 cc. with water). The solution 
was evaporated to small bulk under reduced pressure to 
remove the dioxan, diluted with water, and acidified by 
slowly adding the calculated amount of normal sulphuric 
acid with mechanical stirring. The precipitated acid was 
collected, washed with water, and dried. Yield 4.0 g., 
i.e., quantitative. This product was practically pure, m.p. 
135-137° (dec.). For analysis a specimen was crystalliz^ 
from light petroleum (60-80°). Extremely fine needles 
resembling matted hair, m.p. 138° (dec.). 
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Caio. for r’lilUOaNCl: 

(", 56.6; H, 3.4; N, 5.6; (1, 15.0; neiit. equiv., 237 
Found: C, 56.9; H, 3.8; N, 6.3; (1, 16.5; neut. equiv., 240 

2~Benzyl-6-cliloro-ozazole>4-carboxylic Acid Chloride 
and Amide (CPS.693). Chloro-oxazolo acid (3.5 ^.) sus¬ 
pended in dry chloroform (35 cc.) wa.s refluxed with phos¬ 
phorus pentachloride (3.3 g.). Solution took place rapidly, 
and after twenty minutes the chloroform and phosphoryl 
chloride were removed under reduced pressure, leaving the 
acid chloride as a pungent liquid. No attempt was made 
to purify it, and it was converted directly into the acid amide 
by pouring into excess ammonia (d = 0.88). The solid 
amide was colh'cfed (3.4 g.), washed with water, and recrys¬ 
tallized from ethanol, rn.p. 156 Ifl?*". 

Calc for CnU,02N2Cl: C, 55.8; II, 3.8; N, 11.8; Cl, 15.0 
Found: i\ 56.4; H, 3.9; N, 11.5; Cl, 15.1 

2-Benzyl-4-cyano-6-chloro-oxazole (CPS 693). The 
chloro-oxazol(‘ carhoxyamide (3.4 g.) was heated with phos¬ 
phoryl chloride (17 cc.) at 90 100° for fifteen minutes. The 
excess phosphoryl chloride was distillivl under reduced 
pressure and the residue treated wdth crushed ice and satu¬ 
rated sodium bicarbonate solution until alkaline. The 
granular solid so obtained wa.s dissolved in ether, the ether 
extract washed with water, dried over sodium sulphate and 
the solvent removed. The residue, which solidified on 
cooling, was reiTystalhzed from light petroleum (60-80°), 
yield 2.1 g., m.p. 49-50°. 

(^alc. for (\iH70NaCl: C, 60.4; II, 3.2; N, 12.8; Cl, 16.3 
Found: C, 60 4; II, 3.3; N, 12.6; i% 16.2 

2-Benzyl-6-chloro-oxazole-4-aldehyde (CPS 693). An¬ 
hydrous stannous chloride (2 5 g.) in dry ether (15 cc.) was 
treated with dry hydrogen cliloridc until all the solid had 
dissolved. 2-]ienzyl-4-c.vanc)-5-chloro-oxazole (1.25 g.) w'as 
added and tin* mixture shaken overnight. No solid stan- 
nichloride w^as obtained. The ether was removed under 
reduced pressure, and r(‘sidue decomposed with cold water 
and extracted with ether. The ether extract w'as washed 
with water, dried, and the solvent removed tn vacuo. The 
product was a pale yellow oil (0.9 g,), completely soluble 
in light petroleum (60-80°), 

Calc, for CnllaOaNCl: N, 6.3 
Found: N, 6.3 

The 2,4-dinitrophenylhydrazone of the aldehyde crystal¬ 
lized from ethyl acetate in orange needles, m.p. 173°. 

Calc, for CnHuO^NfiCl: C, 50.8; H, 3.0; N, 17,5; Cl, 8.8 

Found: C, 61.1; H, 3.2; N, 17.6; Cl, 8.8 

The semicarbazone, from ethanol, decomposed at 185°. 

Calc, for C,2Hii02N4Cl: C, 51.7; H, 4.0; N, 20.1; Cl, 12.9 

Found: C, 51.8; H, 4.2; N, 19.8; Cl, 12.5 

Methyl 2-(2'-Benzyl-5'-chloro-4'-oxazolyl)-6,6-dimethyI- 
thiazolidine-4-carboxylate Hydrochloride (CPS.60S). 2- 
Bcnzyl-5-chloro-oxazolo-4-aldehyde (660 rag.), Di^penicill- 
amiue methyl ester hydrochloride (600 mg.), sodium acetate 
(244 mg., fused, powd('rod) and methanol (9 cc.) were 
warmed at 50° for ton minutes to give a clear solution. 
Attempts to obtain a crystalline product by addition of 
water wore unsuccessful. The methanol was rcniov(»d under 
reduced pressure at room tom porn ture and the residue dis¬ 
solved in ether, the solution washed with water and dried 
over sodium sulphate. By passing hydrogen chloride into 
the ethereal solution the hydrochloride of the thiazolidine 
was precipitated as an oil which quickly solidified on scratch¬ 
ing (500 mg.). The hydrochloride was crystallized from 
methanol-ether, m.p. 169-170° (dec.). 

Calc, for CnHaoOiNaSCl,: C, 60.6; H, 6.0; Cl, 17.6; S, 7.9 
Found: C, 60.9; H, 5.1; Cl, 17.8; S, 7.9 


2 - (2'- Benzyl -6'-chloro-4'-oxazolyl) -6,6-dimethylthiazol- 
idine-4-car boxy lie Acid Hydrochloride {CPSfi95). A mix¬ 
ture made by dissolving freshly prepared crude 2-b('nzyl-5- 
cliloro-oxazol(‘-4-al(lchyd(* (0.7 g.) in ethanol (3 5 cc.) and 
ether (7 cc.), and adding n-pcnicillamine hydrochloride 
(0.7 g.) in wat(‘r (3.5 cc.) and sodium acetate (0.5 g.), wa.s 
shaken for five hours. The mixture was evafxirated to 
dryness in vaciio^ and the residue W'aa dissolved in N .sodium 
bicarbonate solution and the solution extracted with i‘thor. 
A trac(‘ of jirecipitati* which separated at thi.s stage was 
filtered olT and discarded. The aqueous hiyiT w'us acidified 
and the precipitated gummy thiazolidine was taken up with 
ether, tin* (‘tliercal solution washed with water and dried 
with magnesium 8ulphat(\ By passing dry liydrogen chlor¬ 
ide into the ethereal solution the hydrochloride of the 
thiazolidine was precipitated. For analysis this was erys- 
tallized from rnethanol-ether; thin prisms, m.p. 176 177° 
(dec.). 

(’ale. for (’icHjsOaNadsS: 49.1; II, 4.6; S, 8.2; (4, 18.3 
Found: (\ 48.8. H, 4.6; S, 8.2; (4, 18.1 

Rearrangement of 2-Phenyl-6-ethoxyoxazole-4-carboxylic 
Acid Amide (Goldsworthy, Hobinson; Abraham, Baker and 
(4iain, CPS.d/iO). 2-Phenyl-5-pthoxyoxazole- 4-carboxylic 
acid chloride (200 mg ) was stirred with cold concentrated 
aqueous ammonia (4 cc ). The amide was collected, washed 
with water, dried in vacuo at room temp(*rature, and 
crystallized from benzene. Prisms, m.p. 118-119°. 

(’alc. for CulIijOaNj: (\ 62.1; 11, 5.2; N, 12.1 
Found: (’, 61.9; 11, 5.2; N, 11.5 

The amide was melted and kept at 140° for a few minutes. 
The melt quickly solidified at this temperature, and the 
product (ethyl 2-phcnyl-5-amino-oxazole-4-earboxylate) after 
crystallization from ethanol had m.p. 183°. 

(ale. for Ci2HiiOiN2: 62.1; II, 5.2 
Found: (\ 01.9; II, 5.1 

The identity of the product with ethyl 2-j}henyI-5-amino- 
oxazole-4-carboxylate was confirmed (Boon, (’arnngton, 
Jones, Rainage, Tyler and Waring, CPS.693) by comparison 
with authentic material. 

Ethyl Aminocyanoacetate (Bentley, Catch, (k)ok, Heil- 
bron and Shaw, CPS. 367). Kthyl Isonitrosocyanoacetate 
(Conrad and Schulze, Bcr., 735 (1909)) (7.5 g.) was 
reduced with aluminum amalgam (2.5 g.) in boiling 
ether (250 cc.) for one and one-half hours during the 
addition of water (14 cc.). The mixture was allowed to 
stand overnight and filtered. Crude ethyl aminocyano¬ 
acetate (3 g.) was obtained from the filtrate as a yellow 
oil, which was employed in subsequent experiments without 
purification. 

Ethyl n-Caproylaminocyanoacetate. (a) (CPSM7) 
Oude ethyl aminocyanoacetate (12 g.) in ether (150 cc.) 
was shaken with sodium bicarbonate (10 g.) in water (100 cc.) 
and caproyl chloride (8.7 g.) was slowly added. The 
ethereal solution was evaporated and the residue recrystal¬ 
lized from chloroform-light petroleum; lung silky noodles, 
rn.p. 87°. 

Calc, for CiiHieOaNa: 58.4; H, 8.0; N, 12.4 

Found: C, 58.5; H, 8.0; N, 12.3 

(b) (Cornforth, Cornforth; Abraham, Baker, ('^hain and 
Hobinson, CPS.689) The ethereal filtrate containing crude 
ethyl aminocyanoacetate from tlie reduction of ethyl 
isouitrosocyanoacetate (14 g ) was dried with sodium sul¬ 
phate and treated with caproic anhydride (10.2 g.). The 
ether was evaporated and the residue treated at once with a 
little isopropyl ether. On cooling, the ester (9.8 g.) crys¬ 
tallized; a small further quantity was obtained from the 
mother liquor. 
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2-Amyl-4-cyano-6-ethoxy-oxazole (CPSMS!)). Ethyl 
caproylanjinot\yanoacotjit{* (10 g) in chloroform (160 cc.) 
was refluxed for two hours witli phosphoric anhydride (32 g.). 
The chloroform w^As decanti'd and th(‘ n’sidue washed wilh 
fn'sh chloroform, tlnui disholve«l m water (tOO cc.) The 
aqueous solution wa^ (‘\tracted twnce with chloroform. 
These extracts on eva})oration left a n‘sidu<‘ (il p, ) consisting 
essentiallv of ethyl 2-amyl-5-amm(M)xazole-l-carlmxylate. 
This was heated at IZO"” foi tivf‘ minutes, then treated with 
chloroform and phf)sphoric anhydride exactly as before. 
The united <‘hloroform decantat(\s were evaporated and the 
n'sidue distilled Th<‘ evano-siMi/oh* (3.0 p ) cami' over at 
98'V0.03 mm. as a coloiless mobile oil. 

Calc for CnllieOsN.: (\ r>3..5; II, 7.7, N, 13.5 
Found: (\ 63.5; H, 7.S; N, 13.1 

The residue from the <li'<tilI‘ition was united wuth the 
product recovered from the sc'cond lot of phosphoric an¬ 
hydride residues, and distilhsl. In this way ethyl caproyl- 
ammocyanoacetJite (6.0 p.; bp. 152-151"/0 2 mm.) was 
recovered; th(‘ yiidtl of desired product w^as 33C' based on 
niat<*rial consumed. 

Action of Methyl Magnesium Iodide on 2-Ainyl-4-cyano- 
6-ethoxyoxazole (('PS.(189). The nitrile (1 g ) w’as added 
to a Grignard solution from magnesium and nx'thyl iodide 
(1.4 g ). After refluxing for six hours and keeping for thirty- 
six hours the mixture was added to ammonium chloride 
solution The ether-soluble iiroduct (0.65 g ) w\ns a brown¬ 
ish gum which reacted with 2,4-dinitrophenylhydra2in(j 
in 2 N hydrochloric acid only on boiling, and then slowly. 
To the aqueous layer was added a solution of 2,4-dinitro- 
phenylhydrazine (().4 g.) in 2 hydrochloric acid (80 cc.). 
On warming gently a copious yellow jirocipitatc was de¬ 
posited. Two crystallizations from alcohol gave yellow 
needles (0.5 g.) rn.f) 166-167", appai’cntly of ethyl «-caproyl- 
aminoacctoacetute 2,4-dinitrophenylhydrazone. 

Calc, for CuIIj.OtN.: C, 51.1; II, 5.9; N, 16.6 
Found: C, 50.9; H, 5.9; N, 16.8 

Ethyl Benzoylaminocyanoacetate (Boon, Carrington, 
Davies, Jones, Uamage and Waring, CPS.846). When tire 
crude ethyl aininocyanoacetate (p. 725) frqm ethyl isonitro- 
socyanoacetate (30 g.) was treated with benzoyl chloride, 
ethyl benzoylaminocyanoacetate was obtained as a wdiite 
crystalline solid, w'hich after recrystallizing from ethanol 
had m.p. 138® (12.5 g.). There was a small amount of a 
higher melting substance, m p. 185®, considered to be ethyl 
2-phenyl-5-aiijino-oxazole-4-carboxylate. Tin* absorption 
spectrum (in chloroform) of the amino-oxazole showed a 
maximum at 3,005 A (Em 18,050) and a minimum at 2,470 A 
(Em 4,015). 

Hydrogenation of ethyl isonitrosocyanoncetate with a 
Raney nickel catalyst at atmospheric temperature and pres¬ 
sure, followed by benzoylation, also led to the two forms. 

Calc, for CnlliaO.Ns: C, 62.1; II, 5.2; N, 12.1 

(a) m.p. 138® Found: C, 61.6; 11, 5.6; N, 12.2 

(b) m.p. 185® Found: C, 61.9; 11, 5.4; N, 12.0 

A molecular weight determination indicated that the high 
melting form was monomeric. The product of m.p. 138® 
on heating above its melting point for a few minutes wa^ 
converted into the form melting at 185®. 

2-Phcnyl-4-cyano-5-cthoxyoxazole (Boon, Carrington, 
Jones, Ramagc, Tyler and Waring, CPS.698). (a) 2- 

Phenyl-5-ethoxyoxazole-4-carboxyamide (2 g.) was gently 
warmed, with phosphoryl chloride (6 cc.) for ten minutes. 
The solvent was removed in vacuOj ice was added to the 
residue followed by an excess of aqueous sodium bicarbonate 
and the mixture was extracted with ether. The solution 
was evaporated and the residue (0.95 g.) crystallized from 
light petroleum (60-80®); m.p. 77®. Absorption spectrum 
in chloroform: 2,820 A, Em 18,200. 


Calc, for CiJEoOaNs: (\ 67.3; H, 1.7; N, 13.1 
Found: C, 66.9; II, 4.6; N, 12.9 

(b) TOthyl bcnzoylfiininocj^anoacetalc (5 g.) was hydro¬ 
lyzed to the acid (3.5 g.) and treated with acetic anhydride 
(10 cc.) at 60® for twenty minutes. On cooling the crude 
oxazolone (0.85 g.) was collected and tre.ated with an excess 
of ethereal diazoethane. The etluT solubh* product, 
cyanoethoxyoxazole (0 4 g.), crystallized from light petro¬ 
leum (60-80®). It had m.p. 77", undepre.ssed on admixture 
with the product from the .amide route, and vacuum distilla¬ 
tion, followed by reerystallization, faihal to raise the melting 
point. 

In the 8toph(*n reaction a solid product separated from 
the ether and on decomposition ga\c a product, crystallized 
from light petroleum, m.p. 7‘.)-80®, considered to be un¬ 
changed eyanoethoxyoxazoh*. 

Attempted Ring-closure of Ethyl Benzoylaminocyano¬ 
acetate to 2-Phenyl-4-cyano-5-ethoxyoxa2ole (Boon, (^ar- 
riiigton, l)avi(*s, Jones, Kamage and Waring, CPS.S/fd). 
(a) WUh phosphorus pmtachlonde Ethyl benzoylamino¬ 
cyanoacetate (m.p. 138®, 7 g.) in chloroform (125 cc.) was 
treated with phosphorus pimtachioride (6.2 g.). There was 
a vigorous reaction, and after warming on the steam bath 
for five minutes, the solviuit was r('inoved hi vacuo at 40®. 
The solid residue was shaken with a mixture of ether and 
aqueous disodiurn hydrogen phosphate. The solid product 
was separated and, together with material recovered from the 
ether by evaporation, weigh(‘d 4,5 g. UerTystallized from 
ethanol it had rn p. 185° and apneared to be identical with 
the high-melting product of the action of benzoyl chloride 
on ethyl aminocyanoacetate (above). 

(b) With phosphorus pcnioxidf. Etliyl benzoylamino¬ 
cyanoacetate (m.p. 138®, 5 g ) in chloroform (60 cc.) was 
heated under reflux for three hours with phosphorus pent- 
oxide (20 g.). From th(' chloroform solution there w^as 
recovered a mixture (2.5 g ) of tlic products m.p. 138® and 
185®. 

(c) With arctic anhydride. Ethyl benzoylaniinocyano- 
acetato (0.5 g., m.p. 138®) was heat(‘d under reflux with acetic 
anhydride (4 cc.) for three hours. Evaporation of the acetic 
anhydride left a crystalline residue which was fractionated 
from ethanol-light petroleum to give two products: 

(1) While prisms, m.p. 104® (possibly a diacetyl deriva¬ 
tive of Cj 2 lIl 203 N 2 ) 

Calc, for CSeHi.OjNa: 60.8, II, 5.1; N, 8.9 
Found: . (\ 60.7; II, 4.5; N, 9.0 

(2) Fine white needles, m.p. 169-171® (possibly a mono¬ 
acetyl derivative of CiuHiiOiNjj). 

Calc, for C, 4 lIi 404 N 2 : C, 61.3; H, 5.1; N, 10.2 
Found: C, 61.0; 11, 4.9; N, 10.2 

These two products were also obtained w’hen the higher 
melting isomer (m.p. 185®) was acctylated in the same way. 

Amides from Ethyl Benzoylaminomalonate (CPS.846). 
The ester (5 g.) was mixed (ice cooling) with ammonia 
(25 cc,; d “ 0.890) for about five minutes and the product 
filtered and crystallized from ethyl alcohol and then from 
water gave bcnzoylaminocarbethoxyacetamidc as needles, 
m.p. 174®. 

Calc, for C, 2 Hi 404 N*: C, 67.6; II, 5.6 
Found: C, 57.7; H, 5.7 

By maintaining the mixture at 37® for several hours with 
occasional shaking benzoylaminomalondiarnide was ob¬ 
tained as prisms, m.p. 217® from water. 

Calc, for CioHiiOiNs: N, 19.0 
Found: N, 18.6 

Action of Heat on Ammonium Salt of 2-Phenyl-4-carboxy- 
5-ethoxyoxazole (Boon, Carrington, Davies, Gaubert, Jonea, 
Eamage and Waring, CPS.6S4)* The carboxyoxazole 
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(3,0 g.) {CPS, 340 : of. p. 722) was dissolved in the minimum 
amount of dilute aqueous ammonia and tlic clear solution 
taken completely to dryness on tlie steniii bath under re¬ 
duced pressure. On cooling the arnmoniimi salt solidilied 
and the original acid could be r(‘cov(‘red on acidification. 
The salt wa^ heated at 110 '’ and aftei twiaity minutes the 
slight effervescence had ceased and the* residue partially 
solidilK'd on cooling. (Vystallization from acpieous alco¬ 
hol ( 1:1 vol.) gave carhetlioxvhipjmramide (11 g >, m p. 
170"\ raised to 174^^ by reerystallization from water. 

Calc, for (b.HuOiNs: C, r)7.r»; Jl, r^A) 

Found: (\ 57.5, H, 5 0 

With phosphoryl chloride as above, th(‘ amide gave 2-phenyl- 

4- caibethoxy-5-amiuo-oxazole, m.p. 185*', identical with the 
sample pn'pared from ethyl benzoylaminocyanoacetatc‘. 

2-Phenyl-4-carbethoxy-6-iminazolone (CPS.Od^). (a) 
Ethyl aniinomalonate (1.18 g.) and benziinino ethyl ether 
(1.13 g.) were warmed gradually m an oil-bath, and main¬ 
tained at 110 ° for thirty minutes. After trituration with 
ether the solid residue was punlied bv formation of the 
crystalline potassium d<‘rivative and subsequent decomposi¬ 
tion with dilute hydroeliloric acid. 2-Phenyl-4-carbethoxy- 

5- imiiiazf)loiie crystallized from methanol m the form of 
needles, d(‘conipo.sing at 275° (1.4 g.j. 

Cale. for (*i 2 lli 20 ,.N 2 : 02.1; IT, 5.2; N, 12.1 

Found: i\ 02.1; 11, 5.4; N, 11.8 

The acetyl derivative was obtained by boding theiiiiiiiaz- 
olone (0.5 g ) with acetic anhydnde (5 cc.) under reflux for 
two hours. Th(‘ crystalline product whicli separated on 
cooling, reerystalliz(‘d from ethanol in plates, m.p. 191°. 

Calc, for (b 4 ni 4 () 4 N 2 : (\ 01.3; Tl, 5.1 
Found: (*, 01.2; H, 5.3 

(h) Benzimino ethyl ether ( 2.8 g ) in ether (30 ce.) was 
shaken for two hours with a solution of ethyl ainiiiomalonate 
hydrochloride (2 07 g.) and w^ater (1.4 ce.). The etliereal 
layer was washetl w'ith dilute hydrochloric acid, dried, and 
the ether distilled. The residual oil was distilled in vacuo 
(bath temp. 140°, 0.025 mm.) to give ethyl a-('thoxybenzyl- 
ideneamiiiomalonnte (IV, 11 «= Ph) as a colorless mobile oil 
(2.5 g,). 

Calc, for (\aH 2 i 06 N: N, 4.6 
Found: N, 4.4 

This osU'r (0.2 g.) was allowTd to stand for two days at 0° 
ill ethanol (2 ec.) saturated with ammonia. The solvent 
was removed in vacuo and the solid residue was triturated 
with ether. The ether-insoluble solid was heated at 160° 
for thirty minutes, when it was converted into 2 -phenyl- 
4-carbethoxy-5-iminazolone, identified by conversion t-o the 
acetyl derivative, m.p. 191°, described above. The ether- 
soluble material was obtained as colorless prisms, m.p. Ill* 
112°, from ether-ethanol-light petroleum. It was probably 
the half-amide of ethyl cv-ethoxybenzylidcneaminoinalonate 

Calc, for C 14 IIUO 4 N,: C:, 60.4; H, 6.5; N, 10.1 
Found: (*, 60.3; H, 6,2; N, 10.3 

Ethyl Phenylacetylaminocyanoacetate (Bentley, (Jaich, 
Cook, Heilbron and Shaw, CPSJ67). C'rude ethyl amino- 
cyanoacetate (p. 726) (12 g.) in ether (150 ec.) was shaken 
with sodium bicarbonate (10 g.) in whaler (100 cc.) and 
phenylacctyl chloride (10 g.) was added slowly. The acyl 
compound soon separatiid from the ethereal phase and was 
collected (12 g.) and rcorystallized from chloroform-light 
petroleum; small needles, m.p. 120 °. 

Calc, for Ci,H, 40 .Na: C, 63.4; H, 5.7 
Found: C, 63.4; H, 5.7 

Attempted Ring-closure of Ethyl Phenylacetylamino- 
cyanoacetate to 2-Benzyl-4-cyano-5-ethoxyoxazole (Boon, 


Carrington, Davies, .Ioik's, Bamage and Waring, CPS.34fl) 
Ethyl pljenylacetylaminocyanoaci'tate (5 g.) in chloroform 
(60 ec ) was tn‘at(»d wuth phosjihorus iieiitiichlonde ( 1.2 g.) 
The rractioii was completed bv warming on tlie steam bath 
for fi\ (* minutes, lJi(‘ solvent wans nauoviul in vacuo at 40° 
and the product wais isolati'd through (*ther-phosphatp 
buffer in the usual waiv, ucaalles (3 g.) irom (4hand; m.p. 
124°. 

(ale. for ('iJlMO.Xa: (*, ()3 1 ; H, 5.7, N. 11.1 
Found: (;3.2; 11, 5.4, N, 11.7 

Treatment of etliyl j>hen>Isicetylaminocyanoacetate with 
an excess of phosphorvl chloride at 100 ° for thr(‘e hours 
gave the same product, (‘thyl 2 -beuzyl- 5 -amino-o\azoIe- 1 - 
earbox}late 

2-Benzy1-4-carbethoxy-6-iminazolone (Boon, (Barrington, 
Davies, (i.'iubi'rt, .Jonrs. Hamage and Waring, CPS,()34). 
Phenvlacelirnino etlivl i‘thei (1 6 g ) and ethyl aminomalon- 
ate (1.75 g) waae allowed to stand at room temperature 
overnight. Tlie solid product was triturated w'ilh ether and 
eiy.stallizeil from aqu<‘OUs acetic acid, giving 2-beiizyI-l- 
carbelhox\- 5 -nninazolone (2 0 g ), prisms decomposing at 
25 r. 

(*alc. for C^islIuOaNa. C, 05 1 ; H, 5.7 
Found: (*, 03.0, IT, 5.5 

The acetyl derivative was olitaimal by boding the imin- 
azoloii(‘ (0.3 g.) with acetic anhydride (3 cc.) uiidi*r reflux 
for one hour. The product, wducli s(*parated on cooling, 
w^as crystallized from a mi.xlurc' of etlianol, bimzonc and light 
petroleum, m.p. 137.5°. 

Calc, for C*uHu() 4 N 2 : C\ 62.5; IT, 5.0; N, 9.7 
Found: (>2.3; H, 0 . 0 ; N, 10.1 

Ethyl A"-n-Hexenoylaminocyanoacetate (Boon, Carring¬ 
ton, Davies, .lones, Banuige and Waring, CPS 470). An 
ether(*al solution of the ethyl aminoeyanoaeetate (p 725) 
from ethyl isonitrosocyanoaeetate (30 g.) was mixed with 
excess acpieous sodium bicarbonate and cooled with ice. 
Ilexenoyl chloride (15 g.) was slowly added, with shaking. 
A soJi<l product soon a(‘parated and after one hour was col¬ 
lected, washed with watiT and crystallized from aqueous 
methanol (1:1); yield 8 g., m.p. 115°. 

Calc, for (biHieOiNj: N, 12.5 
Found: N, 12.4 

With alcoholic or ethereal hydrogen chloride the amide 
quickly isomerized and the r(*sulting product, 2 -(l '-pentcmyl)- 
4-carbethoxy-5-amin()-oxazol(*, crystallized from aqueous 
methanol or benzene-light petroleum (4O-'60°); m.p. 105°. 

Cale. for (BnllieOsNz: N, 12.5 
Found: N, 12,5 

The absorption spectrum in chloroform show(‘d a maximum 
at 2,775 A (Em 17,500). 

Although refluxing with ethyl alcoholic hydrogen chloride 
ga\»^e ammonium chloride, it was not found possible to 
obtain the expected ethyl hexenoylnminomalonate in a pure 
condition. 

2-a-Amyl-4-carbethoxy-6-amino-oxa2ole (Boon, Car¬ 
rington, Davies, Gauberl, Jones, Hamage and Waring, 
CPS.0\i4)* hydrogen chloride was passed through a 

solution of f*thyl caproylaminoeyanoacetate (p. 725) (5 g.) 
in absolute alcohol (50 ee.) at 0° Hie solvent was removed 
in vacuo at 25°, and the residue was treated with a mixture 
of ether (100 cc.) and saturated aqueous sodium bicarbonate 
(50 cc.). The ethereal layer was separated, dried and the 
ether distilled. The product crystallized from benzene- 
light petroleum in the form of fine needles (4 g.), m.p. 104°. 

Calc, for CnilisO.Nj: C, 58.4; II, 8 . 0 ; N, 12.4 
Found: C, 58.9; II, 8.0; N, 12.3 
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Ethyl 2-Amyl-5-amino-oxazole-4-carboxylate (Ck)rni‘(>rth, 
Cornforth; Abraliam, Baker, Chain and Robinson, CPS. 
689). P>hyl eaproylaniinocyanoaeetate (2 k ) was dissolved 
in warm etlaanoi (5 cc.) and dry hydrogen ehlorido (0.31 gj 
passed. A crystalline salt soon separated (2 g.), ni.p. 135 - 
138° (dec.). A further quantity could be obtained by 
precipitation with ether. The salt was suspended in ether 
and shaken with sodiiun carbonate solution. On evaporat¬ 
ing the ether and crystallizing the product from is<)propyl 
ether, rosettes of needles were obtained, m.p. 105-106°. 

Calc, for (\ini80aN2: C, 58.4; II, 8.0; N, 12.4 
Found: C, 58.6; H, 8.0; N, 12.4 

2-Amyl-4-carbethoxy-6-imina2olone (CPS.6S0). Ether¬ 
eal solutions of ethyl aminomalonate (5.8 g.) and caproirnino 
ethvl other (4.8 g.) were mixed. Next day the product was 
collected and crystallized from alcohol. The iminazolone 
forrai'd colorless prisms which blackened from 105° and 
melted at about 230° (dec.). 

Calc, for CnlligOaNj: (\ 58.4; II, 8.0; N, 12.4 
Found: 58.3; H, 7.0; N, 11.8 

Conversion of Ethyl 2-Amyl-5-amino-oxazole-4-carboxyl- 
ate to Ethyl Caproylaminocyanoacetate (('PS 68.9). The 
amino-oxazole was heated for five minutes at 170°; on cool¬ 
ing complete crystallization took place. The product sepa¬ 
rated from isopropyl ether in net'dles, ni p. 83° alone (»r 
mixed with ethyl caproylaminocyanoacetate. 

The Interconversion of 2-Benzyl-4-carbethoxy-5-amino- 
oxazole and Ethyl Phenylacetylaminocyanoacetate (lioon, 
C^arrington, Jones, Ramage, Tyler and Waring, CPS.69.3) 
The oxazole (0.4 g.) was heated in an oil bath at 160-170*^ foi 
fifteen minutes, 'riie product solidified on trituration \%ith 
ethanol, and was fractionally crystallized from the same 
solvent. The less soluble fraction (0.3 g.) was i<lentified 
as ethyl phenylacetylaminocyanoacetate, and the more 
6olul)le (35 mg.) as unchanged 2-benzyl-^l-carbethoxy- 
6-ainino-oxazole. 

Similarly, ethyl phenylacetylaminoacctate (1.0 g.) on 
heating at 160-170° for fifteen minutes gave 2-benzyl-4- 
carbcthoxy-5-amino-oxazole (80 mg.) and unchanged start¬ 
ing material (0.7 g,). 

2-Benzyl-6-ethoxyoxazole-4-carboxyamide {CPS.6.9S). 
Finely powdered 2-benzyl-5-ethoxyoxazolc-4-carboxylic 
acid chloride (1.7 g.) was added to excess 0.88 ammonia with 
etirring. The amide was collected and recrystallizcd from 
ether-aqueous ethanol (1:1) or benzene; (1.1 g.) m.p. 104- 
106°. 

Calc, for CiiHhOiN,: C, 63.4; H, 5.6; N, 11.4 
Found: C, 63.3; H, 5.7; N, 11.1 

When the amide was heated at 140-145° for fifteen minutes 
it was mainly converted into ethyl phenylacetylamino¬ 
cyanoacetate, m.p. 130-131°, undepressed on admixture 
with an authentic specimen. There was also produced a 
small amount of 2-bonzyl-4-carbothoxy-5-aniino-oxazole, 
m.p. 124°, which did not depress the m.p. of an authentic 
specimen. 

Ethyl Caproylaminomalonamate (Cornforth, C^ornforth; 
Abraham, Baker, ("hain and Robinson, CPS.689). 2-.4myl- 
4-carbethoxy-5-amino-oxazole hydrochloride (4 g.) was Iwiled 
under reflux for nineteen hours with dry ether (7 cc.) and 
alcohol (8 cc.). After cooling and adding more ether, the 
solid (1.4 g.) was collected and extracted with hot ethyl 
acetate. Ammonium chloride (0.6 g.) remained. The 
ethyl acetate .solution deposited the amide in long silky 
needles, m.p. 150-151°. 

Calc, for C,in 2 o 04 N 2 : C, 54.1; H, 8.2; N, 11.4 
Found: Cy 54.2; H, 8.3; N, 11.1 

Action of Nitrosyl Chloride on 2-Amyl-4-carb6thoxy-5- 
amino-oxazole {CPS.689), The amino-oxazole (1 g.) was 


suspended in dry ether (10 cc.), cooled to —15° and treated 
slowly with a slight excess over 1 inol. of nitrosyl chloride 
in dry other. On warming to room temperature nitrogen 
was evolved. Next day the filtered solution was distilled. 
The distillate (0.2 g., b.p. 95°/0.2 mm.) contained some 
halogen and smelt like an acid chloride. It appeared, how¬ 
ever, to consist largely of ethyl 2-amyloxazole-4-carboxylate, 
and this was confirmed by hydrolysis with aqueous alkali. 
The resulting acid after crystallization from light petroleum 
had m.p. 92-93° alone or mixed with 2-amyloxazole-4- 
carbox.ylic acid. 

Calc, for CaHiaOiN: C, 59.0; II, 7.1; N, 7.7 
Found: 59.4; II, 7.3; N, 8.0 

Benzyl Isonitrosocyanoacetate (Boon, Carrington, Jones, 
Ramage, Tyler and Waring, CPS.693). To benzyl cyano- 
acotato (35 g.) in glacial acetic acid (40 cc.) cooled in an ice 
bath, a saturated solution of sodium nitrite (16.5 g.) in 
viater was added with stirring After four hours the mix¬ 
ture was sii.sponded in water (1,0(K) cc.) and made just acid 
to Congo Red by the addition of hydrochloric acid. The 
crude oxinuno compound was filtered, washed with water, 
dissolved in sodium carbonate solution, extracted with 
ether, and the oximino compound reprecipitated with acid. 
After filtration and washing the* product (29 g.) had m.p. 
lir’, raised to 116° by rcerystallization from ether-light 
petroleum (40 -60°). 

(’ale. for CioHnOiNa: 0, 58.6; 11, 3.9; N, 13.7 
Found: C, 58.7; II, 4.0; N, 13.7 

Benzyl Aminocyanoacetate {('PS.693). Benzyl isonitroso- 
cyanoaeetate (60 g.) in eth<*r (1.5 lit.) was reduced with 
aluminum amalgam (from 60 g. aluminum foil) and water 
(45 cc.) addl'd over five hours. After heating under ri'flux 
for one hour the solution was filtered, dried over sodium 
sulphate and troati'd with hydrogen chloride. The hydro¬ 
chloride (21 g.j, m.p 8<>"90“, had m.p. 95° after crystalliza¬ 
tion from ethyl acetate-light petroleum (60-80°). 

Calc, for CioIInOaNjCl: 52.8; H, 4.9; N, 12.3 
Found: C, 52.4; H, 5.2; N, 12.1 

Benzyl Benzoylaminocyanoacetate (CPS.693). Benzoyl 
chloride (3 g.) was added m portions with vigorous shaking 
to a mixture of benzyl aminocyanoacetate (5 g.), water 
(25 cc.), ether (10 cc.) and sodium bicarbonate (4 g.). 
When the reaction was complete the solid product (5.7 g.) 
was filtered and washed with a little ether; m.p. 130° after 
crystallization first from benzene-light petroleum and then 
from ethyl acetate. 

Calc, for CnHuOiN*: N, 9.4 
Found: N, 9.4 

2-Phenyl-4-carbobenzyloxy-6-amino-oxazole (CPS.69S), 
The above ester was heated at 160° for five minutes when it 
resolidified and melted at 203°, unchanged on crystallization 
from ethyl acetate. 

Calc, for CnllwO.Nai N, 9.4 
Found: N, 9.5 

Formylation of Hippuronitrile (Squibb, S.41t 4; 4^, 2). 
A solution of sodium (2.16 g.) in absolute ethanol wiis con¬ 
centrated under reduced pressure in a current of nitrogen; 
the residue was heated at 200° for two hours in vacuo and 
suspended in benzene (100 cc.). To this there was added 
a solution of hippuronitrile (15 g.) in ethyl formate (200 ec.) 
and benzene (100 cc.). Complete solution ooeurred. The 
reaction mixture was allowed to stand overnight, when a 
solid (9 g.) separated, consisting of the crude sodium enolate 
of phenylpenaldonitrile. 

This product on treatment in aqueous solution with 
benzoyl chloride yielded a benzoate, m.p. 181-182° after 
recrystallization from ethanol. 
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Calc, for CirlluOiNa: C\ 6U.8; H, 4.1; N, 9.0 
Found: C, 69.8; H, 4.0; N, 9.9 

A solution of the crude salt (4.4 g.) in water (25 cc.) was 
treated with an aqueous solution of benzylamine (5 cc.) 
neutralized with dilute hydrochloric acid. (Vystallization 
occurred immediately. After several hours ihe solid was 
collected and recrystallized from ethanol. The benzyl- 
amine derivative of phenylpeniildonitrile was a yellow solid 
(1.9 g.), m.p. 163''1G4°. 

Calc, for CnllifcON,: N, 15.2 
Found: N, 15.0 

It was later found (Cornforth, Fawaz; Abraham, linker, 
Chain and Robinson, CPS.ti84) that sodium could be substi¬ 
tuted for sodium ethoxide. The precipitate»d salt gave a 
violet color with aqueous ferric chloride. The confra.st 
of this with the green color given by tin* free formyl com¬ 
pound may indicate that the freshly-formed enolate is stdl 
not cyclized. The benzoate (m.p. 183 184®) on treatment 
with 2,4-dinitrophonylhydrazine in 2 N hydrochloric acid 
gave a dark red dinitropheiiylhydrazone, m.p. 232° after 
crystallization from alcohol. 

Calc, for CuH, 20«N«: C;, 52.3; II, 3.1 
Found: (", 52.5; II, 3.6 

A benzoyl group had thus been lost. 

2-Phenyl-5-amino-oxazole-4-aldehyde and Its Isomer 
(Cornforth, Fawaz; Abraham, Baker, Chain and Robinson, 
CPSM84) The sodium enolate of phcn)dpenaldonitrilc was 
dissolvi'd in water and acidified to pll 4 with dilute sul¬ 
phuric acid, A precipitate appeared, but redissolved at 
once. The solution was extracted repeatedly with ether 
and the dried extract after treatment with charcoal was 
evaporated at room temperatuni. The crystalline re.sidue 
separated from ('thyl acetate as colorless leaflets, m.p. 
172-173° (dec.). 

Calc, for CioHsOiNa: (\ 63.9; II, 4.3 
Found: (\ 64.0; II, 4.1 

The substance gave a gr(*en coloration with alcoholic 
ferric chloride, and immediately yadded a deep red precipi¬ 
tate with 2,4-dinitrophenylhydraziiie in 2 N II(i. The 
absorption spectrum showed a maximum at 3,150 A, Km 
19,500, and a minimum at 2,470 A, Km 720. The correspond¬ 
ing figures for 2-phonyl-5-amino-4-carbethoxyoxazule are: 
maximum 3,005 A, Em 18,050; minimum 2,470 A, Em 4,015. 

The phenylhydrazone, prepared as usual in acetic acid, 
had m.p. 195°. 

Calc, for Cl JIi 40 N 4 : 69.0; II, 5.0; N, 20,2 
Found: C, 69.2; 11, 5.0; N, 20.4 

The aqueous solution remaining from the ether extrac¬ 
tion of the amiiio-oxazole was also treated with charcoal. 
On keeping, another substance sometimes crystallized; 
recrystallized from ethyl acetate, it had m.p. 182-183° 
(dec.). 

Calc, for CioHg02N2: C, 63.0; H, 4,3 
Found; C, 64.1; H, 4.5 

The absorption spectrum showed a maximum at 2,250 A, 
Em 11,800. A bright red dinitrophenylhydrazone was 
formed slowly. 

Pyrolysis of 2-Phenyl-5-amino-oxazole-4-aldehyde (CPS, 
684 ) > The aldehyde was melted and kept at reduced pres¬ 
sure in a bath at 140° for one hour. The hard residue was 
recrystailized from ethanol, m.p. 260°. The same product 
(possibly tribonzoylaminotriazine) was formed on boiling 
the aldehyde with anisole. 

Calc, for CiHiONi; C, 67.5; H, 5.0 
Pound: C, 67.3; H, 5.2 


Caproylaminoacetonitrile (CPSM84;c.L Merck, 14). 

This was prepared in 92% yield by Schottcn-Bauinann 
capro 3 dation of aminoacetonitrile; b.p. 150°/0.2 rnm, 

C^alc. for C^Hi 40 N,; C, 62.0; H, 9.G; N, 18.0 
Found: C, 62.2; 11, 9.3; N, 17.8 

Formylation of Caproylaminoacetonitrile ((JPS 084). The 
following conditions were tried: (a) amyl formate .and sodium 
powder or wire in ether (overnight) (b) potassium ('thoxidc 
and ethyl formate in alcnhol-(*ther (two days) (c; sodium 
ethoxide and a large exc(‘ss of ethyl foriiiale in benzene 
(one day). When reaction appeared complete the hygro¬ 
scopic salt wa.s collected. 

Tlie sodium salt wa.s dissolved in water and one equivalent 
of aqueous benzylamine added gradually. On acidification 
the product crystallized, and had m.p. 120° after recrystal- 
lization from aleohol. 

(’ale for (’lalli^ON,: C, 71.3; 11, 7.1; N, 15.6 
Found: C, 71.0; II, 7.3; N, 15.2 

The sodium salt was rlLssolved in wat(*r at 0°, aeidified 
with dilute sulphuric acid and extracted rapidly with ether. 
The oily jiroduct was distilled at 0.9 mm. The lower 
fraction consisted of cMproylamirioacetonitrile; the higher- 
boiling material crystalliz('d, and aft('r r(*erystallization from 
ethanol, had m.p. 151 155°, undepressed on admixture with 
authentic 2-ainyloxazole-4-carboxylic acid amide. 

(\alc. for C’#II, 402 N 2 : O, 59.4; II, 8.2; N, 15.3 
Found: C, 59.8; II, 8.1; N, 15.6 

2-Phenyl-4-'Cyano-5-ammo-oxazole (Boon, Carrington, 
Davies, Oaubert, Jones, Ramage and Waring, CPS,6S4). 
Heiizoylaminomalondiamido (2 g.) was heated on the 
water bath with phosphoryl chloride (10 cc.) and after 
fifteen minutes the solid dissolvtal with evolution of hydrogen 
chloride. The red solution was evaporated under reduced 
pn'ssure and the resulting gum treated witli ice and an 
excc.ss of aqueous sodium carbonate. Th(‘ brown product 
was collected and reerystallizt'd from butyl alcohol; yellow 
prisms (1.1 g.), m.p 233°. 

(’ale. for (’ioHtONj: (\ 64.9; H, 3,8; N, 22.7 
Found: 64.4; H, 3.9; N, 22.6 

The acetyl derivative was prepared with acetic anhydride 
and after removal of the excess solvent in vacuo the product 
crystallized from xylene as pale yellow needles, m.p. 202- 
203°. 

(^alc. for C,2ll»02N«: C, 63.4; H, 4.0; NT, 18.5 
Found: C, 63.3; H, 3.8; N, 18.4 

Caproylaminomalondiamide (CPS.634). Ethyl caproyl- 
aminomalonate, (10 g.) and aqueous ammonia (100 cc., 
d 0.890) wore mixed with ice cooling and occasionally 
shaken, first at room temperature and then at 37°. After 
cooling the crystalline mass was filtered (6.5 g.) and caproyl¬ 
aminomalondiamide recrystallized from water, m.p. 231°. 

Calc, for (; 2 Hi 70 aNi: N, 19.5 
Found: N, 19.6 

2-n-Amyl-4-cyano-6-axnino^xazole (CPS.634)- Caproyl- 
aminomalondiarnide (1 g.) with phosphoryl chloride (5 cc.) 
by the above procedure gave the aniino-oxazole (0.6 g.) which 
crystallized from benzene or aqueous methanol; m.p. 117°. 

Calc, for CoHiaONs*. C, 60.3; H, 7.3; N, 23.5 
Found: C, 60,6; II, 7.4; N, 23.6 

The attempted preparation of an acetyl derivative yielded an 
oil. 

Ethyl Phenylthioacetylamlnocyanoacetate (Bentley, Catch, 
CJook, lieilbron and Shaw, CPS.367). Crude ethyl amino- 
cyanoacetate (3 g.) was treated with methyl phenyldithio- 
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acetate (4 g.) when the temperature rose and mercaptan 
was evolved spontaneously; after a few minutes the liquid 
set to a inasK of yellow needles Treatment ^\lth a little 
ether gave almost puu' c'thvl phenylthioacetvlaminocvano- 
acetate (3 0 g , a further 0 8 heiiiR recovennl tiorn ethereal 
residues), in p 156^^ It separated from ethanol in long 
coloiless needles, III. p 157® 

(’ale for (\ 50.5, II, 5 i, N, 10 7 

Found: (\ 50.8, II, 5 0, N, 10 0 

The ester (0 52 g ) was suspended in dry ethanol (5 cc ) 
and the solvent saturated with dry hydrogen lOilonde at 
— 10° After twf'lve hours at 20° the solution was evapo¬ 
rated m V(u uo and the solid (0 50 g ) washed \Mth dry ether. 
This hydrochloride, believed to be the hydrochloride of 
2-ben2vl-4-carbetho\y-5-aminothiazole, separatetl from eth¬ 
anol-ether m rectangular plates, m p 180° 

Calc for CuHifiOaNiC’lS; (\ 52 5, H, 5 I, N, 0 4 
Found. (\ 52 4, H, 5 2, N, 0 7 

OXAZOLONE SECTION 
Part I. General Chemistry 

OF OXAZOLONES 

Preparation of Oxazolones. 'Jlu* thiazohdino-^ 
oxazolono structure which was early sugg(\ste(l for 
penicillin stimulated a large number of investiga¬ 
tions into the general chemistry of oxazolones, and 
as a residt this field has been much developed. 
Most of the oxazolones previously des(‘ribed were 
of the type II, obtainable by the Erlenmeyer 
synthesis from acylglycines and aldehydes, though 
a f('w examples of the type I were known (e.g,, 
Mohr and Stroschein, Her,, 42 y 2521 (1909)), from 
the action of acetit* anhydride on a-acylamino 
acids. Karrer and Widmer {Helv, CInm. Actay 8y 
203 (1925)) had also prepared the simple 2-phonyl- 
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6-oxazolonc (I; R = CoHs; R' * R" = II) by the 
action of diazomethane on ‘^hippuryl chloride/' 
though the correct structure was not recognized 
until much later (Karrer and Bussmann, Helv. 
Chim, Actay 24 , 645 (1941)). 

The acetic anhydride method of preparing ox¬ 
azolones has remained the most general proceciure. 


Some new oxazolones of type I, which were pre¬ 
pared by this method, are tabulated below. Cer¬ 


Oxazolone 

Reference 

2-mrtbyl-4-isopropyl 

Sh 1 ; Sh.S 

2-bonzyl-4-inethvl 

D.19; M.S9 

2-benzyi-4-isoprt)pvl 

8 h 6 

2,4-dil)enzyl 

CPS 62; (M.IO) 
CPS.206 

2-amyl-4-bc‘nzyl 

CPS.62 

2-(2-peii ten vD-4-benzyl 

CPS.62 

2-b(»nzyl-4,4-diincthyl 

M 12a; S U; 

Sh 1 

2-phen V 1-4-iHobu t y 1 

S £1 

2-phenyl-4-.<}f’c butyl 

A 12 

2-ph(*n .y 1-4,4-pen ta ni (4 h y Um le 

CPS /,79 

2-i)ht»n\l-4(p-methoxyben/A 1) 

sas 

2-bonzvl-4-(p-inetho\yben/v 1) 

S 38 

2-benzvl-4-incthvl-4-stvr\ 1 

CPS.105 

2-p}H*n vl-4-ca rbethox v 

I M 23 

2-Hin N 1-4-carbet hnxy 

CPS 386 

2-benzvl-4-iaobntvl 

S .40 


tain limitations of the acetic anhydride mi'thod were 
discovered: thuh th(^ cinnamoi/ly sorboyl and 2-hcx- 
enoyl derivatives of phenylalanine gave polymerized 
resins instead of the oxazolones (Nevvbery and 
Raphael, CPS M2), However, it was also found 
that the method could be applied to the preparation 
of 2-phenyl-5-o\azolone from hippuric acid (BDII, 
CPS,56; Abbott, A,0(i), the oxazolono thus being 
made available in quantity; this, however, is the only 
successful preparation of a moiiosubstituted oxaz- 
olone by the method 

Other ways of preparing oxazolones have been 
found during the course of the work. It was dis¬ 
covered (Abraham, Baker, Chain and Robinson, 
CPS.43) that phenyltkioacetyLglycinc (III; R = 
CoIIbClIa; R' = H) formed a silver salt which with 
silver oxide in aqueous suspension gave silver sul¬ 
phide and phenaceturic acid, a reaction which, it was 
suggested, proceeded through 2-benzyl-5-oxazolone 
(I; R = C 6 n 5 Cll 2 ; R' - R" = II). More direct 
evidence of oxazolono formation was obtained by 
treatment of the thioamidc with dry silver oxide in 
dry ether: the ethereal solution rapidly deposited 
phenaceturic anilide on treatment with aniline. 
DJj-Phenylthioaoclylalanine (HI; R = C 6 H 6 CH 2 ; R^ 
= CII 3 ) (Abraham, Baker, Chain and Robinson, 
CPS,74) was treated similarly (Squibb, S.27)y and 
the solution treated with benzylamine to give 
phenylacetylalan ine benzylarmde. More decisive evi¬ 
dence in favor of the proposed mechanism was 
obtained later (Jepson and Robinson, private-com¬ 
munication), the crystalline 2-phenyl-5-oxazolone 
being isolated from the reaction of silver oxide with 
thiohippuric acid (III; R = Calib) R' « II). Silver 
benzencsulphonate has been used instead of silver 
oxide; from phenylthioacetylglycine the yield of 
2-benzyl-6-oxazolone was 29%, estimated as phen- 
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aceturic anilide. Silver acetate gave a 10.5% yield. 
The silver bcnzonesulphonate method was tried on 
benzylthioponieilloic acid (IV) without success 
(Brodrick, Peak, Whitmont and Wilson, CPI^M92). 

MeaC—S—CH—CHCOaH 

I I I 

IIO 2 C—CII-NH mi CSClUCeJh 

IV 


C^6ll5CII=-CC()N8 


NHCOCeHb 

V 


The possibility of using one oxazolone to prepare 
another has also been realized. The process 
evidently depends upon the position of equilibrium 
in the reaction: 

R'CH—CO—0 

I I + 


R'" R'CH—CO 2 H 

I ^ \ + 

R"C0NIICIIC02ll NTICOR 

R'"—Cll—(H)—O 

I I 

N --=(^R" 

It was found that when benzoylphenylalanine 
(R" = Cellf,; R'" = CGII 5 CII 2 ) was warmed with 
one eciuivalent of 2-benzyl-4-metliyl-5-(}xazolone 
(R = CellftClU; R' = CHa), a good yield of 
2-phenyl-4>benzyl-5-oxazolone was obtained (Merck, 
M.32). 4416 process is foreshadowed by the work 

of Carter and Stevens (,/. Biol. Chem., 133, 117 
(1940)) on the racemization of acylamino acids by 
oxazolones. 

I^'he azide (V) of o'-benzamidocinnamic acid was 
found to give the well-known 2 -phenyl- 1 -benzyli- 
dene-5-oxazolone (II; R == R' R" = H) 

on treatment with hot alcohol or cold pyridine 
(Wilson; Abraham, Baker, Chain and Robinson, 
CPS.91; 2-phenyl-4-isopropvlidene-5-oxazol- 

one(II;R = C 6 H 5 ;R'^= R" - (^Hs) was similarly 
prepared from the azide of a-benzamido-/ 3 ,/ 3 -dimeth- 
ylacrylic acid. However, the type II oxazolones 
are formed more easily than those of type I, to 
which the reaction could not be extended. In this 
connection an attqmpt is described (Merck, M.50) 
to make an oxazolone from L-N-benzoyl-p-mcthoxy- 
phenylalanine. No evidence of oxazolone forma¬ 
tion was obtained. 

An important extension of the possibilities of 
oxazolone synthesis was made (Merck, M.33) when 
accumulated evidence tended to show that the 
product obtained from the action of phosphorus 
tribromide on benzylpenaldic acid diethyl acetal, 
which had been thought of as a-phenylacetamido- 
jS-ethoxyacrylyl bromide (VI) should rather be 


regarded as the hydrobromide of 2-bonzyl-4-ethoxy- 
methylene-5-oxazolone (II; R = C 6 II 6 CH 2 ; R' 
OEt; R" = II). Shortly afterwards it was inde¬ 
pendently suggested (Barber, Cregory, Slack, 
Stickings and Woolman, CPS.23j) that the ^^lial- 
ides” of a-acylamino-acids are in fact oxazolone^ 
hydrochlorides. In support of this it was found 
that ‘Hiippuryl chloricie" with water or sodium 
acetate gave 2-ph(jnyl-5-oxazolone before bcang 
further hydrolyzcMl to liippuric acid. It was 
pointed out that Mohr and Stroschein {Her., 
2521 (1909)) had stated that 2-phciny 1-4-benzyl- 
5-oxazolone with hydrogen chloride gave' the 
''chloride'' of benzoylphenylalanine, though the 
evidence of identity rc^stc^d rather on reactions than 
on physical propertic\s; and further that Karrer 
and Bussmann {Hclv. Chim. Ada, 24, 615 (1911)) 
had remarked that "the action of diazomethanc* on 
hippuryl chloride tak(\s a dirr<jrf‘nt course from that 
with most other acid chlorides, since here it acts 
as a remover of hydrogen chloride" a fact which 
would not be surprising if "hippuryl chloride" is 
not an acid chloride at all. In passing it may be 
mentioned that 2-plienyl-4-benzyliden(‘-5-oxazolone 
was not observcnl to form a hydrochloride in eth(3r 
(Upjohn, U.IO) ; 2-phenyl-4-isopropylidenc‘-5-ox- 
azolonc gave an unstable hydrochloride^ in benzene 
(BDH, CPS.56). The epu'stion of tlie idcuitity 
of such hydrohalides will be taken up again later on. 

Thi‘ possibility thus arose that any rc'agent 
capable of ti'ansforining an acid to its chloride might 
be expected to convert an a-acylamino acid to the 
corn'sponding oxazolone. Thus the action of phos¬ 
phorus tribromide on liippuric acid gave a crystalline 
salt which with sodium acetate under an organic 
solvent (Barber, Cin‘gory, Slack, Stickings and 
Woolman, CPS.234) or diazomethane (Ui)john, 
U.13h) gave 2-phenyl-5-o\azolon(‘. 2.4-Diphenyl- 
5-oxazoIone (I; R = R' = Collr.; R" = H) {(TS. 
234) and 2-benzyl-4,4-dimethyl-r)-oxazolone (I; R 
= CJI 5 CII 2 ; R' - R" - Clh) (Pfizer, P.21) have 
been prepared similarly. Phosphorus tribromide 
and pyridine w('re used to prepare 2-phcnyl-4- 
benzyl-5-oxazolone (Merck, M.S7). Consideniblc 
interest was aroused by a claim by the U])iohn 
group {U.lSb) to have obtained pure crystalline 
2-benzyl-S-oxazolone, m.p. 78-79°, characterized 
by conversion to pheiiact'turic acid and its amide 
and benzylamide. The method of preparation 
involved treatment of pure phenaccturic acid in 
dioxan with phosphorus trihroinide, and decom¬ 
position of the resulting crystalline salt with silver 
oxide or ethereal diazomethane. Repetition of 
this work by another group (Merck, M.50) lod to a 
product, melting at about the same temperature, 
which did not react with benzylamine in the cold 
and appeared to be impure methyl phenaceturate. 
When added precautions to exclude water and 
alcohol were taken, an unstable oily product was 
obtained which by reaction with benzylamine was 
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estimated to contain 71 % of 2-bcnzyl-5-oxa55olonc. 
A later report (Boon, Carrington, Davies, Jones, 
Ramage and Waring, CPS. 1^22) also recorded 
failure to obtain the crystalline oxazolone, and 
adduced indirect evidence tliat it vn as present in the 
oily product. An atlem]jt to obtain 2-benzyl-5- 
oxazolone by the mild azlactonization method using 
acetic anhydride and dioxane at room temperature 
was likc^^ise unsucct'ssful. The oxazolone vas 
probably formed since phenaceturic beiizylamide 
was isolated in yield on treatment of the neu¬ 
tral fraction with benzylamim* (Squibb, 8.44^ 8). 

Other reag(^nts of the sam(‘ t>pe have been used. 
It was found that a-benzamidocinnamic acid 
was conv<'rted to 2-phenyl-t-benzylidene-5-oxaz- 
clone by phosphoryl chloride^ (or thionyl chloride) in 
pyridine (Squibb, S.20)^ by chloroacetyl chloride 
and potassium carbonate, or by uc(‘tyl chloride in 
dioxan {S.25), Ethyl a-benzamidocinnamate also 
gave the oxazolone with phosphoryl chlorick^-pyri- 
dine {S.22) ; the same reagent on the methyl ester 
of benzoylphenylalanine gave no identifiabli^ product 
(Pfizer, PA7), Oxazolones have been produced 
by the action of carbobenzyloxy chloride on acyl- 
amino acids (Cornell Bioch., D.19, 2, 7, 8). 

An attempt to prepare 2-phenyl-5-oxazolone 
from sodium hippurnte and benzophenone dichloride 
(Parke-l)avis, PD.26) was based on the report 
(Evlampiev, J. Gen. Chem. (USSR), 7, 2934 (1937); 
Chem. A6s., 82, 5377 (1938)) that the sodium salts of 
acids are converted to anhydrides by this r(‘agent. 

The reduction of type II oxazolones to type I has 
been achieved (Pfizer, PJ7; 18): 2-phenyl-4-benz- 
ylidene-5-oxazolone was hydrogenated to 2-phenyl- 
4-benzyI-6-oxazolone over palladized charcoal. 
Similarly the reduction of 2-phenyl-4-isopropyl- 
idene-5-oxazolone gave an oily product converted 
by aniline to the anilide of benzoyl valine. From 
the hydrogenation of 2-methyl-4-benzylidene-5- 
oxazolone a substance m.p. 143-146° was isolated, 
which reacted with amines as an oxazolone and 
was presumed to be 2-methyl-4-benzyl-5-oxazolone. 
This substance, however, has been reported 
(Bergmann, Stern and Witte, Annalen, 449, 288 
(1926)) to be a liquid, and the analysis of the 
product is in better agreement, especially for 
hydrogen, with the figures for unchanged 2-methyl- 
4-benzylidene-5-oxazolone, which is reported by 
Erlenmoyer and FrOstiick (Annalen, 284, 48 (1895)) 
to have m.p. 146-147°. Possibly an oil, which was 
reported to be formed also, contained the desired 
oxazolone. 

For the preparation of type II oxazolones throe 
methods are known, apart from the direct dehydra¬ 
tion of the corresponding acid. First there is the 
well-known Krlcnmeyer synthesis. Then there is 
the interesting reaction discovered by Bergmann 
and Stern (Annalen, 448* 20 (1926)), in which 
treatment of an N-(a-halogenacyl)-amino acid 


(VII) with acetic anhydride, preferably in the 
presence of a base, gives a type II oxazolone, e.g., 
chloroiicetylphenylalanine (VII; R = CoHs; R' = 
H) gave 2-methyl-4-benzylidene-5-oxazolone (II; 
R - CHa; R' = CJR; R" - II). Thirdly there 
is the dehydration of jS-oxy-a-acylamino acids, 
conveniently by the use of benzoyl chloride-pyri¬ 
dine; thus Carter, Handler and Melville (J. ISioL 
Chem. 129, 361 (1939)) found that N-benzoyl- 
a//rMhreonin(‘ (VIII) or its or esters, gave 

2-phenyl-4-ethyhdene-5-o\azolone (II; R = Cells; 
R' = Oils; R" = 11) by this treatment. This 
work has been repeated, with modifications (Brod- 
rick. Peak and Wilson, CPS.417). 

EtOCH-=C‘C()Br 

I 

N HC()( TIsCelR 

VI 

RCHaCHCO^lI 

I 

NllCOCilXR' 

VII 

CUzCUCUCOAl 

I I 

no Niicocju 

vin 

Some light has been throwm on the mechanism 
of the P>lenmeyer synthesis. Thus it was found 
(BDH, CPS.IK?) that 2-phenyl-5-oxazolone w^as 
formed from hippuric acid and acetic* anhydride in 
acetone solution, and that the oxazolone reacted 
with acetone in the presence of sodium acetate to 
give 2-phenyl-4-isopropylidene-5-oxazolone even 
when acetic anhydride w^as absent. This suggests 
that 2-phcnyloxazolone is an intermediate in the 
Erlenmcyer synthesis. The mildness of the condi¬ 
tions required to condense benzaldehyde with 
2-phenyl-5-oxazolone was also shown (Merck, 
M.S2): addition of a little pyridine or N-(*thyl- 
piperidine to a mixture of the reactants in cold 
alcohol rapidly gave 2-phenyl-4-benzylidene-5- 
oxazolone. Similarly 2-phenyl-4-ethylidene-5-oxaz- 
olone and 2-plienyl-4'‘Vf'opylidene-5->oxazolone were 
obtained in good yield from 2-phenyl-5-oxazoIone 
with acetaldehyde and propionaldehyde respec¬ 
tively (Bailey, Bradley, Davis, Evans and Mac- 
Lean, CPS.458), The propylidene-oxazolone had 
already been made by the usual Erlenmeyer 
synthesis (Lilly, L.5). An improved method was 
reported (NRRL, C.2) for the synthesis (Ramage 
and Simonsen, J. Chem. Soc., 1935, 532) of 2-phenyl- 
4-isopropylidene-6-oxazolone by the Erlenmeyer 
method. A substantial improvement in the yield 
is efifected by increasing the proportion of acetone 
(May and Baker, private communication). 

The condensation of hippuric acid with diethoxy- 
acetaldehyde and acetic anhydride gave 4,4^-^ 
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glyoxyUdene-bi8-2-'phenyU5-oxazolone (IX) (Dewar; 
Abraham, Baker, Chain and Robinson, CPS4S8), 
Failure to obtain oxazolones from hippuric acid 
and phenylacetaldehyde or 2 -phpnylpropionalde- 
hyde was reported (Boots, CPS,00). 2-(a-Furyl)-- 

4-benzyHdene-5-oxazoIonc was prepared from fur- 
oy Iglycine in the ordinary manner (Jepson; Abraham, 
Baker, Chain and Robinson, CPS,30). 

The question of acyl interchange in th(^ Erlen- 
meyer synthesis has bf'en examined (Elliott, Hems 
and F. A. Robinson, CPS.52] 490), lliere has been 
no report of transaeylation when hippuric acid was 
used, nor is this surprising, for the N-benzoyl group 
is not readily displaced by another. On the other 
hand it was found {CPS.52) that when either 
phenaceturic acid or caproylglycine was refluxed 
with acetic anhydride, benzaldehyde, and sodium 
acetate, the product was 2-methyl-4»benzylidenc-5- 
oxazolone, acyl interchange having occurred, though 
when the reaction is carried out at 100 ° (Erlen- 
meyer and Kunlin, Annalen^ 307, 105 (1899)) a 
small yi(»Id of 2“benzyl-4-benzylidene-5-oxazolone 
could be obtained. The formation of 2 -methyl- 
4-benzylidene-5-oxazolono from phenaceturic acid 
has been reported independently (Pfizer, P.17), 
When caproylglycine was t n^ated with b(*nzaldehyde 
under conditions which precluded acyl interchange 
(caproic anhydride-sodium caproate), a-caproyl- 
aminocinnamic acid (X; K = CtHn) was obtained 
after steam distillation: wdion acetic anhydride 
was substituted for the caprou* anhydride, 2 -m(*tliyl- 
4-benzylidene-5-oxazolone and a-acetamidocin- 
namic acid (X; R = CHz) were also among the 
products. Similarly caproylglycine and acetone 
gave with caproic anhydride-sodium caproate 
a’‘Caproylamino-fi,^-dimethylacrylic acid (XI), con¬ 
verted by heat to 2-amyl-4“\^^pro'pylulene-5-oxazol- 
one; with acetic anhydride-sodium caproate the 
yield was much lower and aceturic acid Avas also 
isolated, unless sufficient sodium caproate was 
present to react with the acetic anhydrid(‘ according 
to the equation 

2C5HnC02Na + (CH3C0)20 

(C5HhCO) 20 + 2CH3(X)2Na, 


which Michael and Hartmann (JSer., 34, 918 (1901)) 
have shown to proceed almost to completion at 
100°. It was later found (CPS.490) that the sodium 
salt of caproylglycine with acetone and caproic 
anhydride gave an improved yield of the acid (XI). 
Some attempts were made without success to find 
the oxazolone in the reaction mixture. However, 
it is difficult to imagine an acylglycine condensing 
per se with acetone under these conditions, and it 
seems likely that 2-amyl-5-oxazolone and 2-amyl- 
4-iBopropylidene-5-oxazolone were intermediates in 
the formation of XI. It may be that the oxazolone 
is in equilibrium with a mixed anhydride: 


(Cn8)2C-=C- 


-CO 


N--C—O + CH 3 CO 2 H 

(i'sH., 

(CIl 3 ).,C=-C CO O COCII, 

I 

NHCOC.Hn 

In any case, it was found that the ring in 2 -aniyI- 
4-isopropylidone-5-o\az()lono was so labile as to be 
opened by moist air. 


CO --C=--(TTCTI—c: - CO 

I I 

N=C- 0 

i«Hs 


0—C=N 

i. 


IX 

CeHsCH^CCOjK 

Ahcor 

X 

(CH,)2C=CC02H 

NHCOC(H„ 

XI 


The other methods for preparing type II oxaz¬ 
olones have also received attention, mainly in 
connection with th(‘ synthesis of 2-methyl-4- 
isopropyhdene-5-oxazolone (II; R = R' = R" == 
CHs). It may be noted that although attempts 
were made by several groups to prepare this sub¬ 
stance, an important intermediate for the manu¬ 
facture of penicillamine, by the Erlenmcyer method 
from acetone and aceturic acid, failure was reported 
in every case. Bergmann’s method, however, 
was applied to prepare this oxazolone from chloro- 
acetylvaline (Cornell Bioch., D.l] 8; Merck, 
M.26)f following the preparation of 2-methyl-4-iso- 
butylidene-5-oxazolone from chloroacetyl-leucine 
(Doherty, Tietzman and Bergmann, J. Biol.Chem, 
147f 617 (1943)); 2-victhyl-4’’^^<^-hutyliden€--6-ox- 
azolone (II; R = R' = CTI 3 ; R" = (MR) has been 
similarly prepared from chloroacetylisoleucine (Ab¬ 
bott, A.IS). Again, Carter's method has been 
used to prepare 2-methyl-4-isopropylidene-5-oxaz- 
olone by the action of acetic anhydride on a-amino- 
iS-methoxyisovaleric acid (Merck, MJ2d] 26). 
a-Acetamido-d,^l-dimethylacrylic acid was pre¬ 
pared from dimethylpyruvic acid and acetamide 
(Merck, M.12d] 36] iicer, King, Muir, Waley; 
Abraham, Baker, Chain and Robinson, CPS.76] 
Hems, Holland and F. A. Robin.son, CPS.224] (‘f- 
Bergmann and Grafe, Z. physiol. Chem.y 187y 184 
(1930)); a-phenylacetamido^5f^'’dimethylacrylic acid 
was prepared similarly ( C1\S. 75). Acetic anhydride 
with the acetamido acid gave 2-methyl-4-isopropyl- 
idene-5-oxazolone {M.35; CPS.224)- 
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Ring-opening Reactions of Oxazolones. The 

general reaction of oxazolones with water, alcoliols, 
thiols, ammonia and primary or secondary amines, 
which may be represented as follows, w’as already 

R' R' 

\ \ 

C—CO—0 + HX --> (^—COX 

/I I /I 

R" N -CR R" NHCOR 

known; indeed the analogy with corresponding 
reactions of ptmioillin was a factor influencing the 
original suggevstion of the tliiazolidine-oxazolone 
formula. 

Some data are available on th(' hydrolysis of 
oxazolones. It was notc'd (Abbott, A,S) that 2- 
phenyl-5-oxazolonc reacted so fast with hydroxyl 
ion that it could be titrated as an acid, and that 
it also dissolved rapidly in sodium bicarbonate 
solution. 2-Methyl-l-bcnzylidcne- 5 -oxazolone in 
^ 0 % pyridine was found to suffer complete hydro¬ 
lysis within one hour at all pll levels between 9.4 
and 4.38 (Upjohn, U,S), In a comparison of the 
reactivity of 2-phenyl-4-benzyl-5-o\azolone with 
that of 2-phenyl-4-benzylidene-5-oxazolone (\ew- 
bery and Raphael, CPS45; 02), it was found that 
the former was rapidly hydrolj^zed by 2 N acpieous 
acid or alkali under conditions which left the 
latter unchanged; methanol in th(» cold gave 
analogous results. 2-Phenyl-4-benzyl-5-oxazolone 
has been stated (BDH, CPS,56) to redact with 
alcohols more rapidly than 2-phenyl-5-oxazolone. 

The effect of acidic and of basic catalysts in 
assisting the alcoholysis of oxazolones had already 
been recognized. Some studies of al(:oholysis were 
made. The stability of 2-i)henyl-5-oxazolonc in 
neutral alcohol at 25° and at 00° was studied 
(Abbott, A»S); the half-life periods were sixteen 
hours and one hour respectively. 2 -Phenyl- 4 - 
methyl-5-oxazolone at 00 ° showed a half-life 
period of ninety minutes. 2-Phenyl-4-benzylidenc- 
5-oxazolonc with alcohol or 70% alcohol was 
attacked very slowly; however, when enough 
sodium bicari 3 onate was added to the solution 
in 70% alcohol to give a pH of approximately 
9, a good yield of ethyl a-benzamidocinnamate 
was produced. Stronger alkali slowly gave the 
sodium salt of a-benzamidocinnamic acid. The 
preferential reaction with alcohol is interesting 
(Winthrop, W.S). 2-Phcnyl-4-isopropylidene-5- 
oxazolone was found to be converted quantitatively 
to methyl ot-benzamido-d,j3-dimethylacrylate by' 
cold methanol in the presence of sodium methoxide 
or benzyltrimethylammonium hydroxide (Cook, 
Elvidge, Hall, Ileilbron and Shaw, CPS,270). It 
was not found possible to prepare ethyl a-benz- 
amidocrotonatc from 2-phenyl-4-ethylidene-5-ox- 
azolone under various conditions (Brodrick, Peak 
and Wilson, CPS.417). 'J'he results suggest addi¬ 
tion of alcohol to the double bond. 


The a(;tion of absolute methanol on 2-benzyl-4- 
methyl-5-oxazolone and 2-benzyl-4,4-dimcthyl-5- 
oxazolone was found (Shell, Sh.3) to give mixtures 
from which the expected a-acylamino esters were 
not isolated. Similar obsc'rvations were made of 
the action of anhydrous methanol on 2-benzyl-4- 
(p-melho\ybenzyl)-5-oxazolone (Squibb, S.S 8 ), and 
later {S. 4 O) a study was made of the reaction. The 
product was separated into a neutral fraction from 
which the “normal'^ esicT, N-phenylacetyl-p-meth- 
oxyphenylalanine methyl ester (XII; R = p-meth- 
oxyphenyl), was isolated. The acidic fraction 
contain(‘d a substance showTi to be N-{phenylacctyU 
p-7nethojcyphe7iylalanyl)-p-methoxyphenylalanine 
(XIII; R = p-methoxybenzyl). Methanolysis of 
2-benzyl-4-isobutyl-r)-oxazolone in the same way 
gave N-phenylacetyl-leucinc methyl ester (XII; R = 
isopropyl) along with N(phcfiylacpiyt4eucyl)-leurine 
(XIII; R = isopropyl), its methyl ester, and a little 
leucine. In the second methanolysis methyl phen- 
ylacetate was also produced, and in the first an 
odor of phenylacetic acid was noted. It was 
pointed out that the formation of a dipeptide and 
phenylacetic acid from two molecules of the oxazol¬ 
one required the addition of two molecules of water, 
and suggested that enough water might have been 
taken up during the reaction period to account for 
the result. 

C6ii5Cii2roNiiriiRC02Cii8 

XII 

(^lUCTIaCONHITIR'C^ONIICHRCOoII 

XIII 

There is, however, an alternative explanation. 
If one suppos(‘s the oxazolone in this case to behave 
as an imino-ether, the “ortho-ester” reaction with 
methanol could take* place as follows: 

RCIl - (^O 

I I 

0 -t- 2Cni«OH 

I 

011206115 

C6H6CH20(0CH3)20'C0CHRNH2 

XIV 

The intermediate XIV could react further with 
methanol to give methyl orthophenylacetate and 
leucine; it could also react with another molecule 
of the oxazolone to give the intermediate O 6 H 5 CH 2 
0(()0H3)2;0C0CHRNH000HRNH00CH2 
CcHs. It is easily seen that this intermediate, by 
the action either of more methanol or of the water 
used in working up the mixture, could serve as a 
source of the dipeptide acid and ester and of 
phenylacetic acid and ester. According to this 
scheme, water plays no part in the initial reaction, 
which seems more in harmony with the observed 
facts. It may be noted that Bergmann and Grafe 
{Z. physiol. Chem.j 187, 184 (1930)) found that the 
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action of alcohols in the cold on 2,4-dimpthyl-4- 
acetamido- 5 -oxa 2 olone (I; R = K' = CH 3 ; R" ~ 
NIICOCH 3 ) gave a-acetamidoalanine (XV); 
butyl acetate was also found in the ease of butyl 
alcohol. This is analogous to tlie production of 
leucine and methyl phenylacetate mentioned above. 
A few reactions of oxazolones with thiols were 
noted; some of the special cases Avill be referred to 
later. 2-Phenyl-5-oxazolone and benzyl mercaptan 
gave benzyl' thiolfuppurate (Abbott, A,4; 12); 

attempts to regenerate the oxazolone from 
this were unsuccessful. The henzylthio ester of 
a:-phenylacetamido/.'?obu tyric acid was similarly 
prepar(‘d (Shell, Sh.S) from 2-benzyl“4,4-dimethyl- 
5-oxazolonc. 

A large number of reactions have been carried 
out between oxazolones and amines; sometimes 
the formation of an amide was the sole (widence of 
the presence of an oxazolon(\ These reactions 
are reported in the experimental section along witli 
the parent oxazolones; a few case's of more geiu'ral 
interest may be mentione^d hen'. Amidation 
of the carbonyl group is fac ile and occurs in many 
cases at low tc'rnpcratures and in acpic'cms or other 
solution, or with anhydrous base (cf. amidation of 
2-pht'nyl-4-b(‘nzyh5-o\azol()n(* in dry liciuid am« 
monia (C/ornc'll Bioch., J),J9, 5 )), In their com¬ 
parison of 2-ph('nyl-4-b('nzyl-5-oxazolone with 2- 
phenyl- l-bcnzylidcmc'-S-oxazolonc', Nc'wbc'ry and 
Raphael {CPS.45) found that reaction with 
benzylamiiie proceedc'd faster w'ith the former 
substance; wdth aniline' {CPS.02) no essential 
difference in speed was dctc'cted. The fac't that 
almost all types of oxazolonc' react with benzyl- 
amine to form a-acylarninoacylbc'uzylamides has 
bec'u usc'd to determine the proportion of oxazolonc 
in a mixture (Merck, M.40)y the sample bc'ing 
mixed with bcnzylaraine in benzene. After reac'- 
tion (c'igliteen hours at room temperature') the 
excess b 'nzylamine is c'xtracted by excess standard 
acid, titration of which givc's the ^^azlactone 
equivalent'^ (percentage of oxazolone in sample). 
The course of reaction of oxazolones with ci-a- 
phenylothylaminc' has bec'n followed polarimetri- 
cally (Pfizer, P.18] 19); no appreciable change' in 
rotation was found wlien 2-pheriyl-4-benzyl-5- 
oxazolone was kept with Z-menthol for three 
days in dioxan. 2-Phenyl- I-carbethoxy-5-oxaz()l- 
one, which is a strong cnol, gave with benzylamiiie 
a salty only converted to the normal benzylamide 
on heating in xylene (Merck, M.23). The reaction 
of 2-phenyI-5-oxazoione and of 2-benzyl-4-sec.- 
butyl- 6 -oxazolonc with aniline hydrochloride was 
tried (Abbott, A.12). In each case the normal 
anilide was produced, along with the corresponding 
acid. Reaction of 2-phenyl-4-benzyl-5-oxazolone 
and of 2-phenyl-4-isobutyl-5-oxazolonc with n-cyst- 
eine methyl ester gave the normal amides (XIV; R 

benzyl or isobutyl), the amino group taking 
precedence over the thiol (Squibb, S.21). Reaction 


with cysteine apparently took a similar course 
(Squibb, S.24] Winthrop, W.10). 

The action of hydrazim' on oxazolones was the 
subject of some confusion in the literature; this has 
now^ been ck'ured up. Heller and T.auth (/icr., 
52y 2303 (1910)) suggested that the usual product 
W’^as an oxazolidone (XVII). 

NHCOCH;, 

I 

CIIsCIPCOJI 

I 

NH 2 

XV 

CeHsCONHClIRCO CO 2 H 

NlI^-CIICHaSH 

XVI 

Nil- CR'R'^ 

I I 

RC—O—C^O 

i 

N11N112 

XVII 

The only definite evidenee adduced was that 2- 
phenyl-4,4-dimethyl-5-()xazolone with hydrazine 
gave under diffc'rent conditions two products, 
apparently isomeric, one of which was formulated as 
XVII (R - Celh; R' = R" - (MI 3 ), and tlw' other, 
which was much higher-melting, as the liydrazide 
CellfiCONIir(C11 3 )zCON 11NII 2 . Repetition of 
this work (Wilson; Abraham, Baker, Chain and 
Robinson, CPS.44’'>) gav(' only one product, the 
lower-melting one. This had the properties of tlie 
hydrazide, and it was suggested that the higher- 
melting substance was the diacylhydrazine. It was 
also found that 2-phenyl-l-methyl-5-oxazolono 
gave a normal hydrazide, the b('nzylidene derivative 
of which corresponded to that obtained by Curtins 
(/. pr. Chem.y 70, 142 (1904)) from benzoylalanino 
ester. Heller and Lauth (iicr., 52, 2303 (1919)) also 
suggested the oxazolidone structure for the product 
from hydrazine and 2-phenyl-4-bonzylidene-5-ox- 
azolone. Apparently they could not reconcile the 
normal hydrazidt' structure with the solubility of 
the product in alkali; but tlu'n' appears to be ample 
analogy for this, and evidence was adduced (Wil¬ 
son; Abraham, Baker, Chain and Robinson, CPS. 
91) in support of the hydrazide structure (XVIII; 
R = CeHe; R' = H). The hydrazide gave an 
azide, which on heating wit,h xylene was converted, 
doubtless through the isocyanate, to 2-^kcto-4- 
benzylidenc-6-phenyl-l ,3,5-oxadiazi ne (XIX; R = 
C 6 H 5 ; R' = H), which on hydrolysis with aqueous 
alkali gave ammonia and sodium carbonate; ‘Hhe 
formation of carbon dioxide consequent on a typical 
Curtius rearrangement is diagnostic of the site of 
the hydrazine residue." 
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The azido of a-bciizoylainino-/3,/3-diin(‘t.hylacr>'lic 
acid was similarly prepared (Wilson, Abraham, 
Baker, Chain and Robinson, CPS.446) and con¬ 
verted by boiling with xylene to the oxadiazine 
(XIX; R = R' = CH,). 

It was claimed by Vanghelovici, Moisc and Stef- 
anescu {Soc. Chim. Romania Sect. Soc. romane 
Stiinte, Bui. Chim. pura apl. (2), SA, 85 (1941-2); 
Chem. Zentr. 1943, II, 1275; Chem. Abs. 38, 5500 
(1944)) that certain oxazolones, d.g., 2-phenyl-4- 
benzylidenc-5-oxazolone, on mild treatment with 
hydrazine gave addition compounds, c.g. XX, 
and that more vigorous treatment gave the isomeric 
hydrazides (XVIII). Investigation of the isomeric 
pair from 2-phenyl-4-benzyIidene-6-oxazolonc 
(NRRL, C.I 4 ) showed that the isomer formed under 
mild conditions had the ultraviolet absorption 
spectrum which would be expected of the normal 
hydrazide (XVIII; R = CeRj; R' = H); for the 
compound formed at a higher temperature the 
pyrazolidone structure (XXI; R = CjHj; R' = H) 
was suggested. The authors of CPS.443 agreed 
with this view, and showed that whereas the 
Roumanian workers had claimed that both isomers 
formed azides with nitrous acid, the compound 
now presumed to be the pyrazolidone gave a 
product w'hich was certainly not an azide; the other 
isomer gave the normal azide as previously men¬ 
tioned. It was found that the pyrazolidone was 
formed by heating the hydrazide with alcoholic 
hydrazine hydrate; S,S-dtinethyl-4-bemoylamino-3- 
pyrazolidone (XXI; R = R' = CH») was similarly 
prepared from the hydrazide XVin (R = R' = 
CHi). Some reactions of the hydrazide XVm 
(R«C,H,; R'»H) are described iflPSM; 


443). On warming with alkali 6-hydroxy-5-benzyl- 
3-phenyl~l,3,4-triazine (XXII) was produced; this 
structure was preferred to the tautomeric XXm 
because of the pale color. The hydrazide on oxida¬ 
tion with potassium ferricyanide gave N,N'-Ha- 
a-benzoylaminocinnamoylhydrazmc (XXTV) (alsopro¬ 
duced from the hydrazide and 2-phenyl-4-benzyl- 
idene-5-oxazolone) together with a by-product, 
which formed benzoylphcnylalanine on alkaline 
hydrolysis and possibly had the stnicturc XXV (see 
experimental section). An interesting reaction 


C -CM] NIICOCJI, 

/I I 

II' Nil—NH—(’() 

XXI 


CJUCMlsC^ 


C—N 


N^C" 


CO—NH 


CJRCII-C 


xxni 


C,HtCH--C-CO CO—C-=CIICeH, 


C.HsCONII Nil-NH NHC0C,H4 

XXIV 


CHOH 


C,IHCH=-C^ 


\ 

NC0C,H5 


CJItCO—N C=CHC.H5 

\ / 

CIIOII 

XXV 


was encountered when 2-phenyl-4-benzyI-5-ox- 
azolone was treated with potassium cyanatc and 
acetic anhydride. The product was not a hydan- 
toin (cf. p. 742) but a benzoylamino-ketone, namely 
1-bcnzoylamino-l-benzylacetone (Cornell Bioch., 
D.S8, 17; SS, 1). 

Reactions of Type H Oxazolones. Some reac¬ 
tions apparently involving the double bond in 
type n oxazolones have been discovered. Diazo¬ 
methane with 2-phenyl-4-benzylidene-5-oxazolone 
(Pfizer, PJ9) gave a product differing from the 
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starting material by CH*. It did not add bromine 
and was considered likely to be the spiran (XXVI). 


CeHsCH—C- 


La 


CCCell,)- 

XXVI 


-CO 

-i 


CH, 

^C-CHCONHa 

/I 1 

CII, NH, NHCOCell, 

XXVII 

CII, NHCOC,II 


\ 

C—CII 

/I 


/ 

\ 


CH, 


I COaCII, 

SCH2C,H5 

XXVIII 


5 


The action of liquid ammonia on 2-pheiiyl-4-iso- 
propyli(l(me“5-oxazolone gave along with a-hcuz- 
amidO’-t^yP-dimethylacrylamuic a smaller amount of a 
basic product, possibly XXVII (Cornell Bioch., 
D.29). 

Addition of hydrogen sulphide and of mercaptans 
to the double bond of type II oxazolones has 
received extensive study in connection with various 
8 ynth(\ses of peni(*illamine. When 2-phenyl-4« 
isopropylideTi(‘-5-oxazolone ih treated with benzyl 
mercaptan in the presence of methanolic sodium 
m(*thoxide, the products are methyl a-herizamido-fi,^’- 
dimcthylacrylati and mdhyl a-beuzamido-^-berizyl- 
thio-isovalerate (XXVIII) (Merck, MJ2d; Copp, 
Duffin, Smith and Wilkinson, CPS,672), and it 
seems probable that addition of benzyl mercaptan 
does not take place until after the ring has been 
opened; it had already been established (Carter, 
Stevens and Ney, J. BioL Chem,y 139y 247 (1941)) 
that an acrylic ester could be used instead of an 
oxazolone in this synthesis. Similarly 2-phenyl-4- 
benzylidone-5-oxazolone under the same conditions 
gave methyl a-beiizamido-ff-benzylthio-fi-phenylpro^ 
pionate (Cook, Graham, Harris and Heilbron, 
CPS 402) . 2-Phcny l-4-isopropylidene«5-oxazolone 
on heating with benzyl mercaptan or thioacetic 
acid gave 1:1 addition products of undetermined 
constitution (Cook, Elvidge, Hall, Heilbron and 
Shaw, CPS,270). With benzyl mercaptan in the 
presence of morpholine, the benzylthio ester of a- 
benzamido-i3,)0-dimethylacryh'c acid was produced 
(Poole; Abraham, Baker, Chain and Robinson, 
CPS,76), In the case of 2-methyl-4-isopropylidene- 
S-oxazolone it was found that reaction with a 
mixture of benzyl mercaptan and methanolic 
sodium methoxide gave largely the benzylthio ester 
of a-*acetamido«i9,i5-dimethylacrylic acid, and that 
in order to add benzyl mercaptan to the double 
bond it was necessary first to allow the oxazolone 


to react with methanolic sodium methoxide with 
formation of methyl a-aeetamido-/3,/5-dimethyl- 
acrylate (Cornell Bioch., D,l; 10), Thus there is no 
direct evidence that benzyl mercaptan has been 
added to the double bond of a type II oxazolone. 
2-Phenyl-4-isopropylidene-5-oxazolonc is reported 
to form a 1:1 addition product with sodium bi¬ 
sulphite (May and Baker, private communication). 

Addition of hydrogen sulphide to 2-phenyl-4- 
isopropylidenc-5-oxazolone proceeded in the pres¬ 
ence of triethylamine. The main product was 
p-thioUa-benzamido-thioisovalcric odd (XXIX; R = 
ChHb) (BDH, CPS.50), A similar result was 
obtained with 2-mcthyl-4-isopropylidene-5-oxazol- 
onc, the product being fidhiol-a-acetomidodhioiso^ 
valeric acid (XXIX; R = CII 3 ) (Bailey, Bradley, 
Davis, Evans and MacLean, CPS.458), It was 
considered probable that the initial step was an 
addition of hydrogen sulphide to the double bond, 
for neither a-benzamido-|5,/5-dimethylaerylic acid 
nor its methyl ester was found to add hydrogen 
sulphide under these conditions. 

The addition of hydrogen sulphide to 2-methyl- 
4-isopropylidene-5-oxazolone in the presence of 
methanol and a little sodium methoxide (Merck, 
M.12d; 26) gave N-acetylpenicillamino and a 
product, considered to be 2,5,5-trimethylthiazoline- 
4-carboxylic acid (XXX), w^hich was converted to 
N-acetylpenicillaminc on heating the water solu¬ 
tion. It was later shown (Allan, Boon, Carrington, 
Gaubert and Levi, CPS,525; Boon, Carrington, 
Davies, Gaubert, Jones, Ramage and Waring, CPS. 
634) that the use of sodium methoxide was un¬ 
necessary; the thiazoline was also identified, as its 
methyl ester picrate. The formation of the thia¬ 
zoline possibly proceeds by addition of hydrogen 
sulphide to the double bond followed by a displace¬ 
ment as shown: 

(CH 3 ) 2 C-ClICOSH 

I I 

SII NHCOR 

XXIX 


CH (CH,) 2 C-CIICO 4 H 

/I \ II 

(CH 3 )sC N CO S N 

I II I \ / 

HS->C->—o c 

in* CH» 

XXX 

2-Phenyl-4-isopropylidene-5-o\azolone similarly 
gave 2-phenyl-5,5-dimethylthiazoline-4-carboxylic 
acid {CPS,634), With alcoholic sodium hydro¬ 
sulphide a product was obtained wdiich appeared 
to be 2-pheNyl-4^isopropyJidcne-Sdhiazolo7ie (Baker, 
McOmie; Abraham, Chain and Robinson, CPS.76). 
It was found (Robinson, Wilson; Abraham, Baker 
and Chain, CPS,76) that the methyl groups in 
2-phenyl-4-isopropylidene-5-oxazolone are suflS- 
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ciently activated to underp:o a condensation with 
benzaldehyde, ftiving 2-plienyl-4->})erizylideneis()- 
propylidene-5-oxMZ()lone (XXXa). Condensation of 
benzylident»acetone with hippnric acid in the usual 
way Rave, apiian'nily, a niixtun^ of geometrical 
isomers of the saim' constitution (XXXa). N- 
Bromosuccinimidi^ was said (Lilly, LA, ^0) to 
convert 2~phenyl-l-isopropylidene-o-oxazolone into 
the monobromoisopropylidfau'oxazolone (XXXb). 

C J1 ClI C - (X)—() 

I 

ill, N C(\ll5 

XXXa 


Hrcux^ -c-ay 

I ! 

ill, \ - 

XXXb 


() 


The reactivity of th(» methyl group in 2-'i)henyl-4- 
isopropylidene~5-oxazolone is obviously an example 
of the well-known activation of methylene by a 
carbonyl group through a double bond (crotonoid 
system). This is often associated with the existence 
of pseudo-acidic character and Poole and Robinson 
(private communication) have observed that iso- 
propylidcnophenyloxazolorie exhibits a weak violet 
fluorescence in triethylumine. C)n the addition of 
sodium methoxide to an alcoholic solution an 
intense blue-violet fluorescence is observed in ultra¬ 
violet light. This soon disappears and the oxazol- 
one is then found to have bec'ii converted by ring¬ 
opening into the acylaminocinnamic ester. The 
enolic form of the oxazolonc w ould be of propenyl- 
oxazole type and henc(' the intensc^fluorcsccnce. 


Clls (^0—0 


\ 


cn, 

I . 

-> c 




o- 

c—o 


N-CPh 


\ 


N==CPh 


Miscellaneous Reactions of Oxazolones. It has 

been reported (Merck, MM) that 2-bcnzyl-4- 
mcthyl- and 2-methyl-4-benzyl-5-oxazolone each 
showed 0.54 active hydrogen atoms in the Zere- 
witinoflf determination, with 1.3 and 1.1 moles of 
bound reagent respectively. 2-Phcnyl-5-oxazolone, 
it was reported, showed almost 2 active hydrogen 
atoms (Cook, Elvidge, Heilbron and Levy, CPS, 
44S), By the action of excess phenylmagnesium 
bromide on 2-phenyl-4-methyl-5-oxazolone (Ab¬ 
bott, A,8), lyl-diphenyL2A)enzoylamirio-l-'propanol 
(XXXI) was obtained. The action of ethyl mag¬ 
nesium bromide on 2-phenyl-6-oxazolone and 
2-phenyl-4-methyl-5-oxazolone gave dimerides of 
the original oxazolones. These are discussed later 
(Cook, Elvidge, Heilbron and Levy, CPS.44S), 
A mixture of triethylamine and hydrogen cyanide 
reacted with 2-phenyl-6-oxazolone to give two 


acidic products. One of these w^as formulated aS 
the imino-nitrile (XXXII); the other w'as the di- 
meride of 2-ph(‘nyl-r)-oxaz()l()n(\ 2-Phenyl-4-meth- 
yl-5-oxazolono und(‘r these conditions gave' a neutral 
product, apparently formed by 1:1 addition of 
hydrogen cyanide (Bailev, Baker and Bradley, 

CPS.U4). 

Attempts to obtain quaternary salts from oxazol¬ 
ones by the a<*tion of methyl iodide, sulphate or 
p-tolueiu‘sulplionai(s or of benzyl chlorid(», w'ere 
unsuccessful (BDII, CPS.202). SilvcT perchlorate 
complexes of 2“ph(‘nyl-r)-oxazolone and 2-benzyl-4- 
m(‘( li\ l-r)-o\azolone have been prepared (Brodrick, 
Peak and Whilinont, CPSJfJM)- Attempts to 
introduci* a 4-formyl group into 2-phenyI-5-oxazol- 
on(‘, using potassium or sodium and ethyl formate, 
led to no recognizable products (Boon, Carrington, 
Davies and Jon(‘S, CPSJft), 2,l-Diphenyl-5-ox- 
azolone was apparently converti'd by the same 
reagents to a stabiliz(‘d enolie form (XXXIII), w^hich 
like the oxazolone gave the anilide of benzoylphenyl- 
alanine wdth aniline (Barber, Gregory, Slack, 
Stiekings and Woolman, CPS.234). 

(Cell,),C - CIKII, 

! I 

on Nii('()(\ii5 

XXXI 


NCnLyCOjII 


CellrX’f'N 

XXXII 

N-CCIbIIb 

I! II 

O—C(()I1) 

XXXIII 

The action of inereurie acetate on 2-phenyl-4- 
isobutyl-5-oxazolone and 2-phenyl-4-benzyl-5-ox- 
azolone gave mercurous acetate and crystalline 
substances which wen* formulated as the 4-,4'-bi8- 
oxazolories (XXXIV; R - isobutyl or benzyl), on 
the basis of their absorption spectra and molecular 
weight and the fact that 2-benzyl-4,4-dimethyl-5- 
oxazolone was not significantly oxidized by mer¬ 
curic acetate. 2-Phenyl-5-oxazolone was readily 
attacked but no pure product could be obtained 
(Squibb, S.I81; 24)- 

An attempt to reduce the /3-acid chloride of 
2-methyl-4-carboxymethyl-5-oxazolone (Harington 
and Overhoff, Biochem. J., 27, 338 (1933)) by the 
Rosenmund method was unsuccessful (Cornell 
Bloch., D.21). 

N-C(R)—(R)C-N 

C.hJ—O—CO io—0 —CC,H, 

XXXIV 

Pseudoxazolones. The method of Bergmann for 
making type II oxazolones has already been men- 



OXAZOLONES 


739 


tioned; in special cases it has now boon found 
to lead to compounds of a now class, the pscaul- 
oxazolones. King, Waloy; Abraham, Baker, Chain 
and Bobinson {CI^S,08} found that vvh(‘n N-(a- 
bromophenylacotyl)glycino was iroab'd with cold 
acetic anhydride and pyridine, a halogen-fro(' 
neutral substance was obtained, which could only 
be formulated as XXXV (R = H), ov^-henzylidcuc- 
psevdoxazoloNc (2**benzylidene“5(2)-()xazolone). 
Acid hydrolysis gav(' phenylac(*tamide. 

Later (Winthi'op, IT.5) an attempt was made 
to prepare 2-benzyl-4-methylone-5-o\azolon(‘ (II; 
R = Cellf,; R' — R" ~ 11) by Bergmanri’s method 
from N-(a-chlorophenylacetyl)alanin(‘. A sub¬ 
stance of the exp(‘cted composition was obtained, 
and found to give «-pheiiylac(‘tamidoacrvlic acid 
(XXXVI) on alkaline hydrolysis. This acid was 
synthesized by heating pyruvic acid with phenyl- 
acetamide (cf. Bergmann and (irafe, Z. pfn/ftioL 
Chem,^ 187, 187 0930)); the resulting a,cv-di-Cphenyl- 
acetamido)propionic acid (XXXVII) was convert(*d 
to the acrylic acid (XXXVI) by heating with acetic 
acid, Bottinger (Ber., H, 1599 (1881)) claimed to 
have synthesized XXXVII by treating pyruvic acid 
with benzyl cyanide in concentrated sulphuric 
acid; no analysis of the product was given. This 
work was r(‘peated and the acid found to be identical 
with XXXVIL The acrylic acid (XXXVI) on treat¬ 
ment with acetic anhydride gave in poor yield the 
same substance that had been obtained from 
phenylchloroacetylalanine (Winthrop, WAJi), It 
was at first assumed that this substance was 2 -benz- 
yl-4-methylene-5-oxazolone. However, Oxford 
workers (King, Waley; Abraham, Baker, Chain and 
Robinson, ('PS,!27^), who had also obtained the 
substance from a:-l>ronioplienylacetyl)alanine, 
pointed out that its properties closely resembled 
those of their 2 -benzylidenepseudoxazolone; in 
particular, the absorption spectra were practically 
coincident. They suggesl(‘d, therefore, that tfie 
true structure was that of "2A)cnzyUdvne-Jf-v\dhyl- 
pseudoxazolonc (XXXV; R = CII 3 ); in confirmation 
it was later {CPS,4*^t) found by the same group 
that hydrolysis proceeded, even with aqueous 
acetone, to phenylacetamide and pyruvic acid. 
It is unlikely that the acrylic acid (XXXVI) was an 
intermediate under tliese conditions. The pseud- 
oxazolone structure has been accepted by other 
groups (Winthrop, WAO; Newbery and Raphael, 
CPS.378). 

N— CR 

C6llBCH=i—o—io 

XXXV 

CO*H 

CH*==iNHCOCH,C,HB 

XXXVI 


rOsH 

I 

('II,('(NHCOCH2C6Tl6)2 

XXXVII 

Th(’ prt‘i)ara 1 ion of the* pseudoxazoloiKJ (XXXV; 
R — (TI 3 ) from either a-phenylchloroacotylalanine 
or a'-plienyl;iC(4amidoacrylic acid suggests not only 
that i)seiido\:izolon(‘s are internu^diates in (he 
B(‘rgmanri synthesis of typ(‘ II oxazolori(\s, but also 
that pseudo\azolom‘s in gcmeral may be in dynamic 
equilibrium with th(‘ (\i)c' II structure, the position 
of equilibrium b(*ing d(‘ti*rrnin(‘d by th(' particular 
circumstances. For e\anq)le, in XXXV (R = CTI 3 ) 
the ps(‘udo\azolon(' structure' is ])r(>bably more 
stable bocaust' of its gnaitcT dc'gn'e of conjugation. 

The possibility of using substances of this type for 
synlh(‘sis of th(' thiazolidinc'-oxazolone struct.un* 
suggested for penicillin has Ix'cn the' subject of 
several inv(‘stigations. liromine was added to 
2-benzyliden('-4-m(*thylpseudoxazolonc (this was at 
a time when the true structun' was not realized), 
and the product condensc'd witli penicillamine, best 
in the presence of potassium acetate-acetic acid. 
A low' order of antibacterial activity was thereby 
attained; part of this appeared to be du<* to bromo- 
pyruvic acid, which w’as found to have an activity of 
0 U./mg. against CJram-positive organisms. Other 
active substances inhibiting Gram-negativ(‘ organ¬ 
isms w'ere also present, but as it w'as considered 
that no p(*nicillin was there, this line was abandont'd 
(Winthrop, IF.f/; 7). 

The reduction of 2-benzylidene-4-mcthylpsciid- 
oxazolone to 2-benzyl-4-methyl-5-oxazolono was 
achieved (King, Waley; Abraham, Baker, Chain 
and Robinson, CPS.325) by hydrogenation in ethyl 
acetate over Raney nickel catalyst; if tins was 
carried out in mc'thanol the product was methyl 
a-phonjlacctamidopropionatc. The oxazolone was 
identified by its reactions as well as its general 
properties. A less decisive result had previously 
been obtained (King, Waley; Abraham, Baker, 
Chain and Robinson. CPS.08): hydrogenation of 
2 -benzylidenepseudoxazolone followed by addition 
of aniline gave a very small amount of phenaccturic 
anilide. The successful reduction gave substance 
to a hope that the thiazolidine-oxazolone structure 
might be accessible by reduction of the correspond¬ 
ing pseudoxazolonc. 

Attempts to oxidize 2-benzylidcne-4-mcthyl- 
pseudoxazolone with selenium dioxide, or to induce 
reaction with N-bromosuccinimide or p-nitroso- 
dimethylaniline were unsuccessful (King, Waley; 
Abraham, Baker, Chain and Robinson, CPS.272] 
Winthrop, W.IO). The action of pyridine-acetic 
anhydride on a-bromobenzylpenaldic acid diethyl 
acetal (XXXVIII; X = Br, R = H) gave an oily 
product having the composition of 4^icthoxy- 
metf}yl-2-benzylidenep$evdoxazolo?ie (XXXV; R = 
CH(0C2H5)2) (CPS.272). Condensation of this 
acetal with penicillamine appears to have failed. 
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In another attempt (Newbery and Raphael, 
CPS,378) methyl a-chlorohenzylpenaldate diethyl 
acetal (XXXVIII; X = Cl; II - CII 3 ) was con¬ 
densed with DL-penicillamine to give a-methyl dl- 
a-chlorobemylpcmcilloate (XXXIX; R = CIIs). 
This was saponified, the resulting DL-a-chloro- 
bcnzylpenicilloic acid (XXXIX; R = H) being 
characterized by mercuric chloride fission to a- 
chlorophenylacetamidoacetaldehyde, identified as 
the 3yJrdinitrophe7iylhydrazoNC, The acid reacted 
with acetic anhydride-pyridine to give a halogen- 
free, microcrystalline product with the approximate 
composition of a dehydro-benzylpenicillin. The 
absorption spectrum did not permit a decision 
between the oxazolone structure (XL) and the 
pseudoxazolone structure (XLI). When later it 

(C2H60)2CHCH-C()2R 

I 

NHCOCHXCelU 

XXXVIII 

(Cll3)2C—S—CH—(^ICOoR 

I I I 

RO 2 C—CII-Nil NHCO CIlX CellB 

XXXIX 

( 0113 ) 20 —S—C==C—CO—0 

HO 2 CCH-Nil N==C^H 2 CeHB 

XL 

(CH3)20—S—OH—0—CO—0 

I I II I 

HO 2 CCH-Nil N-C=-CHC 6 Hb 

XLI 

was found (Newbery and Raphael, CPS,Jt78) that 
the substance failed to react with mercuric chloride 
and that unlike 2-benzylidene-4-methylpseudoxaz- 
olone it gave no benzaldehyde on ozonolysis, the 
oxazolo7ie formula (XL) was preferred. Various 
attempts to introduce hydrogen led to no useful 
result. An attempt to obtain an analogous sub¬ 
stance by condensation of 4,4-dimethyl-5-carbo- 
methoxy- 2 -thiazolidone with hippuric acid was 
unsuccessful. 

The preparation of this ‘‘dehydropenicillin^’ 
using D-penicillamine instead of DL-penicillamine 
was repeated by another group (Pfizer, P.31; 32; 33). 
It was found that the D-a-chlorobenzylpenicilloic 
acid so obtained had lost a considerable proportion 
of its halogen. Treatment of the acid with pyridine- 
acetic anhydride gave a product corresponding to 
dehydropenicillin plus one molecule of water. 
No loss of water occurred on drying; however, the 
product corresponded in many properties to the one 
previously reported. The only essential difference 
in the experimental procedure appears to have been 
the use of sodium bicarbonate by the later workers 
in purifying their product. 

There is a possible explanation of this discrepancy. 


A remarkable property of the ^Mehydropenicillin'^ 
prepared by both groups was the dark green color, 
extractable by organic solvents, which it gave with 
ferric chloride. This was not due to a thiol group 
for the color was permanent and the nitroprusside 
reaction was negative. It is diflficult to see why 
such a color should be given by either XL or XLI, 
but it is known that substances containing the 
4-hydroxymethylcne-5-oxazolone structure give blue 
or green colors, extractable by organic solvents, 
with ferric chloride. This leads to the suggestion 
that the hydrolysis product (XLII) was present, to a 
slight extent in the original '^dehydropenicillin,^' 
and almost exclusively in the later, hydrated’^ 
preparation. This view seems compatible with all 
the known facts; the enol grouping should by 
analogy be strongly acidic, and thus compensate 
for the change in neutralization equivalent pro¬ 
duced by the amino-group liberated at the same 
time. An additional point is that the ^‘hydrated*' 
preparation, unlike the earlier one, was insoluble in 
ether. 

((^113)20-S-C—CO—0 

I III 

ii02CciiNn2 on n — ^ -^cciigCeHB 

XLII 

CHaC^OCH 00202115 

I 

NIlCOCHClCeHB 

XLIII 

Attempts to purify the ^Miydrated dehydro¬ 
penicillin” through the methyl castor, or to prepare 
this methyl ester by treating dimethyl D-a-chloro- 
benzylpenicilloate with pyridine-acetic anhydride, 
were unsuccessful. Ethyl a-{a-chlorophenylaceU 
amido)acetoacetate (XLIII) was prepared (Newbery 
and Raphael, CPS.478; Newbery, Nineham and 
Raphael, CPS.674) in the hope of obtaining a 
homologue of dehydropenicillin” in which only 
the pseudoxazolone structure analogous to XLI 
would bo possible; however, XLIII could not be 
induced to form a thiazolidine. 

The preparation of the thiazoline-pseudoxazol- 
one (XLIV) was also, undertaken. ,1-Aminocarb- 
ethoxymeihyU4-carhomethoxy-5y5-dimethylthiazoline 
was converted to the N-a-chlorophenylacetyl deriva¬ 
tive (XLV); a preliminary experiment indicated that 
this was possibly converted to a pseudoxazolone by 
alkaline hydrolysis followed by treatment with 
acetic anhydride, but no further work was reported 
(Barltrop, King, Walcy; Abraham, Baker, Chain 
and Robinson, CPS.649). Attempts to obtain the 
thiazoline XLV by condensation of ethyl a-{a-^hloro- 
phenylacetamido)inalonate with penicillamine methyl 
ester were unsuccessful (Newbery, Nineham and 
Raphael, CPS.674), as was also an attempt to 
make 2-benzylidene-4-carbethoxypseudoxazolone 
(XXXV; R « COjCaHt) by half-hydrolysis of the 
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malonic ester followed by cyclization. The N-a- 
chlorophenyiacetyl derivative of ethyl aminoeyano- 
acetate could not be hydrolyzed to the acid, which 
was needed for an attempt to make 2-benzylidene- 
4-cyanopscudoxazolone (Barltrop, King, Waley; 
Abraham, Baker, Chain and Robinson, CPS. 64 O). 

(CH,)8C—S—C—C—CO—O Cells 

ROjC-in-N N-C=iH 

XLIV 


(CllelaC—S—C—CH—COsCeTIe 

I II I 

CHeOsCCH-N NHCOClICl-CeHe 

XLV 

(CH,)2 CH CIIj—C lINHCO 

CHeOjcill—N-io CIIjCeHe 

XLVI 

Various experiments have been made on the 
formation and properties of pseudoxazolones. It 
was found that 2-benzylidenc-4-methylpseudoxazol- 
one could be prepared by boiling a-phcnylacct- 
amidoacrylic acid with xylene or anisole (Merck, 
M,72). This observation was made apropos of the 
interesting pyrolysis of methyl desthiobenzylpeni- 
cillinate (XLVI) in boiling anisole; this also gave 
2-benzylidene-4-pseudoxazolone, which can there¬ 
fore be regarded as a degradation product of peni¬ 
cillin. The same pseudoxazolone was obtained 
also from the pyrolysis of i3-methyl N-isobutyryl-n- 
a-desthiobenzylpenicilloate (XLVII), and of the 
/8-lactam (XLVIII) of /S-anilino-a-phenylacetamido- 
propionic acid. 


I 

(CH,)2CH CHs—CHNHCOCIIjCJI, 

CHsOjC—in—NCOCH(CH s)2 

XLVII 


CIIs—CH—NHCO 


C,H5N- 


-io i 


HjCeHs 


XLvra 

CHaCIICOsII 


NHCOCHCellB 

I 


C6II.N+ 

XLIX 


Br- 


aqueous medium with sodium acetate-acetic an¬ 
hydride; of interest is the formation of 2-ph(‘nyl- 
4-benz.ylidene-5-oxazolone from hippuric acid and 
benzaldehyde und(‘r similar conditions (King, 
Waley; Abraham, Baker, Chain and Robinson, 
CPS. 491 ). The methyl ester of N-(a-ehlorophenyI- 
acctyl)alanine was not converted to a pseud- 
oxazolone by pyridine-acetic anhydride (Copp, 
DufBn, Smith and Wilkinson, CPS.5/^7). 

N-Mandelylalaninc (L; X = OH) was pn^pared 
by hydrolysis of the 0-acetyl derivative (L; X = 
OAc); both these substances gave 2-b(*nzylidene-4- 
methylpseudoxazolone in the usual way (CPS.491 ; 
547 ). Phenylglycylalanine (L; X = NII 2 ), how¬ 
ever, gave no pseudoxazolone (CPS.547). N-(a- 

bromophenylacetyl)glutamic acid was converted 
in the usual way to 4^P‘(''(^'^hoxyctbyl-2-henzylidene- 
pseudoxazolone = 0112011200211 ), which 

also resulted when glutamic acid vas chlorophenyl- 
acetylated and the alkaline aqueous solution treated 
with acetic anhydride. A small yield of 2-benzyl- 
idene-4-methylpseudoxazolone has been obtained 
by the treatment of N-phenylacetylalanine with 
acetic anhydride to form 2-benzyl-4-methyl-5-ox- 
azolone, and addition of bromine and pyridine to 
the resulting solution (CPS.491). Treatment of 
N-(2-hexenoyl)alanin€ with acetic anhydride ap¬ 
parently gave none of the pseudoxazolone (LI), 
for the product with bcnzylamine formed the 
benzylamide of hexcnoylalanine, indicating the 
presence of a normal oxazolone (CPS.547). 

No reaction was found to take place between 
2-benzylidene-4-methylpseudoxazolone and aniline 
on heating in boiling xylene (Merck, M.72). With 
aniline and methanol in the presence of N-ethyl- 
piperidine, a product was formed which was con¬ 
sidered to be methyl a-anilino-a-phcnylacetamido- 
propionate (LII), for it differed from the j8-aniIino 
isomer, and gave phcnylacetamide on hydrolysis 
with acid or alkali, and aniline hydrochloride on 
treatment with hydrogen chloride in ether. With 
benzylamine the pseudoxazolone gave a producty 
possibly LIII, formed apparently by addition of 
two molecules of the base (Merck, M.7C)] 78). 

CIT3riIC02lI 

I 

NHCOCIIXCeHb 

L 


ClUC—CO—0 


N-. 


-C^CIICJIo 


LI 


The pyridinium salt (XLIX) from a-bromophenyl- 
acetylalanine and pyridine has been isolated and 
shown to give the pseudoxazolone (XXXV; R « 
CHf) on treatment with pyridine-acetic anhydride. 
It was also found that cyclization proceeded in an 


NHCJR 

CHaiH-COjCH, 

NHCOCHjC,H» 

LU 
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NHCHoCeHt 

CIIarCONIICnsCeHs 

i 

MK^CKMlsCeHb 

LIII 

On hfutirift a\ ith iilroholic hydroxylamine acMdalo, 
th(‘ ps(*u(lo\azolon('s XXXV ‘(R -‘(MI 3 and 
CH 2 r() 2 TI) ^avo solutions sluminja; tlu^ oolor 
reactions with copix'r ac(‘tatc and with ferric 
chlorid(‘ eharactcTistic of a-oxiinino-hydroxainic 
acids (LIV). True oxazolonc's did not rt'spond to 
this test (King, \\al('>; Ahrahaiii, liaker, (Tiain 
and Robinson, ('PS4^J). 

Non 

R(^—(X)NII()H 
LIV 

Optically Active Oxazolones. a-Acylainino acids, 
on treatment with ammonium thiocyanate^ in the 
prese‘nc(‘ of ace'tic anliydride, in ge'neu'al yiedd the 
corresponding l-acyl-2“thiohy(lantoins (Johnson and 
Scott, J. Am. Chnn. AV., Hf), 113(i (lt)13)). An 
oxazolone, formed by the action of the acetic 
anhydride, may be the intermediate, tor Johnson 
and Scott found that 2 -thiohydantoins wc‘re formed 
from oxazolones in the absence of ace'tic anhydride, 
but that the* latter was necessary for their formation 
from a-acylamino acids. Now it is w e*!! re'cognize'd 
that formation of an eixazolone freim an optie*aIly 
active a-acylamino acid usually leads to rapid 
racemization. However, Caemka and Nicolet fJ. 
Biol. Cficm., 99, 214 (1932-3)) have shown that 
an optically active thiohydantoin ^an be prepare^d 
from an optically active amino acid. Hence if the 
reaction takes the postulated course an optically 

RCH CO 2 H , ^RCH—CX )—0 

I I I -> 

NIICOR' N-CR' 

RCII-NCOR' 

I I 

('()—Nn—(’H 

active oxazolone must have been present at some 
time in the solution. With these facts in mind, an 
attempt was made (Merck, M.^O, 4) to demonstrate 
unequivocally the existence of optically active 
oxazolones. N-Benzoyl-L-p-mcthoxyphcnylalanine 
with acetic anhydride and ammonium thiocyanate 
gave an optically inactive thiohydantoin as the 
main product. Later (A/44» 3; 50, 13), the same 
acid was treated with phosphorus tribromide in 
pyridine and benzylamine adcled to the product; an 
inactive amide resulted. A solution of the acid in 
1:1 acetic acid-acetic anhydride w^as shown to have 
lost all optical activity within forty-eight hours. 
When N-iphenyKhioacetyiyir-p-methoxyphenylalanine 
was treated in ether with silver oxide a racemic 


piperidide of phenylacetylrnelho.xyphenylalanine 
w'as obtained after addition of piperidine. The 
m(‘t hyl est(*r of N-benzoyl-n-p-nudhoxyphenyl- 
alanine was converted through the hydrazide to 
th<' azid('. When this was treated in solution with 
benzylamine or aniline the products were the ureas 
(LV; R — phenyl and benzyl), (‘vidently produced 
by the usiuil Curtius n‘arrang(‘ment of the azide. 

CTl3()C\dl4CdL.CMlNH(\)NHR 

I 

NIKXK^cHr, 

LV 

Another grouj) (Scpiibb, HJ) were led by similar 
C()nsid('rations to inv('stigat(' the probh'm. It was 
found that N-benz()yl-L-leu(*ine wuth ammonium 
thioeynnnte and ac(‘tic anhydride gave an optii'ally 
active* tliiohydantoin, in contrast to the exp(‘ri(‘nce 
with N-benzoyl-L-/Mn(‘tho\yph('nyl*alanine. On the 
other hand, treatment of benzoyl-u-leucim* with 
pyndine-acelic anhydride follow (*d by benzylamine 
gave a racemic lH‘nzyIamul(* (S>U). It was also 
discover(*d that the formation of thiohydantoin 
eitlu'r from the* arnino-acul or its oxazolone* could 
be carrie'd out at room t(*mp(*ratur(*. Experi¬ 
ments wTre thereof ore* made (N.r >0 <>n the action 
of acetic anhydride at room temperature* on be*nz- 
oyl-L-leucine, and it was founel that within se'venty- 
hve nunutexs all the aciel hael been ce)nve*rte*d to 
oxuzoleine, the* inte*nsity of absorptiein at the* 2,430 A 
maximum being use*d to e*stimate the amount of 
ejxazoleme* fornu'ei. This anel a similar experiment 
in dioxan were* fe)llow’e*(l peJarimetrically, and it 
W'as found that the initial dextreirotation passed 
rapidly to strong laevoreitatiem, whie*h was at a 
maximum when the ultraviole*t absorption sheiwed 
oxazolone formation te) be* complete. The rotation 
then fe*ll steadily and w as finally constant at a small 
dextrorotation, apparently due to some impurity 
in the benzoylleucine. It w’as found that the use 
of dioxan as a medium retardeel racemization much 
more than oxazolone formation. Similar behavior 
with acetic anhydride was demonstrated in the 
case e;f N-phcnylacetyl-L-lcucinc. The elata thus 
obtained made it possible, by removing the solvent 
and w'ashing with sodium bicarbonate solution, to 
obtain 2-phenyl-4-isobutyl-5-oxazolone in crystal-* 
line, optically active form, though evidently 
partially racemized. The cyclization of benzoyl- 
L-Ieucine was improved by further study {S.S6) and 
oxazolone specimens of greater optical purity 
prepared. It was found, however, that the specific 
rotation fell on recrystallization, the racemic form 
evidently being the less soluble constituent. 
Methanolysis of the optically active oxazolone 
(which proceeded smoothly in this case) was found 
to take place much more slowly than racemization, 
and the ester isolated had no significant optical 
activity. Benzylamine also gave a product of 
very low specific rotation. These facts may 
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explain the failures previously reported to demon¬ 
strate optical activity in oxazolones by the prepara¬ 
tion of acyclic derivalives. On the other hand it 
was found that ethereal solutions of tlu' oxazolone 
could be kept for lonf? periods without loss of 
rotatory power. 

Th(‘ same ti'chnicpie was us(‘d to show the forma¬ 
tion of optically active oxazolomvs from N-beiizoyl- 
L- 7 )-m(dhox 3 ^phenylalaiiin(' and from N-plienyl- 
acetyl-L'/>-methoxyph(‘nylalanine, and later (S,SS) 
both oxazolones were obtain(‘d in crystalline form. 
It was found that the 2-pheiiyl-l- 7 ;-Inetho^yl>enzyl- 
5-oxazolone was invariably racemized durinfj; isola¬ 
tion, wh(‘reas with 2-brmzyl-4-p-methoxyb(mzyl-5- 
o\azolon(‘ optical activity was not only retained 
on w orking up but inci‘(\as<'d on n‘crystallization, in 
contrast to 2-ph(*nyl-t-iso])utyl-r)-()\azol()n(^ Prod¬ 
ucts of hi^h specific rotation wen' thus produced, 
and may have* approached o])tical purity. Treat¬ 
ment w'iih methanol or b(‘nzylamin(' h'd to rapid 
racemization; how'cwc'r, with tliiocyanic acid an 
oi)tically active* thiohydantoin was formed, thus 
supporting]; the* cont(*ntion that oxazolones are 
intermediate's in the formation of thiohydantoins 
from «-acylamino acids. 

2-Benzyl-l-isobutyI-5-()xazolone was also ob¬ 
tained (Sciuibb, SJfO) as an optically active oil which 
gave* a racemic benzylamide*. The change* e)f rota¬ 
tion produceel by treating dextreu'otatory bemzyl- 
penaldic acid dimethyl acetal w ith acetic anhyelriele*- 
dioxan indicated that the* optically active oxazolone 
(I; K = IV - CH(()CHa)2; K" - II) 

was not be*ing formed (S.SG), 

In connection with the above discussion it shemld 
be noted that the formation of thi('>hyelantenns from 
oxazolonc's is a very facile re'action. In the case of 
2-phenyl-4-benzyl-5-oxazole)ne anel its hydrochlor¬ 
ide, the reaction occurs at (Cornell B och., l).24, 
11 ). 

Part II. Chemistry of 
4-HETEROMETHyLENE-6-OXAZOLONES 

The exigencies of penicillin chemistiy have led to 
the emergence of a new class of substances, which 
will be termed ‘'4-heteromethylene-5-oxazolones.'^ 
These are represented by the general formula LVI, 
the group X being attached through an oxygen, 
nitrogen, sulphur or halogen atom. 

Preparation of 4-Heteromethylene-6"Oxazolones. 
From the time w^hen the presence of an oxazolone 
ring in penicillin was first suspected the importance 
of the ^^2-alkyI-6-oxazoIone-4-aIdehydes,^^ in con¬ 
nection with attempts at synthesis, was fully 
appreciated, and investigation led speedily to the 
discovery of tw^o main methods w hich have served 
as the basis of future wmrk. 

An obvious extension of the Erlenmeyer oxazol¬ 
one synthesis seems to have occurred independently 
to several groups (Merck, MJO; 20; Abbott, A.S; 
Wilson, Jepson, Robinson; Abraham, Baker, Chain 


and Robinson, VPS.2b\ Barber and Slack, 

Cornell Bioch., D.4)y reporte d the pn'paration 
of 2-phcni/l-/reth(U'nm(ihf/l{‘)i(-G-()X(izo^()i>c (LVI; R 
= Cellf,, X ~ C^IL/)) by healing hippuric acid 
with ethyl orllioformate and acedic anhydride. The 
condensation was also carried out {VPSJf)} usinjg 
2-phenyl-r)-o\azoloiu* in place* of hippuric acid, ami 
there s(*ems no rc'ason to doubt that this oxazolone 
is an intermediai(* in the* UMial synthesis. The 
condensation of ethyl orllioformate with reactive 
methylene groups was studied first by ('lais(»n 
{Amuilen, J97, I (181)7)). "11ns uu'thod of prepar¬ 

ing oxazolones f)f typi* LVI will b(* called for eon- 
venienei* the* orthoforinatc*’' synth(\sis. Its ap¬ 
plications an* sumr.uiriz(‘d in I’abh* II. 

xcu c-ro-o 
I I 

M C’R 

LVI 

The second m(*thod, which was devc'loped by two 
groups ind(‘pendcntly (]\ler(*k, M.UK ATich Cbern.^ 
H.l) at the same tiim* as the “orthoformat^**' syn¬ 
thesis, depends in its final stagi* ipion the n'movai 
by dehydrating agents of tlu* (‘l(*ments of water and 
alcohol from a penaldic acid ac(‘tal of tin* g(*neral 
formula LVII. Sev(*ral ways of making type* LVIJ 
acids are available: 

(a) C-Formylation of an N-aevlglycme ester, 
conversion to the* aee'tal and saponification, f 

(b) A(*y)ation of /i,/5-diethoxyalaniiu*, 

(e) Acylation of die*! boxy alanine ester followed 
by saponification. , 

This method, wdiieh will be called the ‘‘p(*naldatc’* 
synthesis, is of considerably wider application than 
the ‘‘orthofonnate’' method, as may b.* h*arned by a 
study of Table III, where its applications are coi- 
l(*eted. It may be regard(*d as a special ease of 
Cart(*r\s oxazolom* vsynthesis. 

R'O 

\ R'OC^H--(^—CO—() ’ 

CTl—CTI—COoII -> I I 

/ I N------- CR 

R'O NUCOR 

Lvn 

Early attempts (Wilson, Jepson, Robinson'; 
Abraham, Baker, Chain and Robinson, CPS.2G) i6 
substitute eaproylglycine for hippuric acid in th6 
‘‘orthoformate’' synthesis led to a product differing 
in composition from the desired oxazolone. It 
w'as evident that considerabh* acyl interchange had 
occurred, as caproie acid, (*ster and anhydride 
wore also formed. Later (Att(*nburrow, Elliott, 
Hems and F. A. Robinson, CPS,73) it w^as shown 
that eaproylglycine with caproic anhydride and 
eth 3 d orthoformatc gave* a low yield of 2-amyI-4- 
ethoxyincthylene-5-oxazolono (LVI, R == CsIIn; 
X = C 2 H 6 O), but a bett(*r way had already 
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TABLE II 

**Orthoformate*' Synthesis of 4-Oxymethylene-5-oxazoloneB 


Substrate 

Reagents 

Product isolated 

References 

1. Hippuric acid. 

Ethyl ortlioformate, acetic an¬ 
hydride 

2-phenyl-4-ethoxyinethylene-5- 

oxazolone 

M.IO; SO; A.S 
CPS.S 6 ; D4; 
CPS. 40 ; U.ll 
CP.'i.ess 

2. 2-Phenyl-5-oxazolone. 

Eth^d orthoformate, acetic an¬ 
hydride 

2-pheTi yI-4-ethoxym ethyl en e-5- 
oxazolone 

CPSM 

3. Hippuric acid. 

Methyl orthoformate, acetic an¬ 
hydride 

2-phenyl-4-methoxymethyleno-5- 

oxazolonc 

M.S0 

4. Hippuric acid. 

n-Propyl ortlioformate, acetic an¬ 
hydride 

2-ph eny 1-4-propoxy methyleiie-5- 
oxazolone 

CPS.SS4 

5. N-caproylglycino. 

Ethyl ortlioformate, caproic an¬ 
hydride 

2-amy 1-4-ethoxy rn c thy len c-5- 
oxazolone 

CPS,73 

6. N-a-furoylglycino. 

Ethyl ortho formate, acetic an¬ 
hydride 

2-Qr-f uryl-4-ethoxymethylene-»')- 
oxazoloiie 

CPS.7G 

7. N-o-toluylglycino. 

Ethyl orthoformate, acetic an¬ 
hydride 

2-o-tolyl-4-ethoxymethylenc-5- 

oxazolone 

CPS.76 

8. N-cinnamoylglycine. 

Ethyl orthoformate, acetic an¬ 
hydride 

2-sty ry 1-4-ethoxy methyl en 0-5- 
oxazolouc 

CPS.3B 

9. N-p-chlorobenzoylglycino. 

Ethyl ortlioformate, acetic an¬ 
hydride 

2-p-chlorophenyl-4-ethoxy- 

mcthylene-5-oxazolone 

CPS .341 

10. N-p-nitrobenzoylglycine. 

Ethyl ortlioformate, acetic an¬ 
hydride 

2-p-nitrophenyl-4-ethoxy- 

methylene-5-oxazolone 

CPS.S 4 I 

11 . N-p-nitrocinnamoyIglycine. 

Ethyl orthoformate, acetic an¬ 
hydride 

2-p-nitrostyryl-4-ethoxy- 

mothylene-5-oxazolone 

CPS .341 

12. N-zS-naphthoylglycine. 

Ethyl orthoformate, acetic an¬ 
hydride 

2-jS-naphthyl-4-etiioxy- 

methylene-5-oxazokme 

2-{l '-propenyl)-4-ethoxy- 
mothylene-5-oxazolonc‘ 

2-(I'-pen teny 1)-4-hy (Iroxy- 
methyleno-5-oxazolonc® 

CPS.76 

13. N-crotonoylglycinc. 

Ethyl orthoformate, acetic an¬ 
hydride 

CPS.58 

14. N-(2-hexcnoyl)glycine. 

Ethyl orthoformate, acetic an¬ 
hydride 

CPS.60; 647 

15. N-(2-octenoyl)glycine. 

Ethyl ortlioformate, acetic an¬ 
hydride 

2-(r-heptcnyl)-4-hydroxy- 

methyIcne-5-oxazolone* 

CPS.691 

16. N-(2-nonenoyl)glycine. 

Ethyl ortlioformate, acetic an¬ 
hydride 

2-(l '-octcnyl)-4-hydroxy- 
methyloDc-o-oxazolone 

CPS.B9 

17. N-cinnamylidencacotylglycino. 

Ethyl orthofornnite, acetic an¬ 
hydride 

2-(5-phenylbutadienyl)-4-ethoxy- 

methylene-5-oxazoloTie 

CPS.SSS 


‘Converted by hydrolyctis and rcdvicU«)ii to 2-piopyl-4-liydrt>xyiiie(hylcne-fi-oxaioloue. 
* Hydrogenated to 2-amyl-4-hydroxyniethylene-6-oxas5olone. 

■ Hydrogenated to 2-hoptyl-4-hydroxynioth.vU)ne-5-oxazolone, 


been found (Comforth, Cornforth; Abraham, Baker, 
Chain and Robinson, CPSM; 59; 647) in the Use 
of acylglycines derived from a,i9-unsaturatcd acids. 
These were found to react more smoothly with ethyl 
orthoformate-aeetie anhydride, no doubt owing to 
the lessened liability to acyl interchange. Satura¬ 
tion of the 2-substitucnt in the resulting oxazolones 
was accomplished by hydrogenation of the 4-hy- 
droxymethylene-5-oxazolones (LVI; X = HO—) in 
neutral aqueous solution. It is evident that this 
device is not applicable to the important class of 
2-benzyl-4-hydroxymethylene-5-oxazolones, nor can 
phenaceturic acid be used in the ordinary ^‘ortho- 
formate'' synthesis. However, within its limited 
range the “orthoformate*' method appears prefer¬ 
able to the “penaldate" synthesis by reason of its 
simplicity and superior overall yield. 

Acetic anhydride has commonly been used to 
accomplish the final stage of the “penaldate*' 
synthesis. It was found that the action of phos¬ 
phorus tribromide in dioxan on benzylpenaldic acid 


diethyl acetal (LVII; R = C 6 H 6 CH 2 ; R' == C 2 Hft) 
gave a crystalline precipitate (Merck, MA2h) which 
was at first thought to be /3-ethoxy-a-phenylacet- 
amidoacrylyl bromide (LVIII). However, when 
it was found {M.S2) that 2-bcnzyl-4-ethoxymethyl- 
ene-5-oxazolone gave with hydrogen bromide in 
ether a precipitate which appeared to be identical 
with the “acrylyl bromide," this fact, and the 
consideration that the product was insoluble in 
organic solvents and gave in many reactions the 
same products as were obtained from 2-ben2yl-4- 
ethoxymethylene-6-oxazolone, led to the conclusion 
that the “acrylyl bromide" was probably the 
hydrobromide of 2-benzyl-4-ethoxymethylene-5-ox- 
azolone. Later it was shown (Barber, Gregory, 
Slack, Stickings and Woolman, CPS.2S4) that the 
action of water on a similar product obtained from 
phenylpenaldic acid diethyl acetal (LVII; R « 
CeHfi, R' »CaHs) and phosphorus tribromide 
afforded 2-phenyl-4-ethoxymethylene-6-oxazolone; 
another group (Upjohn, VJS) found that the 
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TABLE III 


"Penaldate” Synthesis of 4-Oxymcthylone-5-oxa2oloucs and 4-ThioinethyIene-5-oxazolones 


Ponaldic acid 

UcaKC‘nt 

1 Product isolated 

References 

1. a-Phenylacetamido-^,/?-dimethoxy- 
propioiiic acid. 

A colic anliydride 

2-benzyl-l-inethuxyineth\lonc-6- 

oxazolone 

M.IO; IZ; U.W, 
It; cps.nu 

2. a-Phenylacotamido-/3,|8-diinothoxy- 
propioriic acid. 

Phosphoryl chloride 

2-benzyl-4-mcthoxynieth.ylcnc-5- 

oxazoloiic 

S.JO 

3. tt-Phenylacetamido-/3,/3-diinethoxy- 
propionic acid. 

I’liosphorus tribromido, 
tlj(‘n diazoniethane or 
silver oxide 

2-benzyl-4-mcthoxy7nel li\ ii'iic-f)- 
oxazolone 

VJ3 

4. a-Phonylacetarnido-iJ^,/3-diethoxy- 
propionic acid. 

Acetic anhydride 

2-ben zyl-4-cthox> methyIpne-5- 
oxazoione 

M.tO; B.l; D.l 
7 

6. a-Phenylacetamido-/3,/3-dicthoxy- 
propioriic acid. 

Phospliorus tribromide 

2-henzyl-4-ethoxy in ethylone-.V 

1 oxazolone “hydr ibroinide” 

M.VJia 

6. a-Plienylacetamido-ft/3-dicthoxy- 
propionic acid. 

Acetic anhydride 

2-bcnzy 1- l-hyclroxyinethy lene-5- 
oxazoJone 

C.S; B.S 

7. a-Phenylacetamido-i3,/3-di-n- 
butoxypropionic acid. 

Acetic anhydride 

2-benzyl-4-butoxymethyli*ne-5- 

oxazolonc 

]\ 2 r> 

8. oc-Benzamido-/iJ,j3-diinetlioxypro- 
pionic acid. 

Acetic anhydride 

2-plicnyl- l-mcthoxymot hylene-5- 
! oxazolone 

MAO 

9, a-Benzamido-^,/3-dicthoxypro- 
pionic acid. 

Acetic anhydride 

2-phenyl-4-cthoxyniethylene-5- 

oxazoloiie 

HA 

10. a-Ben2amido-/3,/3-diethoxypro- 
pionic acid. 

Phosphorus tribromide 

2-ph(‘nyl-4-ethoxymethylene-5- 

oxazoione 

CPtt.SS4 

11. tt-Bcmzarnido-ft)S#-dicthoxyi)ro- 
pionic acid. 

Phosgene 

2-phenyl-4-ethoxyincthylene-5- 

oxazolone 

MA6c 

12. o^-l8ovalefylamino-i^^,/3-diln(‘thoxy- 
propionic acid. 

Acetic anhydride 

2-isobutyl-4-m ethoxy m ethylen c-5- 
oxazolonc 

MAO 

13. a-Caproylamiuo-/3,/3-dimet lioxy- 
propionic acid. 

Acetic anhydride 

2-amyl-4-methoxymetliylcne-5- 

oxazolone 

MAO 

14. a-Caproylainino-^,/3-diothoxypro- 
piouic acid. 

Acetic anhydride 

2-am3d-4-hydroxy met hy lenc-5- 
oxazolonc 

HAO 

15. a-(/aprylylamino-/il,^-diothoxypro- 
pionic acid. 

Acetic anhydride 

2-heptyl-4-hydroxym(‘thylene-5- 

oxazolone 

P.SD; SI 

16. a-(2'-Hexcnoylammo)-ft/i-diethoxy- 
propioiiic acid. 

Acetic anhydride 

2- (1 -pen ten y 1 )-4-h y dr oxy me th y 1 ene- 
5-oxazolono 

P.17; 18 

17. a-(3'-Hexenoylainino)-d,d-diethoxy- 
propionic acid. 

Acetic anliydride 

2-(2'-pentenyl )-4-l)ydroxy methy Icne- 
5-oxazolono 

P.17; Si; S8 

18. a- (4 -IJexenoylamino) -/3,/3-dietlioxy- 
propionic acid. 

Acetic anhydride 

2-(3'-pen teny 1)-4-h y d roxy m cth y 1 ene- 
5-oxazoIone 

P.Z9; St 

19. a- (5 '-Hexenoylamino)-/?,i^-diethoxy- 
propionic acid. 

Acetic anhydride 

2-(4'-pentonyl)-4-hydroxymethyleno- 

5-oxazolc)ne 

P.S6 

20. a-Sorboylamino-/3,^-diethoxypro- 
pionic acid. 

Acetic anliydride 

2-(l,3-peiitadienyl)-4-hydroxy- 

methylene-5-<^xazolone 

P.SD; St 

21. c«-Cyclohexylacotamido-i3,^- 
diethoxypropioiiic acid. 

Acetic anhydride 

2-cyclohexy]methyl-4-hydroxy- 
methy Icn ('-5-oxazolon e 

P.33 

22. a-C"iTmamoylamino-/3,/S-dicihoxy- 
propionic acid. 

Acetic anhydride- 
pyridine 

2-styryl-4-(‘thoxymethylene-5- 

oxazolonc 

Af.lSc; CPS.649 

23. a-p-nitrophenylacetamido-j3,j8- 
diethoxypropionic acid. 

Acetic anhydride 

2-p-nitrobenzyl-4-ethoxymcthylene- 

5-oxazolone 

D.SS 

24. a-Diphenylacetamido-/3,jS-diethoxy- 
propionic acid. 

Acetic anhydride 

2-diphcnylmethyl-4-ethoxymethylene- 

5-oxazolone 

B.14; 16 

25. Q:-?>-Acetoxyphenylacetamido-^,/5- 
diethoxypropionic acid. 

Acetic anhydride 

2-7^-acetoxybonzyl-4-hydroxymeth- 

ylcne-5-oxazoIonp 

P.Sl 

26. Qt-p-methoxyphenylacetamido-/3,/3- 
diethoxypropionic acid. 

Acetic anhydride 

2-p-inethoxybenzyl-4-hydroxy- 

methylone-5-oxazolone 

P.19 

27. a-Benzamido-/3,|8-diethyltliiopro- 
pionio acid. 

Acetic anhydride 

2-p hen yl-4-ethy 1 thiomethy len e-5- 
oxazolone 

D.4 

28. a-Pheny 1 acetamido-/?, j8-diethyl thio- 
propionic acid. 

Acetic anhydride 

2-hpn zyl -4-ethyl thiom ethyleno-5- 
oxazolone 

D.4 

29. a-Isobutyrylamino-/9,/5-diethoxypro- 
pionio acid. 

Acetic anhydride 

oxazolone not analyzed 

B.S 

30. a-Formainido*-/9,i8-diethoxypropionic 
acid. 

Acetic anhydride 

? oxazolone 

p.es 

31. a"Acetamido-j3,/3-diethoxypropionic 
acid. 

Acetic anhydride 

? oxazolone 

D.SS 

32. a-p-Nitrobenzamido-0,/3-diethoxy- 
propionic acid. 

Acetic anhydride 

2-p-nitrophony-4-ethoxymethylene-5- 

oxazolone 

D.S0 



746 


OXAZOLOXES 


^^acryly] bromide’^ from benzylponaldic* acid di¬ 
methyl a(*etal converted to 2-benzy 1-4-methoxy- 
methylen('-r)-uxazol()iie by the action of ethereal 
diazomethane. 

The (iU(‘stion of formulating a-ucylamino acid 
halides as oxazolom* hydrochloride's has already 
bef'u touched upon. The* evidence for such a formu¬ 
lation is impressive; the substances usually have 
the appearance and solubilities of salts, they are 
in some cas(‘s convertibh' to the oxazoloiu's by very 
mild reagents (e.g., water) and their n'actions with 
alcoliols and bases in g('neral give the* saim' products 
as th(' oxazolones provide. 

On th(‘ oth(‘r hand, some of the evidence supports 
a contrary view. It will be appn'ciated that there 
are really tw o epu'stions at issue. 

(i) Are the '^t^-acylamino acid halides” the same 
as the products obtained from oxazolones 
and hydrogen halid('s? 

(ii) If th('s<» are the same, an' they a-acylamino 
acid halides or oxazolone hydrohalides? 

Most 6f the evidence concerns question (i). 
Thus it was statf'd (Abbott, AJJ) that 2-phenyl- 
5-oxazolone with hydrogen chloride in c'ther gave an 
etlu'r-insoluble pn'cipitate, w^hereas“hippuryl chlor¬ 
ide is freely soluble in ether.If this observation 
is confirnu'd, it w'ould seem to offer th(‘ possibility 
of ans\vering question (i) in the negative by a 
direct demonstration of differenci's. Another group 
(NRRL, C.IO) prepared crystalline salt-like sub¬ 
stances from 2-benzyl-4-hvdroxymethylene-5-ox- 
azolone (LVI; R - X = HO) and phos¬ 

phorus trichloride or tribromide in dioxan. These 
were apparently hydrohalides of, the oxazolones, 
associated with dioxan of cr^^stallization. It was 
noted that tht'se substances lost hydrogen halide 
more easily than the ^^acrylyl bromide*^ from 
benzylpenaldic acid diethyl acetal, and that in 
ether they showed the absorption spectrum char¬ 
acteristic of the parent oxazolone, w^hereas the 
'^acrylyl bromideshowed no characteristic oxazol¬ 
one absori)tion (Merck, MA5a; and last reference). 
It is not difficult to explain away such observations: 
the presence of the strongly acidic hydroxymethyl- 
ene group would certainly make the salts more 
dissociable, and to their dissociation may be ascribed 
the absorption spectrum resembling the parent 
base, though it w^ould still have to be explained 
why salt-formation from 2-benzyl-l-cthoxymethyl- 
ene-5-oxazolone should destroy the characteristic 
ultraviolet absorption. There is, howxwer, an¬ 
other piece of evidence bearing on question (ii). 
The ‘‘acrylyl bromide'^ (LVIII) with aqueous 
ammonia was found to give /3-ethoxy-a-phenyl- 
acetamidoacrylic acid (LIX) {MA2a) w'hereas 
2-benzyl-4-methoxymeth3dcno-5-oxazolone under 
the same conditions gave 2-benzyl-4-aminomethyl- 
ene-5-oxazolone. 

It cannot therefore be said that either question, 


(i) or (ii), is d(‘cisively answered by the evidence at 
present available. Ont' view w hich seems to be in 
harmony with most of the facts is that the a-acyl- 
amino acid halide structure is in ecpiilibrium with 
the oxazolone hydrohalide structure. This is 
illustrated in the case of the aciylyl bromide (LVIII) 
and 2-benzyI-4-ethoxymethylene-5-oxazolone hydro¬ 
bromide (LX). 

IT 

—\ - C (^1I()(\H5 

j I ^ 

(’()—Hr 

% * 

() 

LVIII 

V -C’IKK'.IU 

M I o 

(Vl6('H..(' (’() Hr^ 

V / *1 

() 

LX 

If this view is correct, the answw to question (i) 
is Yes;^^ and to question (ii) ‘^Neither—and both.’^ 
'J'he position of equilibrium would depend upon the 
individual circumstances. A few^ observations on 
the action of hydrogi'n chlorid(‘ on oxazolones 
are available. 2-Ph(*nyl- i-benzylidene-5-oxazolone 
did not appear to react with hydrogen chloride in 
ether (Upjohn, V J())\ 2-benzyl-4-methoxymethyl- 
ene-5-oxazolone was found to give a *^salt^^ which 
lost hydrogen chloride on keeping. 

It has be(*n found (Boon, Carrington, Davies and 
Jones, CPS.^i; Harltrop, Robinson; Abraham, 
Baker, Chain and Robinson, CPS,4^*) that 4-alky 1- 
aminomethyiene-5-oxazoloiies may be obtained by 
another extension of the Erlenmeyer synthesis. 
Hippuric acid with N,N'-diphenylformamidine 
gave a 1:1-addition compound, apparently the salt 
(LXI) (Boon, Carrington and Jones, CPS.89), 
w^hich on treatment with acetic anhydride was 
converted to 2-phenvl-4-anilinomcthylene-5-oxaz- 
olone (LVI; R - Cjis; X = CoUlNR) and its 
N-acetyl derivative, the latter predominating at 
higher temperatures. Tlie same result was ob¬ 
tained when hippuric acid, N,N'-diphenylformami- 
dine and acetic anhydride were heated together. 
As usual, it was found that 2-phenyl-5-oxazolone 
could replace hippuric acid. The method was 
applied to the preparation of 2-styryl-4-anilino- 
methylene-5-oxazolone {CPS.48) and 2-{l^-pentenyl)^ 
4-anilinomcthylenf-5--oxazolone (Boon, Carrington, 
Davies, Jones, Ramage and Waring, CP8.4£2), 
Like the “ orthoformate method, it failed with 
phenaceturic acid; however, when the crude 2-benz- 
yl-5-oxazolonc obtained from phenaceturic acid 
and phosphorus tribromide was heated with N,N'- 
diphenylformamidine and acetic anhydride, 
yU4^'f^il'^'>^omethylene-6^oxazolone was formed. A 
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more* r(*iictivo amidino was found in N,N'-dibcnzyI- 
formaniidine, and this gave 2-b(‘}]zyl-4-bvuzifl’- 
acctamid()methylenc-f)-oxazok)}ic directly ^vi(h acetic* 
anhydride* and phenaceturic acid. 2-Phemjl-Jrbcnz- 
ylacetamidovii'thylcnc-B-’Oxnzoionv was similarly pre*- 
pared. It was found that the N-acetylanilino- 
methyleneoxazolones (*e)uld lx* conv(*rted to the 
anilin()methylen(*oNazolones warming witli ani¬ 
line. This reaction s(‘(*ms to be a replacement of 
an ac(»tanilido group by an anilino, ralh(*r than a 
simple exchange of the ac(*tyl group; for though 2- 
phcnyl-4-benzyl-acetainidomethylene-5-uxazolone 
w iih benzylaniiru* gave 2-phenyl-4-benzylamino- 
methyl(*ne-5-oxazolone, with aniline tlx* product 
w^as 2-phenyl- t-anilinomethyl(*n(‘-5-o\azolone {(^PS. 
422). N,N'-niethylformamidine has also Ix'en con¬ 
densed with hi])puric acid by the same workers 
(CPS.470). 

In the* course of this work (Boon, Carrington and 
Jones, PPS.S9) it was found that 2-phenyl-4- 
anilinom(‘thylene-5-o\azolone prepared from di- 
phenylformamidine and liippuric acid was o})tained 
as a mixture of two forms differing in me*!ting-point 
by 30°. These gave the same* acetyl derivative 
and the same absorption spectrum. Bond isomer¬ 
ism was therefore unlike'ly and the existence of tw'o 
forms must be* ascribed either to dimorphism or to 
geometrical isomerism about the exocyclic double 
bond. Dimorphism has lx*en n*ported for this 
substance by two other groups (Barber, Cregory, 
Slack, Stickings and Woolman, CPS.Gd: Cornell 
Bioch., 1)4) It may be noted that aminomethyl- 
oxazolones freciuently slnnv variability in melting- 
point, and it is also of interest that 2-benzjd-4- 
methoxymethylene-5-oxazolone prepan*d by the 
action of diazomethane on the hydroxy met hylene- 
oxazolone W’as found to melt considerably higher 
than specimens prepared by the ^‘penaldate^^ 
method (Merck, M.49) . 2-Phenyl-4-ethylidene-5- 
oxazolone is already known (Carter, Stevens, J. 
Biol. Chem., tSSj 117 (1940)) to exist in tw o different 
forms. 

It has been found possibh* to apply Bergmann\s 
synthesis of tyi)e II oxazolones to the preparation 

CsHfiOCH-^C—COall 

I 

NHCOCHzCells 

LIX 

CeHfiNH CeHsCONH 

\ 

CII 

^ o 

CoHbN © OaC—CHz 

H 

LXI 

XCH2—CH—COall 

NHCOCHClCeHs 

LXII 


of 4-heteromethyl(*ne-5-oxaz()lones, though the 
scope of the method appears to lx* limited. By the 
action of pyridine-ac(*tic anhydride on JV-ipfioiyl- 
chloroar(ty])4)-cthyLsfrinc (LXII; X = (’-JIsO) 
(Copp, Duffin, Smith and Wilkinson, and 

on N-iphfNylrhlor(>(ic(fyl)-S-itl(ylcyMrinc (LXII; X 
= C. 2 II 5 S) (Copp, Duffin, Smith and Wilkinson, 
(^PS.,)4/; 3SS)^ it was possibh* to prej)ar(* 2 -benz- 
yl-l-et ho\ymethyl(*ne- 5 -o\azolone (LVI; B = 
C(,IIr,('‘l-l 2 ; X — ('jIIbO) and 23)chzy/-/rf'fhyl- 
tfiionKthylcnc-S^oxaznlonc (LVI; K - C\,li CM 1 2 ; X 
= C'’ 2 Hr,S). Th(‘ action of phenylchl()roac(‘tyl chlor- 
idt* on S-ethylcysl(*ine gave a small yield of the 
ethylthiomethyh*n(‘ 0 \az()lone along with a-pfienyk 
acctarnido-d-odiylthumcryliciicid (LXIII), which could 
be converted to tlx* oxazolone by acetic anhydride 
or phos})liorus triliromide-diazomethane. On the 
other hand, treatment of S-ethyl-L-cysteiiu* with 
a-bromocapioyl bromide gav(* a product which 
because of its rc*tain(*d optical activity was pre¬ 
sumed to be N-{2-h( .VC noyf)-^-vihylcystein(' (LXIV), 

C2H,S-C]1-C^-C()2H 

I 

NIKXKMI^CcHr. 

LXIII 

I 

NIKHXTI --CHCMI 2 CMI 2 CII, 

LXIV 

R 

/ 

C 2 H 5 OCH— 

\ 

(MluCoIU 

LXV 

It w’^as not found possible to isolate pure products 
from the action of pyridine-ac(‘tic anhydride on 
N-chloroacctyl-O-elhy I serine or N-chloroacc iyl-S-benZ'- 
yhysteine (Winthrop, W.3). A curious reaction 
is the preparation of 2-phenyk4'‘Chloromcihylene~S- 
oxazolone (LVI; R == CJlo; X — Cl) by the action 
of phosphorus pentachloride on methyl a-benz- 
amido-iS-chloropropionate (LXVI); this involves 
chlorination as wvW as cyclization by the phos¬ 
phorus pentachloride (Brodrick, Peak and Wilson, 
CPS. 4 . 1 7). The action of methyl formanilide- 
phosphoryl chloride on liippuric acid (or benzyl 
hippuratc) gave 2-phenyl-Jt'‘^ncihylanihnomcthiilene- 
6-oxazoUme (LVI; R - i\lh; X - C«ir 6 (CH 3 )N) 
(Boon, Carrington and Jones, CPS.S9). 

CICII2CIICO2CII3 

I 

NllCOCelU 

LXVI 

Reactions of 4-Heteromethylene-6-ozazolone8. 

(a) Reactions of the Heteromethylene Group. 
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The 4-alkoxyraothylene group of the oxazolone 
ring resembles in its behavior the similar group 
in the a-ethoxymethylenc cicriA^atives of ethyl 
acetoacetate, eyanoacetate, and malonate (LXV; 
R - CTIaCO, CN, or COsCjlU), which Claisen 
(Annalerif ^97 j 1 (1897)) has studied. Thus on 
treatment with cold dilute alkali the 4-hydroxy- 
methylene-5-o\azoI<)nes (LVI; X = IIO) are 
produced; and it Avas frecpienlly found more con¬ 
venient to isolate the product of a ‘'pc'naldate'^ or 
orthoformatesynthesis as the hydroxymethyl- 
enc-oxazolone. The 4-hydro\ymethylene-5-oxazol- 
ones are remarkable for the intense blue or green 
color, extractable by organic solvents, which they 
give with ferric chloride, lender ordinary condi¬ 
tions they reduce neither Feliling^s solution nor 
ammoniacal silver solution. They are strongly 
aci<lic substance's; the high acidit 3 '^ is doubtless due 
mainly to stabilization of the anion as shown, 

0 

I 

-OHC=-C—CO—O OHC—c;-=c—0 

I I ^ II 

N- -CR N- — C’R 

though other structures involving the whole ring, 
and even a 2 -ai 3 d substituent, must play their 
part also. That tlioy are to be regarded as 4-b3^- 
droxymethylene-f)-oxazoloncs and not at all as 
‘'oxazolone-4-aldehydes^^ came to be realized only 
too clearly as attempt followed vain attempt to 
prepare normal thiazolidines from these ‘^alde¬ 
hydes.'^ In fact the h 3 ^droxyl group is like that in 
a carboxylic acid, especially formic acid; the 4-aIk- 
oxymeth3done-5-oxazolones are analogous to esters, 
and the 4-aminometh3denc-5-oxazolones to amides. 

The4-alkoxymethylene-5-oxazolones reacted with 
ammonia and with primary or secondary amines 
(including amino acids) to give 4-aminometh3dene- 
5-oxazoIones; in a few cases, w^hich are discussed 
later, the reaction proceeded further. In keeping 
with their character as “amides," the aminomethyl- 
eneoxazolones arc feebly basic. A few' examples of 
the preparation of aminomethyleneoxazolones from 
hydroxymethyleneoxazolones were found, but in 
general this reaction was less easy. The hydrolysis 
of aminomethyleneoxazolones to hydroxymethyl¬ 
eneoxazolones by dilute alkali was also accomplished 
in several cases although there is some reason to 
suppose that aminomethyleneoxazolones derived 
from secondary amines are not susceptible to this 
hydrolysis. Most of these reactions have their 
counterpart in the studies of Claisen. The replace¬ 
ment of alkoxyl in alkoxymethyleneoxazolones by 
other alkoxyl or alkylthio groups has been effected. 
Of interest is the replacement by sulphydryl of the 
carbethoxymcthylamino-group under the influence 
of pyridine-ammonium hydrosulphide (Barber, 
Slack and Stickings, CPSM). All these ^‘replace¬ 
ment reactions" of the general type 


XCH—C—CO—0 

I I 

N—CR 


YH 


YCH=C—CO—0 


N:: 


rCU 


+ XH 


except those which arc directly related to attempts 
at pcnieillin synthesis, are collected in Table IV. 

There were two special cases where a bifunctional 
reagent II 2 Y was used. 

2XCII==-C—CO—O 

I I +ir2Y-^ 

N=-C'R 


O—CO—C--CH -Y—CH--C—CO—0 
2HX+ II II 

RC-—-N 

(i) 2-Phenyl-4-ethoxymethylen(*-5-oxazolonc 
with hydrogen sulphide in alcohol or acetic acid 
gave t}uo-h7s{Ji-meihinyl-^-phenyUF)-oxazoloyie) (Y = 
S). (Barber, Gregory, Slack, Stickings and Wool- 
man, CPS.S34.) 

(ii) 2-Phenyl-4-ethoxymethylcnc-6-oxazolone 
with p-phenylonediamin(‘ gave a similar product 
Y = - HN—C 6 H 4 —Nil— (Wilson, Abraham, 
Baker, Chain and Robinson, CPS.76), 

Some general reactions of 4-hydroxymethylene- 
5-oxazolones, of the type: 

HOCH=C—CO—O XCII-=C—CO—0 

I I -> I I 

N- CR K-=^-CR 

are summarized in 'fable These' transforma¬ 
tions emphasize lh(' aiuilog 3 " Ix'tween 4“hydr()xy- 
methylene-5-oxazolones and carboxylic acids. 

(b) Ring-opening Reactions. The general 
ring-opening reac'tion of simple oxazolones w’ith 
wat(*r, alcohol, thiols, ammonia and amines has 
already been mentioned. In th(' case of 4-hetero- 
methylene-5-oxazolones tht' picture is more com¬ 
plicated, for the heterometludene group and the 
carbonyl group are in competition for nucleophilic 
reagents. The functional group in the 4-position 
is often attacked preferentially and sometimes 
stabilizes the ring. The ring-opening reactions of 
these types will be discussed in order. 

(i) 4^nydroxymeihylene-5‘Ozazolon€$. 2-Phenyl- 
4-hydroxymethylcnc-5-oxazolone (LVI; R = CeH#; 
X = HO—) appears to be rather stable to cold 
concentrated hydrochloric acid. A lower order of 
stability is shown by those 4-hydroxymethylene-6- 
oxazoloncs which have only a double bond in con¬ 
jugation with the oxazolone ring at the 2 -po 6 ition, 
e.g., 2-(l'-pentenyl)-4-hydroxymethylene-5-oxazol- 
onc (LVI; R « C,H 7 CH=CH; X = HO). When 
no such conjugation exists, the 2-alkyl-4-hydroxy- 
methylene- 6 -oxazoIones are easily destroyed by 
acids. A study of the stability of 2-benzyl-4- 
hydroxymethylene-S-oxazolone at various pH levels 
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TABLE IV 


Group U 

Group X 

Group Y 

Reaction conditions 

References 

C.H.— 

CallfiO . 

NHa— 

Alcoholic ammonia (RT)^ 
Liquid ammonia 

CPiiJ,0; 3S8 

C.H.— 

CalloO- ‘ 

(CjIL)jN— 

Standard* 

CPS.63S 

C,H,— 


(c,h»),n((;h2),nh— 

No solvent (RT) 

CPSM32 


CalibO— 

U-CuHaaNlI— 

Standard* 

CTSMSS 

C.H.- 

CaH^O— 

llOCHaCHaNH— 

Alcohol; steam hath 2 iriiiia. 

CPS.70 

CiHt— 

C,H.O— 

(CjHsOjChcHjNH- 

No solvent (Ul’) 

cps.m 

CeH,-- 

CilhO- 

CHaC--NH— 

II 

j Al(iohol (RT) 

cps.ese 


\ 

1 

li 

NH 



CeH 5 — 

CaHftO— 

NllaCm'H— 

No solvent; 130*^“ 

cps.Gse 

C.H.- 

C2H5O-- 

NHoCNII - 

It 

Alcohol (liT) 

CPS,e32 



II 

NH 



C.Hr- 

CaHiO— 

NH— 

Alcohol (RT) 

CPS.6S2 



il 

NH 




CaHftO- 

CHaNIJ— 

1 

Aq. pyridine; 100'* 

CPSM 



GOaH 



C,H.— 

Cal lfiO ~ 

C^.IlaNH— 

iojCjHj 

No solvent (RT) 

Pyridine; 5(>-60° 

CPS.40 

Sh.W 

CJH.- 

CsHkO— 

dl-CH,CIINH— 

1 

Aq. alcohol; pH 8 

B.2 



(X)aH 




Call 60“ - i 

DL-IIOCH2CHNH 

1 

Aq. alcohol; pH 8-9 

B.2 



COall 




CaHiO— 

L-CJCHaCHNH— 

1 

Aq. alcohol (RT) 

B.9 



COaH 



CeHft— 

CaHjO— 

i)L-(CH»)2C— CH*NH— 
CelLCui io,H 

Acetic acid; reflux 30 mins. 

CPSMO 

C,H.— 

C,H.O— 

i>L-(CHa)2C—CHNH— 

CJJjCHi iojCsH, 

Alcohol; steam bath 

CPS.re 

C,H.— 

CaH^O— 

C6H6NIi— 

No solvent (RT) 

B.l; CPS.se; 
40; A.4 

CeHs — 

CaHfiO— 


Acetic acid; reflux 15 mins. 

cps.ee 

CeHf — 

CaHeO — 

C«H6N(CH,)— 

No solvent (RT) 

cps.ess 


CaH^O— 

NH— 

rf 

Standard* 

CPS.6SS 





• 

C,Hr- 

CaHftO — 

NH— 

Standard* 

Benzene; reflux 

CPSMS 

CPS.6S4 



-U 
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TABLE IW.—(Continued) 


Group R 

Group X 

Group Y 

Reaction conditions 

References 

C,H,— 

C 2 H 5 O— 

O 2 X 

\ 

A 

A 

NH— 

/ 

Standard® 

CPB.dSS 

C 6 H 6 — 

CaHrX) - 

O 2 X 

A 

-N 

H— 

Benzene; reflux 

CPSMS4 


C^lhO— 

A 

V' 

-NH— 

\ 

CHa 

Standard® 

CPSMSS 

C,Hs- 


CHa 

0 

V 

-Nil"- 

Standard® 

CPS.633 

C.H.~ 

CilltO- 

A 

V 

-CH 2 NH— 

Kther (RT) 

M.W; V.lt; 
Sh.tO 

C.H. 

CjUsO— 

A 

A 

--CHaC^HzNH— 

Standard® 

CPSM3S 

C,H,- 

CjH.O— 

NH— 

(CjH,)jNHCONHi^ 

Benzene;reflux 

CPS.034 

C,H.— 

CsHftO— 

NH>- 

CHaO-i ] 

Benzene;reflux 

CPS.6S4 

C,H.- 

C,H,0— 

CjH.OjC— 

/\ 

\/ 

^-NH— 

Benzene;reflux 

CPS.634 

coir- 


(C,Hj),NS02—, 

/Vnh- 

\/ 

Benzene; reflux 

CPSM34 

C,H.- 

C,H.O— 

CH 2 -CH 2 

No solvent; RT * 

CPS.40; 

Sh.l0 

C,H,- 

C,H,0— 

Nn/* 

-NH— 

Fusion 

Standard® 

cps.ess 
cps.ess , 

i__ 
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TABLE TV —(VtmUnuid) 


Group R 

Group X 

Group Y 

Reaction conditions 

References 

C,H.- 


(TT,0- 

I— 


Stand ird^ 

fV'.S 6 “('? 

C.Hi— 

(' 2 H 5 O— 

/\ 

-U/- 

-\H- 

Stand ird^ 

<' 7 ^S’ (jdS 

CJI 5 - 

(' 2 H 6 O— 

N - 

_ 

['— NH- 

hi 

St ind ird* 

CPS 633 

C'.H.— 


N 

" \ 

U,1SC 

0 

Nil- 

Stand.ud^ 

CPS 633 


C,H*0~ 

(TI, ( 

CsHeOjC’ C 

—N 

C- Nil— 

/ 

—S 

Benzene,reflux 

CPS bSi 


(’2H5O— 

('HaO— 

Trace of acid (RT) 

CPS 26, 649 


VzlUO 

HO— 

Aq acetone, cold 0 5N NaOII 
N NaOH, steam bath 

H( '1 in acetic acid then water 
Gone hvdrochloru acid 

BJ 

CPS 40 

CPS 65 

CPS 691 

C,H. - 

CjHsO- 

IIS - 

Pyndrie (RT) 

CPS 234 



CjHaS- 

Pyridine (RT) 

CPS 72. 341; 
388 

CeHs— 

CjHbO— 

{CH,),C—S- 
(''HjCOjH 

No solvent, steam bath 16 hrs 

M 35 

C.H,- 

CjHjO— 

CcHaCH^S— 

Pyridine (RT) 

No solvent, 100® 1 hrs. 

No solvent, 100 ® 16 hrs 

CPS 55 

A 5 

M 20 

C,H,- 

CjHiO— 

(CH,) 2 C—s— 

HOjC— d’H— NHCHO 

Pyridine (RT) 

CPS 388 

coi.- 


(CH.)jC-S— 

HO,c- dn—NHCorii. 

Pyridine (RT) 

CPS 388 

C,Hr- 

HO— 

CcHbNH— 

No solvent (RT) 

B2 

C,H.- 

HO— 

CaHiCHaNH— 

Dioxan (RT) 

'U 11 

coir- 

CjH^S— 

CaHaNH— 

No solvent (RT) 

D.4 

C,H,- 

C.H 5 CH,S— 

CaHaNH— 

No solvent (RT) 

CPSM 

C,H,— 

.1 . . 

C,H,N— 

ioCHi 

CiH.rrH— 

No solvent, steam hath 2 hrs 

CPS.81 

C,H,- ! 

CfHeOiCCHaNH— 

HS— 

Pyridino-ammonia (RT) 

CPSM 
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TABLE IV.—(Continued) 


Group R 

Group X 

Group Y 

Reaction conditions 

References 

C,H.CH==CH— 

CjH,0— 

CeHftNH— 


CPSM 


CjHfiO- 

CHa—CH, 

/ \ 

CHa N— 

^CH,— 

No solvent (RT) 

CPSMO 


CaH*0— 

HO— 

Warm 2 N NaOH 

Ether-N/10 NaOH (RT) 
Alcohol-V/2 NaOH 

CPS.65 

CPS 90 

CPS 90; 198 

CiH,CH=Cn— 

HO— 

CaHsNH— 

No solvent (RT) 

CPS.90 


HO— 

CHa—CHa 

No solvent (RT) 

CPSM 

C.H»CH=CH~- 

CeHaN— 

ioCH, 

CeHaNH— 

No solvent; steam bath 1 hr. 

CPS.89 

O: 

/ 

'^CH, 

CaH.O— 

C.H*CH,NH— 

No solvent (RT) 

CPS.76 

0 

D' 

/ 

C*HeO— 

CaH.CHaNH— 

No solvent 

cps.re 

C.H»(CH=CH)2— 

CaHiO— 

HO— 

Alcohol-N/2 NaOH 

CPS.8S8 

C,H,(CH=CH),— 

C.H.O— 

H,NSOr-<^_NH— 

Warm acetic acid 

CPS.m 

OiN^ 


/ 

CaHsO— ' 

HOaCCHaNH— 

Aq. pyridine; 100® 

cps.su 


c 

/ 

CaHftO— 

OaHaOaCCHaNH— 

Pyridine; 56® 

CPSMi 

OiN'^ 

c 

/ 

C,H.O— 

CeHiNH— 

Dioxan (RT) 

CP8.eu 

OiN'^ 

I 

B 

4 J ' ' 

/ 

CiH,0— 

HO— 

2 JV NaOH; lOO* 

CPS.S41 

* 

o.n'^ 

C 

/ 

CaH*0— 

OiH,CH,S— 

Pyridine (RT) 

CPSMl 
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TABLE lV.--{CarUinued) 


Group ft 

- GroiJpX - 

- Gri)up Y - 

Reaction conditions 


ojsr'^ 

k/ 

7 

C,H.Cfl,S— 

c,h,nH— 

Dioxan (RT) 

CPSM41 

Oit/ 


/ 

CeHiCHjS— 

C.H,CH2NH— 

Dioxan (RT) 

CPSMl 

C) 

CiHiO— 

(C,H*),N(CH,).NH~- 

No solvent (RT) 

CPS£S2 

CH,CH=CH— 

C,H,0— 

HO— 

_____ ... .1 

Ar/5 NaOH (RT) 

CPS.68 

CH,CH,CH,CH 

IlH— 

CH,0— 

CHf—CH. 

CB.{ '^N— 

^CHr-CH^^ 

Petroleum ether (RT) 

CPSM7 

CH,(CH,)4CH 

Ah- 

CiHiO— * 

CeHiNH— 

No solvent; 100® 

CPS.691 

CHi(CHa).CHr~- 

C,H*0- 

HO— 

N/10 NaOH (RT) 

CPSJS 

C.H*CHr- 

CiHiO— 

H,N— 

Liq. ammonia on ‘*hydro- 
bromide'^ 

M.12a; 15c 

CiHftCHr- 

CH,0— 

dl-CH,CH—NH— 
io,H 

Aq. alcohol; NaOH 

M.ZS 

C,H.CHr- 

CH.O— 

DL.(Cn,),CH—CH—NH— 

iolH 

Aq. alcohol; NaOH 

M.S9 

CtH»CHr- 

CH,0— 

d-(CH.),CH—CH—NH— 

(IjOiCH, 

No solvent (RT) 

M.60 


CHiO— 

DL- and d-(CHi)sC—CH—NH— 
CtHicni 

Pyridine 

M.16C 

C«HiCHr- 

CH,0— 

d-(CH,),C— CH—NH— 
C,H,CHi iotCH, 

Toluene (RT) 

M40 

C.H,CHr- 

CH.O-- 

L-HOiCCHCHaS— 

llrHCOiCH,CJH, 

Pyridine (RT) 

D.33 

CtHiCHt— 

4 

C,H.O— 

CH,—CH, 

7 \ 

CH, N— 

CHa—CHj 

PigCTidine on “hydrobromide’ ' 

M.lSa; SS 

CiHfCHf— 

CH,0— 

HO— 

Dilute NaOH (RT) 

M.14; 47 

U.ll 

CiHiCHt 

CfH§0— 

HO— 

Dilute NaOH (RT) 

B.S 

C«H.CHr- 

CH.O— 

H*N— 

3 N aq. ammonia (RT) 

M47 

C«RiCHr- 

CiH,0— 

C,H,S— 

Pyridine (RT) 

CPS,S88 

CiHiCEr- 

H,N- 

HO— 

Dilute NaOH; steam bath 

M.lta; IBe 


> ET room tompMoturo. 

• PiO|MMr«d MoMliif to a gonoral proeoduro (ooo eaporimootal tootioo). 
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TAJ5LK V 


CJrniip 1? 

1 (iroiif) X 

i 

H (‘agent 

Conditions 

IK’ferences 

CJU i 

ClhCO, - 

Acetic anhydride 

1 

Ko solvi'ut (KT) 

B.a 

CAh i 

('1 

Tliionyl chluiide 

Uelliix 

cpsjwo 

(\U 1 Xn\ 2 — 1 


Hen/ovl chloride 

l*(»tassiuin salt iti c*ther 

CM 

(Mht'll:— 1 

1 (41,0 

I )ia7omethiin(‘ 

T.th(>r (KT) 

C 10, M.49 

(41.(41.(41, 1 

1 ('H3() 

Diazoiru't haiic 

i:th(‘r (K'D 

(TSM/fS 

(414(41,)3( 41,- 

(’,I1>() - 

Ltlivl iodide 

SiJv(T salt, no solvent 

cps.-ina 

(4f3((41,)44I>— 1 

(41,0 - 

Methyl iodide 

Silver salt etlu*r 

CPSM/,r 

C443((41,),(41-(41— i 

(41,0^ 

Metln 1 ioduh‘ 

1 Silver salt «tli(‘r 

CPS oj,r 

(414(41,)..(4I, 

(41,0 — 

Methyl iodide 

Silv^er salt; (’Hut 

VPS.CM 


hafe bmi made (NHKL, with the help of 

ultraviolet absorption measurements. It v as found 
(hat compl(‘te d(‘stru(‘tion of th(* oxazolone rinp; 
occurred within twiuity-four hours at pll (> and 
room temperatur(‘; at pll 8 and above, little etuiiiKe 
took place. This stability to alkali is a striking 
feature of the class, and must be ascribed to stabiliz¬ 
ation of the anion as shown above (p. 748); the 
limits of this stability have not b(‘en cl(‘arly defined; 
it is reported that 2-phenyh4-h3"droxym('thylene-5- 
oxazolorie is stable to 2 A alkali in ttu* cold (BarlxT, 
Gregory, Slack, Stickings and Woolinan, CPS.GG), 
but is destroyed by boiling for one hour (Elliott, 
Homs and F. A. Robinson, ('^PS,490), 

The decomposition in acid solution is a simple 
ring-opening, as w as show n by the isolation of the 
unstable a-caproylaminoformtjlac(i?c and (LXVII; 
R - CsII ii) after acidification of sodium 2-amyl- 
4-oxymethyl(*ne-5-oxazolone ' in aqueous solution 
(Cornforth, Cornforth; Abraham, Baker, Chain and 
Robinson, CPS.59) usually the decomposition has 
been done (c.g., Mich. Chem., B,2) with addition 
of 2,4-dinitrophenylhydrazine b('fore or after hydrol¬ 
ysis; in either case carbon dioxide was lost and the 
2,4-dinitrophenylhydrazone (LXVIII) of an a-acyl- 
aminoacetaldehyde produced: 


HOCH==C~CO—O H,0 


X —CR 


one—CHCOJI DN.p. 
NHCOR ' 

Lxvn 

CH 2 —CH=-NNHC6H3(N02)2 

lllICOR + CO2 

LXVIII 


The intrinsic acidity of the 4-hydroxymethylene- 
6-oxazolones makes the more sensitive members of 
this class liable to undergo decomposition even in 
nonhydroxylic solvents, and sometimes in the dry 
state. Recrystallization is therefore often attended 
by great loss of material. 

The reaction with alcohols is analogous. The 


potassium salt of 2-bcrizyl-4-hydroxymethyl(me-5- 
oxazolone was found to bo (piito stabh' at room 
temperature in alcohol (NRRI., (\S). The natural 
acidity of the free' hydroxymetliylem^oxazolonc, 
however, appears to cat dyze alcoholysis, which was 
complete within one minute at room tempiTature 
with methanol, or five ininuti^s with ethanol (C.tS’). 
This alcoholysis, which smoothly produces esters 
of benzylpenaldic acid, has been extensiv(‘ly used 
for the preparation of th(‘ methyl, ethyl and benzyl 
esters in a pur(‘ state (MiTck, M.12a; 29; NRRL, 
C.8; Squibb, S.22; rpjohn, U.12; and others). 
When 2,4-dinitroph(‘nylhydrazine was also present 
the dinitrophenylhydrazone of the penaldic ester 
resulted (Mich, (’hem., BJ), Even the relatively 
stable 2-phen5d-4-hydroxymethylene-5-oxazolone 
will undergo alcoholysis on treatment with alc( hols 
alone (p. 825); with alcoholic 2,4-dinitrophenyl- 
hydrazinc in the presence of acid, the dinitroph(*nyl- 
hydrazonc of ethyl phenylpenaldatc was formed 
(Merck, M,SS), \\ ith thiols, a similar ring-op('ning 
was found to take place. The reaction of 2-benzyl- 
4-hydroxymethyIene-5-oxazolone with benzyl mer¬ 
captan gave bcnzql bcnzijUhiopenaldate (LXIX; 
R = R' =: C 6 II 5 CII 2 ) (Merck, MM)] the 

of LXIX (R = R' == C 6 II 6 CII 2 ) 
had apparently been obtained previously (Upjohn, 
V.ll) from the product given by the oxazolone 
with sodium benzylmercaptide. Benzyl and ethyl 
phernylfhiolpenaldates (LX1X\K = (’6H6;R' = benzyl 
or ethyl) have been prepared by action of the- 
appropriate thiol upon 2-phenyl-4-hydroxymethyl- 
ene-5-oxazolone, a little sodium being added as a 
catalyst (Copp, Duffin, Smith and Wilkinson, 
CPBM2). 

The action of benzylamine on 2-benzyl-4-hydroxy- 
methylene-5-oxazolone in dioxan gave the benzyl- 
amine salt (Mich. Chem., B,S; 4; Merck, M49); 
in water the reaction proceeded further and the final 
product w^as the benzylamide (LXX) of /8-benz- 
ylamino-a-phenylacetamidoacrylic acid (Merck, 
MA2a). With 2-phenyI-4-hydroxymethylene-5- 
oxazolone and benzylamine in dioxan the salt first 
formed was slowdy converted to 2-phenyl-4-benzyl- 
aminomethylene-6-oxazolone (LVI;R =» CeHsCHs; 
X « C6H6CHaNH) (Upjohn, UAl). 
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OIICCIICOSR' 

NHCK)K 

LXIX 

C\IUCll2NH(H--('C'()NPI('H.A\n5 

I 

NHCWHjCJU 

LXX 

R'()cn--(^n) 2 ii 

I 

Niiam 

LXXI 

(ii) 4’Alko.vyrncthylcft€-6H)x<izoloneti. The4-alk- 

oxymethyl(‘n(‘ group in this class can compeU^ 
effectively with the ring carl)on>l, and vith amines 
always appears to react first. action of 

moist air (Merck, M.37; 4^) or warm uat(*r (Tp- 
john, (\13) on 2-benzyl-4-melhoxym(dhylene-5- 
oxazolone gave u-phcn ylacctumUio-fi-vu thoxi/acryhc 
acid (LXXI; R - R' = (Tig); similarly 

2 ~amyl- 1 -( thoxymethyh n(‘-r)~o\azolone (Attenbur- 
row, Elliott, Hems and Robinson, (1*S.7S) and 
2-amyl-4-methoxymethylen(‘-5-oxazolone (Corn- 
forth, C'ornforth; Abraham, Ihiker, Chain and 
Robinson, CPH.647) gave 3 -<thoxy- and ^-methoxy- 
a-caproylam77foacryhc arida (LXXI; R = 

R' — nu*thyl or ethyl), and 2-heptyl-4-methoxy- 
methylene-5-oxazolone (Ihnn*, Cornforth; Abraham, 
Baker, Chain and Robinson, CPSMOl) gave 
fi-mrlhoxy-a-octanoylanunoacrylic acid (LXXI; R =- 
C 7 H 15 ; R' = CHs), with moist air. The action of 
water on the hydrobromidesof 4-ethoxymethyl- 
ene- and 4-inethoxymethylene-2-benzyl-5-oxazol- 
one has also given the acrylic acids LXXI (R = 
CeHoCTIj; R' = ethyl or methyl) (Merck, M.12a; 
Squibb, l3A2h; T^pjohn, V.U); acetic anhydride 
with /i^-methoxy-a-phenylacetamidoacrylic acid 
regenerated 2-benzyl-4-methoxymethylene-5-ox- 
azolone (Upjohn, UJl). Hydrolysis under acid 
conditions thus opens the ring; however, it has 
already been remarked that by the action of alkali, 
the alkoxymethylene group is preferentially at¬ 
tacked and the resulting 4-hydroxymethylene-5- 
oxazolones are resistant to alkali. 

The only definite examples available of alcoholysis 
of 4-alkoxymethylen(*-5-oxazolones are the actions 
of ethyl alcohol on 2-phenyl-4-ethoxymethylene-5- 
oxazolono in the presence of hydrogen chloride 
(Barber, Gregory, Slack, Stickings and Woolman, 
CPS.234) and sodium ethoxide (Beer, King; 
Abraham, Baker, Chain and Robinson, CPS.268) 
respectively. The product in each case was ethyl 
phenylpenaldate diethyl acetal, alcohol thus being 
added to both reactive groups; the order of addition 
is unknown. 

(iii) 4^Alkylthiomethylcne-6-oxazoloncs. Here the 
activity of the side-chain for nucleophilic reagents 
is lowered, and consequently ring-opening reactions 


come into greater prominence. Thus the action of 
hydrogen chloride, follow'cd by sodium carbonate, 
on 2-phenvl-4-benzylthiomethvlene-5-oxazolone 
(LVI; R X - CJi.Clh^) gave /S-benzyl- 

ihio-a-berizamidoacrylu* acid (LXXII; R — 

R' — C 6 Hf,(Tl 2 ) (Barbfu’, Slack and Stickings, 
CPS.of)). This is analogous to the behavior of 

4- nlko\ymethylene-r)-o\azolones; how'ever, it was 
found that thc^ same ncid w'as prodiujcd by the ac¬ 
tion of aciueous alkali, there i)(‘ing appanuiily no 
tendency tf) hydrolysis of the alkylthio group to 
give a hydro\ymethylt‘n(M)xazoIone ((\)pp, Dufiiri, 
Smith and Wilkinson, CJ\^.tiSS). The ring-oi)en- 
iiig reaction with acjueous alkali w^as also shown 
by 2-b(‘nzyl- and 2-phenyl-4-(‘thylthiomethylene-r)- 
oxazoloiKs and by 2 -(/>-nitroph(‘n 3 d)-t-benzylthio- 
methylene-fi-oxazoione, the corresponding acrylic 
acid dfiimtivoi (LXXII) being produced in ev(Ty 
case (Copp, Duflin, Smith and Wilkinson, ('J\^.38S; 
543; 641 ). In th(‘ reaction with amines tin* re¬ 
activity of the two {‘ompeting groujis is df'licately 
balance d, and appears to depend not only u])on the 
nature^ of the 2-substituent, but evf*n upon the amine 
used. 4'hus 2-i)henyl- 1-et hylt hiomethylene-fi-ox- 
azolone with aniline gave 2-phi‘ny]-4-anilinomethyl- 
ene-5-oxazolone (C^ornell Rioedi., 1).4), but wdth 
hydrazine gave the hydrazid< of /i-ethylthio-or- 
benzamidoacrylic acid (LXXII; R — ('ollft; R' = 
C/ 2 lb.) (which could be converU'd through the azide 
to the original oxazolone), and with benzylamine 
gav(‘ fh(‘ bchzylamidf of the' same a(‘id (Cl^S.SSS; 
543). Again, 2-(p-nitrophenyl)-4-benzyllhioineth- 
ylene-5-oxazolone with cither aniline or benzylamine 
gave the corrf'sponding aminomethyleneoxazolones, 
the ring being evidently so much stabilized by the 
7 >-nitrophenyl group that the sid('-chain became the 
more reactive centre (CPS.04J). The oxazolone 
ring in 2-benzyl-4-ethylthiomethylene-r)-oxazolonc 
w^as opened by benzylamine to the henzylamidc 
of ^-(Thylthio-a-phenylacetamidoacrvlic acid 
(LXXII; R = CfilUCHa; R' = CMR) (CPS.3SS). 

The action of ethyl mercaptan containing a trace 
of soflium mercaptid(' on 2-phenyl-4-ethylthiometh- 
y lene-5-oxazol on e ga v e eth yl ph cv yl th iolpen a Ida te 
dicthyUhioncctal (LXXIII; R = C 2 H&); this reaction 
is analogoiis to that of 2-phenyl-4-ethoxymethylene- 

5- oxazolone with ethanol. With benzyl mercaptan 
the product w^as benzyl phenylfhwlpenaldnte d?- 
bcnzyUhioacctaJ, exchange having occurred as well 
as addition (CPS.542). 

R'SCH -CdhU 

NII(X)R 

LXXII 

(RS) 2 CH—CibCOSR 

1 

NIICOCeFIs 

Lxxni 
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004ll8NCII=CC0NC4H80 

NHCOCHsCeHfi 

LXXIV 

(iv) 4^AminomethyIene-5-oxazoloncs, The only 
acid hydrolyses of this type of substance have been 
carried out in thc^ presence of 2,4-dinitrophenyl- 
hydrazine; phenylacctamidoacetaldehyde 2,4-di- 
nitrophenylhydrazone was thus produced from 
2-benzyl-4-aminomethylene-5-oxazolone (Merck, 
MA2a), and from 2-benzyl-4-bcnzylaminomethyl- 
cne-5-oxazolone (Upjohn, U.ll), A few cases of 
alkaline hydrolysis have been recorded and these 
have led to hydroxynicthyleneoxazolones. Alco¬ 
holysis of 2-phenyl-4-benzylaminomethylene-5-ox- 
azolone has been carried out in the presence of 
2,4-dinitrophenylhydrazine and acid (Merck, M.3S; 
Barber, Gregory, Slack, Stickings and Woolman, 
CPS.234)) the product was the dinitrophenylhy- 
drazone of ethyl phenylpenaldate. 2-Benzyl-4“ 
morpholmomethyleNc-d-oxazolorie on heating with 
morpholine gave the morpholtde (LXXIV) of 
morpholino-a-phenylacetamidoacrylic acid. On the 
other hand, it is reported (Barber, Gregory, Slack, 
Stickings and Woolman, CPS.66) that the ring in 
2-phenyl-4-anilinomethylene--5-oxazolone could not 
be opened *'evcn by the most drastic treatment with 
aniline,though benzyl mercaptan in acetic acid 
appeared to open the ring. 

(c) Reactions Involving Both Functional 
Groups. The reaction of 2-benzyl-4-ethoxymeth- 
ylcnc-5-oxazolone with benzylamine in ether under 
mild conditions led to 2-benzyl-4-benzylamino- 
mothylcne-5-oxazolone in the normal way (Up¬ 
john, UJ1\ NRRL, CJO] Merck, this sub¬ 

stance was found to exhibit dimorphism. With an 
excess of benzylamine a product was formed, cither 
from 2-benzyl-4-ethoxymethylene-5-oxazolone or 
its “hydrobromide(Merck, MJ2a; Upjohn, U,7; 
3), which gave rise to a good deal of confusion owing 
to its variable properties. It crystallized from 
ethanol (or methanol) with one molecular propor¬ 
tion of the solvent, which it retained rather tena¬ 
ciously. This fact was not at first suspected and led 
to such formulations as LXXV and LXXVI, for it 
had been found that the substance gave the benzyl- 
amide of benzylpcnaldic acid on treatment with 
alcoholic hydrochloric acid (or the 2,4-dinitro- 
phenylhydrazone of this benzylamide when di- 
nitrophenylhydrazine was also present) (Merck, 
M.loc; Upjohn, t/.7), and with cysteine the thiazol- 
idine (LXXVII) appeared to be formed (Merck, 
MJ2a). Later (Merck, M.60; 61) the presence of 
alcohol in the crystals was recognized, and it was 
shown that the hydrolysis with acid led to equi- 
molecular amounts of benzylamine and benzyl- 
penaldic benzylamide. The substance, then, was 
clearly the benzylamide (LXX) of i^-benzylamino- 
a-phenylacetamidoacrylic acid. This had already 
been recognized as a product of the action of benzyl¬ 


amine on the oxazolone hydrobromide(Upjohn, 
U.6) ; apparently the isolation procedure had 
avoided the use of alcohol (or the crystals had been 
effectively freed from solvent by drying) so that 
accurate analytical data could be obtained. With 
morpholine and 2-benzyl-4-ethoxymethylene-5-ox- 
azolone “hydrobromidc,” both 2-bcnzyl-4-morpho- 
linomethylcne-5-oxazolone and /8-morpholino-a- 
phenylacetamidoacrylic acid morpholide (LXXIV) 
were isolated; the conversion of the former sub¬ 
stance to the latter has been mentioned above 
(Merck, M.23\ 28). 

N-CCHO 

II II 

C.HsClIsC—O—CNHCH sC#H5 

LXXV 

N-CHCHO 

CeH^CHjC CO 

\ / 

N 

\ 

CHjjCeHs 

LXXVI 

CIIj—S—CH—CHC0NHCH*C,H6 

I I I 

HOsC C^H-Nil NH COCIIjCeHs 

LXXVII 


CH 2 COX 

NllCOCIIsCellj 

Lxxvra 


A curious fission reaction must be mentioned here. 
The action of piperidine on the “hydrobromide” 
of 2-benzyl-4-ethoxymcthylenc-6-oxazolone gave 
not only 4-piperidinomethylene-2-benzyl-5-oxazol- 
one but some of the piperidide (LXXVni; X = 
NCjHio) of phcnacoturic acid; an analogous prod¬ 
uct (LXXVIII; X = NCiHsO) was obtained with 
morpholine (Merck, M.lSc). This removal of the 

4- methine group, which in these examples is per¬ 
haps split off as a N,N'-dialkylformamidine, may 
proceed via the aminomethyleneoxazolone, for it 
was found that 2-phenyl-4-benzylaminomethylene- 

5- oxazolono on brief boiling with benzylamine gave 
hippuric acid benzylamide (Barber, Gregory, Slack, 
Stickings and Woolman, CPS.2S4). An analogous 
and even more surprising case was the formation of 
hippuric acid by the action of cold acetic acid on 
methyl n-phenylpenicillenate (LXXIX). In this 
instance the other fission product was perhaps the 
thiazoline (LXXX). 


(CH,)2C—SH 


N= 


CH,02C—CH 




-NH—CH 

LXXIX 


=i—CO—<l) 


=CC,H, 
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(CII,)2C—S—CH 

I II 

CH3O2C— CH-N 

LXXX 

The behavior of 2-phenyl-4-ethoxyraethylene-5- 
oxazolone with hydrazine and certain other reagents 
constitutes a special case. The oxazolonc with 
hydrazine in alcohol gave a bright red substance, 
evidently S-pheni/l-4-hydrazinomethylene-/i-oxazolone 
(LXXXI; R == H), for it gave an azide with nitrous 
acid. This substance melted when placed in a bath 
at 120°, but on slow heating melted much higher 
and with loss of the red color (Ihirber, Gregory, 
Langford, Slack, Stickings and Woolman, CPS.3S5). 
Later (Slack, CPti.Ji.lO\ Barltrop; Abraham, Baker, 
Chain and Bobinson, CPS.463) it was shown that 
this behavior was duo to rearrangement, the product 
of heating being 4-bonzamidopyraz()lone (LXXXII; 
R = H), identical with material made from hydr* 
azine and ethyl /1-ethoxy-a-benzamidoacrylate. 

RHNN CO—O 

N Cejh 

LXXXI 

(V.Hr>(^ONTK^—rO‘-KR 

" I 

C'll —NH 

LXXXII 

A similar rearrangement may be suspected in the 
product from phenylhydrazine and 2-phenyl-4- 
ethoxymethylene-5-oxazolone (Mich. Chem., B,3). 
This substance, placed in a bath at 170-180°, melted, 
resolidifi(»d, and then melted at a higher tempera* 
ture; on slow heating or after melting once only the 
higher melting-point could be found. Th(' product 
obtained after recrystallization of the melt was 
identical ^vith the substance, evidently l-pheriyl-^^ 
henzamido-5-pyrazolonc (LXXXII; R = CeHs), ob¬ 
tained from ethyl phenylpenaldate and phenyl¬ 
hydrazine. It seems probable that the initial 
substance was ^-phenyUJrphenylhydrazinomethyl- 
ene-5-oxazolone (LXXXI; R = CoIIfi), and rear¬ 
ranged to the pyrazolone on melting. 

The reaction of acetamidine with 2-phenyl-4- 
ethoxymethylene-5-oxazolone gave the acetamidino- 
methylene derivative (LVI; R = Coils; X = —Nil 
—C(CH8)=NH), which in the presence of sodium 
ethoxide was rearranged to S-methyU4-hydroxy-5- 
benzamido-pyrimidine (LXXXIII; R ~ CHo). Sim¬ 
ilarly 2-phenyl-4-guanidinomethylene-6-oxazolone 
and 2-phenyl-4-uroidomcthylene-5-oxazolone gave 
the pyrimidines (LXXXm;R - NH 2 —andllO—); 
in the interesting case of 2-phenyl-4-(of-pyridyl- 
amino)-methylene-6-oxazolonc the product was 
a divinylene pyrimidone (LXXXIV). 2-Phenyl- 
4-(S-methylthioureido)methylene-6-oxazolone 
(LXXXV) on similar treatment lost methyl mer¬ 


captan to give 2 -phcn ijU4-cya namidom cthylene-’B- 
oxazolone (King, King; Abraham, Baker, Chain 
and Robinson, CPS.032). 4-Benzamidopyrazolone 


R N 

\ /- \ 

C (T1 


N C—NUnK'^H. 

\ / 

(’ 


I 

OH 

LXXXIII 



N NH 


I I 

o \ 

NHCOCfilH 

LXXXIV 


11 aN (.^SCHs )~N—CTI--C—C() ) 

I I 

N --- CCoTH 

LXXXV 


(LXXXII; R = 11) WHS cyrlizc'd by phosphoryl 
chloride to the oxazolopyrazole (LXXXVI) (Barl¬ 
trop; Abraham, BaTcer, Chain and Robinson, 
CPlSi.46‘S), and this reaction was also applied (dPS. 
632) to prepare the oxazolopyrimidincs (LXXXVII; 
R = CHs and NHj) from the pyrimidones (LXXXIII; 
R = CH3 and NHj). These ring systems are new. 


HN--C O 

I I' I 

N C CCeHs 

% / \ 

CH N 

LXXXVI 


R N 

\ / \ 

C CH 

II i 

N C 

\ /■ \ 

C N 

I II 

0-CCeHi 

LXXXVII 


/ O- 

Vceiui--- 


O—CO—- CHNH- 




■), 


LXXXVIII 


Chromoisomerism in Aminomethyleneozazolones. 
The bright red 2-phenyl-4-hydrazinomethylene-5- 
oxazoloue (LXXXI; R = H) has already been 
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mentioned. Jt has been found (Robinson, Wilson; 
Abraham, Baker and Chain, CPS.6SJ) that this is a 
labile form, and that a more stable orange form was 
obtainable. The latter showed a melting-point 
below that of the pyrazolone (LXXXII; R = H); 
rearrangement, hoN\ever, took place rapidly on 
melting. The strueUire A\as proved by prepara¬ 
tion of a hcnzyhdcne dcTivative and a dlsubstituted 
hydrazine (LXXXVIII) which resulterl from further 
condensation with 2-phenyl-4-ethoxymethylene-5- 
oxazolone. 2-Phenyl-4-aminomethylene-5-ox- 
azolonc (Barber and Slack, CFS.40), and the cor¬ 
responding acetamidino and guanidino compounds 
(King, King; Abraham, Baker, Chain and R. Robin¬ 
son, CPS.i)S2) have also been shown to exist in 
two differently-colored forms, the deeper-colored 
being the more labile in each case. It has been 
suggested (Barltrop; Abraham, Baker, Chain and 
Robinson, ('PS.4f)S] Robinson, Wilson; Abraham, 
Baker, and Chain, CPS.tUl) that the more deeply- 
colored forms are chelated as forms, e.g., LXXXIX 
(the electronic surplus is to be regarded as shared 
by the oxazolone ring as a w hole), and that the more 
stable varieties are tlie frans forms. In support of 
this hypothesis it may be mentioned that the 
scarlet 2-phenyl-4-hydrazinomethylene-5-oxazolone 
is insoluble, unlike the orange form, in dilute acid, 
and also sc'eins to be more readily rearranged to the 
pyrazolone, to judge from the behavior on heating. 


H 2 N 

«- / \ 

O—CO NH 

\ / 

C--CH 

, / 

C«H60=N 

LXXXIX 


HOCR'=C—CO—O 
N=CR 

xc 


4 - (o£-Hydroxyalkylidene) -6-oxazolones. Some 
members of the class XC have been prepared; as 
might be expected they closely resemble the 
4-hydroxymcthyIene-5-oxazoloncs but with some 
interesting discrepancies. 2-Siyryl-Ji-{ot-hydroxy- 
eU\yliden^-5--oxazoLonc (XC; R == CeH6CH=^CH; R' 
= CHs) was prepared from cinnamoylglycine, 
acetic anhydride and potassium acetate (Bentley, 
Robinson; Abraham, Baker. C'hain and Robinson, 
CP^i,J^J|.l); hippuric acid similarly gave S-phmyl- 
Jr{a-hydroxycthyIidenc)-5-oxazolone (XC; R — CsIIb; 
R' = CHs) (Elliott, Hems and F. A. Robinson, 
CPS. 49 O), but it was found better to prepare this 
from sodium hippurate and acetic anhydride; 
^-'phenyU4-’(oL-hydroxypropylidene)-5^xazolone (XC; 
R = CeHs; R' = C 2 H 6 ) could also be prepared in 
this way {CPS,490), A few reactions were studied. 


The styryloxazolone with methyl sulphate gave a 
high-melting methyl derivative which contained 
the N-methyl group (Herzig-Meyer) and was 
apparently the cnol-betaine (XCI). With diazo¬ 
methane this substance Avas also produced, along 
with a lower-melting isomer which w^as evidently 
the 0-c4her, for the hydroxyethylideneoxazolone 
w^as regenerated readily on hydrolysis and the 
ultraviolet absorption also resembled the parent 
substance (and 2-styryl-4-hydroxymelhylene-5-ox- 
azolone) {CPS,44^)- An 0 -methyl ether was simi¬ 
larly obtained from 2-phenyl-4-hydroxyethylidene- 
5-oxazolone and diazomethane {CPS,490), 

~0C(CH3)=C—CK)—O 

I I 

CH3N==CCII--=CriC«H6 

+ 

XCI 

CIIaCOCIICOsCzHs 

N11COCII--CIICcH5 

XCII 

So far as they w^f‘re studied the ring-opening 
reactions of these' oxazolones resemibled those of 
the 4-hydroxymethylene-5-()xazolon('s. 2-Phenyl- 
4-(a-hydroxyethylidcne)-5-o\azolone was found to 
be stable' to hot 2 N alkali under ceniditions which 
destroyed the hydroxy methylene analogue' (CPS, 
49 O); the 2 -styryl compeamd was also re'peuleel to 
be stable to alkali {(^PS.44t)> The' soelium de'riva- 
tive of XC (R = CeHo; R' = CTI 3 ) was alM) stable 
to alcoholic soeliurn ethoxido. Hvdrolysis of XC 
(R = CJIs; R' = CHs) with 2 A hydrochleu^ic 
acid gave aminoacetone (CPS.490), With alcohol 
followed by 2,4-dinitrophcnylhydrazine, the styryl 
oxazolone ‘(XC; R = C,\UCi\---Cll; R' = CII 3 ) 
gave the 2j4-dinitrophmylhydrazonv olt ethyl a-cin- 
namoylaminoacetoacetate (XCII) {CPS,44i)> 
Ultraviolet Absorption of Oxazolones. Some 
general remarks are necessary on the ultraviolet 
absorption behavior of oxazolones, as this property 
has frequently helped in their identification. Sim¬ 
ple oxazolones of type I show only end absorption 
unless the 2 -substituent is an aryl or similar group. 
However, the type II oxazolones show character¬ 
istic absorption bands of high intensity in the region 
2,600-3,61)0 A, the longest wave-lengths being 
found when R is aryl and when R' is attached 
through an oxygen or particularly a nitrogen or 
sulphur atom. An illustrative table is given below 
(Table VI); the absorption spectra of other com¬ 
pounds are given with their preparation in the 
experimental section. 


Part III 

Reaction of 4-Heteromethylene-6-oxazolones with 
Penicillamine and Similar Substances. One of 
the principal objects in making 4-heteromethyl- 
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TABLE VI 


5-Oxazolono 

Solvent 

^nuuc (A) 

Em 

Reference 

2-Benzyl-4,4-dimethyl-. 

Cyclohexane 

End absorpti 

on only 

M.12c 

2-Phenyl-4-benzyl- . 

Ether 

1 

2,410 

17,300 

-S' u 

2-Pheny 1-4-pheri y 1- 

Ether 

2,450 

20,000 

s.r)3 

2-Pheny 1-4-ben zyhdeiu'- 

? 

2,500 

2,000 

3,620 

12,200 

12,200 

43,400 

WAO 

2-Benz vl-4-hy d roxy in et h vlcno- 

Aq. alkali 

2,400 

3,000 

6,000 

10,700 

M.30 

2-Bonzyl-4-ethoxymethylone- 

Ether 

2,800 

14,650 

C.IO 

2-Berizyl-4-aminomethylene- 

95 % alcohol 

2,350 (plateau) 
3,100 

4,290 

23,100 

M.12c 

\ 

(GH3)2C—CII 0 

C,H.CnsS iojH N^-— 

Methanol 

2,400 (plateau) 
3,225 

7,500 

28,000 

M.lSc 

Methyl beiizylpenicillenate 

Ethanol 

3,175 

20,000 

M :o 

Methyl phenylpenicillenate 

Ethanol-Chloroform 

2,400 

12,800 

3,500 

12,(XH) 
(>,000 
34,000 

M I >c 

2-BenzyI-4-ethylthiomcthYlene- 

Ethanol 

3,350 

20,250 

CPS.S88 

2-Phenyl-4-ethylthiom(‘( li.\ 

Methanol 

3,540 

29,800 

CPS.388 


ene-5-(Jxazolonos was, naturally, to condonse them 
with ponieillamino, and the i)0SHibility that such a 
condensation might l(*ad to penicillin was enter¬ 
tained at a very early stage'. As work proceede'd, 
it became' evident that 4-hydre)xymethyl('ue-5- 
oxazoloups and their elerivatives showe'd little 
tendency te) smooth formation of thiazolielmes in the 
manner of normal aldehydes; and owing to the 
frequently cennplex and intractable^ nature of the 
products, most of the experiments led to no definite 
result. These indecisive experiments arc sum¬ 
marized in Table VIT. Some of them, as indicated, 
led to products having a trace of antibiotic activity. 

Under certain conditions, and chiefly by the use 
of penicillamine methyl ester, it was found possible 
to obtain definite products, and collect some evi¬ 
dence of their constitution. These will be men¬ 
tioned in greater detail. 

(i) Reactions with Ji-Hydroxymethylene^B-oxazoU 
ones. The condensation of 2-phenyl-4-hydroxy- 
methylcne-5-oxazolone with L-cysteine in aque¬ 
ous solution at pH 2 gave carbon dioxide and 
S-benzoylammomethyUhiazolidine-4'Carboxylic add 
(XCIII); another experiment with pH initially 4-5 
gave some indication that coupling with cysteine 
preceded decarboxylation (Mich. Chem., B.S), A 
condensation of 2-amyl-4-hydroxymethyIene-5-ox- 
azolone with DL-penicillamine at pH 6 gave in> 
amylpenUloic add (XCIV) and carbon dioxide; these 


were accompani('d by other products which could 
not be isolated (Attonburrow, Elliott, Hems, and 
Robinson, ('^FS.SSS). 


CTU—S 


\ 


CHCIIiNHCOC.Hs 


IIOsC—CH—NH 

xcm 


(CH3)*C—s 


/ 

HO 2 C—CH—NH 


\ 


CHCIIsNHCOCsHu 

XCIV 


(CH3)20—CH—Nil—CO SH 

II II 

HS CO—NH—CH—C(CH3)2 

XCV 

The condensation of 2-benzyl-4-hydroxyinethyl- 
ene-S-oxazolonc witlx DL-penicillamine methyl ester 
(Mich. Chem., B.3) in dioxan gave a neutral 
product, m.p. 210-212°, which was recrystallized 
from ethyl acetate. It then had m.p. 198-199° and 
appeared to consist of the diketojnperazine (XCV) of 
DL-penicillamine. Another group (Merck, M.2S) 
obtained the product m.p. 211-212° in the same way; 
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TABI.K VII 

Condensation of Oxazolones XC-H-=C/—CO—O with of-Amino-it#-thiol Acids and Esters 


N -r 


Croup R 

Group X 

Ammo thioJ 

- -- 

- 

— 

C^H, 

('.luo - 

DL-ponicillamim* 

C.H 5 

r,H 60 

i)L-pcnicilln mine 

C,Jh- 

cji.o- 

i.-cysteine 

C,H.- 

CsHfiO - 

L-cystciiif 

C.H 5 - 

(MUO - 

L-cysteine methyl es- 
t(T 

C,H„ 

( JIfiO 

L-cysleine methvi es¬ 
ter 

CcH 6 - 

no- 

oL-penieillamine hy- 
driichloride 

C.H. - 

HO - 

D-penieillamine 
methyl ester 

CJU- 

no- 

L-eysteine meth>I es¬ 
ter 

CoHft- 

HO - 

nL-penieillumine 
methyl ester 

CeHj- 

c\n fiS— 

DL-ijeuieillamine 

C.Ha— 

VcUtClh^— 

i)L-pemcillamine 


C'H,('Os— 

L~ey stein 0 

C.H 6 — 

(^H.C^HaNH— 

L-cysteine hydro¬ 
chloride 

C.IIjCH,— 

Caino— 

i)L-pemcillamme 
(Na salt) 

C,H.CH,— 

C 2 H 5 O— 

D-penicillamine 

CeHfcCHa— 

CH,0— 

D-peiiicillamine 
methyl ester HCl 

C.HoCHj— 

CjH.O - 

DL-peiiieilljiinine 
methyl ester 

C.H.CIC-- 

CH,0— 

u) L-cy Sterne 

C,H 5 (Hl 2 -<- 

CHaO- 

D-penic;illamine 
methyl ester 

CJl.CHr- 

110 — 

D-penieillamme 
methyl ester 

C.HkCH,- 

HO— 

i)-peiiicillamine 
method estt'r 

C.n.CH 2 -~ 

CaH.CHaNII— 

D-penieillamine 

hydrochloride 

CeH.CH^CH— 

CaH*0— 

i)L-penicillamine 

C«H6(3H=Cn-~ 

CjH.O— 

DL-peiiicillaminc 

CeH.CH=-rCH— 

CaH.O— 

DL-pcnicillaminc 

hydrochloride 

tj-NOrCoH.— 

(" 2 H 4 O— 

DL-peiiicillamine 

D-NOrCeH.— 

CallsO— 

D-penicillamine 

hydrochloride 

t)-NOaC.H4— 

HO- 

DL-penicillamine 

^-NOaCeH.CHa-- 

(JallftO— 

D-penicillaraine 

hydrochloride 

[UHr— 

C 2 H.O— 

D-penicillamine 

::;H.CH2CHa— 

HO— 

DL-penicillamine 

::!H.(CH2).CHr- 

HO— 

DL-penicillamine 

3Bt(CBiUCU2— 

CHiO- 

D-penicillamine 

::Hi(CHj).CHr- 

CH,0— 

D-penicillamine 

::!.H5CHr- 

CHiCV- 

DL-/3-hydroxyvaliae 


CR 


(^inditions 

Product 

Antibiotic 

Refer- 

activity 

once 

Aqueous alcohol; /jH 
8; HT 

Amorphous 

acid 

— 

BJ 

Pyridine: RT; 3 hrs. 

Amorphous 

aei<l 

— 

CPS 40 

Aqueous alcohol; 
pH H; HT 

Amorphous 

acid 

— 

B.t; 2 

Acetic aeid-Na acet¬ 
ate, R'r 

Amorphous 

acid 

—> 

CPS .20 

Dioxan: R F 

Oil 

- 

B.2 

Ktlicr; IJT 

Amorphous 

1 


B.S 

Wutcr; 70-80“ 

GO;; gum 

— 

CPSJfi 

Dioxau-sodium s u 1 - 

Amorphous 


M.23 

phate 




Ihoxiui-sodium 

Oil 

— 

B.J 

sulphate; RT 




Dioxan-sodium 

Oil 

-- 

BJ 

sulphate; RT 




Pyridine; 35-40” 

Amorphous 

— 

CPS Ml 

Pyridine; 35-40" 

Amorphous 

— 

('PS. 241 

A(‘etic acid 

Amorphous 


BJ 

Dioxan-water 

Senn-cryst. 


UJl 

Methanol; RT 

15 mins. 

Amorphous 

acid 

— 

B.t 

Acetic acid-sodium 

~ 

Trace 

U.ll 

acetate 




Benzene-triethyl- 

arnine 

Trace m.p. 

i 82 -is;r 

— 

M .37 

Pyridine; RT; then 
benzylamine 

m.p. 100- 
162® 

— 

li.S 

Formamide-p> ridino 

— 

<0-2 U./mg. 

M.78 

Various solvents; then 

— 

Zero 

M.23 

saponify 




Dioxan-wator pH 4-5 

('Oa evolved 

— 

Af.2S 

pH 6 

No CO 2 ; 
gum 

— 

M.23 

Dioxan-water 

— 

0.1 U./mg. 

U.ll 

Acetic acid-sodium 

Amorphous 

+ 

CPS.S6 

acetate; RT 




Pyridine; RT; then 

— 

Zero 

M.29 

reduce: (a) with Al- 




Hg; (b) electrolyti- 




cally 




Acetic acid 

Acid m.p. 
219® 


CPS.198 

Pyridine; RT; then 

Amorphous 

— 

CPS.su 

100” 




Pyridine, 70®, 1 hr. 

— 

Zero 

D.S0 

Aq. dioxan 

— 

Slight 

CP8.su 

Pyridine, 70®, 1 hr. 

— 

0.7 U./mg. 

D.S2 

Pyridine; 75® 

— 

4- 

D.SS 

Isoamyl acetate; RT 

— 

+ 

CPS.S8 

Isoamyl acetate; RT 

— 

*+• 

CPS.69 

Pyridine 

— 

0.2 U./mg. 

M.re 

Pyridine 

— 

•f 

CPS.e9i 

Pyridine; 75® 

— 

Zero 

MM 
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crystallization from methanol-ether, however, hardly 
changed the m.p., and the analysis and properties 
were in accord with the structure of the penicilloyl- 
pcnicillaraide (XCVI). 


(CHs).C-S 


\ 

( 

/ 


HS-C(CIl3)2 

cii—cuic()Niirnco2Cii3 


CHsOaC—CH—Nil NllCOClIsCfillo 

XCVI 

C 02 I 1 

I 

(CH3)2C—s—CH^-r^-NHCocnsCjir. 

I 

CHsOsC—CH—NH—CII--C—CO—0 


I 

N --- cvir^c^iir. 


XCVII 


A less pure specimen of the same substance ap¬ 
pears to have been obtained by carrying out the 
condensation in ether-pyndine (Mich. Chem., BM). 
In acetic acid (-B.4; a different substance, an 
acid of the composition 2 mols. oxazolone + 1 mol. 
ester — 1 mol. water, was obtained. On tr(‘atment 
with hot dilute acid follow^ed by mercuric chloride 
it gave phenylacetamidoacetaldehyde; a possible 
structure is XCVIL Condensation of 2-benzyl-4- 
hydroxymethylene-5-oxazolone w’ith D-penicillamine 
methyl ester in aqueous solution w^as accompanied 
by evolution of carbon dioxide at pH 4-5 but not at 
pH 7 (Merck, M,2S). It was shown (Copp, Duffin, 
Smith and Wilkinson, CPS./t 42 ) that condensation 
of 2-amyl-4-hydroxymethylene-5-oxazolone with 
D-penicillamine methyl ester in aqueous dioxan gave 
methyl D-amylpenicillcnate (XCVIII; R = CsHu, 
identical with material prepared from the methoxy- 
methyleneoxazolone (see below). 

(ii) Reactions with i-Alkoxymethylene-d-oxazolones. 
To this class belong many attempts in which 
production of antibiotic activity was the object 
rather than the isolation of reaction products. 
Most of these are mentioned in Table VII. In 
general; it may be said that pyridine is the best 
medium found so far for obtaining antibiotic 
activity in the condensation with penicillamine, 
and 2-benzyl-4-methoxymeihylcne-5-oxazolonc the 
reactant which gave the highest and most con¬ 
sistent activity. Systematic studies w ith this 
and other oxazolones are reported in the experi¬ 
mental section. 

Experiments throwing light on the general 
nature of the reaction arc far Jess numerous. The 
first definite result was obtained from the condensa¬ 
tion of 2-phenyl-4-ethoxymethylene-5-oxazolone 
wdth DL-penicillamine methyl ester, which gave a 
crystalline product of somew hat variable melting- 
point (Merck, MAO; 12a; 16c; S7; Copp, Duffin, 
Smith and Wilkinson, CPS, 4 ^ 4 )^ This was at first 


thouglit to be the thiazolidine-oxazolone (XCIX), 
for the ferric chloride and nitropnisside tests for a 
sulphydr>d group were negative though the sodium 
azide-iodin(‘ test was positive. The absorption 
spe(‘1nim, however, pointed clearly to the presence 
of a t-melhenyloxazolone group in the molecule, 
and recognition of the substance as metlnjJ dl- 
ph(aylp( ninUcnale (XCVIII; R = C^IR) was pro¬ 
moted by degradation exp(‘nments. Thus with 
aqueous sodium hydroxide^ the sodium salt of 
2-phen> 1-l-hydro\ymethylen(‘-5-o\azolone w’as 
formed. With benzylarnme the oxazolone ring 
was opened and the thiazolidine ring closed; the 
product, 6 -metfiyl phenylpcjucilloate a-bcnzylamide 
(C) was also obtained by the a(*tiou of benzylamine 
on the crude (‘ondensation product of DL-ptmicill- 
amine nudhyl (‘ster [with 2-phenyl-4-hydroxy- 
m(dhylen(‘-5-o\azol()ne (Mt‘rck» MA2(i). This w^as 
split by mercuric (‘hloride, phenylpenaldyl benzyl- 
amid(' (Cl) being isolated as the 2Ardtf^'^irophenyl- 
hydrazone A similar degradation, using methanol 


((Ti3)2C^~sir 

I 

1 


N - - CR 


(’H —Nil—('TI- (’—CO—o 

XCVIII 


(Clla)sC- S 

\ 

CJI-(HI—('0 —0 

/ I 1 

OHaO./—CII-Nil N=.==- CCtHa 

XCIX 


(CHa)2r- - s 

\ 

on—CHC’ONIU'HaCella 

/ I 

(’HaOaO—OH—Nil NHCOCaIR 

C 


OIK^—CH—CONHC'IRC.IIa 

I 

NlK’OCalU 

Cl 

instead of benzylamine, led to the 2,4-dinitrophenyl- 
hydrazone of methyl phonylpenaldate. The sur¬ 
prising reaction of XCVill (R = C*Hb) with 
aeetic aeid has already been mentioned. Reac¬ 
tion with benzyl mercaptan m the presence of a 
little sodium benzylmcreaptide gave the bonzyl- 
thioester (CII) of phenylpenaldic acid dibcnzyl- 
thioaeetal (Copp, Duffin, Smith and Wilkinson, 
CPSJJi£). Crystalline substances were also ob¬ 
tained from 2-phcnyl-4-<'thoxymethylene-5-oxazol- 
one with D-penieillamine methyl ester and L-cysteine 
methyl ester (Merck, M.lSc); from 2-styrj'l-4- 
ethoxyraethylene-5-oxazolone and d- or DL-penioill- 
amine methyl ester {M.SS), from 2-amyl-4-meth- 
oxymethylene-5-oxazoIonc and D-penicillaminc 
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methyl ester {M.50)j and from nirpenicillamine 
bnezyl ester and 2-phenyl-4-ethoxymethylene-5- 
oxazolone (Boon, (Barrington, Jones, Ramage, 
Tyler and Waring, CP^^.GQS). These all appeared 
to be of the pcnicillenate type (XCVIII). The 
condensation was usually carried out in benzene or 
toluene at room temperature, but pyridine could 
also be used. With 2-benzyl-4-metho\ymethyl- 
ene-5-oxazolone and D-penicillamine methyl ester 
(Merck, M.15c; 37; 47; 60; 76) the ])roduct was an 
oil, but analysis and light absorption measurements 
indicated that this consisted largely of methyl 


(C6H6CH2R)2CHC()SCH2C6H6 

NHCCK^Hfi 

CII 


(CH8)2C-S 

\ 

CH—CIICONHCHsR 


CHjOsC—CH 


/ 

-Nil 

era 


NIICOCHjC.Ht 


(CH,)iiC-S NHCOCHjC.Hj 

\ I 

CH—CH—CONHCIIjCalls 

/ 

CH—Nil 

ioNHCH^Celle 

CIV 


D-benzylpcnicillenate (XCVIII; = C 6 H 6 CII 2 ). 
The action of iS-phenylethylamine and of /3-(3,4-di- 
methoxyphenyl)ethylamine in ether on the crude 
product gave crystalline products, presuma¬ 
bly the penicilloamides (CIII; R == (^ 6 HbCH 2 or 


(CllaO) 2 C 6 H 8 CHa) (M.15c;37) ; the.action of benzyl- 
amine in boiling ethyl acetate went further, the 
product analyzing for benzylpenicilloia acid dibenzyU 
amide (CIV) (AI,37). Bcnzylamine in ether, on 
the otlu‘r hand, (M.37) gave the normal benzyl- 
amide (CIII; R — Cell 5 ). Hydrazine gave a 
crystalline product of unknown structure (M,50). 
Methyl D-benzylpenicillenat(‘ is a^ degradation 
product of penicillin and some of its reactions are 
described elsewhere in this monograph. 

The condensation of 2-benzyl-4-methoxymethyl- 
cne-5-oxaz()lone with Di.-penicillamine methyl ester 
in benzene over a period of two months gave in 
small amount a crystalline product which was 
possibly a solvated form of XCVI. The hydro- 
bromide^’ of 2-benzyl-4-ethoxymethylene-5-oxazol- 
one v\ ith i)-pcnicillamine methyl ester gave a 
substance to which the structure XCVI was also 
ascribed, on the basis of analysis and ultraviolet 
absorption {M.£9). In one experiment, 2-benzyl-4n 
methoxymethylcne-5-o\azolone \\as condensed with 
D-penicillamine methyl ester in pyridine, and later 
benzoyl chloride was added. A small amount of 
a crystalline product^ m.p. 138-140°, was obtained, 
which was isomeric with dimethyl benzylpenicil- 
loate, but differed from this in its properties {M,87), 
Later {Al, 40 ) it wslh found that more of the product 
was formed in the presence of methanol and that 
addition of benzoyl chloride was unnecessary. A 
second substance m.p. 108-109° was then also 
produced; this gave a positive azide-iodine test for 
sulphydryl, and in boiling ether was converted to 
the higher-melting form, which gave a negative 
test. Hydrolysis gave, with loss of a phenyl- 
acetyl and a methoxyl group, a high-melting 
substance, Ilydrogenolysis with Raney nickel gave 
a low-melting sulphur-free product. These changes 
were tentatively interpreted as follows {M.Jfi; 
47). 


(CH 3 ) 2 C—CHCO 2 CH 5 CHaOCH=C—CO—O 


HS NH* 


N- 


(CH,) ,C-CH COsCH, 

I ^ II 

CCHsC,!!, SH Nil 

CH,OCn=C—CO 

NHCC)CH,C,H, 


{CH,),CH—CHCOjCH, 

I 

NH 

CH,OCHr-CH—CO 

I 

NHC0CH*C,H5 
m.p. 88-87“ 


Ni 

(H.) 


(CH,),C- 










Compound m.p. 108-109“ 
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(CH,),C-CH 


NH 
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CO 


NaOH 


CH,0—CH 


NHCOCH,Cra» 
Compound m.p. 138-140“ 
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CH,OCH 
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NH 


CO 
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m.p. 300“ 
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This explanation appears to lit the observed 
facts. It is interesting that an attempt to repeat 
the experiment gave dimethyl D- 7 -benz 3 dpenicil- 
loate instead. By the condensation of 2-benzyl-4- 
methoxymethylene-5-oxazolone with L-cysteine 
methyl ester in hot pyridine an analogous substance, 
isomeric but probably not identical with a di¬ 
methyl desdimethylbenzylpenicilloate, w^as pro¬ 
duced {MJ5c). 

Wh(‘n condensation of UL-penicillamine with 
2-phei>yl-4-ethoxymethylenc-5-oxazolone was car¬ 
ried out in boiling acetic acid, carbon dioxide was 
eliminated and the product was DL-phenylpenilloic 
acid (XCIII) hydrochloride; the same product was 
apparently formed by fusion of the reactants at 
90° (Barber and Slack, CPS. 4 O; Barber, (5regory, 
Slack, Stickings and Woolman, CPS. 6 G), When 
the condensation, using D-penicillamine base, 
was carried out in cold pyridine, the prodiu't showed 
strong ^^penicillenate” absorption in the ultra¬ 
violet, and appeannl to (‘onsist largely of phenyl- 
penicillenic acid {M.47). When prepared in boiling 
pyridine the product show(^d some loss of hydrogen 
sulphid(‘ (Robinson; Abraham, Baker, Chain and 
Robinson, CPS.(>49), 

When 2-phenyl-4-ethoxymethylone-5-oxazolone 
was condensed \vith DL-p(‘nicillamine hydrochloride 
in aqu(‘Ous dioxan (Copp, Duffin, Smith and Wilkin¬ 
son, CPS.S4C' ^'^88: G88), i\ neutral, high-melting 
product was formed. This on treatment with cold 
alkali gave 2-phenyl-4-hy droxymcthylene-5-ox- 
azolone; hydrolysis with warm alkali followed by 
acidification gave DL-phenylpenilloic acid as hydro¬ 
chloride. The substance showed ‘‘penicillenate^^ 
light absorption and the diketopipcraziiie strveture 
(CV) was ascribed to it; the course of alkaline 
degradation Avas interpreted as showm. 


It has already been mentioned that the alkaline 
hydrolysis of 4-alkylthioinethylene-5-oxazoloneH 
leads to opening of the ring, w'hereas that of 4-amiuo- 
methylene-5-oxazolones is an exchange reaction 
giving 4-hydroxymethylene-5-oxazolones. These 
facts support th(* explanation. Other prodiuds of 
the condensation were the hydrochloride of DL- 
phenylpenilloic acid, formed by w’arming to 00 70°, 
and a crystalliiK* methyl otter which was obtained 
by treating the crude cond(*nsation product with 
diazomethane. This ester shout'd ‘^penicillenate^^ 
absorption and the probable structun^ CVI was 
ascribed to it. Attempts to synthesiz(‘ this ester by 
condensat ion of metliyl DL-pheiiylpenicillenate 
(XCVIII; R = Crdl.s) with m(4hyl fY-b(»nzamido-j8- 
methoxyacrylate were un.successful. 

Wlien the condensation was carried out using 
optically active* penicillamine t wo annu’phoUvS 
fractions of different rotatory })ower were isolated. 
Though not pure*, these* api)(*are‘el to be* proelucts 
in which the molar ratios e)f tlie reaedants were 1 
oxaze)lone:J penicillamine and 2 oxazolone*. 1 pemi- 
cillamine (Copp, Duffin, Smith and Wilkinson, (^PS. 
S4l). 

(iii) lieactiona with 4-Amin<)wethylenc~8-oxazolones. 
Attempts to obtain re*actie)n b(*tw e*e*n D-penicillamine 
or its methyl ester and 2-benzyl-4-benzylamino- 
methylene"-5-oxazolone we*re unsucce*Svsful (Merck, 
M.7S). The conde*nsation e)f 
^\4‘^HHchlorantlino)m< thylefie-‘5-oxazolottr 

-cii^e—('o- c) 

I II 

/\/\ COCH, N—- Cr,Ht 
Cl (’1 

and the ceuTesponding N-heuzayl compound with 
DL-penicillamine hydrochloride in pyridine gave 
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crystalline products showing no “pcnicillenate” 
light absorption; these are considered to be CVII 
(R = CH, or CeH»). 

-N-ClJ--()-CO—NH -CIl—COsIl 

\ I 

/\y\ COK NII(X)C6 Hs C(CH,)2SH 
Cl Cl 

CVII 

Attempts to Prepare True Oxa2olone-4-alde- 
hydes; Miscellaneous Syntheses. Owing to the 
unsatisfactory nature of the results obtained with 
4-heteromethylene-r)-oxa2C)Iones, some attempts 
were made to provide a blocking group in the 4-posi- 
tion, so that enolization of a 4-aldehyde group could 
not take place. The most direct approach was 
evidently an attempt to make a 4-bromo-4- 
formyl-5-oxazolone (CVIII) by addition of bromine 
to a 4-hydroxymethylene-5-oxazolonc. 


been made (NRRL, CJO); it was found .that the 
absorption band characteristic of the methenyl- 
oxazolone group was altogether destroyed. Some 
benzylpenaldic acid derivatives were studied at the 
same time. 

The preparation of 4-styryl-5-oxazolones was 
examined at an early stage in the hope that these 
would form a convenient source of oxazolone-4- 
aldehydes, e.g., by ozonolysis. The preparation of 
styrylglycino (CIX) by the method of Pinner and 

CeU.cii-^CH'-cmmh 

I 

CO 2 I 1 

CIX 

Spilker {Ber., 22, 085 (1889)), which was carried 
out as indicated below, was found inconvenient 

C6lIsCH=-CH CH(OH)CN 
C.HsCH^CH-niCN 


one— C(Br)- (X)— O 

I I 

.=CR 

CVIII 


ClXa 

CeHsCII^CH'-’CH 


NHCONH 2 
—CO 


Bromiiiation of 2-benzyl-4-methoxymethylene-5- 
oxazolone in carbon disulphide, followed by treat¬ 
ment with ether and methanol, gave a crystalline 
substance, m.p. 190-191°, of unknown nature 
(Merck, MJSc), In carbon tetrachloride a yel¬ 
low hygroscopic solid having the composition 
Ci 2 Hio 08 NBr resulted; in lert.-butanol a trace of 
/?-methoxy-a-phenylacetamidoacrylic acid was ob¬ 
tained (Squibb, SJMy), Bromination of 2-benzyl- 
4-hydroxymcthylene-5-oxazolone in carbon tetra¬ 
chloride gave a crystalline product which at first 
was thought to bo the bromoaldehyde CVIII 
(R = C 6 H 6 CH 2 ) {SJ5; 20), Later {S,22) it w^as 
found that the substance behaved like a salt, 
that solutions in neutral buffer gave typical ‘'oxy- 
methylenc-oxazolone'^ light absorption, and that 
the amorphous products obtained by condensation 
with cysteine and penicillamine showed ‘‘penicil- 
lenate” light absorption. The product was there¬ 
fore considered to be the hydrobromido of 2-benzyl- 
4-hydroxymethylene-6-oxazolone, and this was 
confirmed by treatment of an alcoholic solution 
with 2,4-dinitrophenylhydrazine, w hen ethyl benzyl- 
penaldate dinitrophenylhydrazonc was formed. 
Bromination of the sodium salt of 2-benzyl-4- 
hydroxymethyIene-5-oxazolone in acetic acid 
(NRRL, r.7) or the potassium salt of 2-phenyl-4- 
hydroxymethylene-5-oxazolone in carbon tetra¬ 
chloride (Barber, Gregory, Langford, Slack, Stick- 
ings and Woolman, CPS,S86) gave oils of unknown 
nature; in the former case a 2,4-dinitrophenylhy- 
drazone, in the latter case crystalline products with 
benzylamine and phenylhydrazine, were prepared 
from the oils. A study of addition of chlorine to 
2-benzyl-4-benzoyloxymethylene-5-oxazolonc has 


CX 


NH Nil 

\ / 

CO 


(Bentley, Catch, Cook, Elvidge, Heilbron and 
Shaw, CPSMS); other ways were investigated and 
finally hydrolysis of ClXa by heating under pressure 
wdth hydrochloric acid was used to prepare CIX. 
Ozonolysis of the styrylhydantoin (CX) or its N-ethyl 
derivative (CXI; R == C 2 H 6 ) appeared to remove 
the side-chain completely; however, the N-benzyU 
hydantoin (CXI; R = C 6 H 5 CH 2 ) surprisingly'gave 
S-benzyU5-formylhydantoin (CXII). The phenyl- 


C«n5CH==CH--CH- 


-CO 


NH NR 

\ / 

CO 


CXI 


OHCC^’H-CO 

I I 

NH NCH2C,Hs 

\ / 

CO 

cxn 

acetylation of styrylglycine could not be accom¬ 
plished, BO that the synthesis broke down at this 
stage. Ifowever, N-acetyl and N-caproylstyryU 
glycine (CXIII; R == CH* or CtHu) have been 

C,H,CH==CH—CH—CO,H 

iIhcor 

cxni 



OXAZOLONES 


765 


prepared by another group (Brodrick and Peak, 
CPS.92) by fusion of benzylpyruvic acid with 
acetamide and with caproamide, after the metiiod 
of Bergmann and Orafe (Z. physiol. Chem., 187, 
187 (1930)) for making a-ueetamidoacrylie acid. 
It was not found possible to convert these acids to 
oxazolunes. 

a-Styrylalanirie (CXIV) v\as prepared (Catch, 
Cook, and Heilbron, CPS.105) by hydrolysis of 
5-methyl-5-styrylhydantoin; the amino acid was 
remarkable in giving a negative ninhydrin test. 
Unlike the lower homologue it offered no resistance 
to phenylacetylation, and the N-phenylacetyl deriva¬ 
tive w'as converted in the usual way to 2 -hcnzyl-4-- 
melhyl-4-slyryl-5-oxazolo)ie (CXV). By ozonolysis of 

CsIIsCH—CIT --(’(CIIslNlIs 

I 

(’OjH 

CXIV 

CJI^CUI-^CH- Cecils)—(’()- O 

I / 

I 

Cellb 

CXV 

this substance some benzaldehyde ^^as undoubtedly 
formed, but no other substance was identified, and 
no activity resulted on condensing the crude product 
with penicillamine. 

Johnson and Wrenshall {J. Am. Chem. Soc., 
S7y 2136 (1915)) described an acid, formulated as 
CXVI, prepared by reduction of S-cinnamyl- 
idenehydantoin and subsequent hydrolysis. Repe¬ 
tition of this work (Bentley, Cook and Heilbron, 
CPSJ97) revealed in the amino acid a resistance 
to oxidation quite out of keeping with the structure 
ascribend to it, and it was shown that this acid was in 
fact a-amino-5-phenyl-valeric acid (CXVII), its 
N-phenylacctyl derivative being identical with the 
product obtained by quantitative hydrogenation 
of a-^phenylacetamido-d-phenylpentadienoic acid 
(CXVIII; R == C0H5CII2). This acid w as prepared 
through the crude oxazolone (CXIX; R = CeH 6 CH 2 ) 
by condensation of cinnamaldehyde with phen- 
aceturic acid. a-Caproylamino^d-phenylpentadiertoic 
acid (CXVIII; R = CbHh) was similarly prepared; 
dehydration of the two acids gave the pure oxazolone^ 
(CXIX; R == C 6 H 6 CH 2 or CsHn). Reduction of the 
acid (CXVIII; R = CfiHn) with sodium amalgam 
gave a dihydro-derivative which yielded some 
benzaldehyde on oxidation and may therefore have 
been 2-caproylamino-5-phenyl-4-pentenoic acid 
(CXX). A similar acid was prepared from the 
phenylacetyl analogue. 

CiHbCHsCH^CH—C irCOaH 

in, 

CXVI 


CJIiCHiCHsCHjCHCOgH 

I 

NII 2 

CXVII 

('.HfcCH- (’ll—C1J-=C’ C0,H 

I 

NIICOK 

CXVIII 

CJlhCH-C'll (’ll ('—C()--() 

I I 

K=:= (’K 

CXIX 

Cell('ll- Oils -(^H—CO 2 H 

NHCOCeliii 

exx 

The idea of using a 4-methyl group in blocking 
the enolization of an oxazolone-4-aldehyde has 
stimulated more than one team. N-rhenylacetyl- 
alanine with ethyl orthoforrnate and acetic anhy¬ 
dride gave a crude preparation of 2A)enzyU4^mcthyU 
Jf.'^xcihoxymHhyl-5-oxazolonv (CXXI; R ~CfiI!r,CH 2 ; 
K' = C^Hs) (CSitch, Cook and Heilbron, CPSJ05; 
Squibb, S.27; Cornell Bioch , I).2S); on treatment 
with cold dilute acid or alkali this was hydrolyzed 
to a-phenylacctamido-a^iithoxymethylpropwnic add 
(CXXII; R - CeH.Vlh; R' - CIl.,), from which 
the pure oxazolone w’as obtained by the action of 
ac(‘ti(‘ anhydride. Analogous compounds wTre pre¬ 
pared from N-caproylalantne (CPS.105) and from 
N-phenylacetylalaninc and methyl orthoformate 
(D.28). N-Benzoylalanine gave pure 2-‘phenyU4^ 
methyl-Jf-Hhethoxymethyl-d-oxazaJ one (CXXI; R = 
CelU; R' == CHs) directly, and this reacted with 
benzylamine to give a-ljenzamido-a-diethoxymethyl- 
propionyl hcnzylamidc (S.27). The acetal group in 
these acids w^as found to be remarkably inert; 
this is perhaps due to stearic hindrance of the type 
encountered in neopcmtyl halides. Acid hydrolysis 
of the acid CXXII (R = (\H,CH 2 ; R' - CH 3 ) in 

(C2lhO)2Cn-Cl{'~ CO—0 

I I 

==-rR 

CXXI 

(C2He,0)2CH—CR'-COjII 

I 

NUCOR 

CXXII 

the proRpnee of 2,4-dinitrophenylhydrazine gave 
methylglyoxal dinitrophenyloRazono (rR»S'.705);the 
acid alone gave phenylacetic acid (Squibb, S.Sl). 
These facts confinn the structure. Attempts at 
condensation of these oxazoloncs with penicill¬ 
amine under various conditions led neither to 
deffnitc products nor to antibiotic activity {CPS. 
105; Copp, Duffin, Smith and Wilkinson, CPS.S 4 I)- 
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C 2 H 5 O 2 C—C(CH8)‘C02C2H6 

NllCOCHsCeHt 

CXXIII 

In a later attempt (Cook, (Jraham and Ileilbron, 
CPS.552) N-phcnylacetylnorleueirie was treated 
with ethyl orthoformale-ac’etie anhydride to giv(‘ 
a-phenylacctamido'-cc’-diethoxymethyUn^caproic acid 
(CXXII;R - C,}hC}h;R' - n-C,}U) and 2-benzyl- 
4^b\ityL-4-dicthoxym€thyl-5-oxazolone (CXXI; R = 
C 6 H 6 CII 2 ; R' — n-C 4 ll 9 ); the oxazolone was con¬ 
verted readily to the ethyl ester and p-toluidide of 
the acid. This oxazolone had a more reactive 
acetal group, for with dinitrophenylhydrazine under 
mild conditions carbon dioxide and the 2 ,4-dinitro- 
phenylhydrazone of 2-phenylaeetamido-r/-hexaldc- 
hyde were obtained; more drastic conditions gave 
the dinitrophenylosazone of butylglyoxal. Con¬ 
densation of the oxazolone with penicillamine hy¬ 
drochloride in acetic anhydride gave a product 
having slight antibiotic activity. 

Different approaches to a 4-methyl-5-oxazolone- 
4-aldehyde have been tried. Ethyl phenylacetamido- 
methylmalonate (CXXIII) was prepared by C- 
methylation of its lower homologue, and the 
monocthyl ester was obtained by half-hydrolysis. 
Treatment of this acid ester with phosphorus 
pentachloride gave a substance, possibly the ox¬ 
azolone hydrochloride or acid chloride, which could 
not be reduced by the Rosenmund method. Acetic 
anhydride on the acid ester apparently gave 
2-benzyl-4-methyl-4-carbethoxy-5-oxazolone, for on 
treatment with benzylamine a henzylamide of the 

C2Hb 02C~ C(CH3)"-CONHCH2C6Hft 

I 

NHCOCHjC.Hs 

CXXIV 

CH*-CHCOCHa 

i i 

\ / 

C(rHa), 

exxv 

CHr-CH—C(CH 3 )rO,H 

in (^H NHs 

CXXVI 

HOCHr-CIIOH—C(CH,)~CO~0 

I ! 

N= ^- CCHiCellt 

cxxvn 

CjIIsOsC—C(CH,) CH (OCjHs) * 

Br 

cxxvra 


expected composition (CXXIV) was obtained (Pfizer, 
P.14; ll>: ^^)- The C-methylation of ethyl benzyl- 
penaldate was also tried, but this appeared to give 
0-methyl derivatives only {PJ5; 17; 18). The 
piperidide of monoacetone glyceric acid gave with 
methylmagnesium iodide acetone ajfiHtihydroxyeihyl 
methyl ketone (CXXV), which was converted to 
a-amino-a-methyl-fi,yHlihydroxyhutyrxe acid (CXXVI) 
by a Strecker synthesis. N-Phenylacetylation of 
this acid could not be accomplished; this defeated 
the object of preparing 2-benzyl-4-methyl-4-(Q:,0- 
dihydr()xyethyl)-5-oxazolone (CXXVII), which might 
have afforded the required oxazolone-akhdiyde by 
oxidation with lead tetra-acetat(‘ {P.20: 22). Ethyl 
a-bromo-a-rnethyl-0y5-diethoxyjn'opiofiatc (CXXVIII) 
has been made by bromination of ethyl a-formyl- 
propionate followed by ac(»talization (Cornell 
Bioch., J).19: 28). It \\as intended to replace the 
halogen atom by an amino or amido group. 

The action of dehydrating agents on pc^naldic 
acid acetals has already bt'cn mentioned; the usual 
product is a 4-alkoxymethylene-5-oxazolonc. The 
possibility remaimul, however, that under special 
conditions a 4-dialkoxymethyl-5-oxazolone (CXXIX) 
might be produced, and that this acetal might give 
better results in condensation with penicillamine 
than the parent aldehyde,’^ which as wc have seen 
is no aldehyde at all. 

Studies of the action of benzoyl chloride in cold 
pyridine on .benzylpenaldic acid diethyl acetal 
(Merck, M.2S) ami dimethyl acetal (Squibb, S.15) 
appear to hav(' been made at about the same time. 
Addition of the appropriate amine to the resulting 
solutions gave the anilide of benzylpenaldic acid 
diethyl acetal, and the anilide and henzylamide of 
benzylpenaldic acid dimethyl acetal. The action 
of phosphorus tribromide in pyridine gave similar 
results, and the anilide and benzylamide of benzyl¬ 
penaldic acid diethyl ac'etal were obtained; addition 
of water to the reaction mixture after removal of 
pyridine salts gave a considerable amount of 
benzylpenaldic acid diethyl acetal (Merck, M.SS; 
87). It was then found that when the reaction 
between benzoyl chloride and benzylpenaldic acid 
diethyl acetal was carried out in the presence of 
triethylamine, a quantitative yield of triethylamine 
hydrochloride was obtained and the filtrate, though 
free from chloride ion, gave a good yield of benzyl¬ 
penaldic acid benzylamide diethyl acetal. Hence 
the oxazolone (CXXIX; R = CeHeCHz; R' = CaHc) 
must have been present if the possibility of inter- 
molecular anhydride formation is discounted 
(Squibb, S.22). Similarly with benzylpenaldic acid 
diethyl acetal, phosphorus tribromidc, and pyridine, 
where anhydride formation is less likely; when the 
pyridinium salts were precipitated by petroleum 
ether, the halogen-free filtrate still gave the usual 
benzylamide (Merck, ilf,S7), but only when frejhly 
prepared. On keeping for twenty-four hours or on 
evaporation at low pressure the product gave the 
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reactions of 2-benzyI-4-ethoxymethylcne-5-oxazoI- 
one with primary or secondary amines It 

is interesting that with secondary amines even the 
freshly prepared solution gave the reactions of the 
unsaturated oxazolone. Treatment of the “fresh 
solution with D-pcnicillamine methyl ester iu ether 
gave a compound of structure CXXX similar to that 
previously obtained with DL~p(*nicillamine methyl 
ester and 2-benzyl-4-hydroxymethylene“5-o\azol- 
one. Condensation of the ^Trosh’^ solution with 
penicillamine gave no antibiotic* activity. A com¬ 
posite experiment was tried in which i>L-peni- 
cillamine, benzylpenaldic acid diethyl acetal, 
pyridine and a(*etic anhydride w^ere mixed, and 
after reaction treated with benzylamine. The 
product \\ Nhic( tylpemcillaminf hoizylamide, pos¬ 
sibly formed through the oxazolone (CXXXI) 
( M.15c), 


(R'())o(^H—CTI-(X)-() 

I I 

N —-CMt 

CXXIX 


(cn,) 2 C—s iis--(X(Mi3)2 

\ I 

cu-vncomicu 

/ I 

Cn 302 C:--CTI—NH Ts' 1 KX)rH oC^Jl, 

CXXX 

(CTl3)2C—(TI—C'O -O 

I I I 

118 N =- -=CCir 8 

CXXXI 

Other w ays of making the oxazolonc^s (CXXIX) 
were tried. Benzylpenaldic acid dimethyl acetal 
with phosphorus pentoxide in cold ethylene di¬ 
chloride gave a little /3-methoxy-a-phenylacetamido- 
acrylic acid; on heating the penaldic acid in 
p-cymene, carbon dioxide and methanol were lost. 
When benzylpenaldic acid diethyl or dimethyl 
acetal were treated in dioxan with 2-benzyl-4- 
methyl-S-oxazolone and then wdth aniline, a product 
was obtained which seems from its properties and 
reactions, apart from a rather poor agreement in 
the carbon content, to be 2-bcnzyl-4-anilino- 
methylene-5-oxazolone; if so, it probably was 
formed via the alkoxymethyleneoxazolone (Merck, 
M.S3), 

As soon as it was appreciated that penicillin was, 
formally at least, an inner anhydride of penicilloic 
acid, attention was naturally paid to the action of 
dehydrating agents on derivatives of these acids. 
In most cases the experiments were carried out with 
the object of generating antibiotic activity; in the 
few cases where the nature of the main product was 
determined, this product proved to be a peni- 
cillenate. Evidence of penicillenate formation was 
found in the absorption spectra of products pre¬ 


pared by the action of a wide variety of reagents 
on jS-methyl-D-benzylpenicilloate (Merck, M,40)^ 
Phosphorus tribromide and pyridine on /6(-methyl 
D-phenylp(micilloate, followed by benzylamine, gave 
a benzylamide (C) corresponding to the dl- com¬ 
pound alri'ady prepared from methyl DL-phenyl- 
pcnicillenate. With benzoyl chloride* and pyridine 
on the same ester, a gum was obtained which 
showed the characteristie* absorption spend rum of 
methyl pheriylpenicill(*nate, and with be'iizylamine* 
gave the bemzylamide* (C). Similar treatment of 
i^-methyl n-benzylpenicilloate w it h benzoyl chloride- 
pyridine also gave* a gum showing strong ‘‘peni- 
cillenate'^ light absorption; reaction of this wdth 
bemzylamine gave in good >i(‘ld the bemzylarnidt* 
CIII (R = Cells), identical with the* product ob¬ 
tained from methyl n-benzylpenicillenate {MJ7; 
50). Final proof of the nature of the reaction with 
benzoyl chloride w^as obtained wdth f?-methyl 
D-amylpenicilloat(‘, wdien crystalline methyl n-amyl- 
penicillenate was isolated and identified by 
comparison with a specimen prejiared from 2-amyl- 
4-methoxymethylen(*-5-o\azolone* and D-]>enicill- 
amine methyl ester {M./f.!). It was also found 
(Copp, JluflSn, Smith and Wilkinson, (''PS.4^4) 
that a solution of /3-methyl i)L-phenylpenicille)ate-a- 
azide (CXXXII), prepared from the hydrazide, was 
converted on keeping to methyl nn-phcmylpeni- 
cillenate, which was obtained crystalline and di¬ 
rectly identified. 


(CH3)2C-S 

^CH— cn— CON, 
/ I 


CllsOiC—oil—Nir NHCOr.Hs 

CXXXII 


Attempts to obtain a product from the condensa¬ 
tion of (crude) 2-benzyl-5-oxazolone with methyl 
5,5-dimelhylthiazoline-4-carboxylate (CXXXIII) or 
the corresponding acid, were unsuccessful (Merck, 
M.6S; 69), though penicillenate formation was sus¬ 
pected. The thiazoline ester (CXXXIII) on con- 
densat ion with 2-phenyl-5-oxazolone in the presence 
of boron trifluoride-ether gave methyl DL-phenyl- 
penicillenate, which was isolated as a mercury 
derivative (Muir, private communication). The 
penicillenate may be formed via a thiazolidine- 
oxazolonc. 

A substance (CXXXIV) containing both thiaz- 
olidine and oxazolone rings was prepared (Barber, 
Gregory, Slack and Stick ings, CPS.591) by con¬ 
densation of penicillamine hydrochloride with 


(0113)20-S 

CHsO^O—CH~N 
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CH 

/■ 


cxxxin 
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2-phenyl-4-(/3,|8-diothoxycthylamino)methyIene-5- 
oxazolonp. This showed no antibacterial activity. 


/ 

HOaC—C’H—NH 


NH—CIl 

I II 

CII2 r—( 0 -o 
I I 

N- - - C’Calla 


CXXXIV 

('ll,. {) 
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(’iKxyis 

/ 

('ll. 0 

cxxxv 


Attempted condensation of 2-ethoxy-l,3-dioxolane 
(CXXXV) with 2-phenyl-5-oxazolone gave no identi¬ 
fiable product (Parkc-Davis, PIJ.16). 

The preparation of a 4-aminomethyl-5-oxazolone 
would be of interest as a possible model for the 
penillic acid change (supposing this to proceed via a 
thiazolidine-oxazolone), and also in determining 
whether such an oxazolone w ould tend t o rearrange 
to a /3-laetam. The two possibilities are: 

('ll,—(’II-N 

I I II 

K—NH CO-O-CR' 

CXXXVa 


Clh 
RN 


\ ^ 
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-CH- Vihll 
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UN 
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Various attempts to make model substances are 
recorded. The reduction of 4-aminomethylene-5- 
oxa 2 oIones could not be achieved, and it is interest¬ 
ing that 2-phenyl-4-carbethoxymethylaminomethyl- 
ene-5-oxazolone was recovered largely unchanged 
after boiling with hydriodic acid and red phosphorus 
(Barber and Slack, CPS, 40 ). a-Phenylacetamido-fi- 
benzoylaminoproptomc acid was prepared by reduc¬ 
tion of phenylacetamidocyanoacetic acid with 
subsequent benzoylation (Barber, Gregory, Lang¬ 
ford, Slack, Stickings and Woolman, CPS,885). 
The action of acetic anhydride on this acid gave an 
anhydro compound which reacted rather slug¬ 
gishly with aniline and hence may not have been 
the oxazolone CXXXVa (R = CeHsCO; R' = 
CeHfiCHj).. Other possibilities are the /^dactam 
CXXXVb (R = CJLCO; R' - C,}l,Clh) and the 
azlactone which could be formed by interaction of 
the benzoylamino group (rather than the phenyl- 
acetamido group) with the carboxyl. a-PhenyU 


acetamido-fi-carbobenzyloxyaminopropionic acid was 
therefore prepared m a similar way (Barber, 
Gregory, Slack and Stickings, CPS,591)^ and this 
with acetic anhydride gave a gummy product, prob¬ 
ably the oxazolone CXXXVa (R - CoIIfiCHaOCO; 
R' = Ccnf,CH 2 ), for it reacted easily with aniline. 
Attempts to remove the carbobenzyloxy group 
from this product or the parent acid were not 
promising. In a similar series of experiments 
(Brodrick, Peak and Wilson, CPS.417) the N-carbo¬ 
benzyloxy dcnvaiive of an oxazolone CXXXVa (R 
= HO 2 C CII 2 ; ir ~ GeHfi) was probably obtained 
from the corresponding acid, as indicated by 
reaction of benzylamine with the crude product. 
The acid had be(m prepared by condensation of 
ethyl phcnylpenaldate with glycine ester, followed 
l)y hydrogenation, hydiolysis and acylation. Fail¬ 
ure' to obtain ring-closed products from a-phenyl- 
acetainido-/?-alanine or from a-phenylacetamido-i^- 
formarnidopropionic acid is reported {CPS.591). 

Part IV. Miscellaneous Work 
Bearing on Oxazolones 

Derivatives of a-Acylamino Acids. An inter¬ 
esting by-product of tlu' work on oxazolones has 
been the preparation of a number of substances, 
other than simple oxazolones, by the action of 
various agents on a-acylamino acids and their 
derivatives. 

When caproylglycme was treated with acetic 
anhydride, a mibstanccy m.p. 120®, was produced 
which had the composition of 2-amyl-6-oxazolonc 
(Gibbs, Hems and F. A. Robinson, CPS.S3); this 
product w^as not obtained by other workers (Shell, 
Sh.l). A product of similar melting-point and 
composition was obtained as a by-product from 
caproylglycine, caproic anhydride and ethyl ortho- 
formate. This was showm to be di-N-caproyl-2,5- 
diketopiperazine (CXXXVI; R = CsHn) identical 
with a specimen prepared from diketopiperazine 
and caproic anhydride (Attenburrow, Elliott, 
Hems and F. A. Robinson, CPS.73). 

A similar anomalous reaction was observed 
(Squibb, S.6Sf 9) when a dioxane-acetic anhydride 
mixture containing a-benzamidophenylacetic acid 
w^as kept for some hours in the ice box. The 
compound obtained, isomeric with the expected 
2,4-diphenyl-6-oxazolone, was probably 1,4-di- 
benzoyl-3,6-diphenyl-2,5-diketopiperazine. 
The changes in absorption spectra indicated that 
the oxazolone was first produced and later trans¬ 
formed into the diketopiperazine. 

A product obtained by the action of Grignard 
reagents on 2-phenyl-4-methyl-5-oxazolone was 
considered to be di-N-benzoyl-Sf6-dimetkyl-2f5-di- 
ketopiperazine (CXXXVII) (Cook, Elvidge, Heil- 
bron and Levy, CPS.44S)* A substance m.p. 166^, 
obtained (Boon, Carrington, Davies, Jones, Ram- 
age and Waring, CPS.48^) during an attempted 
preparation of 2-benzyl-5-oxa2olone fronpi phen- 
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aceturic acid and phosphorus tribromide, was 
perhaps di-N-phenylacetyl-2^5-dilrtopiperazinc (CX 
XXVI; R = C 6 H 6 CH 2 ); this is possibly the same as 
a substancje, m.p. 161-162°, obtained by the Squibb 
group {S.7) by heating phenaceturic acid with 
acetic anhydride. The usual product of the latter 
reaction, however, was a substance m.p. 180°, 
which was obtained by several groups (Merck, 
M.IO; IS; Gibbs, Hems and F. A. Robinson, CPS.S3; 
Winthrop, W.6), The analysis indicated loss of 
one molecule of water from phenaceturic acid and 
introduction of one acetyl group. Hie substance 
on treatment with piperidine or p-anisidine gave a 
piperidide and p-anisidide assumed to be those of 
phena(*eturic a(*id {('PS.3S). This was later con- 
firm<‘d (M(‘ri»k, M.70) by the identification of 
phena(*eluryl benzylamid(‘ pr(‘par<jd by the action 
of benzylamine on the product. On distillation 
with dilute sulphuric acid somewhat more than one 
ecjuivaleiit of volatile acid was collected (CPS.83). 
Th(» substance was insoluble in cold alkali or acid, 
but dissolved on warming. Of the structures 
first sugg(^sted, that of 2-benzyl-5-acetoxvoxazole 
(CXXXVIII) (CPS,33) seems unlik(dy in ‘view of 
the high melting-point; th(* alternative structure, 
2-benzyM-ac(‘tyl-5-oxazolonc (Merck, MJO) was 
soon abandoned (M.IS) br‘(‘ause the product gave 
no ketonic reactions. Lat(‘r (M,70)^ the enol form, 
2-benzyl-4 (a-hydroxyethylidene)-5-oxazolone 
(CXXXIX) was put for^^ard, on tlu' basis of the 


-CO- O 

I I 

N — - C- CHsCsIU 

CXXXIX 

infrared and ultraviolet absorption spectra. But 
this formula is impossible, for the 4-(a-hydroxy- 
ethylidene)-5-o\azolones are strong acids and give 
ketonic reactions with the usual 2,4-dinitrophenyl- 
hydrazinc reagent owing to opening of the oxazolone 
ring (see p. 754^. h'urthermore they give intense 
ferric chloride reactions; no such behavior has been 
reported by any group which prepared the product 
m.p. 180°. A better suggestion (Winthrop, Wh) is 
that the product has one of the two structures 
CXL and CXLI, and of these CXL is the more 
likely in view of the known propensity of the 
phenylacctamido group to assume structures of 
this type (cf. the pseudoxazolones, and the product 
(CXLII) obtained from methyl phenaceturate and 
oxalyl chloride). 

ril2 -(’()- () 
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An acidic product, CjsHuO.Na, m.p. 137-138°, has 
been obtained by the action on 2-phenyl-5-oxazolone 
of Grignard reagents (Cook, Elvidge, Heilbron and 
Levy, CPS.443), of hydrogen cyanide-triethylamine, 
or of potassium and methyl iodide (Bailey, Baker 
and Bradley, CPS.444)- From the description and 
behavior of this product, it is identical with one 
prepared by Riigheimer (Ber., 21, 3326 (1888)) by 
the action of sodium or sodium ethoxide on ethyl 
hippurate, by Curtius and Lenhard {J. pr. Chem., 
70, 240 (1904)) from hippurazide and alkali, and by 
Karrer and Itschner (Hclv. Chim. Acta, 15, 420 
(1932)) from “hippurjd chloride,” pyridine and 
copper powder; it will be termed “Pugheimer’s 
compound” in what follows. Riigheimer ascribed 
to this product the structure of 1,3-dibenzamido-2,4- 
cyclobutanedione (CXLIII), or an enolic form, which 

CO—CII—NIICOC,!!, 
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CeHsCONII—CH CO 

CXLIII 

is consistent Avith the acidify, the intense violet 
ferric chloride reaction, the* hydrol 3 ^sis by acid to 
benzoic acid and 1,3-diaminoacetone, and certain 
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other observations which he made. With methan- 
olic hydrogen chloride a benzoyl group was 
removed, and a new acidic product, which gave a 
blue ferric chloride reaction, formed; Riigheimer 
ascribed the rearranged structure, 3-benzamido-2,4- 
diketopyrrolidine (CXLIV) to this, as the natural 
alternative CXLV could not be reconciled with the 
observed proi)erti(\s. This acid was also prepared 
by alkaline hydrolysis of Rugheimer’s compound 
{CPS.4^S; 444)^ hv mild acid hydrolysis 

{CPS.44^). 


CO--CH 2 
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NH 

/ 

(^HsCONH—CH—CO 

CXLIV 

(T)—CH—NH. 

I I 

c,ihcomi—cu—co 

CXLV 

Wilson; Abraham, Baker, Chain and Itobinson 
(CPS.91) suggested that Rugheimer’s compound 
was 2-phenyl-4-(/i-benzamido-a-liydroxyethyl- 
iden(‘)- 6 -oxazo]one (CXLVI), and agrt'ed with the 
formula CXLIV for its hydrolysis product, which 
could arise by r(‘arrangement of the amino-com¬ 
pound formed by removal of benzoyl from CXLVI, 
The structures CXLVI and CXLVII \v(‘re considered 
by the British Drug Houses group {CPS.444)) 
together with the formulation CXLVIII for the 
hydrolysis product. The alternatives CXLVII, 

CXXIX, and CL were consid(‘red by the Imperial 

College group {CPS.44^)* 

CellfiCWH—CIDCXOH)—(^-CO- () 

I I 

N-==-C—CflHfi 

CXLVI 

N-CH2 NHCOCrJIft 

li I I 

CflHsC—O—C--=C—C^Oali 

CXLVII 

HN-~(JH2—CO 

I I 

CeHfiC—N-Cll—COall 

CXLVIII 

N-CH COCbHb 

II II I 

CelUC--0 -C^ —N—CHaCOair 

CXLIX 


It is difficult to see how a ferric chloride reaction 
could b(^ given by CXLIX ot CL, nor could com¬ 
pounds having these structures give rise to di- 
arainoacetone on hydrolysis. The structure CXLVII 
also fails to account for th(‘ ferric chloride color. 
The oxazolone structure (CXLVI), on the other 
hand, is (excluded by consideration of the ultraviolet 
absorption spectrum, which has been found {CPS. 
44^) to show maxima at 2,570 A and 2,280 A. 
Structure CXLVI would have a spectrum closely 
resembling that of 2-phenyl-4-(Q:-hydroxyethyl- 
idene)-5-oxazolone, which has an intense maximum 
at 3,290 A (Km 24,000). 

A collateral observation has boon made which 
throws light upon this problem. I^y the action of 
sodium on ethyl cai)roylaTninoac(‘tate an acidic 
product was obtained (Brodrick and Peak, CPS.92), 
which gav(^ a blue ferric chloride color and was 
hydrolysed by acid to 1 ,3-diaminoa(‘etone. It was 
not, however, anidogous I 0 Riighfdmer's compound, 
the formation of which from ethyl hippurate is 
represented by the abstraction of two molecules 
of alcohol from two molecules of the ester; this 
substance had also lost a (‘aproyl group and hence 
was analogous to the hydrolysis product of Rtig- 
heinier’s (‘ompoiind, \vhi(*h it closely resembled. 
On the basis of its reactions the compound was 
consid(*red to b(^ 3-c(iproiilamino-2,4''diketopyrrol- 
idine (CLI; R ~ (\I1 n); this conclusion w^as reached 
in ignoran(*e of Rugheim(‘r\s work. Particularly 
interesting was the ac'tioii of acetic anhydride on 
CLI (R ~ t\lln), which gave by displacement of a 
caproyl group a dia(*etyl derivative, a monobasic 
acid giving a violet U'rnv chloride color; this with 
aqueous alkali afforded a monoacetyl derivative 
which gav(‘ a blue* ferric chloride color. The 
formulation of these substancc^s as S-acctamido-2y4“ 
diketo-Pacctylpyrrolidine (CLII; R =- CII 3 ) and 
3'-acctamido-i\4'-dikctopyrrolidin€ (CLI; R = CH 3 ) 
can hardly be doubted. The dikotopyrrolidine 
(CLI; R = CMIii) w^as obtained in small yield by 
the action of benzenesulphonyl chloride on caproyl- 
glycylglycine (CLIII) in pyridine. 
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The close analogy between these substances and 
the corresponding ones in the hippuric acid series 
leads to the formulation of RUgheimer’s compound 
as 3-benzoylamino-2,4-diketo-l-ben*oylpyrrolidine 
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(CLII; R = Calls); the hydrolysis product would 
then be CXLIV, as Riigheimer suggested- This 
interpretation appears to accommodate all the 
known facts; the only defensible^ alternative seems to 
be Rugh(»imer^s original idea (CXLIII). A decisive 
experiment would appear to be the benzoylation of 
the hydrolysis product; if Riigheimer’s compound 
were regenerated the eyclobutanedione structure 
would become untenable, 

JIOsC^ (^H2 

\ 

Nil 

/ 

CfrllnCONHClIo- CO 

CLIII 

It has been suggested (Wilson; Abraham, Baker, 
Chain and Robinson, CPS.91) that the substance 
CialluOsN obtained l3y Wislicenus (Rcr., 24 ^ 1259 
(1890)) from ethyl hipjmrate, ethyl oxalate and 
sodium ethoxide has the oxazolone struct lire (CLIV). 
It may be noted that CLV is also possible and 
perhaps in bc'tter accord with the fact that the 
substance gave witli ferru* chloride a red color 
rather than the blue or gn*tui color associated with 
4-hydro\ymethylcne-5-o\azolones. 

(^dr{.02C^ -(^Oll) C CO O 
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It waH also suggest«‘d (CPS.91) that hippuro- 
flavin, obtained by RuRheiiner (Her., J1, 3321 
(1888); Atirialen, 287, 50 (1895)) by the action of 
phosphorus pentachloride on ethyl hippnratc, has 
the bis-oxazolone structure (CLVI) instead of the 
formulation CLVII previously advanced. The 
mass of evidence collected by Rtigheimer cannot be 
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recapitulated here; its interpretation in the light of 
formula CLVI is given and the original papers 
should be consulted. Dihydrohippuroflavin-dianil- 
ide becomes CLVIII and the monoanilide CLIX. 
The latter is not in an oxidized state corresponding 
to hippuroflavin-dianilide; additional support for 
CLIX is that a mono-derivative was not obtained 
when methylaniline was used. Hippuroflavin-di¬ 


anilide must be CLX; it is obtained from the 
dihydro-compound by boiling in air with aniline or 
nitrobenzene, and the hydrogen atoms rc>movcd are 
identified by the fact that dihydrohippuroflavin-di- 
methylanilide undergoes a .similar change. The 
action of hot aqueous alkali on CLX gives the 
monocarboxylic acid CLXI and the dicarboxylic 
acid CLXII; the latter formulation is identical with 
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that of Rtigheimer. The stability of CLXII was 
compared to that of dihydroxytartaric acid. It is 
interesting that Erlenmeyer (Aunalcn, 807, 7(i 
(1899)) suggested the structure CLXIIIforhippuro- 
flavin, though without discussing the evidence, and 
the structure CLXTV for the ethyl oxalate-ethyl 
hippurate compound of Wislicenus (see above). 
These formulations were made before the true 
structure of oxazolones was established, and are 
analogous to CLVI and CLIV. Rtigheimer de¬ 
fended his formula CLVII against Rrlenmeyer's 
suggestion; his chief point was the liberation of 
acidic groups in the hydrolysis of hippuroflavin- 
dianilide without removal of aniline. However, 
this point seems to be adequately met by the 
explanation given above, and the formula CLVI is 
in general more satisfactory than CLVII. 
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The product obtained by Hoffmann (J5er., 19, 
2554 (188G)) by condenhation of hippuric with 
pyruvic acid was considered by Erlenmeyer {Bcr,, 
35, 2484 (1902); Annalcn, 387, 302 (1904)) to be 
the type II oxazolone, 2-phcnyl-4-(a!-carboxy- 
ethylidcne)-5-oxazolono (CLXV), Hoffmann's 
compound" has been reinvestigated (Stodola,C.ii), 
and convincing evidence presented that no carboxyl 
group is present. Thus the substance failed to 
react with diazomctliane in ether; freshly prepared 
\ solutions in aqueous acetone were almost neutral, 
becoming acidic only on keeping; the solution on 
titration with alkali then showed two acidic groups 
with pK values about 2.5 and 6.0, evidently due to 
‘^benzamidornethylmaleic acid (CLXVI). Reaction 
(took place with methanol containing 1 % of water; 
titration with alkali then showed the presence of 
one acidic group, corresponding to the formation of 
a monomethyl ester of CLXVI. The reaction with 

HO 2 C—C(CH 3 )--C CO—O 

CeHs 
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HO 2 C—C(CHi)--C -CO 2 H 
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anhydrous methanol was interesting: it was found 
that the solution rapidly lost the 3,000 A absorption 
band characteristic of Hoffmann's compound, which 
was, however, recovered on evaporation (it is not 
recorded whether the solution in anhydrous alcohol 
became acidic, like that in 99% methanol). This 
was interpreted as a regeneration of the original 
compound from a monoester of CLXVI. 

The absorption spectrum of Hoffmann's com¬ 
pound was compared w ith that of 2-phenyl-4-isopro- 
pylidcne-5-oxazolone, which also has a maximum at 
3,000 A, and it was concluded that the chromo- 
phore C^Hs—C“N~-C=C— was present in Hoff¬ 
mann's compound. On the basis of these results 
the ^'azlactol" formula (CLXVII) was suggested 
(Stodola, CJl), and the possibility of an analogous 
formula for penicillin was discussed. 
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This view was criticized in a later report (Dewar; 
Abraham, Baker, Chain and Robinson, CPS4^8). 


The observation of Erlenmeyer was recalled that 
Hoffmann's compound is regenerated on acidifica¬ 
tion of its solution in alkali, i.e., a solution of 
sodium benzamidomethylmaleate; and it was now 
found that this regeneration took place even with 
boiling 2 N hydrochloric acid, a reagent which, it 
was considered, would rapidly destroy any oxazolone 
or ^^azlactol" structure. Further, it was shown 
that neither Hoffmann’s compound nor a similar 
substance prepared from pyru\ic acid and cinnam- 
oylglycine was affected by boiling with thionyl 
chloride or with phosphorus trichloride in benzene; 
this fa(*t was strongly against the presence of a 
hydroxyl group. It was suggested that Hoffmann’s 
compound is benzoylaminomethylmaleic anhydride 
(CLXVIII; R = CflHfi) and the analogous substance 
from cinnamoylglvciiK', (nnriamoylaminoTncthylma- 
Inc anhydride (CLXVIII; R - CellBClI—CH); 
disubstituted makdc acids, it was pointed out, are 
cyclized ver^*^ readily and often spontaneously to 
the anhydrides. The us(' of 2-phenyl-4-isopropyl- 
idene-5-oxazolon(' as a moded for the light absorp¬ 
tion of the ^^azlactol" was criticized, firstly because 
of the additional cross-conjugated carbonyl group 
in the former substance, and then because the 
“azlactol" has an extra carbonyl group conjugated 
with the bond-system 

^ -C N—(’ . 

As a better model for the ‘^azlactol," 2-benzylidene- 
4-methylpseudoxazolone (CLXIX) was chosen; its 
absorption maximum (3,500 A) was at a consider¬ 
ably longer wave-length than that of either ^'Hoff¬ 
mann's compound" (3,070 A) or the analogous 
cinnamoyl derivative (3,210 A). The behavior 
with anhydrous methanol was explained as the 
formation of an unstable addition product such as 
CLXX. 

CH3—C—NIICOR 

I I 

CO—O—CO 

CLXVIII 

CllaC—CO—O 

II I 

N-C=CHC«H» 

CLXIX 

CUsC^^C—NHCOR 

I I 

CIIjO—C—O—CO 

Ah 

CLXX 

The weight of evidence appears to favor the 
maleic anhydride formulation CLXVIII for Hoff¬ 
mann’s compound. Reaction of benzylamine with 
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Hoffmann's compound gave two isomeric products, 
apparently CLXXI and CLXXII (NRKL, CJ 4 ). 
The formation of those is accommodated readily by 
either formula. 
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Thiazolones. A few members of this class have 
been prepared. It was found (Abraham, Baker, 
Chain and Robinson, CPS.74) that phenylthio- 
acetylglycine (CLXXIII) with ethyl orthoformab' 
and acetic anhydride gave the mrthinyl-bis-thiazolone 
(CLXXIV). The methyl ester of CLXXIII on formyl- 
ation with ethyl formate-sodium ethoxide gave 
2-henzyU4-hydroxymethylehc-r>-thiazolone (CLXXV) 
(Squibb, S.2S)] considorabh^ stability is indicated 
for the 5-thia2olone ring by this ready eyclization. 
The same product was obtained from the ethyl 
ester of CLXXIII {S.SO). Reaction of CLXXV with 
aniline gave 24)enzyl-4^iii ilin om ethylenc-r)-thiazolone; 
a p^nitropheriylhydrazino derivative was also pre¬ 
pared (S.82) . The hydroxymethylene-thiazolone 
(CLXXV) was also produced (Merck, M.47; 4S) by 
the a(‘tiou of acetic anhydride on N-thiophenyl- 
acetyl-i(3,/?-diethoxyalanine (CLXXVI), followed by 
preparation of the anilinoinethylene derivative and 
hydrolysis of this to CLXXV by hot aqueous alkali. 
The ultraviolet absorption of the hydroxymethylene- 
and anilinomethyl('ne-5-thiazolones resembled that 
of the corresponding oxazolones, with a shift 
towards the longer wave-lengths. 


CJlBClbiCSNITCnzCOaH 

CLXXIII 

S—(T)-CH-- C1I--C—CO-S 

C«H6CH2C==N N---==-CCH2C6Hb 

CLXXIV 

H()CH--C~CO~S 

I I 

N--—^-CCIIaCoHe 

CLXXV 

(C 2 H 50 ) 2 CH—CIl—CO 2 H 


NHCSCn2C6H6 

CLXXVI 


K X P E R I M E S T A L ^ 

PART I. CHEMISTRY OF OXAZOLONES 

rREPARATIVE METHODS 

2-Methyl-4-isopropyl-5-oxazolone (Shell, Sh<2). A mix- 
tureof i)E-valiiie (1 I g.) ami freshly distilled aeetie anhydride 
(30 cc.) was heat(‘d at 100^ for thirty minutes. Tlie 
resulting elcjar solution was dislillod to give low boiling 
material (20.7 g., b.p. below ST'/IO mm.) then the product, 
b.p. 40-42'*/0.5 mm. (neut. e(puv. 128) and a viscous residue 
(7.4 g.). The gn'nter part (1.2 g.) of the second fraction was 
fractionated to give 1.8 g. (11 %) b.p. 00”/10 mm. and having 
neut. equiv, 135 (the oxazolone (\nii() 2 N requires 141). 
A portion exposes! to moist air form<‘d a (*rystalline solid, 
m.p. 144-146” undepressed by admixture with acctyl-DL- 
valine. 

2-Benzyl-4-methyl-6-oxazolone (Merck, M.89). N- 
Phenylacetylalanine (21 g.) uas h(‘ated at 80 00” for fifteen 
minutes with ac(*tic anhydride (150 cc.). Distillation gave 
the oxazolone (12 g.) a.s a colorless liquid, b.p. 122-123”/ 
0.5-1 mm. 

(^ale. for Cnn,,02N: C, 00.82: II, 5.80; N, 7.44 
Found: C, 00.77; H, 5.80, N, 7.44 

The substance decomposed on exposure to air at room tem¬ 
perature, but could \)v conveniently stored at drv-ice 
temperatur(\ 

HeticUon of 2-henzyl-Jlf-mcthyU5-oxo2olone with u-valine 
{M.50). \ mixture of th(‘ o.xazolone (3.2 g.) and D-valine 

(2.2 g ) in glacial acetic acid (25 ml.) was heated to boiling 
and then allowed to (‘ool. After removing the solvent at 
low pressure the resulting oil was dissolved in N sodium 
hydroxide and washed with chloroform. Filtration and 
acidification of tlie alkalim* solution gave an oil which slowly 
crystallized; it was collecti'd and washed with water and 
lh(»u ether until colorless. Tlu' plienylacctyl-DL-alanyl- 
D-valine weighed 2.2 g., in.p. 100 170”. Tiepeated crystal¬ 
lization from ethyl acetate and precupif ation from E sodium 
hydroxide witli hydrochloric acid vi<‘lded a small amount of 
one stereoisomer, m.p. 200-207”, —44" (r * 1.04 in N 

sodium hydroxide). 

(^ilc. for (’, 6112204 X 2 : ( \ 02.7; II, 7.2, N, 0,2 
Found: 02.8, H, 7.1; N, 9.3 

Reaction of Phenylacetylalanine with Benzyl Chloro- 
formate under Azlactonizing Conditions (Ooriiell Bioch., 
D.J9). A solution of phenylncetyl-Diwilanine (2 g.) in 
pyridine (20 cc.) was cooled in ice and treated with benzyl 
chloroformate (2 cc.). After ten minutes at room tempera¬ 
ture aniline (2.5 ce ) and a trace of aniline liydroehloride were 
added. After a f(*w minutes the mixture was added to 
hydrochloric acid (50 cc. of 6 N). The oil which s(*parated 
crystallized overnight in tlu' icc box. The product was 
colleeted and recrvstallized from alcohol, gixdng plumyl- 
acclylalaiiine anihde (170 mg.), m.p. 173.5-174,5". 

Calc, for <'i7lIi802N2: C\ 72.3; H, 0.4: N, 0.9 
Found: C, 72.0; Tl, 0 1; N, 0.8 

Phenylacetyl-DL-valine (Shell, Sh.1). Phenylacctyl chlo¬ 
ride (0.213 mole) and sodium hydroxide (01 cc. of 1 N) were 
added simultaneously to a solution of Dii-valine (0.213 mole) 
in sodium hydroxide (53 cc. of 4 A") at 0°. The resulting 
solution was acidified to precipitate the solid phenylacetyl- 
valine, which after drying in air weighed 44.5 g. (80 %) and 
had m.p. 100.5-112° (sintered at 100 109"), 

(^alc. for ChsHuOaN: N, 0.0; neut. equiv. 230 

Found: N, 5.0, 5.0, lunit. equiv. 235 

^ Unloss thoro was some sinniiicant divorgonco, duplication of experi¬ 
mental work is indicated only bv two or more references. In general 
the later or more ooniplete account has been included, or that in which 
an improved process is claimed. 
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2-Benzyl*4-i8opropyl*S«oxazoloxie (Sh,6), Phenylacetyl- 
Diu-valine (23.5 r.) waa heat<sd witli acetic anhydride (150 cc.) 
at 85for fifteen minutes, Distillation gave the oxazolone, 
(18 g.), b.p. 115 -11770.5 rnm. 

('ale. for CiaHjsOaN: neiit. e<}uiv., 217 
Found: neut. equiv., 217 

2,4-Dibenzyl-6-oxazolone (Newbery and liaphael, CPS, 
6S). Pheiiylaeotylphenylalanme (6 g.) was warmed with 
acetic anhydride (20 cc.) on the steam bath for twenty 
minutes and the a(ieti(‘ anhydride and acetic acid removed 
on the steam bath at low pressure. The residual, thick oil 
could not be dirttille<l or made to solidify; it was kept at 
100“/0.2 mm. for three hours before analysis. 

Calc, for C'i 7 Hi 5()2N: N, 5.3 
Found: N, 5.4 

A few drops, triturated with 2 A HCl in the cold, soon 
solidified. This solid, which was acidic, had m.p. 126“ after 
crystallization from benzene, both alone and in admixture 
wiili pheiiylacetylphenylalanine. Sodium hydroxide (2 N) 
on the oxazolone gave the sodium salt of this acid. 

When the oxazolone was treated with aqueous ammonia 
(15 %) it solidified completely. On crystallization from alco¬ 
hol needles were obtained, m.p. 185-186“ (Erlenmeyer and 
Kunlin, Anmdm, H07, 157 (1899), gave m.p. 186“ for 
pheiiylacetylphenylalanine amide). 

The oxazolone (0.25 g ) was treated with aniline (0.08 g.) 
in chloroform (5 cc.) at room temperature and after thirty 
seconds the product was poured into light petroleum 
(40-60“). The precipitated solid on crystallization from 
alcohol formed needles, m.p. 191-192“, of phenylac(*tylphen- 
ylalanine anilide. 

Calc, for Ca^ll^OaN,: N, 7.8 
Found: N, 7.8 

The oxazolone also reacted with benzylaminc, piperidine 
and morpholine (Merck, M,S9). The products melted at 
164-165“, 164-165“, and 137-138“ respectively. The 

piperididc had the following analysis. 

Cale. for CajHz.OaN*: N, 8.0 
Found: N, 8.4 

Acylphenylalanines {CPS,62), Phenylalatiine (10 g.; 
0.06 mol.) waa dissolved in sodium hyilroxide (100 cc. of 
1.5 N) and the acid chloride (0,06 mol.) added slowly with 
thorough shaking and cooling. The reaction mixture was 
allowed to stand for fifteen minutes and then acidified to 
Congo Red with 2 AT HCl. The precipitate was allowed to 
solidify, collected, washed well with water and crystallized. 
The following acylphenylalanines were prepared: 

Sorboyl (65% yield), needles from aqueous alcohol, m.p. 
166-167“. 

Calc, for CuHnO,N: N, 5.4 
Found: N, 5.6 

UHexenoyl (76% yield), hexagonal plates from aqueous 
alcohol, m.p. 141-142“. 

Calc, for CuHi#0,N: N, 6.4 
Found: N, 5.5 

$^Hexen&yl (73%), plates from benzene-light petroleum 
(60-80“), m.p. 94-95“. 

Calc, for (hftlluO.N: N, 6.4 
Found: N, 6.7 

n-Caproyl (87%), plates from benzene-light petroleum 
(60-80“), m.p. 110-111“. 

Calc, for CuHjiO.N: N, 6.3 
Found: N,^6.0 


2-n-Amyl-4-beiizyl-6*ozazolone (CPS,62), Prepared as 

usual from caproylphenylalaniiie (12 g.) and acetic anhydride 
(40 cc.), the oxazolone (9.8 g.; 82 %) was obtained as a color¬ 
less mobile liquid, b.p. 135-138“/6 mm. 

(;alc. for CiJ 1 i» 02N: C, 73.5; H, 7.7; N, 5.7 
Found: C, 73.3; H, 7.9; N, 6.9 

Trituration with 2 N llCl in the cold quickly produced a 
solid which after washing and crystallization from benzene- 
light petroleum (60 80“) had m.p. 109“, undepressed on 
admixturi^ with caproylplionylalanine. Tlie oxazolone with 
sodium hydroxide gave the same acid. 

Treatment with aejneous ammonia caused rapid solidifica¬ 
tion to //-caproylphenylalanine amide, m.p. 173-175.5“ after 
crystallization from alcohol. 

Calc, for (^JIsaOaNa*. N, 10.7 
Found: N, 10.5 

n-f 'aproylphcnylalaiiinc anilide was prepared by allowing 
an equimolecLilar mixture of the oxazolone and aniline to 
stand tor a short time and triturating the glassy product 
with a small amount of alcohol. Needles from alcohol, m.p. 
159-160 

('ale. for (\>iH 2602N2: N, 8.3 
Found: N, 8.05 

2-(2'-Pentenyl)-4-benzyl-5-oxazolone (CPS.62). The 
reaction of 2-he\enoylphonyialaniue (8 g.) with acetic 
anhydride (30 cc.) gave the oxazolone^ as a mobile, pale yel¬ 
low liquid (6 g.; 77%), b.p. 155-157“/! mm. 

Calc, for ('laHnO^N: (', 74.1; H, 7.0; N, 5.7 
Found: 73.7; II, 7.0; N, 5.8 

A few drops of tlic compound were triturated with 2 N 
HC'l and soon solidified. The washed product crystallized in 
plates from benzene-light petroleum and had m.p. 93-94“, 
undepre.ssed on admixture with 2-hexenoylphcuylalanine. 
Sodium hytlroxidc (2 N) on tlie oxazolone gave the same 
product. 

The oxazolone solidified almost immediately on trituration 
with aqueous ammonia (15%) in the cold. The collected 
and washed 2-hexenoylpheiiylalanine amide crystallized 
from alcohol m needles, m.p. 148-150“. 

Calc for C„H2 o 02N2: N, 10.8 
Found: N, 11.0 

The oxazolone (1 g.) was dissolved in chloroform (10 cc.) 
and aniline (0.4 g.) in chloroform (5 cc.) added at room tem- 
peratun». After thirty secouds the reaction product was 
precipitated by light petroleum (40-60“) as a viscous oil 
which slowly solidified after removal of supernatant liquid. 
Crystallization from alcohol yielded 2-hexenoylphenylalanine 
anilide as prisms, m.p. 166-167“. 

Calc, for C21H24O2N2: N, 8.3 
Found: N, 8.0 

a-Phenylacetaminoisobutyric Add (Squibb, S,2Ji), This 
was prepared by the Schotten-Baumanu method in 73% 
yield. Plates from 95 % ethanol, m.p. 188-190° after previ¬ 
ous melting at about 175“ and resolidification. 

Calc, for CiaHisO^N: C, 65.1; H, 6.8; N, 6.4 
Found: C, 65.2; H, 6.8; N, 6.3 

2-Benzyl-4,4«dimethyl-6-oxazolone (S.24 ). This was ob>* 
tained from the above acid with acetic anhydride in 72% 
yield. Large prisms from pentane, m.p. 59-69.5“. 

Calc, for CiaHiaOjN: C, 70.9; H, 6.5; N, 6.9 
Found: C, 71.0; H, 6.6; N, 6.9 

Benzylamine was added (Merck, M,S6) to the crushed 
oxazolone at room temperature; allowed to stand fifteen 
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hours and worked up by addition of water. The benzylam- 
ide was recrystallized from an ethanol-water mixture. 

Calc, for C 19 H 22 O 2 N 2 : C, 73.5; H, 7.1 
Found: CJ, 73.4; H, 6.9 

The oxazolone reacted normally with piperidine and mor¬ 
pholine to give the substituted amides. N-(a-Phenylacet- 
amidoisobutyryOpiperidine was recrystallized from ethanol- 
water and isolated as a hydrate, m.p. 89-90°. When it 
was dried in a vacuum at 30° it sintered. The air-dried 
material was analyzed. 

Calc, for Ci 7 Ha 402 N 2 -Hi 0 : C, 06.6; II, 8 , 6 ; N, 9.1 
Found: C, 66.7; H, 8.3; N, 9.3 

N-(a-Phenylacetamidoisobutyryl)morpholine was recrystal¬ 
lized from ethylene dichloride-petroleum ether, then dried 
in vacuo at 30°, m.p. 147-148°. 

Calc, for CieHjaOiNa: C, 66.2; H, 7.6; N, 9.7 
Found: C, 65.6; H, 7.1; N, 9.9 

2-Phenyl-4>i8obutyl-6-oxazolone (Squibb, S,2t), This 
was prepared from benzoyl-DL-leuciiic with acetic anhydride; 
m.p. 56-57°. 

Calc, for C 1 .H 16 O 2 N: N, 6.5 
Found: N, 0.4 

With aniline, benzoyl-DL-lcucine anilide was obtained 
from the oxazolone in 89% yield, m.p. 191-192°. 

('ale. for (hJIaaOaNa*. N, 9.0 
Found: N, 9.0 

2«Benzyl-4-8ec.-butyi-6H)xazolone (Abbott, AA2), A 
mixture of phenylacctylisoleuciae (20 g.; m.p. 106-107°) and 
acetic anhydride (45 cc.) was heated until solution was com¬ 
plete. The excess anhydride was removed at reduced 
pressure. By distilling the n^sidual oil at 2 mm, pressure 
there was obtained a colorless oil (16.4 g.), b.p. 137-139°, 
nD*^ 1.5115. Tlii.s represents an 88 % yield of the oxazolone. 

Calc, for CuHnOaN: N, 6.1 
Found: N, 5.9 

Benzoylaminocyclohexane-l-carboxylic Acid (Boon, Car¬ 
rington, Davies, Jones, Ramage and Whring, CPS,4?f^). 
Aminocyclohexane-l-carboxylic acid (14 g.; Zelinsky and 
Stadnikow, Her,, 8,9^ 1728 (1906)) and sodium hydroxide 
(8 g.) in water (150 cc.) were shakim with benzoyl chloride 
(14 g.) for two hours. The product was clarified and filtered, 
and the aqueous solution was acidified with hydrochloric 
acid, giving a gum which rapidly solidified. The product 
was crystallized from aqueous ethanol to give the acid 
(10.7 g.), m.p. 191-193°. 

Calc, for CiJIirOaN: N, 5.7 
Found: N, 5.6 

2-Pheiiyl-4,4-spiropentamethylene-6-oxazolone {CPS . 
479 ). The above acid (3 g.) and acetic anhydride (15 cc.) 
were boiled gently under reflux for one and one-half hours. 
The acetic anhydride was removed in vacuo and the residue 
crystallized twice from light petroleum. The oxazolone 
formed colorless prisms, m.p. 71°. 

Calc, for CuHu 02 N: N, 6.1 
Found: N, 6.1 

a-Styrylalanine (Catch, Cook and Heilbron, CPS.105). 
Benzalacetone (120 g.) in 95% ethanol (840 cc.) was heated 
under reflux at 69-60° for sixteen to s<*v(mteen hours with 
ammonium carbonate (234 g.), potassium cyanide (80 g.) 
and water (600 cc.). Evaporation to 700 cc. followed by 
acidification gave 5-methyl-5-styrylhydantoin (about 60 g. 
or 40%) which was crystallized from alcohol. The hydan- 
toin (46 g.) was refiuxed for forty-eight hours with barium 


hydroxide (225 g.) and water (900 g.). The hot filtrate and 
washings were just neutralized with sulphuric acid and after 
removing barium sulphate were cooled to give a-styryl- 
alanine (22 g.), a further quantity (12 g.) of pure acid 
separating on concentrating the mother liquor (total yield 
85%). a-Styrylalanine, even when cpiite pure, separated 
from hot water in gelatinous form and later crystallized in 
fine, irregular plates, m.p. 233 *234°. 

CJalc. for CiiHisOiN: C, 69.1; H, 6.9; N, 7.4 
Found: C, 69.1; H, 6 . 8 ; N, 7.3 

The iiinhydrin reaction was negative. 

N-Phenylacetyl-a-styrylalanine (( 'PS. 1 05). a-Styrylalan- 
ine (0.95 g.) in ice-cold N sodium hydroxide (10 cc.) was 
treated witli phenylacetyl chloride (0.7 cc.) with shaking. 
The acid chloride rapidly disappcariHl and was replaced by a 
partly crystalline ma.ss. Acidification gave crude N-phenyl- 
acetyM-styrylalanine (quant, yield), m.p. 187°; on recrys- 
tallizaiion from aqueous ethanol it separated in apparently 
solvated slender prisms which melted at 167°, resolidified 
and had final m.p. 192°. 

Oalc. for C, i\ 73.7; H, 6.2; N 4.5 

Found: (\ 73.2; II, 6.3; N, 4.5 

2-Bcnzyl-4-mcthyl-4-styryl-6-oxazolone (CPS.WS). The 
above acid (3.75 g.) was warmed on the steam bath with 
acetic anhydride (20 cc.) and dehydrated sodium acetate 
( 2.0 g.) for three hours with occasional shaking. J'he solu¬ 
tion was evaporated to dryness in vacuo, the organic product 
taken up in a little chloroform, washed with ice cold satu¬ 
rated aqueous sodium bicarbonate', and the chloroform re¬ 
moved m vacuo. The oil crystallized on standing overnight 
to give the azlactoiio m blade-shaped leaflets (810 mg.) which 
could be crystallized from light petroleum; m.p. 56-57°. 

Calc, for C 19 II 17 O 2 N: C, 78.3; H, 5 9; N, 4.8 
Found: C, 78.4; H, 5.9; N, 5.0 

Ozonolysis of the oxazolone gave benzaldehydo but no other 
pure comiK)und was isolated. 

Ethyl Hydrogen Benzoylaminomalonate (Merck, MASc). 
Ethyl aminomalonate was benzoylated in sodium carbonate 
solution at 8 °. The product melted at 61°. Ethyl benz- 
amidomalonate (5.58 g.; 0.02 mole) dissolved in ethanol 
(25 cc.) was treated with potassium hydroxide (1.12 g.; 
0.02 mole) in water (10 cc.). After about sixtc(*n hours 
alcohol was removed and the diluted aqueous solution ex¬ 
tracted with ether, then acidified and re-extracted with ether. 
The acid crystallized with some difficulty from ether-light 
petroleum to give 2.09 g. product. Recrystallization from 
ether alone gave the pure half ester m.p. 106-107°. 

Calc, for C 12 H 11 O 4 N: 

C, 57.3; H, 5 . 2 ; N, 5.6; neut. equiv., 251 
Found: C, 57.5; H, 5.4; N, 5.7; neut. equiv., 235 

2-Phenyl-4-carbethoxy-6-ozazolone {M.2S). Ethyl hy¬ 
drogen benzamidomalonate (5.0 g.) was heated on a steam 
bath for thirty minutes with acetic anhydride (15 cc.). The 
solvent was removed «?? vacuo and the syrupy product taken 
up in ether (20 ml.) from which on cooling the oxazolone 
(1.662 g.), faintly yellow needles, m.p. 142-115°, was ob¬ 
tained. Recrystallization from benzene gave material, 
m.p. 147-148°. The compound was soluble in sodium 
bicarbonate, from which it was recovered on acidification. 
Ferric chloride in metlianol gave a green-blue color. In 
alcohol the absorption spectrum showed a small band at 
3,200 A, which disappeared on standing, probably because 
of decomposition. In pH 8 buffer, strong bands were 
noted at 3,175 A, 2,725 A and 2,275 A. 

Calc, for C12H11O4N: 

C, 61.8; H, 4.8; N, 6.0; active H, 1.0; MW, 233 
Found: C, 61.8; H, 6.0; N, 6.1; active H, 1.0; MW, 261 
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Tlio oxazolone (50 mg.) was refluxed with absolute 
ethanol (2 ec.) for live minutes. After removal of solvent 
in vacuo the residue was crystallized from etlier-iifi;ht petro¬ 
leum, giving a product m.p. ISO*'. Tlie mo(h<T liquors 
yielded ethyl boiizamidomalonatc* (15 mg.), m.p. and mixed 
ra.p. 01 *^, bv crystallization from light petroleum containing 
a trace of ether. 

Ethyl Hydrogen Caproylaminomalonate (Bentley, Cratch, 
Cook, Klvidge, lleilbron and Sliaw, Kthyl 

aminomalonate (2 g.) stirred in moist ether (30 cc.) with 
Hodium earbonati' (1 g.) was treated with caproyl chloride 
(J.O g.). At the end of the reaction a little water was added 
and the ether layer removed, a small additional amount of 
product being extraett'd from the aqueous laver with ether. 
Beinoval of solvent gav<* t'thyl caproylaminomalonate 
(2.9 g.), which was recrystallized from a mixture of ethanol 
and light petroleum wlnui it had m.p. 77 ^ 

CaU\ for CjJlraOoN: (’, 57.2; H, 8.4; N, 5 1 
Found: (\ 57.2; H, 8 . 0 ; N, 5.3 

llie ester (20 g.) in ethanol (100 cc.) was kept with potas¬ 
sium hydroxide (4.1 g.) iu ethanol (41 cc.) for three hours 
and the solvemt removed iu vacuo. Solution of the residin' 
in w'ater and filtration from a little unchangt'd di-ester 
followed by aeidification gave the acid ester which sepaiated 
from ether-light petroleum iu silky needles m.p. 92^^ 

C^ale. for CnHisOftN; (\ 53.9; H, 8.0; N, 5.7 
Found: i\ 53.9; H, 8 . 0 ; N, 5.7 

2-n-Amyl-4-carb6thoxy-6-oxazolone (Bentley, Cook, 
Harris and lleilbron, (^PS.SSd). Fthyl hydrogcui caproyl¬ 
aminomalonate (1 g.) was warmed (steam bath) for thirty 
minutes with acetic anhydride (10 cc.), excess of the reagent 
was removed in vacuo, and the residue distilled at 60-70'’ in 
high vacuum. The oxazolone was thus obtained as a color¬ 
less oil. 

Calc, for C„H, 704 N: (J, 58.1; H, 7.5; N, 6.2 
Found: C, 57.7; IT, 7.4; N, 5.9 

The oxazolone (from 2 g, acid ester) in pyridine (25 cc.) 
was warmed with isopropylide.ne DL-penicillamine (2 g.) for 
two hours. Beinoval of pyridine and addition of ether gave 
on standing crystals (400 mg.), m.p. lOS'’; the 2,2,5,5- 
t e t ramcthyI-3- («-carbethoxy-a-caproylaminuac<‘tyl )thiazol- 
idine-4-carhoxylic a(*id crystallized from ethanol containing 
a little water in clusters of fine needles, m.p. 167 168*’. 

Calc, for ChITsAW^S: C*, .54.8; H, 7.7; N, 6.8 
Found: (*, 54.9; II, 7,7; N, 7.1 

This thiazolidine w^as very resistant to mercuric chloride 
and other cleavage reagents. 

2,4-Diphenyl-6*oxazolone (Barber, Gregory, Slack, Stick- 
ings and Wooiman, CPS.^S4). a-BeiizamidoplH'nylacetie 
acid (10 g.) was heated on the steam bath with acetic 
anhydride (75 ec.) for twenty minutes. The solvent was 
removed in vacuo and the residue triturated with dry ether 
(10 ec.). After cooling, the crystals were collected and 
recrystallized from light petroleum (60-80°) to give the 
oxazolone (4.6 g.), colorless needles, m.p. 80-81°. 

Calc, for C 15 HUO 2 N: C, 76.0; H, 4.6; N, 5.9 
Found: C, 75.8; II, 4.8; N, 6.9 

The oxazolone reacted rapidly with aniline to giv(; «-phenyl- 
hippuranilide m.p. 208-210° (from alcohol). 

Calc, for CjjIIisOaNj: N, 8.5 
Found: N, 8.3 

Methyl Oximinomalonate (Boon, Carrington, Jones, 
Ramage, Tyler and Waring, CP^.SUS). Methyl malonate 
(132 g.) was added to sodium methoxide (from 23 g. sodium) 
in dry methanol (500 cc.) and the solution cooled in ice 
while methyl nitrite (from 120 g. sodium nitrite) was bubbled 


in. Next day the excess methanol was removed in vacuOy 
the solid residue treated with an excess of dilute hydrochloric 
acid and (‘xtracted with ether. The ethereal extract was 
shaken with aqueous calcium chloride, followed by water, 
and dried w'ith sodium sulphate before removing the solvent. 
On fractionation methyl oximinomalonate (130 g.), b.p. 
126 128*'/0.5 mm., distilled and solidified on cooling. The 
product crystallized from bcnzone-light petroleum in long 
needkxs, m.p. 66 °, 

Methyl Aminomalonate (CPS.69:i), Th <3 above oximino 
compouiid (70 g.) in methanol (150 ee.) was shaken with a 
palladium-charcoal catalyst (5 g.; 10^;) in hydrogen at 
3 atmosplu‘rt‘s pressure. Ueduction w^as complete in two 
hours; the solution was filtered and the methanol removed 
i7i vacuo. *fhc residue’ could be distilled but it was better 
to prepare tlu* methyl aminomalonate hydrochloride from 
the ethereal solution and hydrogen chloride. 

Methyl Benzamidomalonate (67\S\6\9.‘?). This was pro- 
parerl by droiquiig benzoyl chloride (28 g.) into a mixture of 
ether (200 cc.) and the above hydrochloride (36 g.) with 
excess aqueous sodium liicarlionate, with shaking and ice 
cooling, riie amide separated from the ether and was 
eolleeted, washed with vvati’r, dried (40 g.) and crystallized 
from ben 7 cne-light petroleum; m.p. 10 T’. 

C'ale. for Gj.HuCVN: (*, 57 4; 11, 5.2 
Found: (*, 57.7, II, 5.1 

Methyl Hydrogen Benzamidomalonate {CPS.OW). The 
ab()\e (‘.sler (28 3 g.) in methanol (130 ce.) was ice cooled 
dining the addition of a solution of potassium hydroxide 
(5.6 g ) iu water (10 ee ) and methanol (20 ce.). After 
standing overnight most of thi’ nn’thanol was removed 
in vacuo and an aqueous solution of tin; residue’ (extracted 
with ether to remove unchanged ester) was acidified and 
extracted with ether. On removal of the solvent the oil 
(24.5 g.) very slowdy solidified and w'as crystallized from 
benzene-light petroleum (18.5 g.), this was jiure enough for 
the next preparation. The pure acid ester was obtained 
after two further crystallizations from benzene-ethyl acetate 
as needles, m.p. 116°. 

(*ale. for rnllnOtN: N, 5.9; neut. equiv., 237 
Found: N, 5.9; ueut. equiv., 240 

2-Phenyl-4-carbomethoxy-5-oxazolone {CPS.693). The 
above acid (5 g.) was w’armed with acetic anhydride (25 cc.) 
at 70° for fifteen minutes. A pale yellow solid crystallized 
during the heating and after cooling it W'as collerti’d and 
dried (2.7 g.), m.p. 175°. This was assumed to be the 
oxazolone. The crude product (1 g.) and nn-penicillamiue 
methyl ester (from 1 g. hydrochloride) were mixed in 
benzene. Next day the solvent was removed coinphjtcly 
and the N-(«-earboinethoxyhippuryl)penicillamine methyl 
ester crystallized from methyl alcohol; m.p. 138°. 

<*alc. for GnHzaOeNaS: C, 53.4; II, 6.8 
Found: C, 53.2; H, 5.5 

Benzyl Benzamidomalonate (Boon, Carrington, Davies, 
Gaubert, .lories, Uamage and Waring, CPS.634). (a) Kthyl 

benzoylaminonialoTiate was hydrolyzed by aqueous alcoholic 
potassium hydroxide and the resulting acid extracted with 
ether, in which it was not very soluble. The acid was not 
pure and tended to decarboxylate to hippuric acid, hut with 
plumy Id iazomethaue it gave the benzyl ester, m.p. 109®, 
after crystallization from benzene. 

Gale, for Ca 4 H,i 05 N: C, 71.6; H, 6.2; N, 3.5 
Found: C, 71.1; H, 5.0; N, 3.6 

(b) Benzyl alcohol (144 g.) and ethyl malonate (70 g.) 
were boiled gently ( 200 - 210 °) in a flask fitted with a frac¬ 
tionating column; ethanol distilled and the reaction was 
complete in throe hours. The product was distilled in vaJcuo 
to give benzyl malonate, b.p. l80-190®/0.6 mm. (96 g.). 
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This osier (28.4 g.) was added to a stirred suspension of 
powdered sodium (2.3 g.) in dry toluene (100 cc.). After 
two hours tlio formation of sodio derivative was complete; 
the mixture was cooled in ie(*, benzyl nitrite (15 g.) added, 
and the mixture allowed to stand at room temperature 
overnight. It was treat'd with an excess of hydro¬ 
chloric acid, the tohiene solution was separated and dried, 
and the toluene removed at 40'’ und(‘i\low pressure, leaving 
the crude oximino compound as an orange od (29 g.) This 
was reduced in etlii^r with aluminium amalgam and the 
ethereal solution dried. Passage of hydrogen chloride pre¬ 
cipitated the benzyl aminomalonate hydrochloride as fine 
needles (9.2 g.), m.p. 151“ (u.se of (‘thyl nitrite instead of 
benzyl nitrite led to ester interchange). Tlie hydrochloride 
was converted to the free base* by sat. sodium bicarbonate 
solution (100 cc.) and ether (50 ec.) and Ix'nzovlati'd by the 
gradual addition of benzoyl chloridi* (3.2 cc.) with cooling 
and shaking, lienzyl bonzamidomalonato separated and 
was crystallized from benzene-light petroleum (9.6 g.), 
m.p. 109“. 

Benzyl Hydrogen Benzamidomalonate (Boon, (^arrington, 
Jones, Ramage, Tyh'r and Waring, (7**S.(/.9/^). iiic abov<» 
ester (10 g.) in dioxan (60 ec.) was shaken with sodium 
hydroxide (1 g. in 2 cc. water) at room temperature for 
twenty hours. The solvent was remov(‘d /n vacuo at 30“, 
the residue treated with water (50 ce.j and exlract(»d with 
chloroform (2 X 50 cc.). The chloroform solution gave, on 
evaporation, unchanged ester (4.2 g.). The aqueoits solu¬ 
tion was acidified, and the preeipitatc'd oil extracted with 
chloroform. The extract was wa.shed well with water, 
dried, and evaporated in vacuo to give an oil which crystal¬ 
lized on standing. Rccrystalli/ation from benzene gave the 
acid ester (2.6 g.), m.p. 104®. 

Calc, for CnHuOfiN: N, 4.5 
Found; N, 4.6 

On heating above its m.p. the acid lost carbon dioxide to 
give benzyl hippurato. 

2-Phenyl-4*carbobenzyloxy-5-oxazolone (CPS.60S), The 
above acid (2.5 g.) was warmed with acetic anhydride 
(12.5 ee.) at 70" for thirty minutes. After cooling the pale 
yellow crystals were collected and wash(‘d with benzene, 
giving the oxazolone (1,94 g.), m.p. 184®. 

Calc, for CnHu 04 N: N, 4.8 
Found: N, 5.0 

No crystalline product was obtained from several attempts 
to condense this oxazolone with penicillamine benzyl ester. 

Phenylacetylaminomalonic Derivatives (Merck, M.2S; 
Bentley, C’ook, Harris and Ileilbron, CPS.3S6). Ethyl 
aminomalonate (1.8 g.) in ether (25 cc.) was shaken with 
sodium carbonate (1,5 g.) in water (10 ec.) and phenvlacetyl 
chloride (1.5 g.) added dropwise. After warming to com¬ 
plete reaction the ether layer was separated, dried and 
evaporated to give ethyl phenylacetylaminomalonate 
( 1.8 g.), which crystallized from ether-light petroleum in 
long nec'dles, m.p. 67-68°. 

Calc, for CuHi^OfiN: C, 61.4; H, 6.5 
Found: C, 61.2; H, 6.5 

The ester (1.08 g.) in ethanol (5 cc.) was treated with 
ethanol (2 cc.) containing potassium hydroxidi'. Next day 
the neutral solution was taken to dryness, the residue dis¬ 
solved in water and the solution cooled and acidified. The 
acid ( 0.5 g.) was recrystallized from chloroform-light 
petroleum to give prisms, m.p. 104-105° (M.^3 gives 
m.p. 106.5-107.5°), of ethyl hydrogen phenylaeetylamino- 
m^onate. 

Calc, for CiiHiftOtN: C, 58.9; H, 5.7; N, 5.3 
Found; C, 59.1; H, 5.6; N, 5.6 

Azlactonixation Attempts with Bthyl Hydrogen Phenyl* 
acel^lailiinomalonate (Merck, MM; Mich. Chem., B,8; 


Bentley, (k)ok, Harris and Heilbron, (^PS.3S6), The acid 
ester (1 g.; hemihydrate) was warmed (steam bath) with 
acetic anhydride (10 cc.) for thirty minutes and excess 
reagent removed in high \acuum. DistilLalion in high 
vacuum at 50 (>0° caused a change in composition and ethyl 
phenaceturate was isolated. The crude prodmd was invited 
with anihne in ether. After fifteen minutes the solvent was 
removes! and the* product crystallized from ethyl acetato- 
ligroin. 'The a-carbethoxvphennc(‘turylatuhne had m.p 
154-156'. 

(’hIc for CiJTioOiNi: (\ 67 0 : II, 5.9; N, 8.2 
Found: C, f.7.1; H, 5.9; N, 8.2 

The p-tohndide was prepared siimlariy and f*rystallized 
from ethyl acctate-ligroui. m.p. 157-158°, 

(’ale. for (’j„n 22 () 4 Ni.: (\ 67.8; H, 6.3; N, 7.9 
Found: (\ 67 6 ; H, 6.4, N, 8.1 

By refluxing in toluene with ben/ylamiiie for one hour 
the di-benzylamid(‘ of ])henylacetylaminomalonic acid was 
obtained, rn.p. 185°. 

Calc, for C 25 H 25 O. 1 N 3 : 72.3: II, 6.1 
Found: 72.8; H, 6.1 

A solution of cysteine methyl ester (from 690 mg. hydro¬ 
chloride) in benzene (15 cc.) and ethyl acetate* (5 cc.) was 
aelded to the crude oxazolone (from 1 g. acid evster). After 
twnmty minutes the* solution w^as washed twice with 5 % 
hydrochloric acid, twice wuth aejutsms sodium bicarbonate 
and then w'ith water The residue after rcmeival of solvent 
was tre'att'd with ether and chilled. The colorless eTystallino 
N-^-carbethoxyphenaccturyl-cysteine* methyl ester (170 mg.) 
was colle‘ctt‘d and washed with (*the*r; m.p. 116-120°, clear 
at 127° (with shrinking at 113°). 

Calc, for C 17 H 22 O 6 N 2 S: C, 53.4; H, 5.8 
Found; C, 53.1; II, 5.8 

Tlie eTude oxazolone (from 1 g. acid ester) in dry pyridine 
(20 cc.) ivas warmed for two hours at 85-90° with isopropyl- 
idencpeiiicillamine (0.7 g.). Pyridine was removed m vacuoy 
the residue taken up in chloroform and extracted w ith satu¬ 
rated aqueous sodium bicarbonate (3 X 10 cc.). Acidifi¬ 
cation of the extract gave a solid (250 mg.) which crystallized 
from chlorofonn-light petroleum, 2,2,5,5-tetrarrirthyl-3- 
(a-carbethoxyphenaccturyl)thiazolidinp-4-carboxylic acid 
separating in small needles, m.p. 189-190°. 

Calc, for C 21 H 28 O 0 N 2 S: C, 57.8; H, 6.4; N, 6.4 
Found: (’, 58.1; 11, 6.5; N, 6.6 

The acid corresponding to this acid ester was obtained 
by hydrolysis with warm sodium hydroxide, and separated 
from aqueous acetone in needles, rn.p. 193-194°, depressed 
by the acid ester to 182-184°. 

(’ale. for Cion 240 aN 2 S: C, 55.0; H, 5.9 
Found: (’, 50 4; H, 6,0 

The crude oxazolone (from 2.5 g. of acid ester) was kept 
overnight in etluT wuth penicillamine methyl ester (from 
2.0 g. hydrochloride) and the solution extracted twice with 
2 N HCl, twice with aqueous bicarboriatt*; the ethereal 
residue on coneentrating and diluting with a little light 
petroleum deposited crystals which were recrystallized from 
chloroform-light petroleum; N-(ey-carbethoxyphenaceturyl)- 
peiiicillamine methyl ester separated in clusters of prisms 
m.p. 128-129°. 

Calc, for CioHseOeNjS; C, 55.6; II, 6.3; N, 6.8 
Found; C, 55.3; II, 6.4; N, 6.8 

It gave no color with cold alkaline nitroprusside or with 
ferric chloride nor did it give the catalytic polarographlc 
effect; it behaved normally however in the direct polaro- 
graphic anodic oxidation. 
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Ethyl hydrogen phonylacetylaminomalonate (5.3 g.) was 
treated with phosphorus pentachloride (4.2 g.) in ether 
(2(X) cc.) for about thirty minutes, when a new product 
(3.9 g.) had separated. After recrystallization from ethyl 
acetate and ether this melted constantly at 126-12G®, was 
chlorine-free, gave a ferric chloride test, dissolved unchanged 
in sodium bicarbonate solution and was unaffected by 
ammonia and alcohols. 

Calc, for Ci,Hu 04 N: (J, 63.2; H, 5.3 
Found: 63.1; 11, 5.5 

2-Plienyl*5-oxazolone (Abbott, A.6a). A mixture of 
hippuric acid (100 g.) and acetic anhydride (300 cc.) was 
heated on the steam l)ath with stirring until a clear solution 
resulted. The solvent was then removed at water-pump 
pre.ssiire while the reaction mixture was still being heated. 
Following the addition of light petroleum (60-70®, 200 cc.) 
to the hot residin', tin* mixture was stirred and allowed to 
cool. The pinkish .solid which separated was removed by 
filtration, washed with light petroleum and dried overnight 
in a vacuum desiccator. By crystallization from absolute 
ethyl alcohol there was obtaineii 44 g. of 2-phciiyl-5-oxazol- 
one, m.p. 91-92®, or 49% of the theoretical amount. An¬ 
other crystallization gave 38 g., m.p. 92.5-93.5®. Further 
purification raised the m.p. to 94-95°. 

Another group (Squibb, S.21) obtained a 56% yield of 
material m.p. 90.5-91° by this method. 

Calc, for C.H7O2N: C, 67.1; H, 4.4 
Found: 0, 66.9; H, 4.6 

Action of Aniline on 2-Phenyl-6-ozazolone (BDH, CPS. 
56). A solution of 2-phenyloxazolone (1.75 g.) in aniline 
(10 g.) was kept forty-eight hours at the room temperature. 
The crystalline product was collected and washed with 
benzene; yield, 1,69 g., m.p. 210-211°. 

Found: N, 11.4 

No portion of this material was soluble in cold dilute am¬ 
monia. Repeated crystallization from aqueous alcohol did 
not affect the m.p. or composition. 

Found: N, 11.3; 11.4 

The product was almost certainly liippuric anilide (lit., 
m.p. 208-208.5°). 

Calc, for CuHmOjN*: N, 11.0 
Calc, for CuHnONj; N, 11.9 

Action of Glycine Ethyl Ester on 2-Phenyl-6-oxazolone 

{CPS.66). A solution of 0.1 g. (1.1 atom) of sodium in 10 cc. 
of alcohol was added to one of glycine ethyl ester hydro¬ 
chloride (0.5 g.) in alcohol (10 cc.). The solution was 
filtered from the precipitated sodium chloride and treated 
with one of 2-phenyloxazolone (0.6 g.) in benzene (10 cc.). 
Most of the solvent was removed after eighteen hours and 
the residue treated with ether. The resulting pale yollow 
solid was crystallized first from a large volume of ether and 
then from water. White feathery crystals were obtained, 
m.p. 116-117°, unchanged on mixing with a sample of hip- 
purylglycine ester prepared from hippuryl chloride and 
glycine ester (Fischer, Ber.^ 38, 606 (1906)). 

Calc, for C,iHi« 04 N 2 : N, 10.6 
Found: N, 10.4 

Action of Glycine on 2-Phenyl-5-oxazolone {CPS,66). 
Glycine (0.9 g.) was dissolved in 60% alcohol (50 cc.) and 
to the resulting solution (pH 6.9) was added 2-phenyloxazol- 
one (2 g.). The reactants were heated under reflux for 
twelve hours, and the alooliol then distilled. The crystal¬ 
line precipitate separating from the remaining solution was 
collected and extracted by means of benzene wliich dis¬ 
solved 0.2 g. of the unchanged azlactone. The benzene- 
insoluble portion was crystallized several times from hot 


water giving 2 g. of hippurylglyciue, m.p. 206° alone or when 
mixed with hippurylglycine prepared from hippuryl chloride. 

Calc, for CnHia 04 N 2 : N, 11.9 
Found: N, 11.9 

Phenylthioacetylglycine (Abraham, Baker, Chain and 
Robinson, CPS./,3; cf. Houben, Ber., 39, 3227 (1906)). To 
the Grignard reagent'made from benzyl chloride (160 g.), 
ether (400 cc.) and magnesium (30.8 g.) was added carbon 
disulphide (96 g.) witli ice-cooling, and after twelve hours 
a mixture of concentrated hydrochloric acid (160 cc.) and 
water (300 cc.) was cautiously added with cooling. The 
ethereal layer was washed with water, then with pbrtions 
(400, 200 and 200 cc.) of warm 10% aqueous sodium carbon¬ 
ate, the alkaline layers united, extracted with ether, solid 
sodium hydroxide (50 g.) divssolvod in the aqueous layer 
with cooling followed by the addition of glycine (80 g.) at 
room tempiTature. The orange color of the solution rapidly 
faded (the reaction is probably compl(*t(* in five minutes) 
and after one hour addition of excess strong hydrochloric 
acid cau.s(‘d tiie ])recipitation of phenylthioacetylglycine and 
liberation of liydrogen sulphide (if the solution is stirred 
b(*fore acidification it sets to a semi-solid mass of the sodium 
salt of phenylthioacetylglycine). The product was col¬ 
lected after thorough cooling, washed well, drained and 
dried on tlu* water bath (yield 55 g.). It crystallized in 
thin, flat prisms from ether-ligroin or in thin nacreous plates 
from hot water, m.p. 142®. 

Calc, for (hoHiiOzNS: C, 57.4; 11, 5.3; N, 6.7; S, 15.3 
Found: C, 57.3, II, 5.4; N, 6.8; S, 14.9 

Phenylacetyl Derivative of Benzyl Mercaptan (CPS.43). 
(a) Phenylthioacetylglycine (1.05 g.), ardiydrous ])otassium 
carbonate (3.45 g ), benzyl chloridi* (0.64 g ) and benzene 
(10 cc.) were refluxed for three hours. Water was added, 
the aqueous layer extracted with ether and aiudified with 
hydrochloric acid in the cold giving an oil wluch rapidly 
crystallized. The dried .solid was extracted with light 
petroleum (40-60°), the extracts vielding prisms, m.p. 
44-45®. 

Calc, for CuHnOS: C, 74.4; H, 5.8; S, 13.2 
Found: C, 74.4; II, 5.8 

(b) Benzyl mercaptan (2 g.) wa.s dissolved in excess 2 N 
sodium hyilroxide and extracted once with ether to remove 
any disulphide, and the solution, cooled to 10°, was vigor¬ 
ously shaken with phenylacetyl chloride (2 g.). The solid 
which rapidly separated was collected, washed, dried, and 
crystallized from ligroiii (40-60®) in very large, thick 
rhombic prisms, m.p. and mixed m.p. with the previous 
specimen, 45®. 

Found: C, 74.3; H, 5.6; S, 13.7 

Action of Silver Oxide on Phenylthioacetylglycine {CPS. 
43). (a) Phenacehiric Anilide. Phenylthioacetylglycine (1 

g.), dry powdered silver oxide (5 g.) and anhydrous ether 
(30 cc.) were shaken at room temperature for three hours. 
After standing overnight the filtered ethereal solution was 
treated with aniline (2 cc.); in about one minute the solution 
became turbid and a white solid began to separate. After 
three hours the solid (0.12 g.) was collected, washed very 
thoroughly with ether, and crystallized from hot water con¬ 
taining a little alcohol (charcoal). The phenaceturic anilide 
formed small plates, m.p. 156-157°. 

Calc, for CieHieOaN: C, 71.6; H, 6.0; N, 10.4 
Found: C, 71.3; H, 6.0; N, 10.5 

For comparison a specimen of phenaceturic anilide was pre¬ 
pared by refluxing phenaceturic acid (0,5 g.) with aniline 
(4 cc.) for forty minutes, distilling off mdst of the aniline, 
and adding a large volume of ether. The collected product 
was well washed with ether then aqueous sodium carbonate 
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and water, and crystallized several times from dilute alcohol. 
It then had m.p. 155-156° not depressed when mixed with 
the specimen previously prepared. 

(b) Phenacciwric Acid, Phenylthioacetylglycine (2 g.) 
was dissolved in exactly 2 equivalents of dilute aqueous 
sodium carbonate, and a dilute solution of silver nitrate 
(2 mols.) added at 10°. The brown precipitate rapidly 
became black on shaking owing to the formation of silver 
Bulpludc. After standing overnight ether was added, the 
whole filtered, the etluireal layer giving a semi-solid product 
(0.4 g.) which could not be satisfactorily crystallized. The 
silver-containing residue was heated with water for thirty 
minutes, and then extracted with ether; the ether-soluble 
phenaceturic acid (0.5 g.) had m.p. 136-137° after crystal¬ 
lization from water. 

Found; S, 0.0 

A mixed m.p. with phenvlthioacetylglycine (m.p. 142°) was 
115-122°. 

Phenylthioacetyl-DL-alanine (Abraham, Baker, Chain and 
liobinson, CPS.74). An ethereal solution containing di- 
thiophenylacetic acid was prepared as previously described 
(CPS.4S) froi^benzyl chloride (80 g.), and shaken with 10% 
aqueous sodium liydroxidc (400 c(;,). To the alkaline 
extract was added a solution of i>L-alanine (56 g.) in 10% 
sodium hydroxide (250 cc.) at room temperature, thioamide 
formation being complete in three hours (in the case of 
glycine the reaction is compkite in five mimites). Acidifica¬ 
tion now yielded hydrogen sulphide and a light yellow oil 
which rapidly solidified, the solid being collected after 
thorough cooling, washed and dried (yif’ld 42 g.). By crys¬ 
tallization from chloroform (in which it is fairly readily 
soluble) and washing with cold benzene a total yield of 
27.5 g. of pure phenylthioacetyl-DL-alanine was obtained. 
It formc'd colorless, thin flat prisms, m.p. 121°. 

Calc, for CnlliaO^NS: 59.2; II, 5.8; N, 6.3; S, 14.4 
Found: C\ 58.8; H, 5.8; N, 6.2; S, 14.5 

Sulphur-containing By-product from Preparation of 
Dithiophenylacetic Acid (CPS.74), In the preparation of 
dithiophenylacetic acid, the ethereal solution from which the 
dithio-ncid was extracted by alkali deposited a considerable 
quantity of large crystals after concentration. This 
neutral compound was very easily soluble in (tarbon disul- 
pliide, less soluble in chloroform and carbon tetrachloride, 
and sparingly soluble in the other usual organic solvents. 
It separated from ethyl a(!etatc in very larg(’, (colorless 
prisms, m.p, 165°. 

CJalc. for CaJIgeS: C, 83.3; H, 7.5; S, 9.3; M.W., 346 
Calc, for C, 83.3; II, 7.8; S, 8.9; M.W., 360 

Found: 

C, 83.4, 83.0; H, 7.5, 7.0; S, 8.9, 9.9; M.W, (Hast), 310 

This compound was not closely examined. Its chemically 
inert and extremely stable character—it may be distilled 
unchanged at ordinary pressure—suggest a heterocyclic 
structure. 

Action of Silver Oxide on Phenylthioacetylalanine (Squibb, 
S.i^7). A mixture of phenylthioacetylalanine (5.0 g.), silver 
oxide (7.0 g.) and absolute ether (500 cc.) was stirred for 
forty hours over a period of five days. The solid was 
filtered off and 10 cc. of benzylamine was added to the 
filtrate. A white precipitate formed at once. It was 
filtered off and washed with ether; m.p. 144-145°. This 
was identified as the benzylamine salt of phenylacetylalanine 
by analysis and by a mixed melting point with the product 
obtained by the addition of benzylamine to an ethereal 
solution of phenylacetylalanine. 

Calc, for CisHaaOaN*: N, 8.9 
Found: N, 8.8 

A mixture of phenylthioacetylalanine (5.0 g.), silver 
oxide (25.0 g.) and absolute ether (600 cc.) was stirred for 


three hours. The solid was filtered off. To one-fifth of the 
ethereal solution there was added 2 cc. of benzylamine. The 
white precipitate was filtered off after two hours and ervs- 
talliz«‘d from aqueous alcohol as long needles, m.p. 102 -163°. 
Tliis was identified as the ])enzylamide of phcnyJacotyl- 
alanino by analysis and by a mixed melting poirit with the 
product obtained by refluxing phenylacetylalanine witli an 
excess of hcjnzylamine for one hour. 

Calc, for C 18 II 20 O 2 N 2 : N, 9.5 
Found: N, 9.5 

One-fifth of tin* eihertjal solution was concentrated to a 
small volume under reduced pressure. Tlu* white solid 
which sesparated was filtered off, washed with ether and 
dried in vacuum; m.p. 146-148°; mixed melting point with 
an authentic sample of phenylacetylalanine, 149-151°. 

I^he remainder of the ethereal solution was concentrated 
under reduced pressure in an atmosphere of nitrogen. The 
residue was an amorphous substaiKJO which may have 
been the azlactone contaminated witli the acid. It was not 
obtained in an analytically pure condition. 

Calc, for CnHiiOjN: N, 7.4 
Found: N, 7.0 

I'he use of chloroform and pyridine as the solvent pro¬ 
duced no evidence of azlactonization in seventeen and 
twenty-five hours respecjtively when ecjuivalent quantities 
of phenylthioacetylalanine and silver oxide were employed. 

Silver Benzenesulphonate on Phenylthioacetylglycine 
(Brodric.k, Peak, Whitmont and Wilson, CPS.r*92). A solu¬ 
tion of plienylthioacetylglycine (9.0g.) in chloroform (130 cc.) 
and ether (30 cc.) was added to a suspension of silver benzene¬ 
sulphonate (26.0 g.) in chloroform (300 cc.) with stirring at 
—10 to —15°. The reaction mixture was maintained at this 
temperature for ninety minutf'S, the color changing through 
orange to black. After stirring overnight, aniline (9 cc.) 
was added, the mixture stirred for thirty minutes at room 
temperature and finally refluxed. The solution was de¬ 
canted from the heavy bla(‘<k pr(‘cipitate, washed succes¬ 
sively with dilute hydrochloric acid, water, and saturated 
sodium carbonate solution. Distillation of the residue after 
evaporation of the chloroform gave crude phcnacetur- 
ahilide (5.14 g.), m.p. 141-146°. Crystallization from 
aqueous ethanol (charcoal) gave pure phcnaceturanilide 
(3.3 g.; 29% yield), m.p. 157-158°, undepressed by an 
authentic specimen. 

The use of silver acetate instead of silver benzenesul¬ 
phonate gave phcnaceturanilide in 10.5% yield. 

Attempted Azlactonization of Thiobenzylpenicillolc Add 
(CFS.f>92). The thiopenicilloic acid was a crude specimen 
obtained by the method of Abraham, Baker, Chain and 
liobinson (CPS.342) and used without purification. The 
acid (132 mg.) was treated with a mixture of silver benzene- 
sulphoiiate (176 mg.), pyridine (53 mg.) and chloroform 
(2 cc.) in the usual way. The mixture was finally shaken at 
room temperature for fifteen hours, extra(*ted with 8 cc. of 
M/25 phosphate buffer (pH 7.0) containing potassium 
chloride (200 mg.) and filtered from silver sulphide and silver 
chloride. The l)uff(T solution, made up to 10 cc., assayed 
at loss than 2 U./ce. antibiotic activity. The absorption 
spectrum showed only a slight infl(H;tion at 3,200 A. 

Stability of Penicillin to Silver Benzenesulphonate (CPS. 
f)B2). Triethylainine salt of benzvlpcnicillin (42 mg.) was 
added to a mixture of silver IxmztMicsulphonate (52 mg.), 
pyridine (15.9 mg.) and chloroform (2.5 cc.). A white 
precipitate immediately formed on adding the triethylamine 
salt. After fifteen hours shaking the mixture was decom¬ 
posed with 10 x^c. of M/25 phosphate buffer (pH 7.0) con¬ 
taining sodium chloride (22.6 mg.). The buffer solution was 
separated, made up to 50 cc. with further washings and 
examined for biological activity and ultraviolet absorption. 
The total recovered activity was 29,000 U.; i.e., 50.5% re- 
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('overy. The* s|)votriim Khowod oiilv a HJijijht inflection at 
3,200 A. 

Azlactonization by Means of an Azlactone (Aforck, M,3S). 
N«H(‘nzoyJalaniiic in chlorofonn solution was wanned on a 
Hleaiii bntli for about oru* nnnut(* with ono equivalent of 
24)onzvl-4-meU»> l-rHoxazolotie A fiood vield of 2-i>hciiyI-4- 
bc‘nzyl-5-oxtizolone, in.p. OS-bi)"', was obtained. 

Phenyltbioacetylglutamic Acid (VV'ardiew^orth, Todd, 
Sykes, Hatldiley an<l Opensbaw, (7^S^d,'W). Glutamic acid 
(J.47 g. 0.01 mol.) was dissolved in 0,7 cc. of 3 N .sodium 
hydroxide, rn(*th>l ditluophi'iiylacetate (1.S2 g.) was added 
and tin* mixture was shaken at room temp(*rature for three 
and on(*-balf days; it did not become completely homo¬ 
geneous. Oily material was extracted with ether, and the 
aqueous layer was made just acid to C’ongo Hed by adding 
eonci'ntrated hydrochloric acid. The prceipitateil viscous 
oil was extracted with ether, and the extract washed once 
wdth w^ater, drH*d and evaporated. Tlie clear gum (2.4 g.; 
85%) was dissolved in ether and treated dropwi.se with 
hiuiz^lainint*; a precipitate was formed which crystallized 
on scratching. The bimzylaminc salt was collected, washed 
with ether, and recrystallized from metliaiiol-i'ther; it was a 
colorUvss, niicro-erystalline powder, rn.p. 171®. 

('ale. for (\ 3 ni 504 NS. 2 C 7 n,N: (\ 65.5; H, 0.7; N, 8.5 
Found: i\ 65.0; 11, 0.7; N, 8.3 

The same product was obtained by the interaction of sodium 
glutamate with sodium phenyldithioacetate. 

The benzylamino salt (2.25 g.) w'as dissolved in water 
(10 cc.), and acidified to Gongo Red with concentrated 
hydrochloric aiud. The solution was extracted with ether, 
the extract waslied with a little water, dried and evaporated. 
Phenylthioacetylglutamic acid (1.35 g.) remained as a 
colorless gum, which did not crystallize. 

Attempted Cyclization of Phenylthioacetylglutamic Acid 
{CPS.S61). (a) Phenylthioacetylglutamic acid (1.23 g.) 

(from benzylamine salt) was dissolved in water (25 ec.) and 
titrated with 0.4 N barium hydroxide, using phcnolphthalein 
(equiv. found: 157; calc.: 141), The solution was filtered 
and evaporated to dryness under reduced pressure. The 
barium salt separated as acolorlos.s, crystalline material, very 
soluble in water. It was dissolved in a little water, and a 
suspension of freshly prepared barium carbonate (about 
2 equiv.) added. Tlie mixture was cooled in ice, stirred, 
and silver sulphate (1.23 g.) was added slowly in portions; 
stirring was continued for several hours at 0®, during which 
the mixture gradually darkened owing to formation of silver 
sulpliide. After being held overnight in the frozen state, 
it was thawed, stirred for a further three hours, and filtered. 
The filtrate, which was free from silver ions, was evaporated 
in the frozen state. The residual colorless solid weighed 
0.94 g. 

Calc, for (C, 3 lI,a 04 N) 2 Ba: Ba, 21.8 
Calc, for CjiHuOdNBa: Ba, 34.3 
Found: Ba, 32.3 

Tlie pH of a 1 % aqueous solution was 0.77. 

(b) The calcium salt of phenylthioacetylglutamic acid 
was prepared by stirring an aqueous solution of the acid 
with excess of freshly precipitated calcium carbonate at 50®, 
filtering and evajKirating the filtrate to dryness under re¬ 
duced pressure. The residual viscous solution crystallized 
on trituration with methanol. A specimen of the material 
was recrysiallizcd from methanol. 

The calcium salt (3.42 g., dried over PiOe) was dissolved 
in water (10 cc.) and cooled in ice. The was about 8 
(by indicator). A suspension of calcium carbonate was 
added, and the mixture was stirred at 0® during the addition 
of commercial silver fluoride solution (8.0 cc. of 2.68 N). An 
immediate precipitation of silver sulphide occurred. After 
ten minutes the mbeture was filtered, and the filtrate 
(pH about 6), which was free from silver, was evaporated 
from the frozen state, yielding 2.25 g. of colorless solid. 


(^ale. for (CnH, 204 N) 2 Ca: Ca, 7.5 
Gale, for CAH^OftNCIa: (.'a, 13.2 
Found: Ga, 12.6 

The calcium salt (1 g.) was dissolved in water (10 cc.), 
lilt(*red from a trace of insoluble matter and acidified with 
conecntnited hydrochloric acid; the solution was extracted 
4 times with ether, evaporation of the extract leaving a gum 
(0.5 g.) which crystalliz(‘d on trituration with Ix'iizcnc. It 
was recrystallizod from ethyl aei'tate-chloroform, when it 
sejiaratod slowly in small aggregates, m.[). 120-121®, A 
second crystallization from ethyl acetate raised the rn.p. to 
122-122.5®. 

C'alc. for (^alTiaOfcN: r, 58.9; H, 5.7 
Found: G, 58.0; H, 5.6 

The rn.p. was not depressed on adinixtiin* vith a specimen 
of phenylncetylglutamic acid prepared from glutamic acid 
and phenylacetyl cliJoride by tin* Schotten-Baumann 
method. The benzvlamine salt (from methanol-ether) had 
rn.p. 172 173®. 

a-Benzoyiaminocinnamic Azide (Wilson; Abraham, 
Baker, ('ham and Robinson, (PS.iJI). A sohKion of NaN02 
(1 g.) in water (20 cc ) was gradually added to one of 
rt-benzamidocinnainhydrazidc (3 g.) in N HC'l (30 oc.). The 
precipitated azide was collected, washed, dried and crystal¬ 
lized from acetone, being so obtained in colorless needles, 
rn.p. 113 -114® (dec.). 

C'alc. for C10II12O2N4: 65.8; H, 4.1, N, 19.2 

Found: C, 64.8; H, 4.2; N, 18.9 

The substance bums with a flash and explodes gently on 
rapid heating; it is soluble in benzene, sparingly soluble in 
ether. On warming with aqueous NnOH, the Na salt of 
benzoylaminocinnamic acid was formed. Acidification gave 
the acid, rn.p. 224-225® (dec.) after crystallization from 
alcohol (Plochl, Tier., R?, 2816 (1883) gives rn.p. 225® clce.). 
When heated witli aniline at 75-85® for one hour benzoyl- 
aminocinnamaiiilidc, rn.p. 238-239®, is produced (Krlen- 
meyer, Bcr., 33, 2037 (UK)0), gives rn.p. 238®). On boiling 
a solution of the azide (0.75 g.) in alcohol (3.5 cc.) and 
cooling, benzylidencphenyloxazolone, rn.p. 167® (alone or 
mixed), separated. A mixture of the azide (0.1 g.) and 
pyridine (0.5 cc.) at room temperature quickly deposited 
the oxazolone. After three hours 70 mg. was isolated and 
identified by rn.p. and mixed rn.p. 

a-Benzoylamino-/3-methylcrotonhydrazide (Wilson; Abra¬ 
ham, Baker, CUiaiii and Robinson, CPS. 44 ^). Hydrazine 
hydrate (6 cc. of 50%) was added to an alcoholic suspension 
of 4-isopropylidene-2-plieiiyloxazolone (10.5 g.). The crys¬ 
talline hydrazide was collected aft(*r a few hours; the deriva¬ 
tive crystallized from alcohol in colorless needles, rn.p, 
192-194®. 

Calc, for Ci 2 H, 502 N*: G, 61.8; H, 0.4; N, 18.0 
Found: G, 01.4; H, 6.4; N, 17.0 

(Concentrated alcoliolie solutions show a tendency to gel. 
The 8ub6tan(‘e is readily soluble in aqueous acids and in 
caustic alkalis. The benzylidenc derivative had rn.p, 236- 
237®, after crystallization from alcohol. 

('ale. for CijHijOaN,: G, 71.0; H, 5.9; N, 13.1 
Found: C, 70.6; H, 0.1; N, 13.0 

a-Benzoylamino*^-methylcrotonic Acid Azide (CPS,443). 
The hydrazide (2 g.) in cold N hydrochloric acid was treated 
with one equivalent of sodium nitrite. The dried azide 
(1.9 g.) crystallized from ether in colorless needles, rn.p. 92^ 
(dec.). 

Calc, for CisH.jOiNi: C, 69.0; H, 4.9; N, 28.0 
Found: C, 68.9; H, 4.9; N, 23*0 
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Almost quantitative conversion to 4-iflopropylidcno-2- 
phenyloxazolone (m.p. and mixed rn.p.) occurred in presence 
of cold pyridine or by boiling 'w ith alcohol. 

Attempts to Prepare an Optically Active Oxazolone 
(Merck, M.50, 13). Since it has been reported that acid 
azides can be converted to oxazolones by the action of 
pyridine at room tcinperatun* an (*fFort was made 

to prepare an optically active oxazolone by this method. 

Tht* methyl ester of N-benzoyl-L-yi-methoxyphenylalanine 
was converted to the hydrazide by dissolving 1.5 g. of it in 
5.0 cc. of methyl alcohol, adding 10 cc. of 12 % liydrazhie 
hydrate, and relluxing tin* solution for one hour. The 
hydrazide was recrystallized from ethanol-water, m i>. 18(h 
187", fab^^ —38.7'" (r = 2.0 in 1 N hydroehloric acid) 

(^alc. for (hrH.aOaNa: C, 05.2; H. 0 . 1 ; xN, 13.4 
Found; 05.3; H, 0.3; N, 13.4 

The acid azide was prepared by adding the ealculated 
amount of sodium nitrite to a eold, stirred solution of tin* 
hydrazide in 1 N hydrochloric acid. A jirecipitate immedi¬ 
ately re.sulted. When an attempt was made to remove the 
precipitate by filtration it inimodiately changed into a 
resinous mat(?rial. To avoid this, the suspension of th(» acid 
azide in water was extracted witli chloroform, which was 
then dried over sodium sulpliate. To a jiortion of this 
solution was added benzylaminc. After allowing the re¬ 
sulting solution to remain at room temperatun* for ten 
minutes the chloroform was evaporated on the steam bath 
and the residue crystallized from ethanol, m.p 213-214", 
[alD®* *-”37.0° {c — 0.8 in acetic acid). Apparently tlie acid 
azide was converted to the isoevanate which then reacted 
wdth bonzylamine to form- a[(a'-b(*nzoylamiiio-/9'-p-methoxy- 
phonyl)-ethyll-/3-benzyiurea. 

(;alc. for (’ 24 H 260 aN 8 : 0, 71.4; H, 0.3; N, 10.4 
Found; C, 71.2, II, 0 . 1 ; N, 10,8 

1 lie disubstituted urea when heated on the steam bath with 
an acidic solution of 2,4-diiiitrophenylhydrazin(' gave a 
2,4-dinitrophenylhydrazone, rn.p. 223-225°. Aniline was 
added to another portion of the chloroform solution of the 
azide, '^fhe product was isolated in a manner similar to 
that used for the bonzylamine derivative, Th(‘ resulting 
Qr-[(a'-bonzoylarnino-j3'-p-mcthoxypheriyl)-ethyll-j3-phenyl- 
iirea melted at 240°, [ab** “l“25° (c = 0.5 in acetic acid). 

(Wc. for C 2 JH 23 O 3 N 3 : C, 70.9; H, 6.0; N, 10.8 
Found: C, 71.0; JJ, 5.7; N, 11.1 

When pyridiruj was added to the chloroform solution a gel 
slowly formed. This gel was not soluble in the usual organic 
solvents, but dissolved in hot formic acid. It was not 
obtained in a crystalline state; m.p, 230 235°. 

(^alc. for C 17 H 16 O 5 N: 72.6; H, 5.4; N, 5.0 

Found: C, 69.6; H, 5.8; N, 10.3 

It is apparent that the desired oxazolone was not obtained. 

Action of Phosphorus Tribromide on Hippuric Acid 
(Barber, Gregory, Slack, Stickingsand Woolman, 

Hippuric acid (2.0 g.) in dioxan (15 cc.) was treated with 
phosphorus tribromide (2.0 cc.). All the acid rapidly 
passed into solution and a crystalline precipitate separated 
almost immediately. This was filtered, washed with dry 
ether, and treated with excess aqueous sodium acetate and 
ether. The ethereal solution was washed once with water, 
the solution dried and evaporated at a low temperature to 
give 2-phenyl-5*oxazolone (I.O g.), m.p. 86 - 88 °, undepressed 
by admixture with an authentic specimen. Another group 
(Upjohn, XJ.lSa) also made this experiment. Tho crystal¬ 
line precipitate (m.p. 145-146°) gave 2 -phenyl- 5 -oxa 2 olone 
on treatment in ether with dry silver oxide or diazomethane. 

2,4-Diphenyloxazolone; m.p. 80-81°, was similarly pre¬ 
pared from of-phenylhippuric acid and phosphorus tribromide. 

Actioti of Phosphorus Pentachloiide on Hippuric Acid 
(CPS.BS4)^ Finely ground hippuric acid (4.6 g.) in acetyl 


chloride (46 cc.) was treated with phosphorus pentachlonde 
(5.0 g ). After shaking for several hours, praetienlly all 
the hippuric ni'id had dissolvt‘d and a (*<)lorle.s.s erystallino 
material slowly sejiarated. This was eollecti’d after standing 
overnight at room temperature (3.3 g.), washed with light 
petroleum (40 (>0") and })oiire<l into excess aqueous sodium 
aeetate solution and ether The ethereal laver was washed 
once with water, dried and evaporated to give', as in the 
previous e\penm(*iit, 2 -phenylo\azolone, m.p 85 87". 

2-Benzyl-4,4-dimethyloxazolone (Pfizer, P.^ 2 ). A solu¬ 
tion of phony la cetylaminoi.sobutyric acid (14.5 g ) in dioxan 
(150 ec ) was treated with pho.sphorus tribromide (18 g ). 
The preeijutate wa.s vvasfi«‘d by deeantation in a centriluge. 
The .solid product was su.spendc'd in ilmxan and treatisj with 
a .slight excess of a solution of dinzoinethane in ether. The 
reaction mixture^ was evajiorated to dryness and the proiluct 
crystallized. 'The 2-br'n/vl-l,4-dinu‘thyl-5-<)xazolone was 
reerystallizod from bcnzene-light petroleum and meltial at 
59 60°. A portion o 1 the oxazolone, dissolved in ether, w^iis 
treated with bcnzylaiiiine. There was obtained the beiizyl- 
amid(‘ of rv-plienylacetvlarniTioisolmtvric acid w'hich molted 
.at 122-123°. 

Calc, for (\ 73.6; H, 7.1; N, 9.0 

Found: (\ 73.7; II, 7.0; N, 9.0 

2*Phenyl-4-benzyl-6-oxazolone (Merck, M.57). Phos¬ 
phorus tribromide ( 0.6 ec.) was added dropwise to a stirred 
solution of benzoylpluuiylalaniiie fl.5 g ) in pyridine (10 cc.) 
at 0°. The mixture was stirri’d for fifteen minutes and 
then most of the pyridine salts removed by filtration. The 
remaining pyridine salts and unchanged benzoyJphenyl- 
alaiiine were precipitated by addition of light piitroleum 
(175 cc.) to the filtrates and cooling the mixture. The solvent 
was then removed from the filtrate m vacuo leaving an oily 
solid which when crystallized from light petroleum melted 
at 70-71°. When mixed with an authentic sample of 
2 -phenyl-t-bcnzyl- 5 -oxazc)lone, tlio melting point w'as not 
depressed. 

2-Benzyl-6-oxazolone (Upjohn, U.lSa), Phosphorus 
tribromide (7.1 g., 0.026 mol.) was added to a solution of 
phenaceturic acid (5.5 g., 0.028 tnol.) in pun* anhydrous 
dioxan (50 cc.) at room temperaturi*. The clear, colorless 
solution soon became somewhat yellow, and in about fifteen 
minutes colorless needles began to deposit. After out.* or 
two hours the needles were centrifuged, the dioxan decanted, 
and the product washed thoroughly with ether by centrifu¬ 
gation. The product, m.p. 137-138°, was extremely sensi¬ 
tive to the air, rapidly becoming gummy on exposure. The 
yield was not determined. A small portion of the above 
product, suspended in dry ether, was treated with pyridine. 
The crystals dissolved and pyridine hydrobromide was 
precipitated. The mixture was filtered and a few drops of 
benzylainine added to tho clear, halogen-free filtrate. The 
solution b(*came cloudy immediately and within a few 
seconds, exee(*dingly fine needles separated. After washing 
with anhydrous ether and drying in air, the product melted 
at 167-170°. One crystallization from ethanol gave glossy, 
colorless plati's, m.p. 175-176°, alone and upon admixture 
with authentic phenaceturic acid benzylamide. Similar re¬ 
sults were obtained when diazomethane or silver oxide were 
used to remove the hydrogen bromide. In a subsequent 
experiment, the product obtained by the action of phos¬ 
phorus tribromide on recrystallized phenaceturic acid, after 
being thoroughly washed with dry ether, was treated with 
an excess of ethereal diazomothane. The resulting clear, 
pale yellow solution was concentrated in vacuo to approxi- 
mat(»ly one-third its original volume. During the concen¬ 
tration colorless crystals began to appear. Further crystal¬ 
lization w^as induced by chilling in a dry ice-methyl cellosolvc 
bath yielding crude material melting at 72-74°, Repeated 
rccrystallization from dry ether-light petroleum ( 1 : 1 ) gave 
fine, colorless needles, m.p. 77-78°. The product on treat¬ 
ment with hot water, ammonia gas, or beuzylamine gave 
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respectively 'phenaoeturic acid, amide and benzylamide, 
which were identified by mixed melting-point with authentic 
material. 

2«-Benzyl-5-oxazolone (Merck, M.50). In the Upjohn 
report {UASa) the preparation of a substance of m.p. 77-78*^, 
pro8UTn('d to be 2-benzyl-S-oxazoJoiie, was described. Sev¬ 
eral attenj])t8 w('re made to repeat this work. 

To a solution of phenaoeturic acid (1.10 g.) in dry purified 
dioxan (50 co.), phosphorus tribromide (1.42 g.) was added. 
Heat was evolved and needle-shaped crystals deposited. 
The precipitate was separated by centrifuging and was 
washed three times uith absolute (sodium-dried) ether. 
Care was taken to exclude moisture. 'Phe precipitate was 
suspended in (‘ther and treated with an excess of ethereal 
diazomethane. Kvaporation of the solution under reduced 
pressure to a small volume caused crystals to separate, in.p. 
86-88°. This substance was found to be methyl phenacet- 
urate. The prec<*ding experiment wuis ri^peated with the 
exception that the original precipitate produced by adding 
phosphorus tribromide was washed three times wuth dioxan. 
A substance of m.p. 72-76° was isolated from this run. On 
recrystaliization from benzene it melted at 77 -78°. A 
further recrystaliization from ether gave m.p. 77-85° with 
preliminary .softening at 74°. Thi.s material was titrated 
with ])enzylaniine in benzene as described in M J^O, The 
material did not react with benzylamine under these condi¬ 
tions. Methyl phenaceturate, which was tried for purposes 
of comparison, al.so did not react with benzylamine. By 
taking added precautions against the presence of small 
amounts of water, a material was obtained which exhibited 
properties expected of the oxazolone. In this experiment 
the phosphorus trihromide precipitate was washed with dry 
dioxan as described above, suspended in dry ether, and 
treated with an excess of ethereal diazomethane which had 
been dried over .sodium wire and redistilh'd. The solution 
was decanted from a small amount of solid which had 
not dissolved and evaporated under reduced pressure. The 
product was a yellow-orange oil which became darker and 
viscous on stalling overnight. This material reacted with 
benzylamine in benzene as would be expected of the oxazol¬ 
one. A freshly prepared sample showed 71 % “azlactone 
equivalent”; another sample which had been kept in a stop¬ 
pered flask for several days and liad become quite viscous 
showed an ^‘azlactone equivalent” of 67%, A qualitative 
test for phosphorus on the original oil was'negative. The 
benzylamide isolated from the reaction with benzylamine 
melted at 162 170°. On recrystaliization from acetone- 
chloroform it melted at 170-172°. 

Use of Phosphoryl Chloride in Preparation of Oxazolones 
(Squibb, S,J0). a-Benzamidocinnamic acid (3 g., 0.011 
mol.) was dissolved in 50 cc. of pyridine, cooled to 0°, and 
3 cc. (0.031 mol.) of phosphoryl chloride added. A solid 
precipitate formed and the solution turned yellow. The 
reaction mixture was allowed to stand for ten minutes at 
0°, ten minutes at room temperature, and was then poured 
into a slight excess of 3 N hydrochloric acid. The azlactone 
separated as a yellow precipitate which was filtered and 
washed with water. A nearly quantitative yield of azlactone 
was obtained. It melted at 163-164° and gave no depres¬ 
sion with an authentic sample of 2-phenyl-4-benzylidene-6- 
oxazolono. In the absence of pyridine there was no ap¬ 
parent reaction. Similar results were obtained using 1 cc. 
(0.011 mol.) of phosphoryl chloride with 3 gin. (0,011 mol.) of 
o-benzamidocinnamic acid. However, when 0.34 cc. (1 
equivalent) of phosphoryl chloride was used, the product 
melted at 190-210°, indicating only a small amount of ring 
closure. King closure was also obtained using 3 gm. (0,011 
mol.) of or-benzamidocinnamic acid, 3 cc. (0.03 mol.) of phos¬ 
phoryl chloride and 3 cc. (0.03 mol.) of pyridine in benzene 
or dioxan solution. 

Azlactonization of a-Benzamidociniiaimc Acid by Acetyl 
Chloride in Absence of a Base {SM). A mixture of 
a-benzamidocinnamic acid (3.0 g.) and acetyl cliloride 
(20 cc.) was refluxed for thirty minutes. Since very little 


solution had oc.curred, 10 cc. of anhydrous dioxan was added 
and the reaction mixture refluxed for one and one-half 
liours. The acetyl chloride was removed by heating in a 
bath at 85° and the residue was poured into water (100 cc.) 
at 0.5°. A yellow solid precipitated. Thi^ solution was 
neutralized with solid potassium carbonate and the solid 
filtered off, washed, and dried. A 75 % yield of 2-pheiiyl-4- 
beiizylidene-5-o\azoloiio, m.p. 166—169°, was obtained. 

Azlactonization of «-Benzamidocinnaniic Acid by Chloro- 
acetyl Chloride and Solid Potassium Carbonate To 

a-beiizamidocinnamie acid (500mg.) there was added chloro- 
aeetyl chloride (2 ec.). Partial solution oeeurred but the 
mjxliire remained colorle.ss. Solid potassium carbonate was 
added until a yellow (‘ulor, in dieating azlaetonization, was 
produeed. 1 )uring the addition of tlie potassium carbonate, 
carbon dioxide was i*volved. The reaction mixture was 
poured into lee water and the yellow solid was filtered, 
washed, and dried. It melt(‘(l at 165-169°. This qualita¬ 
tive experiment indicates tliat azlaetonization may bo 
carn(‘d out using a solid alkali carbonate as the acid binding 
reagent. Attempts were also made to uzlactonize ar-benz- 
amidoeinnamie acid by means of aluminum chloride- 
pyridirH‘ mixtun* and by moans of ealeiiim oxide-pyridine 
mixture, but neither experiment gav(* any indication of 
azlactonization. 

Azlactonization of Ethyl a-Benzamidocinnamate 

A solution of ethyl a-benzamidoeinnamate (2.95 g.) in 
pyridine (25 ec.) was cooled to 0“ and 0.91 cc. (3 equivalents) 
of phosphoryl chloride was added. The reaction mixture 
was heated at 40-50° for about two hours, during which 
time a white precipitate formed. 'Phe entire reaction mix¬ 
ture was poured into 100 ec. of 1 N hydrochloric acid at 0°. 
The white precipitate dissolved and a yellow precipitate 
formed. This was filtor(‘(l, washed with water and dried. 
The product (2.2 g., 88%) melted at 166-168°. A mixed 
melting point with an authentic samph* of 2-phenyl-4- 
benzylidene-5-oxazolon(‘ showed no depression. 

(^4ilc. for Gi«Hi,02N: N, 5.6 
Found: N, 5.5 

Reaction of Benzophenone Dichloride with Sodium 
Hippurate (Parke-Davis, Pl),26). Ilippuric acid (17.9 g.; 
0.1 mole) was converted to the sodium salt which was dried 
in high vacuum and then suspended in dry ligroin (250 cc.). 
To the suspi'iision was add(*d biuizophenone dichloride 
(12 g ; 0.05 mole) and the mixture stirred at room tempera¬ 
ture overnight. Filtration and evaporation of the filtrate 
gave no indication of the format ion of hippuric acid azlactone. 

Hydrogenation of 2-Phenyi-4-benzylidene-5-oxazolone 
(Pfizer, P.17). 2-Phenyl-4-benzylidene-5-oxa2olonc (10 g.) 
was dissolved in pure anhydrous dioxan (2(X) cc.), treated 
with 5 % palladium on charcoal catalyst (6 g.) and shaken 
under two atmospheres of hydrogen pressure. After eighteen 
hours the calculated amount of hydrogen had been absorbed. 
The mixture was filtered and the catalyst was washed with 
dioxan. The solvent was removed in vacuo maintaining 
anhydrous conditions and the r(»sulting yellow-green oil 
was dissolved in anhydrous ether and treated with light 
petroleum until separation began. Upon cooling the solu¬ 
tion in dry-ice, the product crystallized in fine white needles 
and was quickly filtered and dried in a desiccator over 
phosphorus pentoxide. It melted at 67-68° compared to the 
value of 71° as given for 2-phenyl-4-benzyl-5-oxazolone by 
Mohr (Ber., 4^, 2521, (1909)). 

Calc, for CieHiaOjN: C, 76.5; II, 5.2; N, 5.6 
Found; C, 76.4; H, 5.0; N, 5.5 

A sample of the product before crystallization when dis¬ 
solved in benzene and treated with aniline formed a white 
crystalline precipitat«\ Upon crystallization from absolute 
ethanol, there was obtained tlie anilide of benzoylphenyl- 
alanine melting at 232-233° (Mohr, J. prakL Chem.f 82y 322 
(1910)). 
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2-Phcnyl-4-i8opropylidene-5-oxazolonc was hydrogenated 
in dioxan solution in the same way. The oily product 
reacted with aniline in benzene to give benzoylvaline 
anilide, m.p. 211-212®. 

Calc, for (hsHaoOiNs: N, 9.5 
Found: N, 9.4 

Attempted Catalytic Hydrogenation of a Saturated 
Oxazoione (Merck, ilf .55). Attempts were made to hydro¬ 
genate 2-bonzyl-4-raethyl-5*oxazolone in dioxan solution 
using palladium as a catalyst. The conditions employed 
wen‘ 40 pounds pressure at 70®, and 2,000 pounds pressure 
at 70®. Only starting material was isolated from both 
experiments. When platinum was used as a catalyst in 
dioxan solution at 40 pounds pressure at 60® for eight hours, 
starting material and an unidentified oil wore obtained. 

Hydrogenation of 2-Methyl-4-benzylidene-5-oxazolone 
(Pfizer, P.18). 2-Methyl-4-benzylidpne-5-oxazolone dis¬ 
solved in pure dioxan was hydrogenated with a palladium- 
carbon catalyst. After filtration the solvent was removed in 
vacuo and a crop of fine, white needles resulted. These 
were recrystallized by dissolving in dry benzene, adding 
light petroleum until an oil started to separate, and then 
cooling in dry-ice. In this way a 8usi)ension of fine, white 
needles was obtained and d<'canted from the oil which 
adhered to the walls of the flask. The product was rapidly 
collected and placed in a vacuum desiccator over phosphorus 
pentoxidc; m.p. 143“ 146° (dec.). 

Calc, for C^iHnOjN: 69.8; H, 5.8; N, 7.4 
Found: C, 70.0; H, 4.9; N, 7.3 

The azlactonc reacted with aniline to give a compound which 
after one crystallization from ethanol molted at 189-190°. 

Reaction of 2-Phenyl-6-oxazolone with Acetone (BDH, 
CPS.56). 2-Phenyloxazolone (I g.) and anhydroiis sodium 
acetate (0.5 g.) heated under reflux for five hours with acetone 
(25 cc.) gave 0.74 g. of 2-phenyl-4-isopropylideneoxazolone, 
m.p. 99- 100°. 

Condensation of 2-Phenyl-6-oxazolone with Benzalde- 
hyde (Merck, M.33). When 2-pheuyl-5-oxazolone (50 mg.), 
dissolved in ethanol (2 cc.), was treated with benzaldehyde 
(0.1 cc.) and a small drop of either N-ethylpipcridine or 
pyridine, a nearly quantitative yield of 2-phenyI-4-benzyl- 
idene-5-oxazolone, m.p. 164°, crystallized after several 
minutes. 

Calc, for CifiHuOaN: N, 5.6 
Found: N, 5.8 

2-Phenyl-4-propyIidene-6-oxazolone (Lilly, L.5). To a 
well stirred mixture of hippuric acid (72 g.), anhydrous 
sodium acetate (33 g.), and acetic anhydride (200 cc.) kept 
at 30° under a reflux condenser, propionaldehyde (250 cc.) 
was added over a period of about one hour. This mixture 
was then heated to 50-60° with stirring until a nearly clear 
orange solution resulted (forty-five minutes). The mixture 
was poured on ice and the resulting semi-crystalliuo mass 
washed several times with ice-water. About 300 cc. of 
70 % alcohol was added; this dissolved the small amount of 
oil and light yellow crystals remained on filtration. The 
product was washed several times with water and air-dried; 
about 30 -33 g., m.p. 79-81°. Recrystallization from 50% 
alcohol yielded white needles, m.p. 81-83°. 

Calc, for CisHnOaN: N, 7.0 
Found: N, C.9 

When the temperature of the reaction was allowed to rise 
above 60°, or when the time of heating was prolonged, the 
yield suffered markedly and the majority of the resultant 
product was a dark red oil. 

Condensation of 2-Plienyl-6-oxazolone with Acetaldehyde 
and Propionaldehyde (Bailey, Bradley, Davis, Evans and 
MacXiOau, CPS.458). 2-Phenyl-4-ethylideneoxazolone was 


prepared by condensing 2-phenyloxazolone (4.9 g.) and 
acetaldehyde (2 ml.) in dry benzene (20 ml.) by means of one 
drop of piperidine in the presence of anhydrous magnesium 
sulphate. The solvent was evaporated on the steam bath 
and the residue (m.p. 87-88°; yield, 4.5 g.) crystallized from 
alcohol; m.>). 90-91°. 

Calc, for CiiH 9 () 2 N; N, 7.5 
Found: N, 7.5 

2-Phenyl-4-?2-propylideneoxazolone was prepared analo¬ 
gously, 2-phenyl()xazolone (3.5g.) and n-propaldehyde (2cc.) 
in linnzene (20 cc.) yielding 2.4 g. of the condensation 
product; m.p. 88-89°. 

Calc, for CialluOaN: N, 7.0 
Found: N, 7.0 

2-Phenyl-4-i80propylidene-5-oxazolone (N RRL, C.2 ). 
2-Phenyl-4-isopropylidene-5-oxazolone was prepared in high 
yields and relatively pure statt' by a modificalion of Ramage 
and Simousen's method (./. Chem. Sue., 1!)35^ 532). To a 
suspension of hippuric aedd (17.9 g.; 0.10 mole) and fused 
sodium acetate (6.1 g.; 0.074 mole) in dry acetone (290 g.; 
5 moles), acetic anhydride (25.5 g.; 0.25 mole) was added 
dropwise, with stirring. The addition of anhydride' was 
completed in one hour, and the reaction mixture was refluxed 
for nineteen hours at 59°. Tlie mixture was floured into 
crushed ice (200 g.) and water was added to give a total 
volume of 1,500 cc. A pale yellow solid was precipitated 
immediately and was collected. After drying in a vacuum 
at 50°, the yield was 12.5 g. (62.5 %), m.p. 97.5-98°. Modi¬ 
fication and notes: (1) Wh(»n 100 moles of acetone per 
mole of hippuric acid was used, a 73% yield was obtained, 
m.p. 98-99°. When 10 moles excess of acetone per mole of 
hippuric acid was used, a 43% yield was obtaiiu'd, m.p. 
93-95°. When Ramage and Simonsen^s dir<»ctioiis were 
used, a 38% yield was obtained, m.p. 91.5-95°; tlie product 
was red. (2) When technical acetone was used, the yield 
was 62 %. (3) Removal of excess acetom^ (teehnieal grade) 

by distillation gave a 64% yield. (4) Use of fiis<'d potas¬ 
sium acetate instead of sodium acetate gave a 58 % yield. 
(5) Use of sodium acetate trihydrate with technical acetone 
gave 56% yield. (6) Acetic anhydride may be added 
rapidly. Howev(jr, when Uarter, Handler, and Melville’s 
(J. Biol. Chem., 129, 359, (1939)) directions were used, a 
red-colored product was obtained in 30% yield, m.p. 
91-96.5°. (7) Experiments have indicated that three to 

four hours’ refluxing at 59-62° gives good yields. 

Action of Aniline on 2-Phenyl-4-isopropylidene-5- 
oxazolone (BDH, CPS.56). The anilide of a-bcnzoylamino- 
i3,j3-dimethylacrylic acid crystallized when a solution of the 
oxazoione (20 g.) and aniline (30 g.) in benzene (110 cc.) was 
heated on the water bath during twenty minutes. The m.p. 
was 280-282°. 

Ualc. for (I 18 H 18 O 2 N 2 : N, 9.5 
Found: N, 9.8 

Yield 76% of the theoretical. The anilide was insoluble in 
all the common solvents with the exception of hot pyridine 
and dioxan. 

Action of Glycine Ethyl Ester on the Oxazoione (CPS.56), 
A solution of glycine ester hydrochloride (3.5 g.) m alcohol 
(60 cc.) was treat(;d first with one of sodium (0.63 g.) in 
alcohol (10 cc.) and then with a solution of 2-phenyl-4- 
isopropyJuleneoxazolone (5 g.) in benzene (25 cc.). After 
twenty-two lioiirs the white crystalline deposit of a-benzoyl- 
amino-j3-methylcrotonyIglycine ester was collected and 
recrystalhzcd from alcohol; m.p. 173-174°. 

(’ale. for CiftH 2 o 04 N 2 : N, 9.2 
Found: N, 9.3 

Glyoxylidene-bis-phenyloxazolone (Dewar; Abraham, 
Baker, Chain and Robinson, CPS.438). A mixture of 
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dicthoxyacetaldehydo (1,32 g.) (Fischor and Baer, Helv, 
Chim, Ada, 18, 516 (1935)), hippuric acid (1.79 r.) and 
a(50ti(‘ anhydride {\ cc.) was for six hours on a steam 

bath. Wlien cold the yellow solid soparatinR was collected 
and crystalli/t'd from a laiRC volurm* of acetic anhydride 
(the only suitable solvent' in bnck-red needles, in.p. 325'* 
(dec ). The product was dried al l()0'"/().l nun 

Calc, for (boIluOiV,: 69 S, II, 3 5, N, 8 I 
Found: (\ , H, 3.7, N, 8.2 

Condensation of Caproylglyclne and Benzaldehyde 

(Klliott, Hems and F. A. Uobmsou, (a) ( aproyl- 

glycine (21.6 rA, sodium acetate (7.5 g.), ben/nldehyde 
(19 cc ) and acetic anhydride (33 g.) were mixed, heatt'd on 
thesti'am bath for ten minut(‘s until the solids had dissolved, 
and then refluxed for one hour. After sixteen to twenty 
liours in the refrigerator, the solid mass was rubbed with 
cold water (30 cc.), collected, dried in a vacuum desiccator 
over caustic soda and phosphorus pentoxide, and crystallized 
from benzene (charcoal). Yellow ne(*dlea (11.8 g.), m.p. 
151 152'*, which gave no depression with an authentic 
specimen of 2-metliyl-4-benzylidene“5-oxazoloiic, m.p. 150 
151", were obtained. 

Calc, for CnlUOaN: C, 70.6; H, 4.9; N, 7.5 
Found: 70.5; H, 4.8; N, 7.8 

Phenaceturic acid (24.1 g.) reacted under the same con¬ 
ditions with benzaldehyde, yielding 2-incthy 1-4-benzylidene- 
5-oxazoloue (12 g.), m.p. and mixed m.p. 150^151". 

Found: C, 70.7; II, 4.9; N, 7.3 

(b) C/aproylglycine (8.7 g.), sodium caproab' (5.1 g.j, 
benzaldehyde, (7.5 cc.) and caproic anhydride (27 g.) were 
heated together at 145** for two hours. The mixture was 
then coolcjd and steam-distilled to remove caproic acid. The 
remaining aqueous solution was acidified with hydrochloric 
acid and the white precipitate of «-caproylaminocinnamic 
acid was washed with water and crystallized from aqueous 
alcohol; colorless needles, m.p. indefinite from 162-168°. 
The behavior on melting was unchanged after drying at 
110°/0.1 mm. for three hours. The acid yielded a beauti¬ 
fully crystalline sodium salt, forming large regular plates 
from water. 

Calc, for CiJIi 90 aN: C, 69.0; H, 7.3; N, 5.4 
Found: C, 69.3; 11, 7.3; N, 5.1 

(c) Oaproylglycine (21.6 g.), sodium caproate (12,6 g.), 
benzaldehyde (19 cc.) and acetic anhydride (33 g.) were 
condensed as in (a) and the product was treated with water 
as before. The solid was separated from oily material (A) 
by suction and washed with cold sodium bicarbonate solu¬ 
tion. The dried residue crystallized from benzene to give 
2-methvl-4-bonzylidene-5-oxazolone (5.8 g.), m.p. and mixed 
m.p. 150-151°. 

Found: C, 70.7; H, 4.9; N, 7.7 

The bicarbonate washings were acidified and the dried solid 
was extracted with a large bulk of (;old ether. The ether- 
insoluble residue (1.2 g.) consisted of a-acetaminocinnamic 
acid, m.p. and mixed m.p. with an authentic specimen, 190°, 
after crystallization from liot water. The ether-soluble 
portion crystallized from aqueous alcohol in fine needles 
(0.9 g.) m.p. 174 176° with softening from 162°. The 
mixed m.p. with a-caproylaminocinnamic acid from (b) was 
169°. 

Found: 68.6; H, 7.0; N, 5.3 

The oil (A) was allowed to stand in contact with cold 
water for several days when it solidified. 3'he solid was 
collected, purified through bicarbonate solution, and crystal¬ 
lized from aqueous alcohol to give fine needles (3.2 g,). 
m.p. 170-T74° with softening from 162°, The mixed m.p. 


with the a-caprovlaiiiinoeiunamic acid, m.p. 174-176°, was 
174-176°, 

Found: (\ 68.9; H, 7.3; N, 5,3 

Condensation of Caproylglycine and Acetone {CPS.6'£), 
(a) A mixture of caproylglycine (15.1 g.), sodium caproate 
(13.1 g.), acetoiH' (49 cc ) and caproic anhydride (61 g.) was 
relluxed on the stc^ain bath for twiinty-four hours. The 
internal tempt'ratiirc* was 75°. Exeess acetone was then 
distilled off, and the* residu(‘ was distilled in steam until all 
the caproic acid had beiai removed. It was then acidihed 
to ('oiigo Ked, and tlie solid (6 g., 32%) was washed with 
eohl ben/t‘ne. 'Hie a<pi(*ous filtrate gave only a weak 
ketonic reaction with dinitrophenylhydrazino, indicating 
that no losses had occurred bv liydrolysis of the aerylic acid. 
a-('aproylaniini)-jtl,d-dinu'thylacrylic acid formed large plates 
from aqueous alcohol, m.p. 162 163‘. 

(ale. tor CbilliuOaN: (', 61.9; 11, 9.0; N, (>.6 
Found: (\ 61.8; H, 8.8; N, 6.8 

(b) A rnixiure of caproylglycine (23.5 g.), .sodium caproate 
(21 g ) acetone (75 cc.) and acetic anhydride (41 ec.) was 
refluxed for six hours. The product was worked up as 
above yielding 1.5 g of the acrylic acid, m.p. 162-163°. 
The aciueous filtrate was evaporati'd to dryness in vacuo 
and tlie residue was triturated with cold water. A brown 
solid (.5.2 g.) reniaiiied and had m.p. 202-204°, not depressed 
on admixture wdth an authentic specimen of aeetuiic acid 
alter crystallization from hot water (charcoal. 

(e) A mixture of sodium caproate (125 g.), acetic anhy¬ 
dride (41 ec.) and acetone (250 ec.) was refluxed for one hour 
to establish equilibrium, and caproylglycine (23.5 g.) was 
then added. Itofluxing was continued for sixty-five hours. 
The internal temperature rose from 62" to 68°. Water 
(100 cc.) was then added and the excess acetone distilled off 
on the steam bath. 33ie solution was then acidified to 
Oongo Red wdtli 1:1 hydrochloric acid, and extracted with 
ether. The ether layer was washed with water and evapo¬ 
rated. The residue was distilled in steam, cooled and the 
solid (9.2 g., 32%) eolleeted and washed with cold benzene. 
After crystallization from aqueous alcohol, it hud m.p 
162-163°. 

(d) (Elliott, Hems and F. A. liobinson, CPS. 4 OO.) A 
mixture of dry acetone (15 cc.), caproic anhydride (20.3 cc.) 
and caproylglycine sodium salt (5.25 g., dried at 130°) 
was .refluxed for twenty-four hours. The product was 
worked up as described above giving a-caproylamino-/3,/3- 
dimethylacrylic acid in 53 % yield. 

The potassium salt of caproylglycine was used in a similar 
fashion, giving a 45% yield. 

2-n-AmyM-i&opropylidene-5-oxazolone (Elliott, Hems 
and F. A. Robinson, CPS.r*2). ot-Caproylamitio-j5,^-di- 
mf'thylacrylic acid (26 g.) was heatexi at 165° until molten, 
and then vacuum (0.03 mm.) was applied and the tempera¬ 
ture raised to 180-190°. The oxazolone (21.5 g., 90%) 
distilled as a colorless liquid with a pleasant odor, b.p. 
60~62°/0.03 mm. hd'®® = 1.4922. 

Calc, for C,iHi 702 N: C, 67.7; H, 8.8 N, 7.2 
Found: C, 68.2; H, 9.3 N, 7.4 

A small quantity of unchanged acid distilled with the first 
few ee. The liquid w'as miscible in all proportions with light 
petroleum and a concentrated solution showed no signs of 
crystallization on lieing cooled for twenty-four hours in a 
mixture of solid ('O 2 and alcohol. The oxazolone was 
rapidly hydrolyzed by hot N caustic soda to yield 91.6% 
of the acrylic acid, m.p. and mixed m.p. 162-163°. 

BINO-OPENINQ REACTIONS OP OXAZOLONES 

Comparison of 2-plienyl-4-benzylideiie*6«oxazoione (A) 
with 2-Phenyl*4-benzyU6*K>zazoloiie (B) (Newbery and 
Raphael, CPS,4^). 
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(a) Action of methanol. The azlactone A (0.25 g.) was 
treated with methanol (5 oc.) and the mixture allowed to 
stand overnight at room temperature. After remov'^al of 
undissolved azlactoue the solution was evaporated \iuder 
reduced pressure at a temperature below 25^. 'Fhe residue 
had m.p. 105-10(5° and like the undissolved material was 
shown to be unchanged azlactone which could in fact be 
fecrystallizod from hot methanol, Tlie oxaz-olone B 
treated similarly dissolved ipiickly in methanol and after 
standing and removal of the excess nlcohol as before, gave a 
gum which after crystallization from light petroleum 
(00-80°) gave a nonacidic substance, m.p. 87-88°. No 
depre.ssion of m.p. was observed on mixture with a s])ecimen 
of Nd)cnzoylphenylalanine methyl ester, m.p. 87°, jirepared 
from tlie acid chloride bv the method of Max {Annalen, 
S0\% 281 (1900)). 

(b) Action of benzylamtne. The azlactone A (1 g.) was 
taken up in chloroform (10 cc.) and Vienzylamine (0.44 g.) in 
chloroform (5 cc.) added. After rapid mixing the solution 
was run in 0.5 cc. portions, at intervals of thirty seconds, 
into 5 cc. quantities of light petroleum (40-()0°). The pre¬ 
cipitated products, wliich w(*re progressively less yellow in 
color, were air-dried and the softening points detcTmined. 
From the softening point-time curve it was deduced that 
the reaction under these conditions required eight to ten 
minutes for completion. Th(‘ product obtained was not 
quite pure, softening at 162°, but aftiT cryslallization from 
alcohol melted sharply at 172°. 

C/alo. for (’ 28 ll 2 oOjN 2 : N, 7.9 
Fouml: N, 7.9 

Granachcr and (iulbas (Ilctr. i'htm. Acta, 10, 819 (19271) 
give m.]). 173-174° for «-benzovlamiiiocinnam])enzylamide 
prepared from the same reag<*nts in boiling alcohol. The 
softening point of the product precipitated after reaction 
had proc('eded for four minutes was 137°, corresponding to 
the lowest i>oint in the curve; that of a mixture of approxi¬ 
mately equal weights of azlactom* and the benzylamide 
was 142°. 

The oxazolone B was treated under similar conditions. 
After about thirty seconds a erystailinc precipitate com¬ 
menced to form; after one minute, the product, completely 
precipitated by light petroleum, had m.p. 206-209", showing 
no depression wdtli a-benzoylaminohydrocinnambenzyl- 
amide, m.p. 211-212°, The velocity of reaction was thus 
not less than ten times greater than was the ease with the 
benzylidene compound. The temperature in both experi¬ 
ments was ajiproxinmtely 25°. The two oxazolones were 
treated (Newbery and Raphael, CFS.6J) with aniline 
instead of benzylamine. The reaction in each ease appeared 
to be complete with thirty seconds. 

(c) Action of 2 N sodium hydroxide. The azlactone B 
dissolved in cold 2 N NaOH. On stirring for a f(‘w minutes, 
a clear solution was rapidly attained which on aeidifieation 
gave a product, m.p. 184-185°, showing no depression when 
mixed with N-benzoyl-phenylalanine described above. The 
azlactone A was still undissolvcil after standing overnight 
under similar conditions, no appreciable alkali soluble frac¬ 
tion b(4ing obtained. 

«-Benzoylaminohydrocinnambenzylamidc. This was pre¬ 
pared by allowing a-benzoylaminohydrociiinamoyl chloride 
(acid and thionyl cliloride) to react with an excess of benzyl- 
amine in dry ether; m.p. 211-212°. 

Calc, for Ca4HM02N2: N, 7.8 
Found: N, 7,8 

Preparatioiis Relating to Penicillamine Synthesis (Gook, 
Elvidge, Hall, Heilbron and Shaw, CPS.270). When 
2-phenyl-4i>iaopropylidene-5-oxazolone (3 g.) was added to 
methanol (40 cc.) containing sodium (0.35 g.), loft for 
six hours, acidihed, and evaporated to dryness, methyl 
e^'bensamido-/?,/3-dimethylacrylate was formed in sub¬ 
stantially quantitative yield; after crystallization from dilute 


ethanol it formed n(»eclles, ni.p. 130-131°; the same com¬ 
pound was formed using benzyltrirnethylammoniurn hy¬ 
droxide instead of sodium niethoxide, and by the action 
of diazonietlianc on a-beTizamj(l()-/:t,d-dimethylacrylic acid. 

Gale, for (\ 66.9; If, 6.'>; N, 6.0 

Found: G, 66 9, IT, 6.5; N, 5.8 

Action of Alcohol on 2-Phenyl-4-ethylideneoxazolone 

(Brodrick, Peak and Wilson, CPS./ft7). 'TIk' azlactone 
appc'ared to be mostly unattacked bv boiling absolute 
alcohol after eighty-eiglit hours. Tlu' use of a eatalytie 
amount of sodium ethoxidc* for sixteen hours at 25’ gave 
90% (by weight) of a viscous oil, b.p. 180 181°/2.5 mm. 

Gale, for GidllifcOiN: N, 6.0; sap. ccpiiv., 233 
Gale for G^HsiO^N: N, 5.0, sa]). ecpiiv., 279 
Found: N, 5.3, sa]>. eijuiv., 251 

cr-Benzamidocrotonic acid was the only pure compound iso¬ 
lated from the hydrolysis products Jlvdrogen chloride as 
catalyst gave what was proliably a similar product in lower 
yiL‘ld. 

Found: N, 4.9 

The use of 70% ethanol and sodium bicarbonate at pll 9 
(ef. Winthrop, IF.7) gave uniclentilied protluets. 

Reaction of 2-Benzyl-4-methyl-6-oxazolone with An¬ 
hydrous Methyl Alcohol (Shell, Sh.,i). In connection with 
a studv of the changes in tlie infrared and ultraviolet 
absorption spectra which occurred when 2-}>euzyl-4“inethyl- 
S-'ixazolone was dissolved in dry methyl alcoiiol, attempts 
were made to isolate the expeet(‘d methyl (‘ster of N-plienyl- 
acetyl-i)L-alanine from the product of the reaction of the 
oxazolone with methyl alcohol. In ea(;h of several trials, 
the product was an oil which could not be crystallized, ev(ui 
by seeding with crystals of the methyl ester. 

In order to determine whetluT a secondary reaction of 
the methyl ester of phenylaeetylalanine with methyl alcohol 
might be responsible for the lailure to obtain the methyl ester 
from the reactions described in the preceding paragraph, 
the pure metliyl ester (1 g.) of N-phiiiiylacetylalanine was 
dis.solved in dry methyl alcohol (20 cc.) and the solution was 
allowed to stand at room temperature for twenty-two 
hours. The methyl ester was recovered unchanged (m.p. 
65-66°) after evaporation of the solvent. 

Action of Methanol on 2-Benzyl-4,4-dimethyl-6-oxazolone 
(Sh.S). The oxazolone (0.3 g.) in absolute methanol (5 ec.) 
was allowed to stand for forty-three hours at room t(*Tnper- 
atiire. The alcohol was removed undc*r nHluc(»d pressure 
without heating. The white crystalline residue became 
waxy at about 90°. On further heating a liquid fringe 
appeared at 120° but some solid remained unmelted up to 
^176°. One recrystallization from toluem* gave material 
melting at 125-130°. Methyl phenylaeetamidoisobutyrate 
melts at 97-97.5°. Heating a sample of the oxazolone in 
methanol for two hours gave similar results. Evidently 
the opening of the oxazolone ring in absolute* methanol was 
not a clean-cut reaction. 

Methyl Phenylaeetamidoisobutyrate (Sh.S). Phcnyl- 
acetamidoisobutyric acid (3 g.) was esterified in ether w’ith 
diazoinethane from nitrosomethvlurea (3 g.). The ether 
was removed and the residue, m.p. 97 98°, was crystallized 
from 30 cc. of hot toluene. The product (2.2 g., 69%) 
melted at 97-97.5°. The melting point of the ester was 
raist*d to 97.5-98° by a second recrystallization. 

Calc, for CuHuO.N: C, 66.4; II, 7.3 
Found: G, 66.2, 67?2; H, 6.9, 7.6 

Methanolysis of L-2-Benzyl-/;-methoxybenzyl-6-oxazol- 

one (Squibb, S.4O). The cry.stalline oxazolone (218 mg., 
m.p. 70-72°, [ajo” —154° in ether) was dissolved in absolute 
methanol (6 cc.). (The methanol had been dried and dis¬ 
tilled over anhydrous calcium sulphate, and dissolved 
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mercuric acetate without any sign of hydrolysis.) The 
solution was allowed to stand at room temperature. fatjD** 
of an aliquot fell from the initial value of —157'’ to 4-5® 
within twenty-one hours. Evaporation in a dry air current 
at room temperature yielded a pasty residue possessing a 
strong odor of phenylacetic acid. The residue was dis¬ 
tributed between ether and 5 % sodium carbonate solution. 
On evaporation of the ether phase, 102 rag. of an oil were 
obtained, which crystallized on seeding with N-phenylacetyl- 
L-p-m(‘thoxyphenylalanine methyl ester. After washing 
with eth('r the crystals (53 mg.) were recrystallized three 
times from ether and then molted at 100-102°. Analysis 
showed them to be N-phenylacetyl-nirp-methoxyphenyl- 
alanine methyl ester. 

Calc, for Ci9]l2i04N: C, 69.7; H, 6.5; N, 4.3 
Found: C, 60,6; II, 0.6; N, 4.2 

For comparison N-phenylacetyl-n-p-methoxyphenylanine 
methyl ester was prepared from the N-phenylacetyl 
amino acid with diazomethane. After recrystallization from 
ether it melted at 77-78°, [a]D^® 4-25° (c « 1.15 in methanol). 

Calc, for C, 69.7; H, 6.5; N, 4.3 

Found: C, 69.6; II, 6.5; N, 4.3 

Acidification of the sodium carbonate extract yielded 
50 mg. of a product wliich after two recrystallizations from 
95 % etlianol melted at 199-200°. Analysis and neutraliza¬ 
tion equivalent indicated that this substance was N-phenyl- 
acetyl-p-methoxyphenylalanyl-p-methoxyphfmylalanine. 
The ultraviolet spectrum (in ethanol) showed the character¬ 
istics of aniayl absorption (high band at 2,250 A, low 
band at 2,760 A) with molecular extinction coefficients of 
23,600 and 3,200, respectively. Since the corresponding 
values of Em for N-phenylacetyl-p-methoxyphenylalanino 
are 12,700 and 1,500 (purified preparation described in 
S,38f 17), this confirms the presence of two aniayl groups 
per molecule. 

Calc, for C«H,oO«N 2 : 

C, 68.6; 11, 6.3; N, 5.7; neat, equiv., 490 
Found: (/, 67.8; H, 6.3; N, 5.8; lusut. equiv., 510 

The same phcnylacetyl dipeptidc was also obtained as 
the sole crystallizable product in an unsuccessful azlactoniza- 
tion experiment, in which the phenylacetyl amino acid 
(1.18 g.) was treated in the usual manner with acetic an- 
hydride-dioxan (1:1) (25 cc.). The solvents were evapo¬ 
rated in vacuo after [aln had fallen to —59.5°, and the residue 
was distributed between ether and sodium bicarbonate 
solution. fa]D** of the ether solution, calculated on the 
weight of its residue (675 mg.), was only —56°, as compared 
with —143° in an experiment in which the evaporation of 
the solvents had b<5en omitted. Treatment of the residue 
with ether-pentane yielded amorphous material which 
could not he rcdissolved in ether. On crystallization from 
95 % ethanol 32 mg. of crystals m.p. 193-200° were obtained. 
After two more recrystallizations, the melting point was 
199-200°. The melting point of a mixture with the com¬ 
pound described above was not depressed. 

Found: C, 69.0; H, 7.0 

Methanolysia of L-‘2-Benzyl-4-isobutyl-5-oxazolone 

(S,40). A solution of the oxazolone (301 mg.) with fa]D** 
—34°, in dry methanol (5 cc.) was allowed to stand at 
room temperature, op (1 dm.) fell from —2.12° ([oc]d 
— 35°) after five minutes to —0.07° after two and one-haJf 
hours. At this point crystallization set in, and ao of the 
supernatant became again more negative. After five and 
one-half hours, when op was —0.20°, the crystals were 
centrifuged off and washed with methanol (17 mg.). [a]p** 
of this product was -f 11° (ap 4-0.07°, 0.64% in 1 A" HCl). 
The supernatant and washing on concentration in an air 
current deposited an additional 10.5 mg. of crystals of 


the same appearance. The crystalline fractions were com¬ 
bined and crystallized from 75 % ethanol, yielding platelets 
(12 mg.), the decoin position point of which varied between 
230 and 200°, depending on the rate of heating. The prod¬ 
uct was soluble in IKU and alkali and gave a positive nin- 
hydrin reaction. The analysis showed that it was slightly 
impure leucine. 

Calc, for C, 54.9; H, 10.0 

Found: C, 55.9; H, 9.9 

The methanolic filtrate was taken to dryness and the 
residue distributed between ether and 5 % sodium carbonate 
solution. The ether residue (152 mg.) crystallized from 
ether-pentane, yielding elongated prisms (70 mg.) melting 
at 60-62.5°. Recrystallization did not change the ni(*lting 
point. This compound was identified by analysis as N- 
phenyla(5Ctyl-DL-l(*ucim* methyl ester. 

Calc, for CibH*, 0«N: C, 68.4; H, 8.0; N, 5.3 
Found: (', 68.8; II, 7.9, N, 5.4 

N-Phenylacetyl-i.rleucinc methyl ester was prepared for 
comparison with the DL-ester, from the phenylacetylamino 
acid with diazomethane in 97% yield. RecrystalUzation 
from ether-pentane did not change the melting point, 
80-82°, -13° (2.02% in ether). 

Calc, for CuIIjiO.N: C, 68.4; H, 8.0; N, 5.3 
Found: i\ 68 4, 11, 8.0, N, 5.2 

The mother liipior from tlu* crude* ester on evaporation 
left an oil which was hydrolyzed by refluxing for two 
hours with 5% methanolic potassium hydroxide. The 
residue of the aeidic fraction was extracted repeatedly with 
pentane. The pentane extract yielded a few milligrams of 
phenylacetic acid, m.p. 74-76°, identified by melting point 
determination of a mixture with an authentic sample. 
The pentane-insoluble material was recrystallizcd from 
aqueous ethanol and yielded a small amount of a product 
melting at 197-200°. The melting point of a mixture with 
N-phenylacctyl-leucyl-leuciiie m.p. 206-207° (see below) 
was 197-204°. The sodium carbonate extract from the 
original distribution with ether on acidification yielded an 
oil (60 mg.) which crystallized from 75% ethanol. After 
two recrystallizations from 95 % ethanol, the product melted 
at 206-207° (soft. 204°). According to the analysis it is 
slightly impure N-phenylacetyl-leucyl-leucine, 

Calc, for C 2 oH,o 04 N 2 : 66.3; II, 8.3 

Found: C, 66.9; II, 8.6 

Benzyl Thiolhippuratt (Abbott, AAB), This was made 
by heating on the steam bath for two hours, benzyl mer¬ 
captan (2.4 g.) and 2-phenyl-5-oxazolonc (3.5 g.). The 
product was crystallized several times from benzene. 
Yield, 1.3 g.; m.p. 101-102°. 

Calc, for CieHiBOaNS: N, 4.9 
Found: N, 5.0 

Benzylthioester of CK-Phenylacetamidoisobutyric Acid 

(Shell, Sh.S; 4), A mixture of 2-benzyl-4,4-dimethyl-6- 
oxazolone (10.3 g.) and benzyl mercaptan (5.95 cc.) was 
heated on the steam bath for seventy-five minutes with 
exclusion of moisture. The solid product was extracted with 
toluene at 25°, when 13.7 g. (84 % yield) of material remained. 
This product could not be purified completely by crystalliza¬ 
tion from benzene and then from carbon tetrachloride- 
chloroform; a chloroform solution of the recrystallized 
material (m.p. 135-136°) was extracted with 5% sodium 
hydroxide solution, dried, treated with charcoal and then 
precipitated by carbon tetrachloride. The thiol ester 
had m.p. 138-138.5°, unchanged by crystallization from 
chloroform-benzene. 

Calc, for Ci^HiiOaNS: C, 69.7; H, 6.5 
Found: C, 69.9; H, 6.5 
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Reaction of 2-Phenyl-4*benzyl-6-oxazolone with d-ctr 
Phenylethylamine (Pfizer, PAS), The two substancx^ were 
mixed in dry dioxan and the reaction followed poiari- 
metrically; the rotation reached a constant valu(' aft(‘r about 
twenty hours. The product was precipitated from solution 
by light petroleum. N-Benzoylphenylalanino-d-a-phenyl- 
ethylamid(3 had m.p. 178-180°, [afo** +28.5° (c — 1 in 
dioxan). 

Calc, for C 24 H 2402 Na: N, 7.5 
Found: N, 7.5 

Reaction of 2-Phenyl-4-carbethoxy-5-oxazolone with 
Benzylamine (Merck, M,2S; 29). A suspension of the 
oxazolone (116 mg.) in ether (2 cc.) was treated with benzyl- 
amine (0.2 cc.). After three hours the product was col¬ 
lected; needles m.p. 141°. 

Calc, for (b 9 H 2 o 04 N 2 : C, 67.1; H, 5.9; N, 8.2 
Found: C, 67.4; II, 5.9, N, 8.0 

This is evidently the benzylamine salt of the oxazolone; it 
gave a positive ferric chloride test and the absorption spc'c- 
trum in alcohol was similar to that of 2-phenyl-4-carbethoxy- 
5-oxazolone in pH 8 buffer. 

On boiling a suspension of the benzylamine salt in xylene 
for two to three minutes, a clear solution was formed from 
which on cooling a compound, m.p. 132°, crystallized. This 
was identical with ethyl hydrogen l>cnzamidornulonate 
benzylamide, prepared for comparison by keeping a solution 
of benzylamine (963 mg.) and ('thyl benzamidomalonate 
(2.79 g.) in ether (20 cc.) for several days in an ic(* box, 
collecting the crystalline product and recrystallizing from 
ethanol. 

Calc, for (b 9 Hao 04 N 2 : C, 67.1; H, 5.9 
Found: 67.2; H, 6.5 

Addition of Amines to Azlactones in Acid Solution 

(Abbott, A.12). The implication of this project relative to 
the formation of penillic acid from penicillin is obvious. 
The addition of aniline to 2 -phenyl- 5 -oxazolone was first 
studied. Aniline hydrochloride (1.3 g.) in water (5 cc.) 
was added to the azlactone ( 1.6 g.) in dioxan (5 cc.). A 
product soon separated and dilution with water (5 cc.) 
brought down more. Oystallization from alcohol gave a 
total of 1.5 g. hippuranilide, the “normal ” product; m.p. and 
mixed m.p. 213-214°. Concentration of the mother liquors 
and crystallization from dilute alcohol gave 150 rag. of 
hippunc acid; m.p. and mixed m.p. 185-188°, The reaction 
was the same when 0.5 cc. of concentrated hydrochloric 
acid was used in the reaction mixture except that the amount 
of hippuric acid obtained was about 300 mg. 

Addition of Aniline to 2-Benzyl-4-sec.-butyl-6-oxazolone 
{AA2), To the azlactone (2.45 g.) in dioxan (10 cc.) was 
added concentrated hydrochloric acid ( 0.5 cc.) and aniline 
hydrochloride (1.29 g.) in water (5 cc.). After standing 
overnight the mixture was diluted with water (25 cc.). A 
semisolid separated. It was taken up in aqueous sodium 
bicarbonate (20 cc.) and filtered. From the insoluble 
part there was isolated, after crystallization from water, the 
anilide (100 mg.) of phenylacetylisoloucine, m.p. 188°. 

(laic, for C,oHa 40 *N 2 : N, 8.7 
Found: N, 8.8 

The water solution was acidified and yielded crude phenyl- 
acetylisoleucine (2.3 g.); m.p. 97-98°. After one crystalliza¬ 
tion from alcohol it melted at 103-104°; mixed m.p. 104-105°. 
No other product could be isolated. 

Condensation of Oxazolones with Cysteine Methyl Ester 
(Squibb, S, 2 t), The condensation was carried out under 
the conditions given by Bergmann, Stem and Witte 
ndUrif 449y 277 (1926)). 2-Pheuyl-4-bonzyl-5-oxazolone 
gave N-benzoyl-DL-phenylalanyl-L-cysteine methyl ester, 
spicules from ethyl acetate, m.p. 128-129° (yield 66 %). 


Calc, for C 20 H 22 O 4 N 2 S: C, 62.2; II, 5.7; N, 7.3; S, 8.3 

Found: C, 62.2; H, 5.5; N, 6.9, S, 8.1 

Similarly, N-benzoyl-nir-leucyI-i/-cysteino methyl ester, 
m.p, 131-131.5°, was obtained from 2-phenyl-4-isobutyl- 
oxazolone and cysteines methyl ester in 38% yield. 

Calc, for Cb 7 H 2404 N 2 S: V, 57.9; H, 6.9; N, 8 . 0 ; S, 9.1 

Found: (J, 58.1; H, 6 . 8 ; N, 7 . 8 ; S, 9.0 

Botli dipeptide esters were devoid of optical activity. 
They gave a strong but transient nitroprusside reaction in 
dilute ethanol, but only a slight green color with FeCl*. 

The reaction between 2-phenyM-beT)zyl-5-oxazolone and 
cysteine itself, carried out under nitrogen, yi(*lded an amor¬ 
phous white powder, which was purified by precipitating it 
from ethanol with ether; m.p. 125-130°. The benzylam- 
monium salt (m.p, about 170°) likewise failed to crystallize. 
The substance gave a strong nitroprusside reaction, but no 
color with FeCU. 

N-Benzoyl-leucyl-cysteine (S. 24 ). To a mixture of 
L-cysteine hydrochloridt‘ (1,58 g ) and 2-])henyl-4-isobutyl- 
5-«xazoIone (2.17 g.) under nitrogen were added acetone 
(10 cc.) and then 2 N NaOIl (10 cc.), both of which had 
been previously saturated with nitrogen. The solution 
turned yellow and perceptible (‘volution of heat occurred. 
After fifteen minutes, during wliich iiinii the color had 
disappeared, water was added, precipitating a small amount 
of crystalline maitjrial, which was removed by centrifuging. 
It wn.s recrystallized threti time's from alcohol and melted 
at 198 199°. It contained N but no S, 

Found: C, 68.4; II, 8.2 

The filtrate was acidified with II01 to complete precipitation. 
The precipitate was centrifuged, washed and dried (2.9 g.). 
It was dissolved in dry ether and precipitated with excess of 
benzylamine in the same solvent. The amorphous benzyl- 
ammonium salt was dissolved in 15 cc. of ethanol. On 
addition of 100 cc. of ether a precipitate* of fine needles 
formed, which was collected after one hour under nitrogen; 
yield 2.2 g., m.p. 130-150°. After several recrystallizations 
from the same solvents the salt melt(‘d at 183-184°. [a]© 

+18° (95% ethanol). It gave a strong nitroprusside test. 

Calc, for C 2 sH« 204 N 2 S: C, 62.0; H, 7.2; N, 9.4; S, 7.2 
Found: O, 62.0; H, 7.1; N, 10.3; S, 6.5 

The free dipeptide could also be obtained in crystalline 
form (needles) by repeated ri'precipitation from ether solu¬ 
tion with pentane. The final product was practically 
insoluble in ether and melted unsharply at 90° (effervi'sccnce). 
lain +19° (95% ethanol). Analysis ^showed it to be still 
impure. 

Calc, for Ci«H 2204 N 2 S: C, 56.8; H, 6.6 
Found: C, 58.1; PI, 6.7 

N-Benzoyl-phenylalanyl-cysteine was prepared in the 
same manner from cysteine hydrochloride and 2-phenyl-4- 
benzyl-5-oxazolone. The yield of the crude dipeptide (m.p. 
55-70°) was 85% of the theory. It crystallized in tiny 
needles dn precipitation from ethanol with ether. After 
repeated recrystallization from these solvents the compound 
melted at 151-152°. It gave a strong nitroprusside test, 
[afo +20° (95% ethanol). 

Caio. for Ci.H,o 04 N 2 S: C, 61.3; II, 5.4 
Found: C, 61.0; 11, 5.3 

The reaction between 2-benzyl-4,4-dimethyloxazolone and 
cysteine proceeded as described above, but the precipitate 
obtained on acidification (75 % of weight of azlactone) was 
identified as a-benzoylamino-isobutyric acid. On the other 
hand, in ethereal solution the azlactone reacted rapidly with 
cysteine ethyl ester to form N-(a-phenylacetylamino-iso- 
butyryl)-cysteine ethyl ester in 66 % yield. Filamentous 
needles from ethyl acetate, m.p. 106-107°. 
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Calc, for C 1 BH 22 O 4 N 3 S: (\ 6(5.8; TI, 6.6 
Found: C<, 57.2; II, (5.4 

Condensation of 2 -l)en 2 yl- 4 , 4 *diinothyl- 5 -oxazolonc in 
aqueous acetone with cysteini* (under nitrogen; several days) 
(Winthrop, W.IO) was followed bv removal of an amorphous 
solid, acidification and extraction with ethyl acetate. The 
ethyl acetate on (*vapor«lion left a yellow gum which 
solidified on keeping. This was extracted witli hot ethyl 
acetate; the solution on cooling deposited a white solid 
containing nitrogen and sulphur. 

Calc, for (.h 6 H 2 (> 04 N 2 S: N, S .6 
Found: N, 9.1 

Benzoylalanine Hydrazide (Wilson; Abraham, Baker, 
Chain and Robinson, CPS. 4 ^, 0 ). 2-Phcnvl-l-methyl-5- 
oxazolone (18 g.) (Mohr and Stroschem, Hcr.y 4 Jy 2521 
(1909)) was slowdy added to an excess of 50 % hydrazine and 
alcohol and after thirty minutes th(‘ mixture was heated to 
50-60®, vigorously shaken and kept for twelve hours. The 
product (17.5 g.) crystallized from aqueous alcohol in color¬ 
less needles, m.p. 142-114®. 

Calc, for CjoHibOoNj, 0.5 II 2 O: C, 55.6; H, 6 5, N, 19.4 
Found: C, 55.6; IT, 6.3; N, 10.3 

The substance is readily soluble in acpieous acids and alkalies. 
The benzylidene derivative separated from alcohol in slender 
needles, m.p. 193-194®. 

Calc, for CuHnOzN,: (\ 69.2; H, 5.8; N, 14.2 
Found: (', 68 . 8 ; H, 5.6; N, 14.2 

2*Keto*4-benzylidene-6-phenyl-3,4-dihydro<-l,S,6-oxa« 
diazine (CPS.44^5). A solution of a-benzoylaminocinnamic 
azide (see p. 780) (0.1 g.) in dry xylene (1 cc.) was boded 
for a minute. After cooling the yellow crystals (76 mg.) 
were collected and recrystallized from benzene. The yellow 
needles had m.p. 174® (dec.) when rapidly heated. 

C’alc. for CuHuOaN.,: C, 72.7; II, 4.5; N, fo.6 
Found; (^ 72.3; H, 4.2; N, 9.9 

The substance is soluble in ether and alcohol, insoluble in 
dilute or concentrated HCl. On boiling with aqueous 
sodium hydroxide ammonia was evolved and the solution 
was found to contain carbonate; the acidilit‘d solution had 
the odor of phenylacetic acid. 

2*Keto-4-isopropylidene-6-phenyU3,4-dihydro~l,3,5-oxa- 
diazine (CPS.44^)- a-Benzamido-iS-rnethylcrotonic acid 
azide (1.5 g.) was refluxed wuth xylene (7 ec.) for two min¬ 
utes. After cooling the yellow crystals were collected, dried 
( 1,1 g.) and crystallized from benzene; yellow needles, 
m.p. 186* 188® (dee.). 

Calc, for C 12 H 12 O 2 N 2 : (^ 06.7; H, 5.6; N, 13.0 
Found: 67.0; II, 5.7; N, 12.7 

The properties of this substance resembled those of the 
analogous benzylidene compound previously described by 
Wilson; Abraham, Baker, Chain and Robinson (CPSMl). 

Structure of Isomeric Compounds Obtained from 2- 
Phenyl-4-benzylidene-6»oxazolone and Hydrazine (NRRL, 
C.14)- The ultraviolet absorption of the acetyl derivative 
of the isomer supposed to be XX (sec theoretical part, 
p. 736) showed a peak at 2,800 A (Em 16.500). This peak 
is 80 far from that of 2-piionyl-4-bonzylideue-5-oxazolone 
(3,675 A; Em 35,120) and so close to that observed for 
a-benzarnidocinnamic acid (2,800 A; Em 16,850) that it 
seems likely that this is the acetyl derivative 

CONHNHCOCn, 

\hcoc.h, 

of the normal hydrazide. 


The other isomer showed only a shoulder at 2,300 A with 
an Eiom.^’''' value corresponding to the benzoyl group. The 
ahscirption at 2,800 A was negligible, indicating that the 

structure C -CO was not present. This suggests 

the jiyrazohdone structure XXI (R R' H). 

Ilothenburg (J. pr. Chem.y 5/, 72 (1895)) has reported the 
formation of 5-pyrMzolidone from acrylic acid and hydrazine. 

4-Benzoylamino-3-phenyl-6-pyrazolidone (Wilson; Abra¬ 
ham, Baker, Chain and Robinson, CPS.44^)- A mixture of 
4-benzylidene-2-phenyloxazolone (5 g.), hydrazine* hydrate 
(10 cc.) and alcohol (3 cc.) w^us refluxed for thirty minutes. 
After eoncc'utration in a high vacuum, the r(*sidue was 
crystalliz(‘d from alcohol; colorless iic(‘dles, m.p. 228-229°. 
The same product w^as formed by refluxing benzamidocin- 
namhydrazido (I g.) with hydrazine hydrate (5cc.) for thirty 
minutes. 

(^ilc. for (hoHifiOiNs: i\ 68 4; II, 5.3; N, 15.0 
Found: (\ 68.3; H, 5.2; N, 14.9 

Sodium nitrite (0.19 g.) in water (10 cc.) was added to a 
Holution of the pyrazolidone (2.0 g.) in a mixture of acetic 
acid (50 cc.), concentrated hydrochloric acid (8 cc.) and 
water (5 cc.) cooled to 0-2°. ,Aft(*r addition of water and 
keeping, colorless glistening ne(*dles separated, m.p. 92 93° 
(dec.). 

Found: ( \ 56.6; H, 5.2; N, 14 0 

The substance is solubh* in dilute acpieous sodium hydroxide 
ami its aleoliohc* solution aeipures a red coloration on the 
addition of ferric chloride. It is ch'ar that this substance 
is not an azide. 

Calc, for CWioOsNe: C, 55.7; 11, 5.1; N, 14.4 

This is near enough to the found values to suggtist that the 
benzoylarniuo group (or the b(*nzvlul(‘ne group together 
with one nitrogen atom) has Ix'cn n'lnoved by oxidation. 

It may be mentioned her(‘ that another substance of 
undetermined nature has been madi* in small yi(‘ld by 
boiling a-benzoylaminocinnamhydrazide with glacial acetic 
acid for thirty minutes. The profluct cry8talliz(‘d from 
acetic acid in yellow needles, m.p, 178-179°. 

Found: C, 77.9; II, 4.8; N, 1 l.l 

This substancti dc'velopcd no fliinn'scimce in alcoholic po¬ 
tassium hydroxide and showed no res(*niblari(!e in this respect 
to benzylidencphenyliminazolom*. The analyses suggest, 
howc»ver, that thi* new compouiul is isomeric with the last 
named. 

(Wc. for CieHiaONi: C, 77.4; H, 4.8; K, 11.3 

On oxidation with permanganate* it gives benzaldehydc. 
After heating with alcoholic potassium hydroxide? a per¬ 
manganate-colored substance is produced on shaking with 
air. This is soluble in ether and neutral. 

It is not at all easy to see how the hydrazide can lose the 
elements of hydreixylamine if the product is not benzylidene- 
phenyliminazolonc; several structures can be formulated but 
all imply molecular rearrangement. 

3,S-Dimethyl-4->benzamido>6-pyrazolidone (CPS.44^)* 
a-Benzoylamino-jS-methylcrotonhydrazide (sec p. 780) was 
refluxed with an excess of hydrazine hydrate and a little 
alcohol for thirty minutes. The pyrazolidone crystallized 
from alcohol as thick, colorless plates, m.p. 106-108° (4.3 g. 
from 5 g.). 

Calc, for C 12 H 16 O 2 N,, C,H«0: C, 60.0; H, 7.5; N, 14.9 
Found: O, 60.1; H, 7.6; N, 15,0 

After drying at 100° the m.p. rose to 139-140°. 

Calc, for CisHuOaNs: N, 18.0 
Found: N, 17.7 

The substance did not condense with benzaldehyde. 
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6 -Hydro 3 i:y- 6 -benzyl- 8 -pheiiyl-l, 2 , 4 -triazinc (Wilson; 
Abraham, Baker, Chain and Robinson, CPS.91), a-Benz- 
oylaminocinnamhydrazide was prepared by Heller and 
Lauth's method (Rer., SS, 2303 (1919)); short colorless 
needles from alcohol, m.p, 157-158°.* 

When a solution of the hydrazide in N NaOH was boiled 
for two minutes and cooled, a spariiiKly soluble salt sepa¬ 
rated. On acidification the triazine was obtained in nearly 
quantitative yield. It crystallized from ahiohol in pale 
yellow needles, m.p. 175-176° after previous sintering. 


liquid. The m.p. was undepressed by admixture with 
benzoyl-DL-phenylalanine, which also crystallizers from winter 
in hexagonal needles. Th(‘ crude product gave a yellow 
solution on warming with concentrated H-iSO* but when it 
was boiled with a saturated aqueous solution of benzoyl- 
phenylalanine and collected from hot solution, this property 
had almost disappeared. On strongly heating the purified 
product or benzoylphcnylalanine wdth H 28 O 4 a deep brown 
coloration was obtained. The probable explanation of the 
results is indicated m the formulae below. 


Calc, for CuHuON,: C, 73.0; H, 4.9; N, 16.0 
Found: C, 72.8; II, 4.7; N, 16.0 

It is sparingly soluble in eth(ir and benzene, readily soluble 
in chloroform and acetone; soluble in aqueous sodium hy¬ 
droxide, the sodium salt quickly separating. It gives no 
ferric reaction. The acetyl derivative, obtained by boiling 
with acetic anhydride and potassium acetate, crystallized 
from alcohol in short needles, m.p. 187-188°. 

Calc, for CisHuOaNj-HaO: N, 13.0 
Found: N, 12.7 

Oxidation of the Hydrazide (CPS.f)l). Benzoylamino- 
cinnamhydrazide (21.5 g., pure and completely soluble in 
dilute HCl) was stirred with 600 cc. of N sodium hydroxide 
and a solution of potassium ferricyanide (50 g.) in water 
(200 cc.) gradually added. A solid separated and nitrogen 
was evolved. The solution was separated from the foam 
(see below) and suspended solid and acidified to Congo Red. 
The precipitate was a ferrocyaiiide; it was collected and 
heated to near boiling with I'xcess of aqueous sodium 
carbonate. The solid was collected, washed and crystal¬ 
lized from acetic acid and a little water. The flocculent 
white needles had m.p. 265'' (dec.) with little previous 
darkening. 


Calc, for C,,H 2 « 04 N 4 : C, 72.5; H, 4.9; N, 10.6 
Found: C, 72.3; H, 4.9; N, 10.8 

A mixture of equal parts of hydrazide and bcnzylidene- 
phenyloxazolone was boiled for t<»n minutes in the minimum 
of alcohol required for solution. When the product began 
to separate, more alcohol was added. The substance was 
collected from the hot solution, and rccrystallized from 
acetic acid and a few drops of water; woolly needles, m.p. 
265°, alone or mixed with the specimen from the oxidation. 

The foam (see above) broke up very slowly and the solid 
therein was collected and well washed. It was extracted 
with boiling alcohol (250 cc.) and filtered from insoluble 
residue, not further examined. The solution deposited 
some of this very sparingly soluble substance and also 
prismatic nodules which adhered to the fiask. The solution 
was filtered, concentrated to about 75 cc, and returned to 
the nodules. After cooling the solid was collected and 
crystallized from acetic acid, forming white prisms, m.p. 
198° (dec.). 

Calc, for CicHijOaN: C, 76.5; H, 5.2; N, 5.6 
Found: C, 76.3; H, 5.0; N, 5.7 

This substance was quite insoluble in boiling N sodium hy¬ 
droxide and dilute hydrochloric acid. It was very sparingly 
soluble in alcohol but on addition of solid potassium 
hydroxide it went into solution and a fine violet fluoresc¬ 
ence appeared; a sparingly soluble potassium salt soon 
separated. On boiling the fluorescence disappeared and 
after addition of water and concentration on the steam 
bath, a new sparingly soluble, partly oily K salt was 
obtained. This was acidified with HCl and the colorless 
acid crystallized from ether, in which it was sparingly 
soluble; prisms, m.p. 184-186°, but only completely 
cleared at 195-200°. On recrystallization from hot water 
the acid separated as small clusters of needles and 
some larger, long, pointed needles. Two more crystal¬ 
lizations gave hexagonal needles, m.p. 186-187° to a clear 
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A smalb amount of benzoic acid was isolated from the 
mother-liquor of the first crystallization from ether. 


REACTIONS OP TYPE II OXAZOLONES 

Reaction of Diazomethane with 2-Phenyl-4-benzylidene- 
5-ozazolone (Pfizer, P,19), A solution of the azlactone in 
dry dioxan was treated with two moles of diazomethane in 
dry ether at ice bath temperature and tlien allowed to stand 
overnight at room temperature under anhydrous conditions. 
The solvent was removed in vacuo at room tcinp(Tature and 
left a gummy mass of yellow crystals. These were sus¬ 
pended in ethyl acetate and filtered to give a product melting 
at 140-142°. A mixed melting point with methyl N-benzoyl- 
a-aminocinnamate (from the same azlactone by refluxing 
with methanol and sulphuric acid) which melted at 140-141°, 
was depressed to 121-135°. On rocrystallization from ethyl 
acetate the product molted at 142-143° and did not de¬ 
colorize bromine in carbon tetrachloride. 

Calc, for Cx,Hi,0,N: C, 77.6; H, 5.0; N, 5.3; M.W., 263 
Found: 0, 77.5; H, 4.8; N, 5.3; M.W., 274 

It seems likely that a cyclopropane bridge has been formed 
in the unsaturated bond of the azlactone side-chain. There 
is ample evidence for this type of reaction in the literature 
but in most cases higher temperatures are required to con¬ 
vert the intermediate pyrazolines to cyclopropane derivatives. 

Reaction of 4-l8opropylidene-2-phenyl-6-ozazolone with 
Liquid Ammonia (Cornell Bioch., D.29), The oxazolone 
(228 mg.) was treated with 5 C(‘. of anhydrous liquid am¬ 
monia with shaking and cooling in a solid CO 2 bath. After 
the reaction mixture had been allowed to stand for one hour, 
the initially yellow solution was almost colorless. The 
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rosidue wWch remained after evaporation of the ammonia 
was a white solid melting unsharply at about 135-160®. 
Analysis (Dumas) showed it to contain N, 14.2, as compared 
to a calculated vahie for the amide of 12.8. The material 
crystallized readily from acetone in long plates. Twice- 
recrystallized material was found to contain N, 12.4, In a 
second experiment, 1 gm. of the oxazolone was treated with 
anhydrous liquid ammonia. The residue which remained 
after removal of the ammonia was triturated with benzene. 
The resulting dry powder was found to contain N, 13.7. 
After two recrystallizations of the compound from acetone, 
its nitrogen content was 12.7. The behavior of this ma¬ 
terial on melting was the same as that of the unrecrystallized 
material. An aqueous solution of the rccrystallizc'd product 
was basic. It did not give a positive Nessler test for 
ammonia. 

The recrystallized product obtained from the liquid 
ammonia tr(‘atmcnt of the azlactone appeared from its 
neutral equivalent (approximately 700) and melting point 
(135-150®) to be a mixture of at least two compounds, a 
basic compound and a neutral compound. A portion of the 
reerystallized material (00 mg.) was dissolved in 5 cc. of 
warm water and adjusted to pll 4 with hydrochloric acid. 
The solution w^as cooled overnight, and the crystalline 
product was collected. The yield w'as 53 mg., micro m.p. 
188-189®. This material show'ed no depression in melting 
point when mixed with the product obtained from the 
reaction of 4-isopropylidene-2-phenyl-5-oxazolone with am¬ 
monia in aqueous dioxan, and is probably the amide of 
a-benzamido-/3,/3-dimethylacrylic acid. 

A portion of once-crystallized material (500 mg.) was 
dissolved in approximately 5 cc. of hot water. A 230-mg. 
crop of crystalline material (micro m.p, 180-187®) was ob¬ 
tained. Evajioration of the filtrate to 1 cc. yielded an addi¬ 
tional 20 mg. These crops w'ere nearly pure amide. The 
motlier-liquor from the second crop w'as evaporated to a 
syrup in vacuo. Addition of a few drops of ae(*tone caused 
the residue to crystallize. The cry.stallinc material weighed 
130 mg. One recrystallization from 3 cc. of acetone yielded 
73 mg. of elongated prisms, micro m.p. 153-160®. A second 
rocrystallization from 5 cc. of acetone yielded 51 mg. of 
material, micro m.p. 162-166°, A potentiometric titration 
indicated a molecular weight of 236, w ith a basic'group of 
pK' 8.0. The analytical data are consistent with those of 
a compound arising from addition of 2 molecules of ammonia 
to the azlactone. 

Calc, for CuHitOiN,: C, 61.2; H, 7.3; N, 17.9 
Found: C, 62.5; H, 7.3; N, 18.1 

Reaction of 4-Isopropylid6ne-2-phenyl-6*oxazolone with 
Ammonia in Aqueous Dioxan {D.29), In order to prepare 
the amide of a-ben2amido-^,/3-dimethylacrylic acid for 
comparison with the material isolated in the preceding 
experiment, the oxazolone was treated with ammonia in 
aqueous dioxan. The oxazolone (200 mg.) was added to 
concentrated ammonia (3 cc.) and the solution was refluxed. 
After a few minutes, dioxan (1 cc.) was added to effect solu¬ 
tion of the solids. The solution was refluxed for one hour, 
treated with Darco to remove a small amount of color, and 
cooled. There was obtained 85 mg. of needles, micro m.p. 
189-190®. 

Calc, for CijHuOaN,: N, 12.8 
Found: N, 13.0 

A mixed melting point of this material with the material, 
micro m.p. ISS'-ISO®, obtained in the preceding experiment, 
showed no depression. 

Condensation of Benzyl Mercaptan with 2*Phenyi»4- 
Isopropylideneoxazolone; a-Benzaznido-/3,/3-dimethylacrylic 
Methyl Ester and S-Benzyl-N-benzoyl-DL-penidllamine 
Methyl Ester (Copp, Duflin, Smith and Wilkinson, CPS, 
672 \see also Chapter XVI). Sodium (3.38 g.) was dissolved 
in dry methyl alcohol (676 cc.), the solution cooled in an ice 


bath and benzyl mercaptan (76.6 cc.) added, followed by a 
solution of 2-phenyl-4-isopropylidene-5-oxazolone (136 g.) 
in dry benzene (675 cc.). After standing overnight at 
room temperature, the solution was cooled, made just acid 
to Congo Red and evaporated in vacuo in nitrogen. The 
residual gum was treated wdth a mixture of equal volumes of 
benzene and light petroleum (60-80®) when the mixture 
rapidly crystallized. After tw’o hours at 0® the solid product 
(A) and the mother liquors (R) were worked up separately. 

Solid A. This was almost pure a-benzamido-/3,/3-di- 
mcthylacrylic methyl ester. It was stirred with cold water 
to remove the sodium chloride present, filtered and dried 
in vacuo. This product exists in two forms, (a) m.p. 124® 
and (b) m.p. 137-138°. On crystallization from a small 
volume of benzene form (a) sepsirated but on crystalliza¬ 
tion from a larger volume form (b) separated. Form (a) 
changed to form (b) on standing at room temperature for 
forty-eight hours. Its melting point was unchanged in 
admixture with the authentic product described below. 

(^alc. for C„HuO,N: N, 6.1 
Found: N, 0.3; S, nil 

Filtrate B. This gave S-benzyl-N-beiizoyl-DL-penicill- 
amine methyl ester. It was dried with sodium sulphate 
and evaporated i n vacuo. The residue was treated with light 
petroleum (40-60°) containing 10 % benzene. An oil sepa¬ 
rated and rapidly crystallized. This was collected and 
washed with fresh light pctroIcMnn-bcjuzene mixture, purified 
by repeated precipitation from benzene with light petroleum 
(40 60°), was finally crystallized from methyl alcohol when 
it was obtained in short prisms, m.p. 66-67°. 

Calc, for CauHasOaNS: 

C, 07.2; H, 6.5; N, 3.0; 8, 9.0; OMc, 8.4 
Found: C, 66.9; H, 0.3; N, 4.2; S, 8.8; OMe, 8.4 

The molting point was umh'pressed with an autlicntic 
specimen prepared by esteriheation of the corresponding 
acid (see below). Hydrolysis of this ester by the processes 
described by the Oxford workers gave S-benzyl-OL-penicill- 
amine, m.p. 201-203°. 

Calc, for CisHnOaNS: C, 00.3; TI, 7.1; N, 5.9; 8, 13.4 
Found: C, 60.0; H, 7.1; N, 5.9; 8, 13.1 

a-Benzamido-/3,/3-dimethyIacrylic Methyl Ester (CPS. 
672). (a) ot-Benzamido-/8,/3-dimethylacryIic acid (2.5 g.) 

was dissolved in methyl alcohol (15 cc.) containing concen¬ 
trated sulphuric acid (1 cc.), refluxed for thirty minutes on a 
steam bath, cooled and poured into water. The precipi¬ 
tated solid was taken up in ether, the small insoluble portion 
rejected and the solution washed with aqueous sodium 
bicarbonate, dried and evaporated. The residue crystal¬ 
lized from a large volume of benzene in long prisms, m.p. 
137-138®. 

Calc, for CiiHuOiN: C, 67.0; H, 6.6; N, 6.1 
Found: C, 67.1; H, 6.7; N, 0.2 

(b) 2-Phenyl-4-isopropylidene-6-oxazolono (40 g.) was 
suspended in methyl alcohol (225 cc.) containing concen¬ 
trated sulphuric acid (16 cc.) and the whole refluxed for two 
hours. The preparation was completed as for (a); yield 
36 g., m.p. 137-138®. 

(c) A solution of 2-phenyl-4-isopropylidenc-5-oxazoloDe 
(22.5 g.) in dry benzene (160 cc.) was added to an ice cold 
solution of sodium (0.6 g.) in dry methyl alcohol (150 cc.). 
After two hours at room temperature the solution was just 
acidified to Congo Red with dilute hydrochloric acid and 
evaporated in vacuo. The crystalline residue was shaken 
with water, filtered and dried in vacuo (24.1 g.). It had 
m.p. 136-136® with slight previous softening. Slow crystal¬ 
lization from benzene gave brilliant colorless prisms, m.p. 
137-138®. 
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S«>Benzyl-N-benzoyl-DL-penicillainine Methyl Ester (CPS, 
€72), S-Benzyl-N-benzoyl-DL-penicillamine (370 mR.) was 
dissolved in methyl alcohol (4 cc.) which had been saturated 
with hydrogen chloride. The solution was refluxed for 
one hour, cooled, poured into water and the separated oil 
taken up into ether. The ethereal solution was washed with 

2 N hydrochloric acid and sodium bicarbonate solution, 
dried and evaporated. The residue (260 rag.) crystallized 
and was purified by precipitation from benzene 1 ) 3 '^ light 
petroleum (40-60®) when it separated in prisms, m.p. 66-67®. 

Calc, for CjoHjjO.NS: 67.0; II, 6.5 
Found: C, 66.9; H, 6.6 

Reaction of 2-Phenyl-4-benzyUdene-6«ozazolone with 
Benzyl Mercaptan and* Methanol (Cook, Graham, Harris 
and Heilbron, CPS.4€2). The oxazolone (50 g.) in dry 
methanol (500 cc.) containing sodium methoxide (11 g.) was 
slowly treat(3d with benzyl mercaptan (25 g.); much solid 
had separated after two hours stirring but the suspension was 
kept ovc'rnight, filtered and the product washed well with 
methanol. The crude methyl esteT of N-benzoyl-S-benzyl- 
^-phcnylcysteine (.yield, 76 g., 98%) was practically insolu¬ 
ble in methanol but separated in needles, m.p. 164®, from 
dioxan-water or chloroform-light petroleum. 

Calc, for C 24 H 2 ,OaNS: C, 71.3; H, 5.5; N, 3.5 
Found: C, 71.0; II, 5.6; N, 3,75 

The preceding ester (165 g.) was refluxed for two and one- 
half hours with water (375 cc.) and 50% hydrogen bromide 
in acetic acid (750 cc.) and acetic acid (375 cc.). The solu¬ 
tion was evaporated to small bulk and the residue stirred 
with eth(*r. The filtered acjueous solution was diluted to 

3 lit. and further extracted with ether to remove benzoic 
acid after adding concentrated hydrochloric acid (100 cc.). 
Adjusting the aqueous solution to pH 7 with ammonia gave 
S-bonzyl-/3-phenylcystcine (49 g., 55%); it was insoluble in 
common organic solvents wdth the exc<iption of warm acetic 
acid but separated in needles, m.p. 181-185® after sintering 
at 174®, from acetic acid-ether. 

Gale, for CuHwOaNS: N, 4.9 
Found: N, 5.1 

The foregoing S-benz 3 d compound (10 g.) in liquid ammonia 
(500 cc.) was reduced in the normal manner with sodium 
(2.5 g., 3 equivalents); prior attempts showed that the blue 
color of excess sodium in ammonia appeared only after 9 
e(juivalcnt.s of sodium were einjiloyed so that reduction of 
the phenyl group was probably occurring. Ammonium chlor¬ 
ide (7 g.) was added and ammonia removed, the dry residue 
being stirred with ethereal hydrogen chloride and then with 
cold ethanol (100 cc.). Removing solvent from the alcoholic 
filtrate gave an amino acid hydrochloride (ninhydrin reac¬ 
tion) which, however, contained no sulphur (yield, 5.4 g.). 
It crystallized from concentrated hydrochloric acid or 
ethanol-ether in rectangular plates, m.p. 230° (dec.) and was 
evidently phenylalanine hydrochloride. 

Calc. foi^C.HiaOjNCl: C, 53.6; 11, 6.0; N, 6.9 
Found: C, 53.4; H, 5.7; N, 6.6 

It afforded free phenylalanine and N-benzoylphenylalanine 
identical with these materials obtained by literature methods. 
Reaction of 2«Phenyl-4-i80propylidene-6-oxazolone with 
Benzyl Mercaptan and with Thioacetic Acid (Cook, Illvidge, 
Hall, Heilbron and Shaw, CPS,270), Equimolecular quan¬ 
tities of benzyl mercaptan and 2-phenyI-4-isopropylidene-5- 
oxazolone at 100® in presence of a trace of benzyl-trimethyl- 
ammonium hydroxide gave the addition product which was 
purified by sublimation at 160® in high vacuum and crys¬ 
tallization from a mixture of benzene and light petnileum 
when it separated in prisms, m.p. 76-77®. 

Calc, for CiiHiiOfNS: C, 70.1; H, 5.9; S, 9.85 
Found; C, 70.2; H, 6.4; S, 9.8 


Although the synthesis of penicillamine indicates that 
this product is an oxazolone, it }>roke down extensively on 
hydrolysis to benzyl mercaptan. A similar product was 
obtained by refluxing 2-phonyl-4-i8opropylideneoxazolone 
with a small excess of thioacetic acid for two days, subliming 
the product in vacuo and crystallizing from ethanol when it 
formed stout needles, m.p. 99-100® strongly depressed on 
mixing with the original oxazolone; this compound could not 
be hydrolyzed to penicillamine. 

Calc, for CuHiiOaNS: (\ 60.6; H, 5.5; S, 11.6 
Found: G, 60.6; H, 5.5; S, 11.5 

Reaction of 2-Phenyl-4-isopropylidene-6-oxazolone with 
Benzyl Mercaptan and with Thioacetic Acid (CPS.270). A 
solution of 4-isopropvdidcne-2-ph(m3doxazolone (10 g.) in 
benzene with benzyl mercaptan (12 cc.) and morpholine 
(0.5 cc.) was refluxed for thirty minutes and then concen¬ 
trated. Pale buff cr 3 "stals, obtaim^d on addition of light 
petroleum, crystallized from aqueous alcohol (2 g.), m.p. 
159 

Gale, for C^i^HioOjNS: G, 69.0; IT, 6.1; S, 9.8 
Found: 69.5; fl, 5.5; S, 10.2 

This substance did not give S-benzyliienicillamine on hydro¬ 
lysis; it gave rise very easily to lienzyl mercaptan and is 
probably the bonzylthiocster of a-berizaniido-)?,|(3-diiiiethyl- 
acrylie acid. 

The Action of Hydrogen Sulphide in Methanol on 
2-Methyl-4-isopropylidene-5-oxazolone (Boon, C ’arrington, 
Davies, Gaul)ert, Jones, Bamage and Waring, CPS.634). 
The azlactone (30 g.) was kept overnight in a stoppered 
prc»ssur(‘ bottle with hydrogen sulphide m anh 3 (irons meth¬ 
anol (saturated at 0"). On removal of the methanol most of 
the product (•r 3 %stallized. Trituration with cold benzene- 
petroleum ether gave a pale yellow solid, which was re- 
crystallizod from henzcne-pctroh'um ether (14 g.), m.p. 122- 
125® (doc.). The acid was not further purified, but its 
identity was proved by treatment with ethereal diazo¬ 
methane to give methyl 2,5,5-trimeth3fithia2olme-4-carb- 
ox 3 date, b.p. 120®/25 mm. (9 g.), which formed the picratc, 
m.p. 159®. 

Treatmimt of N-acetylpcnuuIlamine with an excess of 
ethereal diazomethane gave a product from which no picrate 
could be isolated. 

2-Phenyl-6,6-dimethylthiazoUne-4-carboxylic Acid (CPS, 
634), 2-Phenyl-4-isopropylideiie-5-oxazolonc (10 g.) was 
allowed to stand with 4% methanolio hydrogen sulphide 
(100 cc.) ill a stoppered bottle at room temperature with 
occasional shaking. After a week it was nearly all in 
solution. The solution was filtercid and evaporated under 
diminished pressure to give a glass which was crystallized 
from benzene and rocrystallized several times from methanol 
to give 2-p]ien3dthiaz()liue-4-carbox3dic acid, m.p. 124-126® 
(4.1 g.), identical with that obtain(»d by saponification of the 
methyl ester. 

Reaction of 2-Phenyl-4-isopropylidene-6-oxazolone with 
Sodium Hydroaulphide (Abraham, Baker, C'hain and 
Robinson, CPS,75). An experiment conducted as follows 
led to isolation of a pure substance but the benzyl chloride 
did not contribute to its composition. A solution of 
hydrated sodium sulphide (12 g.) in alcohol (25 cc.) was 
saturated with hydrogen sulphide. The azlactone (10 g.) 
in alcohol (75 cc.) was added and solution achieved at 63®. 
Benzyl chloride (6.33 g.) was gradually added, hydrogen 
sulphide passed for two hours and the mixture kept for 
twelve hours. It was worked up by acidification, removal 
of alcohol (vac.), and extraction with carbon tetrachloride 
at 60®. The product crystallized from alcohol, m.p, 100.5- 
101.5®. 

Calc, for C„HuONS: C, 66.5, H, 5.1; N, 6.5; S, 14.8 
Found; G, 66.0, 11, 5.2; N, 6.2; S, 14.4 

The substance is apparently 2-phenyl-4-isopropylidcue-5- 
thiazolone. 
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4*^Ben2;ylidene-isoptopylidene-2-phenyloxazolone (Wilson ‘ 
Abraham, Baker, (^hain and Robinson, CPS.70), (a) A 

mixture of 4-iRoproi)ylidcno>2-phenyloxazolono (2 g.) benzal- 
dehyde (10 cc ), acetic anhydride (25 cc.) and fused sodium 
acetate (5 g.) was refluxed for five hours. After decomposi¬ 
tion with water the product was taken up in ether and the 
solution thoroughly washed with water, aqueous sodium 
bisulphite, aqueous sodium carbonate, and water and dried 
with calcium chloride The pasty residue after removal of 
ether was trituratc‘d with methanol, the solid collected and 
crystallized from alcohol. The orang(‘-yellow micro-needles, 
m.p. 135% gave an intense orange-red solution in sulphuric 
acid. 

C^alc. for (\ 78.9; H, 5.2; N, 4.8 

Found: C, 78.7; H, 5,4; N, 4.9 

On treatment with ammonia in hot alcohol, followed by 
alcoholic potassium hydroxide, the related iminazolone, 
already described, was produced and recognized liy its m.p. 
and characteristic properties. 

(b) A mixture of hippuric acid (35.8 g.), benzylideneacet- 
one (32 g.), fu.sed sodium acetate (15 g.) and acetic an¬ 
hydride (50 cc.) was heated on the steam bath for three 
hours. On cooling, crystals separated and these were 
collected after trituration with water and dried (26.5 g.). 
The product appears to be a mixture of stereoisomeridcs. 
It crystallized from alcohol as a mixture of yellow' and orange 
needles, m.p. 134-146*'. 

Found: C, 78.4; II, 5.1; N, 5.2 

Attempts to ozonize this substance so as to produce 
benzaldehyde and formylmethylonephenyloxazolone were 
not successful. 

MISC’ELLANKOUS REACTIONS OP 0XAZ01.0NES 

Reaction of Azlactones with Grignard Reagents (Abbott, 
A.8). 2-Phenyl-4-methyl-6-oxazolone was prepared accord¬ 
ing to the general directions of Mohr and Stroschein (ifer., 
2521 (1909)). The azlactone which was distilled at 
92~94°/0.1 mm. melted at 41-42° (Mohr reported 39°). 

An ethereal solution of 2-phenyl-4-methyl-5-oxazolone 
(6.0 g.) was slowly added to excess phenylinagnesium 
bromide. A precipitate formed but this later redissolvcd 
during six hours of refluxing. The reaction product was 
hydrolyzed with ice and dilute acid. Extraction with ether, 
follow^ by concentration, gave a solid (4,6 g.) m.p. 188 191°. 
By crystallization from ethyl acetate material melting at 
192-193° was obtained. From the original filtrate more of 
the solid continued to separate slowly. The material 
analyzed for l,l-diphenyl-2-benzoylaminopropanol. 

Calc, for CMH 21 NO 2 : N, 4.2 
Found: N, 4.2 

The mother-liquors gave a negative test for ketone with 
2,4-dinitrophenylhydrazine. 

Ozazoione-Silver Perchlorate Complexes (Brodrick, Peak 
and Whitmont, CPS.44(>)- Addition of an alcoholic solu¬ 
tion of 2-phenyloxazolone to a saturated benzene solution of 
silver perchlorate gave colorless crystals of the complex. 
Recrystallization from ethanol caused some darkening. It 
rapidly darkened above 130° and melted with decomposition 
at 146°. 

Calc, for AgC104*2C9H70*N: N, 5.3; Ag, 20.4 
Pound: N, 6.3; Ag, 19.9 

It was slightly photosensitive and had a strong greenish- 
yellow fluorescence under ultraviolet irradiation. 

2-Benzyl-4-methyJoxazolone similarly gave a crystalline 
complex, m.p. 172° (dec.). 

Calc, for AgC104-2CuHn09N: N, 4.8 
Found: N, 4,6 


Attempted Formylation of 2,4»Diphenyl-6-oxazolone 

(Barber, Gregory, Slack, Stickings and Woolman, CPS.834). 
The oxazolone (2.3 g.) m dry benzene (10 cc.) containing 
ethyl formate (0.85 cc.) was added rapidly to powdered 
potassium (0.4 g.) in dry benzene. There was an immediate 
reaction wliich was allowed to continue until the initial 
vigor abated, when the whole was warmed on the steam 
bath for thirty minutes Dilution with dry ether gave a 
light-brown deiiipiescent potassium salt wliich was dried 
in vacuo, suspended in water and acidified with acetic acid to 
give a bright yellow^ solid. This could be crystallized from 
a small volume of ethanol to give yellow needles, m.p. 
about 110°. 

Found: (% 76.0, 11, 3.3, N, 5.9 

This appeared to be the enol form of 2,4-diphenyloxazolone. 
Tt reacted with aniline to give the anilide of a-phenylhippiiric 
acid, m.p. 210 212°. 

Oxidation of Oxazolones with Mercuric Acetate (Squibb, 
S.34). Jti model experiments with saturated azlactones, 
crystallini* leuetion products could be isolated in two cases 
when the reaction was carri(*d out in dioxan at elevated 
temprratiin 

To 2-phen\l-4-isobutyl-oxazolone (537 mg.), m.p. 56-57°, 
dissolved in dioxan (5 cc.) a solution of mercuric acetate 
(3.16 g., 4 mole equivalents) iii 100 cc. of dioxan was added. 
The reaction was initiated by slight warming for a few 
minutes. After standing overnight at room temperature 
the ervstala of mercurous acetate were filtered (512 mg., 
0.795 mole equivalent). The filtrate was heated on the 
steam bath for eighteen hours and yielded another 493 mg. 
of mercurous acetate (total, 1.56 mole equivalents). Analy¬ 
sis of 277 3 mg of the crystals confirmed their composition 
(HgiO: found, 225 mg.; calc , 222.5 mg , AcOll: found, 
62.4 mg.; calc , 64.1 mg ). The filtrate was demercunzed 
with HgS and evaporated to dryiH'ss in vacuo The partly 
crystalline residue was dissolved in warm mi'thanol. On 
concentration and chilling, clear-cut prisms (253 mg.) molt¬ 
ing at 137-140° were obtained. Two recrystallizations from 
the same solvent raised, but did not sliarpen the melting 
point (137-142°). To remove acidic .substances suspected 
to be present as contaminants, an ether solution of crystals 
recovered from the mother-liquors was extracted with 
sodium carbonate. However, almost all the material re¬ 
mained in the neutral fraction, and on recrystallization 
yielded a product w ith the same properties as the first crop 
(m.p. 138-142°). The compound, 2,2'-diphpnyl-4,4'-di-8ee.- 
butyl-4,4-bisoxazolone, is insoluble in water, dilute NaOH 
and HCl, and readily soluble in most organic solvents. 
Though the analyzed preparation (m.p. 141-145° after 
drying at 100° in vacuo) may not have been quite pure, the 
analytical figures left no doubt that the original numbers of 
C, O and N atoms were still present. 

Calc, for CuHuOaN: 

C, 71.9; H, 7.0; N, 6.5; M.W., 217 
Calc, for (CuHuOaN),.: 

C, 72.2; H, 6.5; N, 6.6; M.W., 432 
Found: C, 72.0; H, 6.4; N, 6.2; M.W., 400 [333] 

The M.W. determination was carried out by the Rast 
method. There were signs of decomposition on fusion with 
camphor. The higher figure corresponds to the first reading, 
the figure in brackets to an approximately constant melting 
point reached after repeated remelting. 

The absorption spectrum shows a single maximum at 
2,420 A with Em 30,600 calculated on M.W, of dimeric 
formula. The maximum in the spectrum of the starting 
azlactone (M.W. 217) has exactly the same location, with 
Em 16,800. It seems probable that the chromophoric 
groups in both compounds are identical. 

2-Phenyl-4-benzyl-oxazolone (497 mg.), m.p. 71-71.6°, 
was oxidized in the same manner, except that the period of 
heating at 100° was twenty-five hours. In this case very 


It exhibited no fluorescence. 



0XAZ0L0NE8 


793 


little mercurous acetate was precipitated after standing over¬ 
night at room temperature. The total amount after heating 
corresponded to 3.23 mole equivalents. Again the crystal¬ 
line precipitate consisted of pure mennirous acetate (95.7 
mg., gave 77.5 mg. HgaO and 22.7 mg. AcOH; calc. 76.8 mg. 
Hg20, 22.1 mg. AcOH). The partly crystalline residue of 
the deinercurized filtrate was freed from gum by washing with 
methanol. The insoluble crystals (158 ing.) were recrystal¬ 
lized twice from aqueous acetone and then melted at 
201-202.5'*. The compound (2,2'-diphenyl-4,4'-dibcnzyl- 
4,4'-bisoxazolone) showed the same solubility pr()pertie,s as 
the oxidation product from 2-phenyl-4-is()butyl-oxazoIoiH*. 

Calc, for CboHisOzN: 

(\ 76.5; H, 5.2; N, 5.6; M.W., 251 
('-ale. for (CiJInOaN)^: 

C, 76.8; II, 4.8; N, 5.6; M.W., 500 
Found: C, 76.6; II, 5.0; N, 5.4; M.W., 489 (382) 

The absorption spe<;trurn in ether with Em 33,0(K) at 
2,460 A (calculated on M.W. 500 of dimeric product) n*- 
seunbles, but did not fully coincide with that of the .starting 
azlactonc (Em 17,300 at 2,440 A). When plotted for 
M.W. 250 the extinctions at 2,220 A (minimum) and at the 
wave-lengths above the maximum W'ere about 25-30% 
higher than in the curvi* of the starting product. Nevci- 
thelesa, it may be assumed that tin* absorbing groups are the 
same in both compounds. 

Action of Mercuric Acetate on 2-Benzyl-4,4 -dimethyI-6- 
oxazolone (S.^4), The azlactone (509 mg.), m p. 59 59.5 , 
with 4 mole oiiuivalents of mercuric ac(‘tatc in dioxan 
(105 cc.) d(‘posited 1.11 g. of fine needles on standing for 
eighteen hours. 3'hese on treatment w'ltli NaOH yielded 
only a small amount of llg^O (about 15% of tlieory for 
mercurous acetat(‘). However, when th(‘ coinjilex w^a.s (irst 
dissolved in methanol and the solution acidified with llCl, 
a copious precipitate of mercmic oxide was obtained on 
addition of excess metlianoli alkahc. Ih'coniposition wdth 
II 2 S of th(‘ complex suspiuided in imdhanol yiidded 210 mg. 
of crystals w'liich after two rt*er\stallizations from aipieous 
(‘thanol showed the charactenst ic UH'lting point behaxior of 
phenylacetumido-isobutync acid (.see p 774), and gave no 
depression with tin* latter. Tlu' material recovered from 
the original dioxan filtrate after ileniercurization was sepa¬ 
rated into neutral and acidic fractions. The latter on 
purification yielded additional amounts of phenylacetamido- 
isobutyric aeid. The small neutral fraction, though partly 
crystalline, was not cxaininc’d furthia*. 

PSEI r DOXA ZOLONKB 

2-B6nzylidenepseudoxazolone (King, Waley; Abraham, 
Baker, (’hain and Hobinson, CPSM8). a-Hronioph<*nyl- 
acetylglyeine (Fischer and Sehmidlin, Annalen, J91 

(1905)) (12 g.) was adde<l to dry pyridine (5 ee.) and acetic 
anhydride (100 cc.). The mixture wa.s kept at 0"* for tw'o 
and one-half hours, then pourc'd on ice, and the solid col¬ 
lected and dried in a vacuum desiccatxir over sodium hy¬ 
droxide. The yield w^as 4.9 g. (64%) of yellow material, 
tn.p. 82-86°. (Vystallization is best cfTtvted by solution in 

warm methanol and cooling to —50°; an 80% recovery can 
thus be obtained. After three erystallization.s, the pseutl- 
oxazolone formed yellow needles, m.p. 92 -94°, after sintering 
and darkening at about 85°. 

('ale. for CioHrNOa: C, 69.4; H, 4.05; N, 8.1 
Found: (), 69.1; H, 4.0; N, 8.2 

The substance was readily soluble in chloroform, ethyl 
acetate, acetone and benzene; moderately readily solulile in 
ethanol and methanol; sparingly soluble in ether, and very 
sparingly in light petroleum, cyclohexane and water. 

When the cyclization was carried out w’ith six times as 
much pyridine as in the procedure described, pyridine 
hydrobromide was precipitated during the course of the 
reaction, and a 90% yield of crude product was obtained 


after thirty-five minutes at 0°. The purification of tliis 
product was, how^ever, attended with greater loss. 

Acid Hydrolysis of the Pseudoxazolone. Formation of 
Phenylacetamide (CPSMS). 2-Henzylideiiepseudoxazolonc 
(0.2 g.) was dis8olv(‘d in A/2 hydrochloric acid (1.5 cc.) and 
aceUme (1.5 cc.) and the solution refiuxi'd gently for two 
hours. The acetone was reinovial, and the residual solution 
made alkaluu'. Phenylacetamide (m.p. 151 157°, mixed 
m.p. with an authentic spccirruMi, 153-157°) wais precipitated. 

a-ChlorophenylacetylChloride(Winthn/p, W.Iy). (a)Man- 
delie acid (11)0 g , 0.67 mole) and phosphorus pentachlorido 
(250 g., 1.2 mole) were heated with stirring undcT reflux for 
four hours at 100^ and then for two hours at 1 10°. Frac¬ 
tional (instillation of the reaction mixtures gave 57.1 g. 
(48%) of niat(*rial b.]). 11S%21 min. 

(b) Mainh'lic acid (76 g , 0 50 mole) and thionyl chloride 
(130 g., 1.10 mole, distilh'd over quinoline, and liriM'cd oil) 
wwe refluxed for two and on(‘-haIf hours. Fractional dis¬ 
tillation gave 31.5 g. (37 %) of material b.p. 124-126 740 mm. 

N-( a-Chlorophenylacetyl)alanine (IF.5). j)L-Alanin(.‘ (26.S 
g., 0.30 mole) was dissolved in water (200 ce.) (mnfainmg 
sodium hydroxide (25.0 g., 0.60 mole) maintained at about 
5°. To this stirred solution th(*n‘ was addcnl dropwisi* 
i)L-a-chlorophcnylaeetyl chloridi* (57.0 g., 0.30 mole). 
About 1 cc. insoluble oil was extracted with (dher and the 
clear aejueous solution wnis aindified (hydrochloric acid) to 
give a hcnivv oil. 'Phis wnas ni])idlv (‘xtract(‘d with chloro¬ 
form. On chilling the chloroform solution deposited 51.0 g. 
white (‘r>slalline solid, m.p 134-150°. Kemoval of the 
sohent from the filtrate*, follown'd by trituration of the 
residue in light petroleum gave 12 0 g. more solid, 'fotal 
weight (i3.0 g. (87%) No attempt was made to separate 
the four stereoisomers of this acid 

(''ale. for ('uHnNOaOl: N, 5.8 
Found: N, 6 0 

o-Bromophenylacetyl Bromide (IP.J). Jted phosphorus 
(8.9 g , 0.28 mole) and phenylacetie acid (162 g.. 1.19 mole) 
w(Te stirred under a ri‘tlux (‘ondenser while bromine (120 g.) 
was ad(l(*d dropwdse. After the bromine had all b(‘(*ii added 
the Htirn‘d solution was heat(*(i on tin* st(‘ain eonr* wdiile 
more bromine (192 g., total 312 g , 1.95 mole) was droppiid 
in. The sohition was tlien stirred on the steam cone until 
the broiiiine disapp(*ared. 'I'ln* solution was ih'.eantc'd from 
phosphorous acid and fractionally distilhxl to gne the 
product; b.p. 146-148V'30 mm., 145 g. (44 %). 

N-(«-Bromophenylacetyl) alanine (IP./l). This com¬ 
pound has IxH'ii jirepared prcviouslv (Fisduu* and Sehmidlin, 
Awa., 340 , 194 (1905)). nn-Alanine (45.0 g., 0.50 mole) 
w^'is (lis.solv(*d in water (10(K) ce.) containing sodium hy¬ 
droxide (42 g., 1.05 mole) and maintained at less than 5°. 
To this stiiTial solution there was ad(ic‘d dropwisc nn-a- 
bromophenvlacetyl bromide (139 g., 0.50 moh*). .\bout 
1“2 ce. of unehaiig(*d bromide was extracted with carbon 
tetrachloride and the elcar aqueous solution was acidified 
with hydrochloric acid. The precipitated oil crvstalliz(*(l 
almost immediately and w^eighid 1J2 g. (78%): m.p. 
J41-148*. No attempt was made to separate the four 
stereoisomers. 

(’ale. for ('iiHijNOaHr: N, 4.9 
Found: N, 4.8 

2-Benzylidene-4-methylpseudoxazolone (ir.5). (a) Prom 
a-bromophenjjlaci tylalarnnc. To 0 -I>roinophcnylacetylalaiiine 
(112.0 g,, 0.39 mole) then* was added a mixture of in ridiiu' 
(200 cc,, dried over potassium hvflroxuic) and acetic anhy¬ 
dride (1000 cc.). The solution was allowed to stand at 
room temperature for one hour, during which it w^arined to 
about 40° and deposited a wliite precipitate. Tlie entire 
mixture was poured on ice (4 kg.) and the resultant light 
tan solid removed by filtration and dried in a vacuum 
desiccator (70.9 g.; 96%); m.p. 106-109°. 
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Calc, for C,iH*NO,: N, 7.5 
Found: N, 7.5 

(b) Froma-cMorophenylaceiylalanine, To «-chloroplicnyl- 
acetylalanine (30.0 g., 0,125 mole) there was added a mix¬ 
ture of pyridine (60 ce., dried over potassium hydroxide) 
and acetic anhydride (300 cc.). The solution warmed up 
slightly and after thirty minutes turned red and deposited 
some solid. The entire mixture was poured onto ice (1.5 kg.) 
and the light yellow solid was removed by filtration and 
dried in a vacuum desiccator (21.3 g., 91 %); m.p. 105-115°. 
When mixed with the same material (m.p. 106-109°) pre¬ 
pared from the analogous bromo-dorivativc it melted at 
105-112°. 

This oxazolone can be crystallized only with great dif¬ 
ficulty and los.s; it polymerizes easily, either in cold solution 
or when heated in the dry state; it cannot be recovered from 
its solution in alcohols; it is an extremely potent skin 
irritant. 

Hydrolysis of 2-Benzylidene-4-methylpseudoxazolone to 
a-Phenylacetamidoacrylic Acid {W.d). The above pseud- 
oxazolonc (0.93 g., 0.005 mole) was suspended in cold water 
(20 cc.) containing sodium hydroxide (0.30 g., 0,0075 mole). 
The mixture was allowed to stand nt room temperature for 
one hour, during which time the yellow oxazolone dissolved 
and a white crystalline precipitate of phonylacetamide, 
m.p. 153-156°, formed. The clear filtrate on acidification 
gave a white crystalline precipitate, m.p. 163°. When mixed 
with an authentic sample of the acrylic acid derivative 
(m.p. 106°) it melted at 161-164°. 

a,a-Di-phenylacetamido-propionic Acid {WM), (a) From 

phenylacetamide. (The procedure is similar to that of 
Bergmann and Grafe, Z. physiol, Chem.y 18 187 (1930), 
who carried out similar condensations.) Pyruvic acid 
(33.5 g., 0.37 mole) and pheny lacetamide (92.0 g., 0.(»8 
mole) were lieatcd together for twelve hours at 160°/20 mrn. 
The cooled reaction mixture was dissolved in hot ethyl 
acetate (400 cc.); on cooling the solution deposited phenyl- 
acetamide. The filtrate was extracted with 10% aqueous 
sodium hydroxide (400 cc.) and the extract on acidification 
deposited a heavy oil (19.0 g,, 16.5%) which crystallized 
on standing overnight. After purification by recrystalliza¬ 
tion and decolorization tiie colorless crystals melted at 
163-154°. 

(b) From phenylacetonitrile. A similar reaction has been 
carried out previously (Bottingcr, Ber., 14i 1599 (1881)), but 
no analysis was reported and the product mclteil at 145°. 
Concentrated sulphuric acid (250 cc.) was cooled to —30° 
and stirred vigorously as pyruvic acid (22.0 g., 0.25 mole) 
was slowly added. The vigorously stirred solution was 
maintained at —20° to —10° while Ijerizyl cyanide (59.0 g., 
0.50 mole) was dropped in and stirring was continued at or 
below —10° for five hours after the addition was complete. 
The solution gradually assumed a yellow color and became 
extremely viscous. The viscous material was poured onto 
ice (2 kg.) with stirring, and when all the ice had melted the 
white solid was collected, pressed as dry as possible and 
dried for fifteen hours at 80°. The crude product was 
dissolved in cold aqueous sodium carbonate, the sohition was 
filtered and the acid was reprecipitated with hydrochloric 
acid. The resultant white solid was recrystallized from 
alcoholic water to give crystals, m.p. 154-155“ (71.2 g., 
85 %). Further recrystallization yielded rosettes, m.p. 157°. 

Calc, for C,.H2 oN, 04: N, 8.2 
Found: N, 8.0 

The diamide (6.8 g.) was refluxed (oil bath) in acetic 
anhydride (20 cc.) for one hour, then most of the solvent was 
removed by vacuum distillation. The residue partially 
crystallized on cooling; the entire residue was taken up in 
cold benzene (100 cc.) decolorized, and fractionally crystal¬ 
lized from benzene-light petroleum to give white needles of 
\he starting material, m.p. 153°. 


Calc, for C,.H 2 oN 204 : C, 67.1; H, 5.9; N, 8.2 
Found: C, 66.2; H, 6.3; N, 8.4 

«-Phenylacetamidoacrylic Acid (W,6). The above di¬ 
amide (13.6 g., 0.04 mole) was refluxed (oil bath) in acetic 
acid (60 cc.) for forty-five minutes. The solution was poured 
into ice water (300 cc.) and the resultant solution extracted 
three times with ethyl acetate (100 cc. portions). The 
combined ethyl acetate extract was extracted with three 
portions (100 cc. each) of solution containing in all 50 g, 
potassium carbonate. Acidification of the combined carbon¬ 
ate extracts gave the product, m.p. 167-169° (dec.) (4.1 g., 
60%). 

Calc, for CiiHiiNO,: C, 64.4; H, 5.9; N, 6.8 
Found: C, 65.1; H, 5.6; N, 7.3 

This imsaturated acid instantly decolorizes bromine in 
chloroform or in acetic acid. 

Azlactonization of a-Phenylacetamidoacrylic Acid (fT.f 4). 
a-Phenylacetamidoacrylic acid (4.1 g.), and acetic anhydride 
(25 cc.) were heated for thirty minutes on the steam cone; 
all volatile material was then removed under vacuum on the 
steam cone. 'Flie residue was extracted thoroughly with 
light petroleum, concentration of which yielded about 
100 mg. of very pure 2-benzylidene-4-methylpseudoxazolone, 
m.p. 125-126°. When mixed with a sample of the same ma¬ 
terial, m.p. 114”! 16°, prepared from a-chlorophenylacetyl- 
alanine, tlie mixture melted at 117-121°. The melting 
point of this substance and that of the acrylic acid derivative, 
as well as those of several other relatecl compounds, show 
considerable variations according to the solvent used for 
recrystallization. 

An aqueous suspension of the pseiidoxazolone on shaking 
with 5% sodium carbonate solution gradually went into 
solution. Acidification yielded a-phcnylacetamidoacrylio 
acid, m.p. 166-168°, undepressed on mixture with an au¬ 
thentic sample, m.p. 168-170°. The use of 5 % aqueous am¬ 
monium hydroxide gives similar results. 

Preparation of 2-Benzylidene-4-metbylp8eudozazolone 
from a-Phenylacetamidoaciylic Acid (Merck, M.7S!). The 
acid (200 mg.) in xylene (5 ee.) was refluxed for one hour. 
After cooling and washing with 40 ml. of 0.2 Af phosphate 
buffer (pll 7), evaporation of the xylene gave 50 mg. of 
crystalline material, m.p. 105-108°. On recrystallization 
from ether with cooling in dry ice, pale yellow plates, m.p. 
130-132°, were recovered. When authentic 2-bonzylideno- 
4-mcthylpseudoxazolone was similarly rfecrystallized, it was 
obtained (with considerable loss) in the same form and with 
the same m.p. There was no depression on mixing. The 
absorption maxima in ethanol were at 2,400 A (Em 8,350) 
and 3,500 A (Em 21,500). 

After a solution of a-phenylacetamidoacrylic acid (100 
mg.) was heated in refluxing anisole (5 cc.) for one hour, 
5 mg. of ethcr-rccrystallized product, m.p. 130-131°, was 
obtained. 

4-Methyl-2-benzylidenepseudoxazolone (King, Waley; 
Abraham, Baker, Chain and Robinson, CPS,272), (The 
formation and properties of this substance were mentioned in 
Brit. Pat. Appl. No. 10941.) a-Bromophenylacctylalanine 
(Fischer and Schmidlin, Annalen^ 3^0^ 191 (1905)) (6 g.) was 
added to dry pyridine (18 cc.) and acetic anhydride (30cc.), 
and after twenty minutes at 0°, the mixture was poured 
onto ice. The product was collected and washed with 
aqueous bicarbonate, and after drying at 100°, the yellow 
solid (3.5 g., 90%) had m.p. 104-107°. It is readily soluble 
in acetone, but not so soluble in alcohol, from which it was 
crystallized with appreciable loss. It is most conveniently 
crystallized from light petroleum (100-120°), and the pure 
psoudoxazolone consists of minute yellow crystals, m.p, 111« 
113°, possessing very marked irritant properties. 

Calc, for CiiH.O,N: C, 70.6; H, 4.8; N, 7.6 
Found: C, 70.6; H, 4.9; N, 7.1 
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The ultraviolet absorption spectrum exhibits maxima at 
3,530 A and 2,380 A (Em 13,500 and 6,760 respectively). 
The corresponding figures for 2-honzylidenep8eudoxazolone 
(King, Waley; Abraham, Baker, Chain and Hohinson, CPS. 
68) are absorption maxima, 3,580 A and 2,360 A; Em 12,180 
and 4,880. 

Selenium dioxide failed to oxidize the methylbenzylidene- 
pseudoxazoloncin boiling benzene solution: reaction occurred 
in boiling xylene, but no carbonyl compound was isolahlo. 
No substitution took place on prolonged heating with 
N-bromosuccinimide in carbon tetrachloride (cf. Ziegler, 
Spiith, Schaaf, Schumann and Wirikclman, Annalen^ B61, 
80 (1942)), and experiments to condense the pseudoxazolone 
with p-nitrosodimethylaniline were also unsuccessful. 

Hydrolysis of 4-Methyl*2-benzylidenepseudoxazolone 
(King, Waley; Abraham, Baker, Chain and llobinson, CPS. 
JiSl). The pseudoxazolone was heated in refluxing aqueous 
acetone for three ho\irs, after which the solvent was evapo¬ 
rated. The erystallino product, m.p. 155", was identified 
as phenylacetainido by mixed m.p. determination. From 
the filtrate, pyruvic acid 2,4-dinitrophenylhydrazone was 
isolated, m.p. 203-207®, which did not depress the m.p. of an 
authentic specimen, m.p. 206-209°. 

Active Substance from the Bromination of 2-Benzylidene- 
4-methylpseudoxazolone (Winthrop, IV.6; 7). Many ex¬ 
periments were made to determine conditions for optimum 
activity. In the best case, the oxazolonc (10 millimoles) in 
cooled glacial acetic acid was treated siiccjessively with 
bromine (25 millimoles), potassium acetate (52 millimoles) 
and DL-penicillamine hydrochloride (1 millimole) and the 
mixture kept for twenty-four hours at 30®. The solution, 
neutralized by addition of sodium phospliate and water, 
showed 11,600 units of penicillin-like activity. A parallel 
experiment without the penicillamme gave 9,900 units. 
The product was fractionated between chloroform and phos¬ 
phate buffer, and it was established that the material respon¬ 
sible for the activity was much more soluble in water than in 
organic solvents and was relatively unstable to heat. 
Broraopyruvic acid was found to have an activity of 1,000 
U./millimole against Gram-positive organisms, and could 
account for most of the activity observed. 

2->Methyl-4-benzyl-6-oxazolone (King, Waley; Abraham, 
Baker, Ghain and Robinson, CPS.325). (a) After heating 

N-phcnylacetylalanine with acetic anhydride, the oxazolone 
was isolated by distillation (c/. Merck, M. 40 ). 

Calc, for CiiHnOaN: C, 69.9; H, 5.8; N, 7.4 
Found: C, 69.6; H, 5.5; N, 7.5 

On treatment wdth aniline in ether, N-phenylacetylalanine 
anilide was precipitated; after three recrystallizations from 
aqueous ethanol, it formed slender, colorless needles, m.p. 
162-163®. 

Calc, for CiTHuOaNa: C, 72.3; H, 6.4; N, 9.9 
Found: C, 72.4; II, 6.3; N, 10.3 

On the addition of aqueous ammonia (d ■■ 0.88) to the 
oxazolone, N-phenylacetylalaninc amide separated. It 
crystallized from water in colorless plates, m.p. 154-155®. 

Calc, for CnlluOaNa: C, 64.1; II, 6.8; N, 13.6 
Found: C, 64.1; H, 6.7; N, 13.4 

(b) 4-M6thyI-2-benzylidenepsoudoxazolone (1 g.) in pure 
ethyl acetate (40 cc.) was hydrogenated at several atmos¬ 
pheres pressure in the presence of active Raney nickel (about 
2 g.). After five hours the solution was filtered, and the 
solvent removed under reduced pressure. A portion of the 
residual oil was treated with aniline in ether. The precipi¬ 
tate, after being recrystallized from aqueous ethanol, 
melted at 159-162®; mixed melting point with an authentic 
specimen of N-phenylacetylalanine anilide, 160-162°. A 
second portion of the reduction product gave with aqueous 
ammonia phenylacetylalaniue amide (m.p. and mixed m.p 
with an authentic sample, 151-153®). A further portion 


of this reduction product gave, on the addition of water, 
N-phenylacetylalanine (m.p. 146-148®; mixed m.p. with an 
authentic specimen of m.p. 153", 152-153®). The residual 
reduction product was distilled at an air bath temperature 
of 85-95®/0.02 mm. 

Calc, for CnHu02N: C, 69.9; H, 5.8; N, 7.4 
Found: C, 70.1; H, 6.0; N, 7.6 

In a second reduction of the pseudoxazolone (2 g.), the 
whole of the product was distilled (b.p. 104-106®/0.06 mm.); 
yield 0.8 g., 40 %. 

Methyl n-Phenylacetamidopropionate {CPS.S26). (a) 

The methyl ester was readily prepared by the action of 
mcthanolic hydrogen chloride on N-phenylacetylalanine. It 
crystallized from ether-light petroltMun (40-60®) in colorless, 
thick, blunt-cdged needles, m.p. 67-68®. 

Calc, for CnHuO.N: C, 65.2; II, 6.8; N. 6.3 
Found: C, 65.5; H, 6.9; N, 6.2 

(b) 4-Methyl-2-benzylidenep8cudoxazolone (0.8 g.) in 
methanol (60 ce.) was hydrogenated over palladium-charcoal 
at 00 atmospheres pressure. After twenty-four hours, the 
filtered solution was evaporated, and the residual oil distilled 
at 0.03 mm. (air bath temperature 100-130®). Tiie distil¬ 
late (0.36 g.), after two more distillations, and rccrystalliza- 
tion from ether, melted at 65.5-67®; the mixed m.p. with an 
authentic specimen was 65-67.5®. 

Hydrogenation of 2-BenzyUdenepseudoxazolone (King, 
Waley; Abraham, Baker, (fliain and Kol>iTisoii, CJ*SJ)8). 
Benzylideiiepscudoxazolone (1.8 g.) in pure ether (100 cc.) 
was hydrogenated over Raney nickel at 05 atmosplieres. 
Two atoms of hydrogen were absorbed in fifteen minutes; 
on the addition of aniline, a yellow solid, m.p. 125-135®, 
was precipitated. After crystallization from ethanol-ethyl 
acetate, a very small amount of phenacetunc anilide (m.p. 
and mixed m.p. with an authentic sample 156-158®) was 
obtained. 

a-(a'-Plienylbromoacetamido) -/3,/3-diethoxypropionic Acid 

(King, Waley; Abraham, Baker, Chain and Robinson, CPS. 
272). A mixture containing a-bromophenylacetyl chloride 
and bromide (2.9 g.; sec Fourneau and Nicolitch, Bull. Soc. 
Chim.^ 1232 (1928)) was added to diethoxy alanine (1.9 g.) 
in sodium hydroxide (24.8 cc. of N) cooled to 0®. After 
shaking for thirty minutes the filtered solution was treated 
with 1.2 N hydrochloric acid (21 cc.) and the liberated oil 
isolated (ether) and extracted with boiling light petroleum 
(40-60®; 5 cc.) to remove a-bromophenylacctic aci<l. The 
residue was a pale yellow oil (3.2 g.). On standing with 
2,4-dinitrophenylhydrazine in dilute hydrochloric acid the 
product gave a yellow solid regarded as the 2,4-dinitro- 
phcnylhydrazone of a-bromophenylacetamidoacetaldehyde; 
it formed slender yellow needles after three crystallizations 
from ethanol. 

Calc, for CuHuOiN.Br: C, 44.0; H, 3.2; N, 16.0 
Found: C, 43.5; II, 2.9; N, 15.9 

2-Benzylidene*4-diethoxymethylpseudoxazolone (CPS. 
272). All ice cold solution of pyridine (20 cc.) in acetic 
anhydride (65 cc.) was mixed with the above acid (10.1 g.) 
and after three hours the solution was poured over crushed 
ice. The product was extracted with chloroform and the 
solution after washing with aqueous bicarbonate was dried 
and passed through a short column of acid-washed (pH 5) 
alumina. Evaporation of the filtrate gave the pseudoxazol- 
onc as a light brown oil (4.8 g.). 

Calc, for CuHi 704 N: C, 65.5; TI, 6.2; N, 5.1 
Found: C, 65.6; il, 6.4; N, 5.0 

Ethoxyl values were low but this has been observed with 
other acetals. 

^^Dehydrobenzylpenicillin” (Newbery and Raphael, CPS. 
S78). (a) Diethoxyalanine (12 g.) in N sodium hydroxide 
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(160 f*c.) was treated dropwise, with stirring and cooling, 
with a-chloroplHM\ylacetyl chloride (13.3 g,); after another 
thirty minutcK stirring the solution was washed with chloro¬ 
form and acidified. A dried ethereal solution of the result¬ 
ing nil was treated with a slight (‘xet'ss of ethereal diazo- 
m(‘thane (shaking and cooling^ and the solvcmt removed. 
Distillation gave 12.6 g. (5!)^’6) of mt‘thyl «-ehlorobenzyl- 
penaldate du'thyl acetal, b.p. 130 135” (batlO/5 X 10"* 
inni., 1.5130. On prolonge<l trituration with light 

petroleum (00-SO ) a .solid was obtained wdiich crystallized 
from the same solvent in tufts of needles, m.p 72 74”. 

Calc, for C^r.H=?Of,N(d: C, 55.0; H, 6.4; N, 4.1 
Found: (\ 55.‘»; IT, 6.5; N, 4.2 

The 2,4-dinitropheiiylliydrazone, made in the usual way 
wutli 6 X H('l, crystallized from ethanol in yellow needles, 
m.p 153 151” 

(’al(*. for ('isHir.flvXftCl: j\, 15.6 
Found: X, 15.5 

(b) The above acetal (3 3 g.) in glacial acetic acid (7 cc ) 
w^a.s treated with i»L-penicillaimne livdroehlonde nioiio- 
hyilratc {1.5 g ) and the mixture heated (.steam bath) for 
tliirtA" miniito.s After being cooled the .solution wn.s slowly 
dropped mtf) dry ether (150 ec.), the inecipitated solid 
washed by d(*eantation with ether and eolleeted. The dry 
solid (2.83 g.) began to .sinter at 05° and decompo.sed at 110°. 
Attempts to recrystalhze it were unsuccessful. 

(’ale. for (\7ll220fiN,8Cl2.n2(): 

(’, 44.8; 11, 5 3; N, 6.2, Cl, 15.0 
Found* C\ 44.7; II, 5.5; N, 6.2, Cl, 14.8 

(<0 'rin* above hydroeliloride (10.52 g.) was treated with 
three efpiivalents (riO.3 ec.) of N NaOll and allowed to 
stand overnight. The ic(‘ cold solution was then neutralized 
slowly with 2 eipiivahuits (16.2 cc ) of X IlCl. The floeeu- 
lent jirecipitate was eolleettsi, washed with ice water and 
dri(*d in vacuo. The crude a-ehlorobenzyljieincilloic acid 
(5.2 g.) w'as a wdiite solid deeompo.sing with vigorous effer- 
veaeenee at 85-00°. 

Calc, for (’.ellisOhN^Sd: (\ 40.7; II, 5.0; N, 7.3 
Found: ( \ 50.6; H, 5.6; N, 7.4 

On treatment with mercuric chloride in alcohol tluTc w^as a 
vigorous effervescence and addition of water precipitated a 
mercury complex. The supernatant liquid was poured into 
alcoholic 2,4-dinitrophenylliydrazine sulphate and the re¬ 
sulting precipitate cry.stallized from glacial acetic acid to 
give yellow^ needles, m.p. 185-186’ undepressed by authentic 
a-chlorophenylacetamidoac('taldehyde 2,4-dinitrophenylhy- 
drazone, m.p. 185 -186°, prepared I)y acylating aininoacetal 
in pyridine and treating the oily product with dinitro- 
phenylhvdrazine. 

(Vc. for (’iJTuOsN^C’l: N, 17.0 
Found: N, 18.0 

(d) I’he crude penicilloic acid (5.2 g.) was treatetj with a 
mixture of pyridine (10.8 g.) and acetic anhydride (35.2 ee.) 
with sliakmg and cooling. After three hours at room tem¬ 
perature the dark mixture was poured into cold water, 
stirr(‘d until the acetic anhydride was decomposed and 
extract'd with chloroform, which was dried over sodium 
sulphate and evaporated in vacuo, leaving a dark gum whicli 
hardened on prolonged trituration with light petroleum 
(40-60°). Solution in ether and cooling to —50° yielded a 
pale yellow microcrystalline solid (1,6 g.; 36%) sintering at 
80°, m.p. 90 -95° (dec.). It was free from chlorine, 

Calo* for (\«Hi« 04 N 2 S: 

C, 57.8; H, 4.9; N, 8.4; M.W., 332 
Found: 

C, 57.6; H, 5.6; N, 8,2; M,W. (ebulUosoopic in acetone), 328 


The ultraviolet absorption spectrum showed a maximum at 
3,270 A (Km 16,600) and a minimum at 2,820 A. With 
ferric chloride the product gave a brilliant dark green 
coloration, unchanged after .six days and extractable by 
organic solviMits. A nitroprusside test was negative. The 
8ubstanc(‘ immediately d(‘colorized a solution of bromine in 
cliloroform; it dissolved with effervescence in sodium bi- 
carbonale solution and wuis precipitated unchanged by HC3. 
An ethereal solution gav(' no precipitate with ethereal H(1. 
After five hours in 2 N NaOll the compound was recovered 
unchanged on acidification. 

Ethyl «-(a'-Phenylchloroacetamido)-/3,j8-diethoxypropio- 
nate ((’opp, Duffin, Smith and Wilkin.son, CPS.S61). 

I )ictho\yalanine etliyl ester (5 g.) and anhydrous sodium 
carbonate (5.15 g.) W'i‘n' stirred in ether wdiile phenvlchloro- 
acetvl chloride (4.6 g.) W'lis arldcil at 5° iluring one hour. 
After .•^tirrlng for one hour more, wat(*r was added; the 
ether Ijiyer was w'ashed twic(' wdth W'atcr, ouco witli cold 
dilute IK'l, twice with water, dried ((’af’ls) and ev^iporated. 
l{eer\.‘'tjillization of the resulting product from cyclohexane 
gave the ester in colorless needles, m.p. 45 47°. 

(’ale. for (^7H2406^C'l: 57.1; II, 6 7; N, 3.9; Cl, 9.9 

Found: C, 56 9; IJ, 6 9, N, 4.3; (’I, 10.0 

Till' 2,4-dirutrophenylhydrazoiie crystallizcal from alcohol 
or benzciu'm orange needles, m p 169-170” 

(^dc. for (’,Jlis 07 Nf>Cl: (\ 19.2; H, 3.9; N, 15.1; C\. 7.7 
Found: C, 49.8. 11, 4.25, X, 15.1, Cl, 7.1 

Ozonolysis of “Dehydrobenzylpenicillin” (Newbery and 
Uapha<‘l, CJ*S./f7S). A solution (►f the “dehydropcnicillin ” 
(100 mg ) in glacial ac(*tic acid (2 cc.) was ozonizi'd On 
treatment with alcoholic 2,4-dinitropheuylh\<lrazine sul- 
phat(‘, only a few' mg. of glyoxal dnntrophfmylosazone were 
obtained. In a paralhd experiment using 4-methyl-2- 
benz> lid<‘n(‘pseudc)xazolon(‘ (100 mg ), benzaldehydc 2,4- 
dinitrophenylhydrazone (48 rng,; 32^',) w'as ()})tamed; m.p. 
and mixed m.p. 237-238° after er>.siallizati()ii Irom glacial 
acetic acid. 

Attempted Reduction of ‘‘Dehydrobenzylpenicillin** {CPS. 
47S)- Treatment of tin* compound (a) w'ith aluminium 
amalgam in ether, (b) with sodium amalgam and acetic acid, 
(c) with zinc dust and cold acetic acid, (d) witli iron powder 
and acetic acnl at 90°, (e) electrolytically (sodium bicarbon¬ 
ate; mercury cathode) gave largely unchanged substance 
w'ltb methods (a), (b), (c) and (e); (d) gave a little dark oil. 
All hydrogi’nntions failed throiigli poisoning of tlie catalyst. 

“n-Dehydrobenzylpenicillin” (Pfizer, PJt). (a) Methyl 
o-chlorobenzylponaldate diethyl ac(‘tal was prepared as de¬ 
scribed above (p. 796). The jiroduct without distillation 
w^as crystalliziai from light petroleum, giving tufts of 
needles, m.p. 98°. 

(’ale. for (’,6H220,Nn: (\ 55.9; II, 6.4; N, 4.1; (1, 10.3 
Found: C, 56.0; H, 6.5; N, 4.2; (’I, 10.3 

The 2,4-dinitrophenylhydraz(me had m.p. 155-156°. 

(Vile, for CVJIioOyNfcCl: C, 48.1; 11, 3.6; N, 15.6 
Found: C’, 48.2; H, 3.7; N, 16.1 

(b) The above ester W’as converted in the manner de¬ 
scribed above (but using D-penicillarnino hydrochloride) to 
a-niethyl D-chlorobenzylpenicilloate hydrochloride, which 
sintered at 120° and decomposed above 140°; [a|ij -f-67° 
(c « 2 in methanol). 

Oalc. for CnHajOfiNaSCU, H 2 O: 

0, 44.8; H, 5.3; N, 6.2; S, 7.0; Cl, 14.5 
Found: C, 45.1; FI, 5.5; N, 6.2; S, 7.9; Cl, 14.6 

(c) The above ester hydrochloride was saponified as de¬ 
scribed on p. 796. The crude chlorobeiizylpenicilloic acid 
decomposed at 120° 
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Calc, for C,«Hi 90 fiN 2 S( 31 : 

0, 49.7; H, 4.9; N, 7.2; S, 8.3; Cl, 9.2 
Found: 60,6; H, 5.3; N, 7.3; S, 8.9; Cl, 4.8 

The C, H, and N values check closely with those describi'd 
for the nn-eonipouiid (above; p. 796), but the sulphur and 
chlorine values, which were not reported for the racemic 
aubstauce, show much loss of haloRim. 

(d) The crude n-a-chlorobenzylpenicilloic acid (4 g.) wins 
slowly added to a cooled rnixtiin' of j)yridine (S.3 g.) ami 
acetic anhydride* (27 cc.) with vigorous shaking. After 
three hours at room temperature the mixture was worked 
up as described on p. 796. No crystalline product could be 
obtained. 

(e) Ethyl a-chlorobenzylpenaldate diethyd acetal (see 
above) was pr(*pared by acylation of /3,/i-diethoxyaIanitie 
ethyl ester by the chloroform-sodium bicarbonate procedure. 
The product after three crystallizations from light petroleum 
had m.p. 68-69''. 

Calc, for (\jHuO!>NC1: C, ,57.1; H, 6.7; N, 3.9 
Found: C, 57.1; II, 6 . 8 ; N, 3.9 

The 2,4-dinitrophenylhydrazone melted at 170 171°. 

Calc, for CioHisOtN^CI: (\ 49.2; II, 3.9, N, 15.1 
Found: (', 49.1; 11, 4.0. N, 15 2 

(f) This ester was converted to «-(‘thvl o-cldorobenzA I- 
penicilloati' hydrochloride by the m(‘tliod deseribed above 
(p. 796); the product had +65 (c — 2 in methanol), 
sintered at 90 95” and decompost‘d at 133-136”. 

Ckilc. for ('isH 24 C 11 N 28 ( Lyll^O: 

C, 46 1; H, 5.5, N, 6 . 0 ; S, 6 . 8 ; (3, 15.1 
Found: (\ 45.7; H, 5 6 , N, 6 . 2 , 8 , 8 . 0 ; (3, 14.0 

(g) '‘Phis est(*r hydrochloride vas .saponified as described 
on p. 796, and this turn* then* was h*s.s los.s of halogen The 
produet, erude eldorobenzvljieiucilloie aeid, sintered at 
90-95” and decomposed at 120 125 , 

C^ale. for r„Hn.Or,\,S(3: 

(\ 49.7; n, 4.9, N, 7 . 2 , S, 8.3: (3, 9.2 
Found: C, 50,0, IT, 5.4; N, 6.9; S, 8.9; (3, 7.0 

(h) This product \va.s trcatcil with pyTidinc-acctic an¬ 
hydride and worked up as on p. 796, but the crude “de- 
hydrobeiizylpeuicilhn ” could not b<* crystallized from ether. 
Instead, it was dissolved m sodium liicarbonate .solution and 
the solution (bone-ldack) treated at 5” with djluti- hy’dro- 
ehlorie acid. 'Phe product was collected (2.7 g. from 5 2 g 
penicilloie acid ) and dried; it sintered at 95 100 ' and decom¬ 
posed at 115-120”. It contained no luilogt*n and gave a 
dark green Fi'C'b test; it decolorized bromine in chloroform. 
The analy.siH suggested a “dehydropenieillinjilus one 
molecule of water. This w’ater could not bo removed at 50” 
in a high vacuum. 

('ale. for Ci 6 TIi 80 ,N 2 S: 

C, 54.9; H, 5.1; N, 8.0; S, 9. 1 ; neut. equiv., 350 
Found: C, 64.8; H, 5.2; N, 7.4; S, 9.0; nciit. equiv., 305 

[a]D was 4-25” (c « 1 in sociiuin carbonate). Th<» ultra¬ 
violet absorption spectrum showed a nuixiimim at 3,280 A 
(Km 12,600) and a minimum at 2,790 A (Km 1,650). Another 
specimen of the product (sintered at 95”, 115-120” (dec.); 
neut. equiv., 376; Wu** “ +27”; Km 12,0(X) at 3,275 A) was 
treated with ethereal diazomethane and three fractions ob¬ 
tained by adsorption on alumina; the acid recovered by 
saponification showed diniinished absorption at the 3,280 A 
maximum. An attempt to purify the original acid by 
chromatography (chloroform-alumina) gave material un¬ 
changed in neut. equiv., rotation and ultraviolet absorption. 

Dimethyl D-<a(*Chlorobenzylpenicilloate (P.S^). Methyl 
cMshlorobenzylpcnaldate diethyl acetal (3.5 g.) was heated 
with D*penicillamine methyl ester hydrochloride (2 g.) auid 
acetic acid (7.7 cc.) for thirty minutes on a steam hath. The 


product was poured into a mixture of chloroform (150 cc.) 
and sodium bicarbonate (20 g.). Then water (100 cc.) was 
added; the chloroform layiT was evaporated in vacua and 
the residue dissolved in methanol (7-8 cc.). On refriger¬ 
ating overnigfit thi* ester (O.f) g.; m.j). 125-127^) separated. 
Recrystallization from inetlianol gave 0.6 g., m.p. 126-127”, 

Calc, for C,«ll230,N2S(3: 

(\ 52,1; IT, 5.0; N, 6.8, S, 7.7; (3, 8.6 
Found: (', 52.3; H, 5.6; N, 6.6; S, 7,9; (3, K.9 

The product had +94" {c *= 0.4 in methanol). On 

treatment willi pvrjdine-aeetic anhydride it gave* a mixture 
from which only unchangi'd material could hi* isolated. 
Attempts at sapoiiifii^ation were also unpromising 

Ethyl CK-Phenylchloroacetamidoacetoacetate (Newdiory 
and Raphat*!, (75S’.4/'<V). A mixture of (dhyl «-aminoaccto- 
acetate hydrochloride ^50 g.) and Ixmzcne (500 cc,) with 
plumyIchloroucetyl chloride (50 g.) was refluxctl until no 
more 11(3 w^as evolved (aliout five hours). The benzene 
solution was washed witli water and then wuth sodium 
bicarbonate solution, dried (MgSOt) and ('vaporated. Dis¬ 
tillation gfiv(‘ a viscous pah*-vcllow hquid, b.p. 135* 140^ 
(bath)/10~2 mm., •which solidifi(‘d (Newbery, Nuieham and 
Raphael, CPSJn/^). ('rvstallization from cyclohexane gave 
the ester in lU'edh's, m.p. f)7 68". 

(ale. for (34llir.OiN(3: (\ 56.5. II, 5.1. X, 1.9 
Found: (’, 56.6; II, 5 3. N, 1.9 

Tlic 2,4-dmitrophciiylfiydrazonc, made in alcoholic sulphuric 
acid, crystalliz(*d from acetic acid 111 yellow^ nf*edlcs, m.p. 
190-191* . 

('ale. for (’.^oHaoOTXsC3: X, 14.7 
Found: X, 14.7 

The ester gave an in 1 (‘rise purple-red color with ferric 
chloride. Attempts to jirepare the acetal w'(‘re made, using 

(a) ethyl ortholorrnate and (‘tiianol with p-tolm*nesulphouic 
acid or ammonium chloride or ammonium nitrate as catalyst, 

(b) ethanohe H(3, (e) mcthanol-dinu'thyl siilphite-n(3. 
Methods (a) and (b) gave unchanged material whicli also 
WTts presimt in the mixture obtained by (c) (f(*rric chloride 
test). 

Attempt to Make a Thiazoline-Pseudoxazolone (Barltrop, 
Waley, F\ing; Abraliam, Hakcr, (3iain and Robinson, C}*S, 
fiJfi)). (a) A solution of sodium nitriti* (8.5 g.) in water 
(22 cc.) was added to a solution ol 2-(‘arh('thoxymethvl-4- 
earbomethoxy-5,5-dimethylthiMZoline (22 g.) (JWltrop; 

Abraham, Baker, ('hain and Robinson, CPS.JidS; see j) 885) 
in dioxan (80 cc ) and glacial actdic acid (8.5 cc.). After 
being shaken at room temperature for three hours in a 
stopjM'ied botth*, tin* mixture was poured into water. The 
colorI(‘ss 2-(«-oximinoearbethoxymethyl)-4-carl)()methoxy- 
5,5-dimethyIthiazoliuo (22.6 g.; m.p. 141-142”) was <*ollected. 
A sample separated from ehloroforrn-ligrimi in short colorless 
rods, m.p. 145”. 

(’ale. for ('iiHuOftXaS: 45.9; 11, 5.6; X, 9.7 
Found: C, 46.0; 11, 5.3; N, 9.3 

The substance W7i8 soluble in NaOH and in 11(3. 

(b) Tlu* oxirnino compound (3 g.) and aluminum amalgam 
(0.385 g.) were refluxed in ether (90 cc.) and ethanol (10 cc.) 
added gradually. After three hours the metal had dis¬ 
appeared. The solution was filtered from alumina and 
treated with a stdution of oxahe acid (1.5 g.) in dry 
ether. The oxalate of 2-(o-aminocarhethoxyinethyl)-'l- 
carbomcthoxy-5,5-diinethylthiazt>linc (2.6 g.) separated as a 
gel wliich crystallized on standing, m.p. 143” (dec.). A 
specimen separated slowly from butanol in microscopic 
colorless crystals, m.p. 148”. 

(’aJc. for C;nH,804N2S C) 2 H 2 () 4 : (\ 42.8; H, 5.5; X, 7.7; H, 8.8 
Found: (’, 42.7; H, 5.6; N, 7.7; S, 8.6 

It was sparingly soluble in water. 
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(c) Magnesium oxide (2.9 g.) was added to a suspension 
of the amino ester oxalate (7,2 g.) in water (40 cc.) and 
chloroform (00 cc.) cooled to —10®. Phenylchloroacetyl 
chloride (4 g.) wjis added in portions with vigorous shaking 
during thirty minutes. After filtration the aqueous layer 
was washed with chloroform and the dried chloroform ex¬ 
tracts evaporated together in vacuo. On triturating 
with ether, 2-(tf-phenylchloroaeetamidocarhothoxyinethyl)- 
4-carbomethoxy-5,5-(liinethylthiazohne (4.2 g.) crystallized 
and was collect(*(i and wastu'd with ether. It crystallized 
from chloroform-ligroin in colorless needles, m.p. 104®. 

Calc, for Ci»H„0*N,SCl: C, 53.4; IT, 5.4; N, 6.6 
Found: C, 52.5; H, 5.2; N, 6.2 

(d) This ester (4 g.) dissolved in ether (350 cc.), and 
water (0.2 g.), was addcid to potassium ethoxide (34.5 cc. of 
a solution of potassium (0.53 g.) in ethanol (3 cc.) made up 
to 50 ec. with ether). The brown solul was collected (1.6 g.), 
added to a cooled (0®) mixture of pyridine (3 cc.) and acetic 
anhydride (10 cc.); the mixture was kept overnight and 
poured on ice. A brown solid was obtained from which a 
small amount of microcrystalline material was secured by 
extraction (Soxhlet) with ether. 

Ethyl Phenylchloroacetamidomalonate (Newbery, Nine- 
ham and Raphael, CPS.67Jt). Isonitrosomalonic ester 
(200 g.) was reduced with aluminum amalgam in ether. 
The crude ethyl aminomalonate was shaken with sodium 
bicarbonate (152 g, in 2 lit. of water) and phenylchloroacetyl 
chloride (107 g.) added in small portions with vigorous 
shaking, ice being added to maintain the temperature at 
about 25®. Next day the mixture was extracted with 
chloroform; the dried extract on evaporation left an oil 
which soon crystallized. Rocrystallization from cyclo¬ 
hexane gave needles, m.p. 94-95®, of the ester (92 g.; 31 %). 

Calc, for CuHuOsNCl: N, 4.3; (n, 10.8 
Found: N, 4.3; Cl, 10,6 

Attempts to form a thiazoline by condensing the ester with 
DL-penicillaminc methyl ester at 180® gave an oily product 
which was not the thiazoline. In boiling xylene little 
interaction occurred. Saponification of the ester and treat¬ 
ment of the crude half-ester with acetic anhydride and 
pyridine gave an intractable product. 

Ethyl Phenylchloroacetamidocyanoacetate (Bkrltrop, Waloy, 
King; Abraham, Baker, Chain and Robinson, CPS,6J!^9), 
Oximinocyanoacetic ester (21 g.) was reduced with aluminium 
amalgam (Bentley, Catch, Cook, Heilbron and Shaw, CPS, 
267; see p. 725). The crude amino ester in chloroform 
(150 cc.) was cooled to —10®, treated with sodium chloride 
solution (20 cc. of 10%) and magnesium oxide (3 g.), and 
phenylchloroacetyl chloride (14.5 g.) dropped in with stir¬ 
ring over thirty minutes. After a further thirty minutes 
stirring at room temperature, hydrochloric acid was added 
and the ester isolated from the chloroform; 19.5 g., m.p. 84- 
87®, after trituration with ligroin. Recrystallization was 
effected by dissolving in hot chloroform, adding ligroin to 
turbidity and then ethanol to clear the solution; this gave 
12 g., m.p. 92-95®. Recrystallization from aqueous ethanol 
gave a specimen m.p. 109-112® (sintered at 100®). 

Calc, for C„Hi,OjN,Cl: C, 55.6; H, 4.6; N, 10.0 
Found; C, 56.4; H, 4.6; N, 9.7 

Ethyl (a-acetoxyphcnylacctamido)cyanoacetato was pre¬ 
pared in the same way, using acetylmandelyl chloride; two 
recrystallizations from methyl acetate-ligroin gave acicular 
plates, m.p. 114-115®. 

Calc, for CuHieO.N,: C, 69.2; H, 6.3; OEt, 14.8 
Found: C, 59.5; H, 6.3; OEt, 14.3 

oc-Phenylacetylalaninepyridinittm Bromide (King, Waley; 
Abraham, Baker, Chain and Robinson, CPS,491 ). N-(Phen- 
ylbromoacetyl)alanine (3 g.) and dry pyridine (3 cc.) were 


heated on a steam bath for ten minutes. After addition of 
acetone (10 cc.) the sticky product was collected, washed 
with warm acetone and recrystallized from ethanol-ether 
(1.9 g.). On further crystallization the pyridinium bromide 
was obtained as fine needles, m.p, 206® (dec.), readily solu¬ 
ble in water and ethanol. 

Calc, for CieHjTO.NaBr: C, 52.6; 11, 4.7; N, 7.7; Br, 21.9 
Found: C, 53.0; H, 4.9; N, 7.7; Br, 21.6 

On addition of the salt (0.6 g.) to pyridine (2.5 cc.) and acetic 
anhydride (5 ec.) at 0° a red solution slowly formed. Next 
day the solution was poured on ice and the product (0.11 g., 
44%) identified as 2-benzylidcne-4-methylp8eudoxazolone, 
m.p. and mixed m.p., 110-112®. 

2-Benzylidene-4-methylpseudoxazolone {CPS.491), (a) 

Mandebflalaninc: Acetylmandelyl chloride (15.9 g.) was 
stirred into a solution of alanine (6.6 g.) in N sodium hydrox¬ 
ide (170 cc.) cooled to 0®. The oil (15 g.) liberated by 
acidification was hydrolyzed by keeping for two hours in 

l. 5 N sodium hydroxide; acidification gave mandelylalanine, 

m. p. 141 U2® after crystallization from ethyl acetate 

(Fischer and Schmidlin, Ann.^ (1905), gave m.p. 

142-145®) 

Calc, for Chill„ 04 N: C, 59.2; H, 5.8; N, 6.3 
Found: C, 58.7; H, 5.8; N, 6.2 

Mandelvlnlanine was also obtained (Copp, Diiffin, Smith 
and Wilkinson, CPS,5^7) by hydrolysis of N-(phenyl(;hloro- 
acetyUalaiiine with hot water according to the procedure of 
F^isciier and Sehmidhn. N-(Plieuylchl()roacetyl)alanine on 
treatment in dry ether with diazornethane yie]d<‘d the methyl 
ester; prisms from light petroleum, m.p. 65®. 

Calc, for CriHuOsNCi: C, 56.3; H, 5.6; N, 5.6 
Found: C, 56.4; II, 5.7; N, 5.7 

When the acylation of alanine bv acetylmandelyl chloride 
was carried out in N .sodium carbonate {(^PS.547)j it was 
possible to isolate N-(0-acetyhnandelyl)alanine as the 
benzylammonium salt (i>repared by precipitation of the acid 
with benzylamiae from an ethereal solution containing 2 % 
of alcohol, and purified by repeated crystallization from 
alcohol), m.p. 157.5-158®. 

Calc, for C 2 oH* 405 Nj: N, 7,5 
Found: N, 7.1 

From this the free acid was obtained (CPS,54'7); clusters 
of prisms, m.p. 124-125®, from benzene. 

Calc, for CuHuOftN: N, 5.3; neut. equiv., 265 
Found: N, 5.6; neut. equiv., 256 

(b) 2-Benzylidene-4-methylp8eudoxazolonc was obtained, 
and identified by mixed m.p., in the following ways: 

(i) {CPS,491,) A mixture of mandelylalanine (0.46 g.), 
pyridine (1.5 cc.) and acetic anhydride (5 cc.) was kept 
at —5® for five and one-half hours and then poured on ice. 
The solid product (0.13 g.; 34%) gave the pseudoxazolone 
m.p. 106-107® on crystallization from light petroleum. 

(ii) {CPS,647,) Acetylmandelylalanine was treated in 
the same way. 

(iii) {CPS.491,) Mandelylalanine (0.46 g.) was shaken 
with potassium carbonate (2 g.) and acetic anhydride 
(5 cc.) for thirty minutes and then poured on ice; crude yield 
0.16 g. (40%). 

(iv) {CPS.491,) Phosphorus tribromide (0.4 cc.) in 
chloroform (4 cc.) was added to a chloroform solution (15 cc.) 
of mandelylalanine (0,55 g.) and pyridine (1 cc.) cooled to 
— 10®. After one hour, the solution was washed with bi¬ 
carbonate, then water, dried, evaporated and the residue 
extracted with hot light petroleum, giving a small yield of 
pseudoxazolone. 

(v) {CPS,491.) The pseudoxazolone was also shown to 
be formed in aqueous solution; Phenylbromoaoetylalanine 
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(0.57 g.) in N sodium hydroxide (3 cc.) was acidified with 
acetic acid, and acetic anhydride (2 cc.) and pyridine (0.1 cc.) 
added. The mixture was warmed to start the reaction, 
then cooled and diluted with water, giving the oxazolone 
(0.24 g.; 65%), ra.p. and mixed m.p. 110-112°. In this 
connection it was found that 2-phenyl-4-bcnzylidene-5- 
oxazolone could be prepared (42% yield) by adding acetic 
anhydride to a mixture of hippuric acid, benzaldehyde and 
2 AT aqueous sodium hydroxide. 

(vi) (CPS.491.) The pseudoxazolone was also isolated 
in small yield by the following novel method: A solution of 
N-phenylacetylalanine (1.04 g.) in acetic anhydride (7 cc.) 
was warmed (steam bath) for ten minutes and then cooled 
and treated with pyridine (2 cc.) and bromine (0.25 cc.). 
After thirty minutes at 0° and working up as usual the 
product had m.p. 106-108° (from ethanol). 

2-Benzylidene-4-(/3-carboxyethyl)pseudoxazolone (CPS, 
491 ). Glutamic acid was treated by the Schotten-Baumann 
procedure with either phenylchloroacotyl chloride or phenyl- 
bromoacetyl bromide; in the first instance the mixttire was 
acidified with acetic acid and treated with acetic anhydride; 
in the second, the crude acylated acid was isolated and 
triturated with ether, then treated with pyridine-acetic 
anhydride. Tlie former process was the better; from glu¬ 
tamic acid (3 g.) and phenylchloroacetyl chloride (2.7 g.), 
1.3 g. of product was obtained. The pseudoxazolone after 
crystallization from aqueous ethanol had m.p. 142-143°. 

Calc, for C„Hii 04 N: C, 63.7; H, 4.5; N, 5.7 
Found: C, G3.2; H, 4.6; N, 5.7 

Reactions of Hexenoylalanine (CPS.JJ47). N-(2-Hexenoyl)- 
alanine was prepared by Schotton-Baumann acylation of 
Diwilanine with 2-liexenoyl chloride, and crystallized from 
boiling water; m.p. 151° (colorl(‘.ss prisms). The yield was 
8 g. from 10 g. of alanine. 

Calc, for C,HuO,N: C, 58.4; II, 8.1; N, 7.5 
Found: C, 58.4; 11, 7.9; N, 7.9 

The methyl eater, prepared by means of ethereal diazo¬ 
methane, had m.p. 44° before and after vacuum sublimation. 

Calc, for CioHnOaN: (', 60,3; II, 8.6 
Found: C, 60,2; H, 8.6 

Tlie benzylamide was obtained by heating the ester with 
excess bcnzylamine at 200° for five minutes; after pouring 
into light petroleum, keeping at 0°, decanting the solvent and 
crystallizing first from cyclohexane and then twice from ethyl 
acetate, it formed slender colorless prisms, m.p. 156-157°. 

Calc, for Ci.HasOzN,: C, 70.0; H, 8.1 
Found: C, 70.0; H, 8.0 

When hexenoylalanine was heated at 100° with 10 parts of 
acetic anhydride and the mixUire evaporated in vacuo^ a 
gum was obtained which could not be purified. On being 
heated with water it gave a gum completely soluble in sodium 
carbonate. The original gum (2 g.) was treated with benzyl- 
amine (5 cc.); the vigorous reaction was moderated some¬ 
what by cooling and the mixture then left for twenty-four 
hours. A neutral product was obtained by crystallization 
from toluene, m.p. 148°. After repeated recrystallization 
from benzene, then ethyl acetate, it was obtained in slender 
prisms, m.p. 158-159°; the mixed m.p. with hexenoylalanine 
benzylamide was 157-158°. 

Calc, for CiiHaaOaN,: C, 70.0; H, 8.1; N, 10.2 
Found: C, 69.2; H, 8.0; N, 10.2 

Reaction of 2«Benzylid6ne-4-methylp8eudoxazolone with 
Aniline and Methanol (Merck, M,76). A solution of the 
pseudoxazolone (187 mg.) and aniline (93 mg.) in methanol 
(4 cc.) was refluxed for ten minutes. Concentration indi¬ 
cated the presence of much starting material. The volume 
wae again brought to 4 cc. with methanol, a small drop of 


N-ethylpiperidine added and the refluxing resumed for ten 
minutes. The solution was chilled after some concentration 
and a product (110 mg.), m.p. 120-123°, removed. Two 
rocrystaIJizations of this product from aqueous methanol 
raised the m.p. to 127-128°. The ultraviolet absorption of 
this product was like that of aniline. 

Calc, for Ci.HaoOaN*: C, 69.2; H, 6.5; N, 9,0 
Found: C, 69.3; II, 6.3; N, 9.3 

When the crude product, m.p. 120-123°, was treated with 
methanol, a very small quantity of material melting at 
215° (micro-block) remained undissolved. On admixture 
with the /3-lactam of a-pheiiylaeetamido-/8-anilinopropionic 
acid, m.p. 216° (micro-block), no depression in m.p. was 
observed. 

A mixture of the product m.p. 127-128° with methyl 
/?-anilino-a-phenylacetani idopropiona te (m.p. 127-128°) 

had m.p. 110°. The product m.p. 127-128° on warming 
with excess N sodium hydroxide (steam bath) gave phenyl- 
acetamide, ra.p. and mixed m.p. 154-155°. This amide was 
also obtained after hydrolysis with aqueous-alcoholic hydro¬ 
chloric acid. 

The product m.p. 127-128° (1 g.) was dissolved in dry 
ether (100 cc.) and dry hydrogen chloride passed in for 
three minutes. The resulting precipitate was collected and 
recrystallized by dissolving in methanol (35 cc.) and adding 
dry ether (200 cc.). On cooling, crystals of m.p. 85-130° 
(360 mg.) separated, which were di.ssolvcd in methanol 
(5 cc.) ami ether slowly added to give crystals of m.p. 197- 
198°, undepressed on admixture with aniline hydrochloride. 
Only phenylacetamide could be isolated from the mother- 
liquors. These experiments are consistent with the formula¬ 
tion of the product m.p. 127-128° as methyl a-anilino-a- 
phenylacctamidopropionate. 

Pseudoxazolone Color Reaction (CPS.4^1), The pscud- 
oxazolones XXXV (R =* C'H*and CH2CH2C02II) were each 
heated with potassium acetate and hydroxylamine hydro¬ 
chloride in ethanol for a few minutes, and the colorless 
solution cooled and diluted with watcT. Portions of the 
solution gave a green color with aqueous copper acetate and a 
red-brown solution with aqueous ferric chloride. Similar 
color reactions were obtained with a solution prepared from 
ethyl pyruvate and hydroxylamine. 

OPTICALLY ACTIVE OXAZOl^ONES 

Attempts to Prepare an Optically Active Oxazolone 

(Merck, M. 44\ (a) N-Benzoyl-L-p-methoxyphcnylalanine was 
dissolved in pyridine at 0° and phosphorus tribromide slowly 
added with stirring. The pyridine salts were precipitated 
with light petroleum and bcnzylamine added to the clear 
filtrate. The benzylamide which separated, m.p. 196-197°, 
had no optical activity in either bcnzylamine or glacial 
acetic acid. 

The methyl ester of N-beuzoyl-L-p-methoxyphenylalanine 
was prepared from the acid with methanol in the presence of 
acetyl chloride, and recrystallized from ether, m.p. 84-85°, 
(oId” —80° (c “ 2,0 in methanol). 

Calc, for C, 8 Hi» 04 N: C, 69.0; H, 6.1; N, 4.5 
Found: C, 68.5; H, 6.1; N, 4.6 

The amide and benzylamide were prepared by adding 
alcoholic ammonium hydroxide or benzylamine to the ester. 
The amide melted at 210-211°; —10.8° (c « 0.7 in 

ethanol). The benzylamide melted at 204-205°; [ajo** —17° 
(c «* 0.5 in glacial acetic acid). 

When N-ben zoyl-ii-p-m ethoxy phenylalanine was dissolved 
in a solution containing 50 % each of acetic acid and acetic 
anhydride and the mixture kept at 22°, the rotation dropped 
rapidly; after three and one-half hours it was 40% of the 
original value and after forty-eight hours it was zero. 

(b) The sodium salt of N-phcnylthioacctyl-L-p-methoxy- 
phenylalanirie was prepared by shaking an ether solution of 
phenyldithioacetic acid with a solution of L-p-methoxy- 



800 


OXAZOLONES 


phenylalanine in 10% sodium hydroxide, and keeping the 
mixture at room temperature for four hours, when the salt 
crystallized; it was rccrystallized from water by addition of 
saturated sodium chloride 8oluti(»ii. Th(» crystals wore 
hydrated, m.p. 70-75°, but readily lost water at reduced 
pressure to give the anhydrous, hygroscopic salt melting at 
225-227"; +185" (c - 1.0 in ethanol). 

Calc, for (\sfli«03N8XH: (\ (>1.5; H, 5.2; N, 4,0 
Found: C, (>0.0, H, 5.3; N, 4.2 

An ether solution of tlie free acid was prepared ])y acidifica¬ 
tion and extraction of an aqueous solution of the sodium salt, 
[aln*''* 1 11*-^^ (t* = 1.0 in etlier). This solution (50 cc., 

from 0.5 g. sodium salt) was shaken with silver oxid(‘ (2.0 g.) 
for hv(‘ hours 'Fhe silver compounds were then rem(»ved; 
the filtrate had +55° (e = 1.0 in etlier). To part of 

this solution was added pifieridinc* and to another part 
sodium ehloride and sodium hvdroxide .solutions. When 
wat('r was addi*d to the piperulint' solution «“phenylaeet- 
amido-d“Un-p-methoxyphenylpro])ionylpiperidirie separated, 
rn.p. after recrystaUization 175"; mixed m.p. with an au- 
iheutie sample (m.p. 177°) was 170-177°. From the other 
solution the .sodium salt of N-phenylthioaeetyl-L-p-methoxy- 
pheiiylalanine separated, laji>*® 4*175° (e «= 1.0 in ethanol) 
A solution of N-phenylthioaei'tyl-L-p-niethoxyphenvl- 
alanine (from 2.0 g. sodium salt) in benzene (125 ee ) was 
refluxed for tw’o hours with silver oxide (8.0 g.). l'h(» filtered 

solution was evaporated i7i vacuo and the residue taL<‘ii up in 
ether (25-30 cc.). Upon cooling a gelatinous pieeipitati 
separated which could be recrystallized bv dissolviug in 
acetone and adding water; m.p. 125-127', 0 (e ~ 0 0 

in acetone). It eoiitained sulphur and was not .soluble in 
sodium carbonate or sodium liydroxide. 

Found: C, 65,2, H, 5.3; X, t 6 

With benzylamine .'it room temperature* overnight it gave a 
substance m.p. 165-166° (from ethanol). 

Calc, for C2oH2f.02X,S: (’, 71.7; H, 6.3, N, 6.7 
Found: (\ 72.0; H, 6,3; X, 6.7 

Another compound m.p, 165-l(i6" (mix(*d m.p. with previous 
compound 140-145°) was prepan*d in the .same way bv 
reaction with piperidine. 

Found: (^ 71.3; H, 7.3; N, 7.2 

The nature of these* compounds is unknown. 

N-Pheny I thioacctyl-L-p-m ethoxy phenylalanine was 
warmed for ten miiiute.s on a steam bath with acetic anhy¬ 
dride. The resulting thiazolone, an oil, wa.s optically 
inactive in ether and on treatment with piperidine gave N- 
phenyJthioacotyl-Dr.-p-methoxv])henylalanine piperidide, 
m.p. 180-181°. 

Calc, for CajHasOaX^S: (\ 00,7; 11, 7.1; N, 7.1 
Found: (\ 69.8; H, 7.2; N, 7.4 

With benzylamine tlu* corr<*.spondiiig benzylamide was 
formed, m.p. 171 -172°. 

Calc, for C'isHzeOiXjS requires (\ 71.7; H, 0.3; N, 6.7 
Found: (', 72.2; H, 6.1; N, 7.2 

When phosphorus tribromide was added to a dioxan .solution 
of N-phenylthioaeetyl-i.-p-methoxyphenylalamne a white 
precipitate was obtained which after collecting and treat¬ 
ing with piperidine gave the above DL-piperidide, m.p. and 
mixed rn.p. 180-181°. 

l-Acetyl-2-thio-6-isobutylhydantoin (Squibb, S.3^). A 
mixture of L-leucine (1.0 g.), ammonium thiocyanate (1.0 g.), 
acetic anhydride (4.5 ce.) and acetic acid (0.5 cc.) was heated 
on a steam bath for thirty minutes. Cradual addition of 
water (25 cc.) precipitated crystals (1.62 g., m.p. 120-124°) 
which after two r<*crystallizations from 25% ethanol had 


m.p. 128.5“130° (1.19 g,), Mu +21.2° (in absolute ethanol). 
This preparation w as probably partly racemized, judging by 
the high rotation of the corresponding benzoyl compound. 

Cale. for CJIuO-iNiS: C, 50.4; II, 6,6; N, 13.1 
Found: C\ 50.6; H, 6.1; N, 13,1 

l-Benzoyl-2-thio-5-isobutylhydantoin (SM), (a) The 

racemic thiohydaiitoin was obtained from benzoyl-DL- 
leueme (2.51 mg.), ammonium thiocyanate (05 mg.) and 
acetic anhydride (1 cc.; containing 10% acetic acid) by 
keeping the mixture at room temperature for nineteen hours. 
The crude product (247 mg., m.p. 1.50-164°) w^as recrystal¬ 
lized twice from 50%* ethanol (100 mg., m.p. 168-160°). 

('ale. for C, 60.8; H, .5.8; N, JO.l 

Found: (\ (iO.O; II, 6.0; N, 10.1 

When the experiment w*as carried out in the same way on 
benzoyJ-ii-leucine (040 mg.; m.]>. 106 107°; fnrli) +12° in 
0.5 vV NaOII) the crude product (785 mg.; m p. 135'148°) 
had +70" in 05 Vt ethanol. Uecrystidlizatioii from 

ethanol (2ce.) yielded 146 mg., m.p. 16.5-167°, [afln’* ’ +124°. 
In three subsequent reeryslalhzstions the rn.p. did not 
change nniterially; [«]i) vahi(*s were eonseontively 4 00°, 
4 121 ’, 4 108°. 

(b) A mixture of 2-plienyi-4-isobutyl-.5-oxazolone (217 
mg.), ammonium thioevaiiate (08 mg.) and acetic anhydride 
(I ee , containing 10‘4/ ae(‘tu* aci<l) was kept overnight. 
The twice reerystallized product (180 mg., 68.5 yield) 
melted at 1()8.5 1(>0.5‘, undepressed by mixing with the 
racemic Ihiohydantoin from ben zoyl-i>n4(*u cine. When 
acetie aeid (1 ec.) was used as thi* solvent, tlie yield of twdee 
reervstallized product, m.p 168 5 160.5", W'as 47.5The 
use of 3 ee. of acetic anhvdridi* (without acetic acid) as the 
solvent yielded a less pure* product (tiirici* reerystallized, 
m.p. 167-168°, 50%). llow’c'vc*?-, when the reaction period 
for this modification was shortened to one hour, the crude 
product melted at 166-160.5 and tin* yield of twice re- 
erystallizeii compound (in.)) 168-170°) was 68%. When 
dry ethyl acetate (w itliout acetic aeiii) was used, the reagent 
went into solution on m(‘ehameal shaking overnight, but 
the yieJil of thrice reerystallized product (m.p. 163-165°) 
w'as only 11.3%. Reaction took place in acetone wdth or 
without acetic acid; yields ol once reerystallized material 
w'cre 25 % (w ith) and 28 * t (w it hont), after react ion periods 
of one hour and threi* hours respectively. 

l-Phenylacetyl-2-thio-4,4-dimethylhydantoin A 

mixture of 2-benzyl-4,4-diinethyl-5-oxazolojne (227 mg.) and 
ammonium thiocyanate (112 mg.) in acetie anhydride 
(1.0 ee.) was kept for one hour at room temperature. The 
crude product (107 mg., sintering at 110°, m.p. 154-166°) 
after tw'o reervstallizations from 50% ethanol gave the 
thiohydantoin (82 mg., 20%), m p. 110-121°. 

Calc, for ('uIImOsNoS: X, 10.7 
Found: N, 10.5 

Rotational Changes of N-Acylated n-Leucine in Acetic 
Anhydride {S.S4), (a) Benzoyl-L-lcucine (235 mg.) was 

dissolved in acetie anhydride (5.0 cc. of solution). A por¬ 
tion of the solution was used to follow tlie changes in rota¬ 
tion (2 dm. tube). From the remainder, 0.10 cc. aliquots 
were withdrawn at intervals for determination of Em at 
2,430 A as a measure of the total oxazolone formed. Since 
acetic anhydride shows considerable absorption in that 
region, it was eliminated by adding the samples to ice water 
containing 1.1 equivalent of sodium bicarbonate. The 
oxazolone which separated in solid form was ret*overed by 
ether extraction, the ether solution washed with water, dried 
and diluted to the requisite volume. That this procedure 
did not entail an appreciable loss of oxazolone had previously 
been shown by treating an accurately weighed amount of 
2-phenyl-4-isobutyl-5-oxazolone in the same manner. The ' 
Em value at 2,430 A was 16,500, which is practically identical 
with the value (16,800) previously determined for this com- 
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Figure 1. A—N-benzoyl-L-leucine in acetic anhydride. 

B—N-benzoyl-L-leucine in acetic anhydride-acetone 1:1. 
C —N-bcnzoyl-L-lcucine in acetic anhydride-dioxan 1:1. 
D—N-phenylacctyl-L-leucine in acetic anhydride. 


pound in ether solution (see p. 802j. The extinction coeffi¬ 
cient at 2,430 A was found to change with time as follows: 


Time (hrs.)... . 

0.25 

1.25 

1.75 

2.5 

7 

25 

Km at 2,430 A . 

9,400 

16,500 

16,250 

15,500 

15,750 

15,500 

% Oxazolone... 

57 

100 

98.5 

94 

95.5 

94 


The absorption curve of benzoyl-leucine in ether shows a 
maximum at 2,250 A (Km 11,000). In the samples above 
there was no indication of selective absorption in this region; 
the bicarbonate evidently retained all the benzoyl-leucine 
present. Correlation of the data in the table above with 
the rotation curve A in Fig. 1 shows that conversion to the 
oxazolone was complete at the point of highest levorotation, 
and that the oxazolone concentration remained, after a 
slight initial decrease, unchanged while [ajo reverted to 
more positive values. It is clear that loss of optical activity 
here was due to racemization of the oxazolone and not to a 
side reaction. The experiment was repeated and gave a 
rotation curve practically coincident with curve A. 

(b) To a solution of benzoyl-tr-leucine (164.6 mg.) in dry 
acetone (0.6 cc.) was added acetic anhydride (0.5 cc.). The 
rotation curve B records the observations made. In the 
absence of ultraviolet data, no conclusion can be drawn 
except that probably much less levorotatory oxazolone was 
present at any time than in (a). 

(c) To a solution of benzoyl-L-leucine (100.7 mg.) in dry 
dioxan (1.0 cc.), acetic anhydride (1.0 cc.) was added. The 
rotation changes are recorded by curve C. The result may 
be interpreted as showing that the presence of dioxan re¬ 


duces the speed of racemization very markedly, and that of 
oxazolone formation onlj*^ moderately. This may account 
for the higher maximum of levorotation as compared with A; 
on the other hand, the difference may be due merely to the 
change of solvent. The experiment was repeated, but in 
addition the ultraviolet absorption changes were followed; 


Time (hrs.). 

0.17 

0.75 

1.76 j 

2 75 

Em (2,430 A) .. . 

3,650 

13,600 

15,500 

16,350 

% Oxazolone. 

22 

82 

94 

99.5 

Md . 

+0.85^* 

-32^ 

-5r 



Time (hrs.). 

4 

6 

24 

Em (2,430 A)....^. 

16,900 

15,500 

16,670 

% Oxazolone. 

102 

94 

96 

[«Id. 

-55° 

-47° 

-12° 


A similar experiment was performed with ethyl acetate- 
acetic anhydride (1; 1) as the solvent (c 5,0). The lowest 
value of [a]©, —35*’, was reached after two and one-quarter 
hours, and return to the zero point took only seven and 
three-quarter hours. 

(d) Phenylacetyl-L-leucine (200 mg.) was dissolved in 
acetic anhydride (to 25 cc.). The changes of rotation are 
shown in curve D. 

The fact that in all cases [a]© eventually became positive 
(in (d) the value was within the limit of experimental error) 
may indicate a minor side reaction, or alternatively may be 
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due to the presence of a nonracemizable dextrorotatory 
impurity in the benzoyl-n-leucine used. Tlie preparation 
had the correct analytical composition (C', H, N), but [a]© in 
0.5 N NaOH was +12°, whereas Fischer (/ier., 5^^,2370 
(1900)) reported +0.0°. "Fhe material used in the above 
experiments is called Sample A; another specimen (Sample B), 
[ctId*® +7.8°, oil treatment with acetic anhydride gave a 
final [alp of +3°, as against +7.4° for sample A. 

Isolation of L-2-Phenyl-4-isobutyl-5-oxazolone (JS.S4; 36), 
N-Benzoyl-L-leucine (Sample A) was dissolved in acetic 
anhydride-dioxan (1:1; 25 cr.); the rotation reached a mini¬ 
mum at —51° after three hours. At this point, the solvents 
were removed in vacuo (4 mm., bath at 35°), which required 
twenty minutes. The residue was shaken for a few minutes 
with ice cold sodium bicarbonate solution (15 cc. of 6 %) and 
extracted with ether. The ether was washed with cold 
bicarbonate solution (2X15 cc.) and twice with ice water, 
dried (NaiS 04 l and made up to 25 cc. with ether; fajp** was 
then —53° (assuming 100 % yield). The solution was taken 
to dryness in vacuo. The residue, aft(‘r drying in a vacuum 
desiccator (930 mg.; 86%) was dissolved in pentane and 
allowed to crystallize in the refrigerator. The first crop 
was removed after two hours (123 mg., m.p. 35-44°, [«]d” 
—49.0° (0.65% in ether)); the mother-liquor deposited an 
additional 70 mg. (m.p. 30-35°; —56.5° (c = 1.21 in 

ether)). With Sample B in dioxan-acetic anhydride (‘ight 
hours was required to reach the minimum ([ajp®^ —49.6°); 
the isolation was begun at five and one-half hours and the 
residue from the ether solution crystallized immediately 
(m.p. 47-52°, la|p2^ -21.1° in ether, Em 18,000 at 2,430 A). 
An earlier specimen of the oxazolone (m.p. 60-51°, [a)p 
— 15.1° in ether) was analyzed. 

Calc, for CiiHijOiN: 71.9; 11, 7.0 
Found: C, 72.1, H, 6.7 

When benzoyl-L-leucine was treated with acetic anhy¬ 
dride-dioxan (1:1) in concentrated solution (c »= 20), la]D*^ 
initially +8.9°, fell to zero in about four hours and was 
—0.2° after sixteen hours. The rotation showed no sharp 
minimum such as was observed in dilute solution and it is 
probable that no appreciable amount of L-oxazolone was 
present at any time. 

Reaction of L-2»Phenyl-4-isobutyl-5-oxazolone with 
Benzylamine and with Methanol (S.30). T^he crude oxazol¬ 
one (130 mg.), [alp —21.1°, was dissolved in ether and 
treated with benzylamine (0.08 cc.) in ether (5 cc.). After 
forty-five minutes the benzoyl-leuciiic bcnzylamide was col¬ 
lected (149mg., 77%; m.p. 144-146°, Wp« +1.2° (c * 0.785 
in 95% ethanol)). llecrystHllization from alcohol yielded 
89mg., m.p. 142-143° (clear at 147°), [alp« +1.3° (c « 0.367 
in 95% ethanol). 

Calc, for CjoH 2402N2: N, 8.6 
Found: N,8.7 

The crude oxazolone (272 mg.; [a]p —21,1°) was dissolved 
in dry methanol (5 cc.) and the rotation and complete 
absorption spectrum determined at intervals. The aliquots 
for the latter measurements were diluted with ether. A 
compensating cell with the same solvent mixture was used. 


The absorption spectrum of N-bonzoy 1-leucine methyl 
ester in ether shows a maximum at 2,250 A (Em 11,800). 
The twenty-four-hour value with the maximum at 2,350 A 
therefore represents composite oxazolone and ester absorp¬ 
tion. (Calculations based on the experimental value for Em 
at 2,430 A (10,000) show that at twenty-four hours the 
components wero in a ratio of roughly 1:1. The wave¬ 
length of maximum absorption, and the intensity, observed 
at 118 hours indicate substantially complete ester formation 
by that time. The ester (201 mg.) isolated after 118 hours 
by removal of methanol and precipitation of the residue 
from ether with pentane melted at 80-87° and had [ajp** 
+2.1“ (c « 0.48 in methanol). After two recrystallizations 
from ether-pentane the m.p. was 93 96° and [a|p** +0.5° 
(c = 0.855 in methanol). The optically active ester, pre- 
pa n*d from the same sample of benzoyl-leucine with diazo- 
metliane, had m.p. 96-99° raised by recrystallization from 
hexane to 100-102°, [alp*® —22.8° ( — 21.3° when crude) 
(c — 0.768 in methanol). Knrrer and Kehl (Helv. Chim, 
Acta. 13, 50 (1930)) reported m.p. 102°, [alp*® -21.14°, for 
the ( ompound prepared by benzoylation of leucine methyl 
ester The racemic ester melts at 95-96° (Max, Ann,, 36,9, 
276 (1909)). 

Azlactonization of N-Benzoyl-L-p-methoxyphenylalanine 

(S.36; 3S) L-p-Methoxypheny lalanine sulfate was benzoyl- 
aled according to Carter and Stevens (/. liiol, Chem., 138, 
627 (1941)); m.p. 133-135°, [alp*® -5.7° (c - 1.48 in 
absolute ethanol). Behr and (3ark(‘ (/. Am. Chert}. Soc., 
6U 1630 (1032)) gave |a|M«j='® -3.7° (c «= 1.5 in ethanol). 
The product (89.7 mg.) was dissolved in aectie anhydride- 
dioxan 1:1 (2 cc.). The changes of rotation were as follows; 


Time (hrs.). 

kip”. 

0.133 

4 19 r 

1 

-3.1° 

2 25 

2.5 
-13 4° 

Time (hra.). 

Wn”. 

4 

-10 7° 

6 

-6.9° 

1 

o 

24 

0° 


When attempts were made to obtain the opticaOy active 
oxazolone from the dioxan-acetic anhydride solution by 
working up the product at maximum levorotation as de¬ 
scribed for 2-phenyl-4-isobutyl-5-oxazolone, the ether solu¬ 
tion of the neutral product was optically inactive and the 
DL-oxazolonc, in.p. 82-83°, was isolated in yields up to 01 % 
of the theoretical. The benzylamidc prepared from the 
oxazolone melted at 198-200°. The methyl ester of 
L-p-methoxyphenylalaninc, prepared with diazoraethane, 
from the same specimen of acid as was used in the above 
experiments, had m.p. 86.6-87.5°, [a]p*® —42° (c «« 1.7 in 
methanol). The benzylamidc obtained from this ester 
melted at 201-204° and had [ajp*® —13° (c * 0.72 in acetic 
acid). 

Azlactonization of N-Phenylac6tyl<-L-p-methoxyphenyl* 
alanine {S,36; 38). The starting material was prepared 
from L-p-methoxyphenylalanine sulfate (conditions of Carter 
and Stevens; see preceding experiment) and had m.p. 
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For the isolation of the oxazolonc, the L-N-phonylacetyl- 
p-mcthoxyphenylalaninc was further purified by recrystalli¬ 
zation from hot water (about 400 cc. per g.); it then melted 
at 129-'130®; [a]u** +42® (c « 0.5 in ethanol). 

Calc, for CuHi.OiN; C, 69.0; H, 6.1; N, 4.6 
Found: C, 69.2; H, 6.2; N, 4.6 

This preparation (235 mg.) was dissolved in dioxan-ac<itic 
anhydride 1:1 (6 cc.). The specific rotation was +48“ after 
ten minutes and reached its lowest value, —80.2", after 
three and one-quarter hours. The Em at 2,260 A was 
3,130 after twelve minutes, 10,000 after one hour and then 
remained around 11,000 up to twenty-three hours (the 
starting material has a maximum at 2,750 A, Em 1,700, and 
a plateau at 2,150-2,280 A, Em 11,700). Isolation of the 
oxazolone followed the procedure given above for 2-phcnyl- 
4-isobutyl-5-oxazolone, except that the solvents were not 
evaporated before shaking with bicarbonate; the isolation 
was begun after two and one-half hours. The resulting 
ether solution had [«]»“ —120® (assuming 100% yield). 
A sample removed from the semicrystalline ether residue 
(150 mg., 84 %) and pressed on filter paper melted at 53 -67® 
and had [alp*® —98®. Recrystallization from ether-pentane 
yielded shiny needles, m.p. 69-71®, of n-2-benzyl-'l-p- 
methoxybcnzyl-5-oxazolone, —156° (c * 0.24 in 

ether). 

(^alc. for CisHnOiN: C, 73.2; H, 5.8; N, 4.7 
Found: O, 73.0; H, 5.9; N, 5.0 

''Iwo otlier preparations made in the same manner had 
m.p. 69-70®, -145®, and m.p. 70-72®, fab^a ..-102® 

respectively. 

Action of Acetic Anhydride on n-«-Phenylacetamido-/3,/5- 
dimethoxypropionic Acid (S,S0‘). The acid, m.p. 132-133®, 
I<y|D +24.2® (99.2 ing.) was dissolved in acetic anhydride- 
dioxan 1: J (2 cc,). The changers of rotation and ultraviolet 
absorption are given in the following table. The samples 
for absorption measiirenionts were merely diluted with ether 
(solvent mixture in c()mi)enHatiiig cell). 


Time (hrs.). 

0.10 

1.5 

3.5 

5 5 

a (1 dm.)... 

+0.93® 

+0 30^ 

+0 19' 

+0 12® 

Xmax. (A) . . .... 

2,G(K) 

2,050 

2,800 

2,800 

Em at max . 

225 

300 

900 

1,780 


Time (hrs.). 

10 

23 

48 

« (1 dm.). 

+0.05° 

+0.05® 

+0 05® 

Xmax. (A) . ... 

- 

2,820 

2,800 

Em at max. 

— - 

4,500 1 

1 

3,000 


It is evident from the changes of rotation that no optically 
active oxazolone was formed. The racemization was proba¬ 
bly due to rapid elimination of methanol and double bond 
formation, and from the spectrographic data it may be 
concluded that this reaction leads initially to a-phenyl- 
acetamido-/3-m ethoxy aery lie acid (max. at 2,400 A) which 
in turn is rapidly azlactonized to 2-bcnzyl-4-methoxy- 
mcthylene-5-oxazolone (max. around 2,800 A). 

L<*2*Benzyl*4-i8obutyl-6*oxazolone ( 8 . 40 ). N-Phenyi- 
acetyl-L-leucino (500 mg., m.p. 137-138®, [afe** --27® in 
95 % ethanol) was dissolved in acetic anhydride-dioxan 1:1 
(10 cc.). When the specific rotation had reached its most 
negative value, —60®, after four hours, the mixture was 
worked up without evaporation in the usual way (ether- 
bicarbonate). The ether solution had [afe** —72®, based 
on the weight of residue (400 mg.) obtained on evaporation. 
The oxazolone so obtained was an oil which could not be 
crystallized by chilling in pentane; bb** —45® (c 0.36 in 
etW). 


Calc, for CuHitOjN: C, 72.7; H, 7.4; N, 6.1 
Found: C, 72.4; H, 7.4; N, 6.2 

A preparation from another run had [ab —34® (c * 1.18 
in ether). 

The benzylamide of phenylacety 1-leucine, prepared from 
the oxazolone in good yield, melted at 125-126® and was 
optically inactive. 

Calc, for C 21 H 20 O 2 N 2 : C, 74.5; II, 7.7; N, 8.3 
Found: C, 74.9; H, 7.6; N, 8.3 

For comparison, N-phenylac(4yI-L-leucine benzylamide was 
prepared from the methyl ester (p. 786). A solution of 
the CHler (283 mg.) and benzylamine (0.5 cc.) was kept for 
two weeks. The product after three recrystallizations from 
methanol had m.p. 145-146®, [ab —44® (c =* 1.12 in 95% 
ethanol). 

Found : N, 8.4 

Treatment of L*2-Benzyl-4->p-methoxybenzyl-6»ozazol* 
one with Benzylamine (S.S8). An oxazolone preparation 
of [ab”^ —162® (45 mg.) was dissolved in dry ether (0.6 cc.). 
On addition of benzylamine (20% excess) in ether a heavy 
precipitate formed within a few minutes. This was col¬ 
lected (56 rng., (ali,*-’ 0®, m.p. 145-152®). By one recrystalli- 
zatiun from 95% ethanol, 43 mg. melting at 155-157® were 
obtained. Two subsequent rccrystallizatiotis from the same 
solvent and from ethyl acetate did not improve the m.p. 
materially (155-159®). 

(\alc. for C 25 H 2 f.OaN 2 : C, 74.6; H, 6.5; N 7.0 
Found: C, 74.8; H, 6 . 8 ; N, 7.5 

For comparison, N-phenylacetyl-;/-methoxyphenyIaIanine 
benzylamide was prepared from the optically active methyl 
ester. After two recrystallizations from 95% ethanol it 
had m.p. 176-177®. No optical activity was detected. 

Found: (\ 74.6; H, 6 . 8 ; N, 6.9 

Reaction of Optically Active 2-Phenyl-4-isobutyl-6- 
oxazolone with Thiocyanic Acid {S.S8), The oxazolone 
specimen, m.p. 47-52®, l^b^® —21®, had the same m.p. 
and lab®** -18® after storage in vacuum for a month 
at room temperature. The substance (217 mg.) and 
ammonium thiocyanate (91 mg.) were dissolved in acetic 
anhydride (1 cc.). Soon after the reagent liad dissolved 
completely (forty-five minutes) a heavy precipitate formed 
suddenly. This was collected and washed with ethanol 
(83 mg., m.p. 165-168®, [ab^® +46®). The m.p. of a mix¬ 
ture with l-benzoyl-5-isobutyl-2-thiohydantoin, m.p. 167- 
169®, [ab +100®, was not depressed. 

PART II. CHEMISTRY OF 
4-HETEROMETHYLENE.6-OXAZOLONES 

PREPARATION OP 4-HETBROMBTHyLENB-5-OXAZOLONE8 

2 -Pheny]- 4 -ethox 3 rmethylexie- 5 -oxazolone (Barber and 
Slack, CPS MSS), The following procedure appears to give 
the best yields. Hippuric acid (72 g.) and ethyl ortho¬ 
formate (60 g.) were heated for one hour under reflux with 
acetic anliydride (80 g.) (bath temp. 140-150®). Low boil¬ 
ing material was then removed (final bath temp. 135®) at 
10 mm. The dark red residue solidified easily on cooling 
and on triturating with ice-cold alcohol or light petroleum 
and a little alcohol gave the crude oxazolone (50-60 g.). 
After two recrystallizations from light petroleum (60-80®) 
the compound separated in rosettes of pinkish needles, 
m.p. 97-98®. The color could be completely removed by 
further crystallization (charcoal) or vacuum sublimation. 

Calc, for Ci,IInO,N: C, 66.5; II, 5.1; N, 6.5; EtO, 20.8 
Found: C, 66.3; H, 5.0; N, 6.6; EtO, 19.9 

Reaction with Maleic Anhydride (Merck, M,44). The 
oxazolone (1.04 g.) was heated under reflux with mahuc 
anhydride (0.472 g.) in benzene (5 ml.) for five minutes. 
The benzene was removed in vacuo and the residue was 
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crystallized from ether. The compound formed pale yellow 
prisms (548 mg.), m.p. 72-73®. The ultraviolet absorption 
was very similar to that of the starting oxazoloue. 

Calc, for CuHisOeN; C, 61.0; H, 4.2; N, 4.4 
Found: (\ 61.4; H, 4.2; N, 4.5 

2-Phenyl-4-methoxymethylene*5-oxazolone {MM). A 
mixttire of methyl orthoformate (9.4 g.), acetic anhydride 
(30.6 g.) and hippurie acid (20.5 g.) was refluxed in an oil 
bath for forty minutes. The reaction mixture was concen¬ 
trated at 100® on the water-pump until distillation appeared 
complete. The residue was crystallized from ether (60 ml.), 
4.2 g. being obtained, m.p. after another crystallization 
(charcoal) 110-111®. There was no depression of the m.p. 
on mixing with the oxazolone from a-beiizainido-/8,/3- 
dimethoxypropionic acid. 

Calc, for CjiH#0,N: C, 65.1; H, 4.5; N, 6.9 
Found: C, 65.4; H, 4.7; N, 7.0 

2-Phenyl-4-propoxymethylene-6-oxazolone (Harber, 
Gregory, Slack, Stickings and Woolman, CPSM4)^ n- 
Propyl orthoformate (10 g.; Sah and Ma, J. Am. Chem. Soc.j 
2964 (1932)), hippurie acid (18 g.), and acetic anhydride 
(20.4 g.) were heated under reflux for thirty-five minutes 
and the reaction mixture worked up in the usual manner. 
The product crystallized well from light petroleum in large 
plates, m.p. 53®. 

Calc, for CisHuOjN: C, 67.6; H, 5.6; N, 6.1 
Found: 67.7; H, 6.1; N, 6.2 

2-n-Ainyl-4-ethox3rm6thylene-6-oxazolone (Attenburrow, 
Elliott, Hems and F. A. Robinson, CPS.7S). Caproyl- 
glycine (20 g.), t^aproic anhydride (100 cc.) and ethyl 
orthoformate (19.2 cc.) were heated at 160® for two and 
one-quarter hours. The dark brown solution was distilled, 
first at 12 mm. to remove caproic acid, anhydride and ester, 
and then at 0.03-0.06 mm. The main fraction was collected 
at 88-120® and subjected to two further fractionations, 
giving the oxazolone as a colorless liquid, b.p. 91-96®/0.04 
mm., 1.4821. 

Calc, for CuHnOaN: C, 62.6; H, 8.1; N, 6.6; EtO, 21.3 
Found: C, 61.5; H, 8.5; N, 6.3; EtO, 18.5 

2-a->Furyl-4-ethoxymethylene-6-oxazolone (Jepson; Abra¬ 
ham, Baker, Chain and Robinson, CPS.30). A mixture of 
a-furoylglycine (3.4 g.), ethyl orthoformate (3.4 cc.) and 
acetic anhydride (5.5 cc.) was refluxed at 135-140® for two 
hours. Low boiling products were removed at 100®/10 mm. 
and tlie residue distilled, giving an orange oil, b.p. 138- 
l40®/0.25 mm. Crystallization from alcohol (5 ml.) and 
then light petroleum (60-80®) gave the oxazolone in color¬ 
less needles (0.5 g.), m.p. 110®. 

Calc, for CJ0H9O4N: C, 68.0; H, 4.4; N, 6.8; EtO, 21.8 
Found: C, 68.4; H, 4.6; N, 6.8; EtO, 21.8 

A trace of the substance, on mixture with rather less of 
p-nitrophenylhydrazinc and the minimum of glacial acetic 
acid, followed by addition of alcoholic alkali, gave an intense 
purplish-red coloration, In the same test the 2-phenyl- 
analogue gave a permanganate colored solution. 

2-o*Tolyl«4«ethoxymethylene-5*-oxazolone (Wilson; Abra¬ 
ham, Baker, Chain and Robinson, CPS,76), A mixture of 
o-toluylglycine (10.0 g.), ethyl orthoformate (8 cc.) and 
acetic anhydride (8 cc.) was refluxed for one and one-half 
hours (bath at 120®). It was worked up as usual and the 
product crystallized from alcohol in faintly orange needles 
(3,3 g.), m.p. 106-107®. 

Calc, for Ci,Hi,0,N; C, 67.6; H, 6.6 
Found: C, 67.4; H, 6.8 


The corresponding benzylaminomethylene-o-tolyloxazol- 
one crystallized from alcohol in colorless needles, m.p. 
106-107®. 

(^alc. for C^uHieOaNs: N, 9.6 
Found: N, 9.5 

2-St3rryl-4-ethoxymethylene-6-oxazolone (Robinson; Abra¬ 
ham, Baker, Chain and Robinson, CPS.35). A mixture of 
cinnamoylglycine (4 g.), ethyl orthoformate (4.5 g.), acetic 
anhydride (7 g.) and dry ethyl acetate (14 cc.) was heated 
for one hour on the steam bath. The mixture was distilled 
(steam bath) at low pressure and the residue extracted with 
boiling light petroleum (100-110®). The solutions deposited 
crystals which were recrystallizod from light petroleum 
(60-80®) forming colorless flat needles of the oxazolone, 
m.p. 104®. 

Calc, for CuHuOaN: (\ 69.5; H, 5.3 N, 5.7 
Found C, 69.5; H, 5.4; N, 6.7 

The p-nitrophenylhydrazine test gave a rather dull red color 
changing to an intense purple. The reaction with aniline 
afforded the corresponding anilinomethylene derivative 
which crystallized from ethyl acetate in bright yellow, long, 
hair-fine needles, m.p. 163®. 

Calc, for (h6Hi602N2: N, 9.6 
Found: N, 9.3 

The worker (G. M. R.), who first prepared this ethoxy- 
methylene-oxazolone and condensed it with D-penicillamine, 
whereby the first antibiotic niat(‘rial of penicillin type was 
obtained in England, became extremely sensitive to the 
exhibition of traces of the oxazolone. Skin eruptions and 
general malaine wore experienced. On rc'porting this at a 
conference it was found that in several laboratories one or 
more instances of alltTgic phenomena attributable to various 
oxazolones had been noticed. I'he matter w^as then investi¬ 
gated by Gell, Ilarington, and Pitt Rivers {Brit. J. Exp, 
Path., 37, 267 (1940)) 

2-p-Chlorophenyl-4-ethoxymethylene-5-ozazolone (King, 
King; Abraham, Baker, C’hain and Robinson, CPS.632). 
p-Chlorobenzoylglycine (30 g.), ethyl orthoformate (36 cc.) 
and acetic anhydride (47 cc.) were heated (hath 120®) for 
three hours. Worked up as usual the oxazolone crystallized 
from alcohol in pale pink plates, m.p. 163® (19 g.; 63.5%). 

Calc, for C,2 HioO,NC 1: C, 57.3; H, 4.0; N, 5.6 
Found: C, 57.0; H, 4.1; N, 6.3 

2-p-Nitrophenyl-4-ethoxymethylene-6-oxazoloiie (Copp, 
Duflin, Smith and Wilkinson, CPS.34J). p-Nitrohippuric 
acid (2.0 g.) mixed with acetic; anhydride (8 cc.), ethyl 
orthoformate (4 cc.) and ethyl acetate (20 cc.) was refluxed 
for three hours. The reaction mixture was cooled to —40® 
for thirty minutes, quickly filtered and the residue washed 
with a little fresh ethyl acetate. This gave the practically 
pure oxazolone (1.53 g.); a further quantity was obtained 
by treating the concentrated mother-liquors with ethanol- 
ethyl acetate. Recrystallization from ethyl acetate gave 
clumps of needles m.p, 162-163®. 

Calc, for CiaHioOjN,: C, 65.0; H, 3.8; N, 10.7 
Found: C, 56.3; H, 4.0; N, 10.8 

The p-nitrophenylhydrazine test gave a deep purple color. 

p-Nitrocinnamoylglycine {CPS,$41)* p-Nitrocinnamic 
acid {tram; Beilstein and Kuhlberg, Ann,, 163, 126 (1872); 
Drewsen, Ann., 212, 150 (1882)) (8 g.) and thionyl chloride 
(30 cc.) were reflux^ for twelve hours. The residue after 
removal of thionyl chloride was added gradually, along with 
sodium carbonate solution, to a mixture of glycine (3.1 g.) 
and 2 N sodium carbonate (21 cc.). The mixture was 
stirred for a further four hours, the sparingly soluble sodium 
salt collected, recrystallized from hot water and acidified. 
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The acid was reorystallized once from alcohol and once from 
water; prisms, ni.p. ]96'”19G'’. 

Calc, for CiiHio05N2t N, 11.2; neut. cqiiiv., 250 
Found: N, 11.3; neut. equiv., 253 

More was obtained from the mother-liquors of the sodium 
salt 

2-p-Nitrost3rryl-4«ethoxymethylene-6-oxazolone (CPS. 
S41). This was prepared from the above acid with ethyl 
orthoformate and acetic anhydride in the usual manner. 
The oxazolone crystallized from ethyl a(jetate in yellowish 
needles, m.p. 178-180°. 

Calc, for r,4H,206N2: C, 58.3; H, 4.2; N, 9.7 
Found: (\ 58.7; H, 4.5; N, 9.8 

2-/3-Naphthyl'-4-ethoxymethylene-5-oxazolone (Wilson ; 
Abraham, Baker, (^hain and Uobiii.son, CPS.76). A mix¬ 
ture of /3-naphtlioylp;lycine (9.2 g.), ethyl orthoformate 
(7.0 cc.) and acetic anhydride (11 cc ) was refluxed for one 
and one-half hours (bath 125-130°), cook’d and the crystal¬ 
line deposit collectcid. Crystallization from alcohol gave 
the oxazolone in needles, m.p. 143-144°. 

Calc, for CiJlijOaN: (^ 71.9; H, 4.9; N, 5.3; KtO, 1(>.8 
Found: C, 71.5; H, 4.8; N, 5.2; FtO, 16.3 

It condensed readily with benzylamine to give the benzyl- 
aminomethylene derivative, m.p. 139 140° from alcohol. 

Calc, for CjiHifcOaNj: C, 76.8; II, 4.9 
Found: (\76.4, H, 4.9 

Crotonoy]glycine (C'ornforth, Cornforth; Abraham, Baker, 
Chain and liobinson, CPS.68). Crotonoy 1 cliloride (55 g.) 
and a solution of sodium hydroxide (21 g.) in water (120 cc.) 
were added during one hour to glycine (55 g.) in sodium 
hydroxide solution (29 g. in 120 cc.) at —3°. After acidifi¬ 
cation the mixture was kept for two hours at 0° and the 
product (52 g.) collected and recrystallized from a little 
water; m.p. 103° 

C^ahj. for (MlgO^N: C, 50.3; H, (>.3; N, 9.8 
Found: C, 50.3; 11, 6.3; N, 9.9 

2-(l'-Propenyl) -4-ethoxyinethylene-5-oxazolone (CPS. 
68 ), The above acid (7 g.), ethyl orthoformate (8.5 cc.) 
and aci’tic anhydride (14 cc.) were refluxed (bath 135-140°) 
for two liours. Volatile material was then removed at 
100°/15 mm. and the dark residue, which largely crystallized 
on keeping in an evacuated desiccator, dissolved in benzene 
and percolated through a column of acid-washed Brockrnann 
alumina (pH 6). The chromatogram was developed by 
washing with benzene and the product was obtained in the 
first eluatc. After removal of benzene this was crystallized 
from light petroleum; 1.3 g., m.p. 82°. 

Calc, for (^HjiOaN: C, 59.7; H, 6.1; N, 7.7 
Found: (), 59.8; II, 5.8; N, 7.8 

N-(2-Hexenoyl)glycine (Cornforth, Cornforth; Abraham, 
Baker, Chain and Robinson, CPS.047). Clvcine (80 g.; 
50 % excess) was stirred with water (150 cc.) atul cooled in 
ice during the simultaneous addition of 2-hexonoyl chloride 
(96 g.) and 2 N sodium hydroxide (750 cc.) during about 
one hour. The slightly alkaline solution was acidified to 
Congo Red and extracted four times with ether (total 
1,500 cc.). The ether was removed and the residue freed 
from water by heating at 100°/20 mm. Benzene (500 cc.) 
was now added and the product stirred and cooled. The 
colorless crystals after washing with benzene w(‘re pure 
enough for the next preparation. A further small quantity 
was obtained from the mother-liquors; total 98 g. (79%). 
Eeorystallization from benzene gave the acid in shining 
plates, m.p. 106-107°. 

Calc, for CsHi,O.N: C, 56.1; H, 7.6 
Found: C, 65.9; H, 7.8 


2-(l'-Pentenyl)-4-hydroxymethylene-5-oxazoloQe (CPS. 
047 ). A mixture of xylene (200 cc.), acetic anhydride 
(200 cc.) and ethyl orthoformate (110 cc.) w^as distilled 
through a 6-inch spiral column until a thermometer at the 
top registered 115°; this removed impurities. Hexenoyl- 
glycinc (65.5 g.) was added from a hopper to the boiling 
mixture. The addition took forty-five minutes, the ther¬ 
mometer above the column registering 112-116° tliroughout. 
Distillation was continued for fifteen minutes longer, then 
at 20 rrim. without a column, and finally at 0.2 mm. The 
product, a light yellow oil (04 g.), b.p. lJ0-130°/0.2 mm., 
was dissolved in ether and shaken with A^/5 sodium hy¬ 
droxide solution (1,500 cc.). The alkaline extract was 
cooled and aciditii’d with a slight excess of 2 sulphuric acid. 
The crystalline precipitate wa.s collected, washed well with 
water and then with a little benzene, and dried (38.1 g.; 
55%). The pure oxazolone was obtained, with loss, by 
crystallizing from benzene; colorless leaflets, m.p. 125-126° 
(dec.). 

Calc, for CJInOsN: C, 59.7; H, 6.1; N, 7.7 
Found: C, 59.8, H, 6.3; M, 8.0 

The crude material was suitable for most purposes. The 
substance was soluble iu aqueous NaHCcls and with ferric 
chloride gave a green color extractable with organic solvents, 
e.g , benzene. Boiling with methanol for thirty seconds 
destroyed the substance completely. 

Sodium Salt of 2-Amyl-4-hydroxymethylene«5-oxazolone 
(Cornforth, Cornforth; Abraham, Baker, Chain and Robin¬ 
son, CPS.69). Reduction of the above profluct was 
effected by dissolution in one equivalent of N/lO sodium 
hydroxide, addition of Raney iiick<‘l catalyst and shaking 
with hydrogen. One mole was absorbed in about twenty 
minutes after which reduction almost ceased. The solution 
now gave with FcCfla an indigo-blue color soluble in organic 
solvents. Acidification of the solution and extraction with 
ether led to decomposition of the oxazolone, a crystalline 
product being obtaiucjd on evaporation. This was rc- 
crystallized from benzene and formed leaflets, m.p. 93-94° 
(dec.). It was unstable, deteriorating to a sticky mass. 
Analysis showed it to be caproylamin()formylac(‘ti(‘ acid. 

Calc, for CJI16O4N: C, 53.7; H, 7.5 
Found: CJ, 53.9; H, 7.4 

The FeC’l* reaction was a weak reddish-violet coloration, 
insoluble in organic solvcmts. The liydrogenatcd solution 
on treatment with a solution of 2,4-dinitrophenylhydrazine 
in 2 Af HCl yielded caproylaminoaeotaldehydo 2,4-dinitro- 
phenylhydrazone, m.p. 188°, alone or mixed with authentic 
material. On evaporation of the hydrogenated solution the 
sodium salt of the oxazolone crystallized, and was recrystal¬ 
lized by dissolving in 95 % acetone and adding dry acetone. 
It formed stable, colorless microscopic needles, m.p. 228 229° 
(dec.). 

Calc, for rjiisO.NNa-HHjO: C, 50.5; H, 6.1; N, 6.6 
Found: C, 49.9; II, 6.2; N, 6.8 

N-(2-Octeiioyl)glycine (Beer, Cornforth; Abraham, Baker, 
Chain and Robinson, CPS.691). 2-Octenoyl chloride 
(53 g.) and 2 N sodium hydroxide (400 cc.) were added 
simultaneously during two hours to a stirred, cooled (0°) 
solution of glycine (35 g.) in water (70 cc.). The precipitate 
obtained on acidification was crystallized from benzene, 
giving the acid as small colorless leaflets, m.p. 116°. 

Calc, for CioHnOjN: C, 60.3; H, 8.6; N, 7.1 
Found: C, 60.2; H, 8.4; N, 7.1 

2-(l'-Heptenyl)«4-hydroxymethylene-6-oxazolone (CPS. 
691). The above acid (19 g.) was condensed with ethyl 
orthoformate as described above for hexenoylglycine. The 
distillate (b.p. 130-150°/0,15 mm.) (16.7 g.) was dissolved 
in ether and shaken with successive small quantities of A/5 
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sodium hydroxide until acidification gave a crystalline 
precipitate, and then with more alkali (375 cc,) for thirty 
minutes. "Flie aqueous layer was clarified with charcoal 
and filtered, cooled and aciclilied; the crystalline precipitate 
was collected, washed with water and dried (11.5 g.). A 
portion recryatalliz(‘d from benzene gave the oxazolone in 
small colorless solvated needles, m.p. 117° (dec.). This 
appeared to contain 0.5 mole of benzene of crystallization, 
not lost in vacuo at air temperature. 

Calc, for (CuHuO,N). 2 CeH«: C, 67.6; IT, 7.3; N, 5,7 
Found: C, 67.6; 11, 7,5; N, 5.9 

This benzene was lost on prolonged drying in vacuo at 60°. 

Calc, for CuHuOaN: C, 63.4; H, 7.2 
Found: C, 63.2; 11, 7.2 

N-(2-Nonenoyl)glycine (Cornforth, Cornforth; Abraham, 
Baker, (’hain and Robinson, CPS.50). This w^as prepared 
from glycine and nonenoyl chloride in the usual way. The 
acid separated from benzene in roS(;ttes of colorless needles, 
m.p. 121 °. 

Calc, for CiiHi.OjN: C, 62.0; H, 8.9 
Found: C, 62.2; H, 8.9 

2-(l^-Octenyl)-4-hydroxymethylene-6-oxazolone {CPS, 
69). The condensation with ethyl orthoformate was carried 
out as for hexcnoylglycine. The oxazolone was obtained 
from benzene in shining leaflets, m.p. 116-117° (dec.). 

Calc, for C 12 H 17 O 1 N: C, 64.5; H, 7.6 
Found: C, 64.8; H, 7.6 

Cinnamylideneacetylglycine (King, Muir; Abraham, 
Baker, ('hain and liobinson, CPS.iHiH^). CUnnamylidime- 
acetyl chloride (32 g.; Staudinger, /icr,, 706 (1923)) in 
dioxan (50 cc.) and aqueous sodium hydroxide (6.7 g. in 
80 cc.) were simultaneously added during one and one-half 
hours to a solution of glycine (25 g.) and sodium hydroxide 
(13.3 g.) in water (165 cc.) cooled to 0°. After three hours 
the solution was acidified and the precipitate recrystallized 
from acetic acid; the product (32 g.; 83 %) separated in color¬ 
less needles, m.p. 215°. 

Calc, for Ci,H„0,N: C, 67.5; H, 5.6 
Found: C, 67.5; II, 5,6 

2-(4'-Phenylbutadienyl)-4-*ethoxymethylene-6-oxazolone 

{CPS.222). The condensation of the above acid (5 g.) with 
ethyl orthoformate was carried out as usual and the residue 
after removal of low boiling material was extracted with hot 
cyclohexanone, the solutions depositing, on cooling, the 
oxazolone in yellow rosettes ( 2.2 g.), m.p. 122 ° after recrys¬ 
tallization. 

Calc, for CuHuO,N: (\ 71.4; II, 5.6 
Found: {\ 71.0; H, 5.6 

a->Phenylacetainido-j8,)9-dimethoxypropionic Acid (Up¬ 
john, U.ll). The following procedures for the synthesis of 
2 -bcnzyl- 4 -methox 5 rmethylene- 5 -oxazolonc appear the most 
satisfactory. A 5-lit. three-necked flask was fitted with a 
sealed stirrer, dropping funnel, efficient reflux condenser 
and drying tube. The flask was charged with methyl 
phenaceturate (414 g.; 2 moles) suspended in anhydrous 
ether (2.6 lit.) and powdered sodium (50.0 g.; 2 atoms) 
added. Methyl formate ( 3 (X) cc.; freshly distilled, anhy¬ 
drous) was added with stirring, the flask surrounded by a 
cooling bath and the mixture stirred for fifteen to eighteen 
hours. The light tan sodio-dcrivative which had formed 
was collected and dried in a vacuum oven at 45°. 

The salt (489 g.) was poured into a rapidly stirred mixture 
of cracked ice (1 kg.), water (500 cc.) and chloroform 
(400 cc.). The mixture was stirred for a few minutes, al¬ 
lowed to separate and the chloroform layer siphoned off and 
discarded. A fresh portion (400 cc.) of chloroform was 


added and a mixture of concentrated hydrochloric .acid 
(200 cc.) and cracked ice (100 g.) added slowly with stirring. 
The organic layer was separated after a short time and the 
aqueous layer twice extracted with 250 cc. portions of 
chloroform. I'hc chloroform extracts were combined, 
washed once witli water (250 cc.), dried over magnesium 
sulphate and filtered. Darco 060 (2 g.) was added; filtra¬ 
tion after warming and stirring for fifteen minutes gave a 
colorless solution. Removal of the solvent at room tem¬ 
perature gave crude methyl benzylpenaldate (308 g.; 65 %) 
as a pale yellow oil. 

To a cooled solution of this product (261 g.) in anhydrous 
methanol (500 cc.), metlianolie hydrogen chloride (100 cc.; 
saturated) was added. The cooled mixture was left in a 
refrigerator for twenty-four hours after which hydrogen 
chloride and methanol were remove'd at low pressure from a 
water-bath at 40°. The oily residue was taken up in ether 
(500 ec.) and added to a mixture of water (1 lit.) and cracked 
ice (500 g.). Tlic mixture was shaken vigorously and 
separated. The ctliercal solution was dried over magnesium 
sul])hate, filtered and the solvent removed, leaving colorless, 
oilv methyl a-phenylacetaniido-j9,/3-dimetlioxypropionate 
(150g;48%). 

Calc, for (hJIijNOi,: (\ 59.8; H, G.S; N, 5.0 
Found: C, 59.7; H, 7.1; N, 4.8 

The above ester (56.0 g.) w'as stirred vigorously for two 
hours with barium hydroxide (34.3 g.) and water (780 cc.), 
and the resulting solution cooled to 0 ° by addition of crushed 
ICC. Chloroform (150 cc.) w^as added and the mixture 
shaken; a mixture of concentrated hydrochloric acid (50 cc.) 
and cracked ice was then added rapidly. The chloroform 
was separated and the aqueous layer extracted wdth chloro¬ 
form (4 X 75 cc.). 3’he combined extracts were dried 
(magnesium sulphate), the filtered solution clarified with 
Darco 060 (2 g.) and filtered again. Removal of the chloro¬ 
form at low pressure left a wlutc crystalline solid. This 
W'as washed with anhydrous ether and dried (22.5 g.; 42%), 
m.p. 110.5-111.5°. 

Calc, for CijHnOfiN: (\ 58.5; TI, 6.4; N, 5.2 
Found: C, 58.6; H, 6.9; N, 5.5 

2-Benzyl->4-methoxymethylene-6-oxazolone {U.ll). A 
mixture of the above acid (50.0 g.) and acetic anhydride 
(150 cc.) was heated on the st<*am bath for ten minutes after 
all the solid had dissolved. The clear, pale yellow solution 
was concentrated in vacuo (oil pump; bath at 50°) to a small 
volume and seeded. Crystallization began immediately. 
After further concentration the flask w’aa chilled in the re¬ 
frigerator; the crystalline product was collected and waslied 
with ice cold ethyl acetate. After being dried, the first 
crop of dense colorless crystals w^eighed 21.27 g., m.p. 92-94° 
(plac(»d in bath at 68 °). From the mother-liquors a further 
quantity (6.45 g.) of the oxazolone was obtained in several 
crops (total yield 68 %). When ground to a fine powder 
and stored in a vacuum desiccator over potassium hydroxide, 
this product showed no apparent tendency to decompose. 

Cale. for CiaHuOjN: C, 66.4; H, 5.1; N, 6.4 
Found: C, 66 . 6 ; II, 5.3; N, 6.6 

The oxazolone was also obtained (Squibb, S.20) by the 
action of phosphoryl chloride-pyridine in dioxan on the di- 
methoxy acid, followed by pouring into water. 

In another method (Upjohn, U.lSa)^ a-phenylacetamido- 
/3,j3-dimethoxypropionic acid (3.0 g.) in dry freslily purified 
dioxan (25 cc.) was treated with phosphorus tribromide 
(6.1 g.). Aft(ir sixteen to twenty hours in the refrigerator the 
crystals were removed by filtration, washed well with dry 
ether and, still covered with ether, transferred to a desiccator 
and dried in vacuo (2.9 g.; m.p. 118-120°). ITiis product 
( 2.0 g.) was treated in dry ether with dry ethereal diazo¬ 
methane until a yellow color persisted; the solution on 
evaporation gave the mcthoxymethyleneoxazolone (1.4 g.), 
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m.p. and mixed m.p. 91-93®. Dry silver oxide in dry ether 
gave the same product. When the oxazolone was warmed 
with water on the steam bath for twenty-five minutes 
a-phenylacetamido-/3-m(^th()xyacrylic acid was formed; 
m.p. and mixed m.p. 189,5 

2-Benzyl-4-ethoxymethylene-6-oxazolone from a-Phenyl- 
acetaniido-/9,/3-(liethox3rpropionic Acid, (a) (Mich. C'hem., 
B.l.) Ethyl beuzylpenaldato (crude; from 20 g. sodium 
salt) was dissolved in absolute ethanol (40 cc.) and the chilled 
solution treated with cthanolic liydrogen chloride (40 cc.; 
saturated at 25°). After one hour in ice water and twenty- 
four hours at room temperature, the bulk of the alcohol was 
removed at low pr(!ssure and room ttmipeniture and the mix¬ 
ture poured into ice cold dilute alkali, ii^xtraction with ether 
and evaporation of the dried solution hjft crud(‘ ethyl 
benzylpenaldate diethyl ae(ital as a light brown oil (7.2 g.). 
The ester was dissolved in absolute ethanol (50 cc.) con¬ 
taining sodium hydroxide (910 mg.). After twenty-four 
hours at room temperature the solvent was removed at 
room temperature, water (50 ee.) added and the unchanged 
material removed by ether extraction. The clear yellow' 
aqueous solution (5-10®) was acidified w ith N sulphuric acid 
(24 (!c.) and extracted rapidly with benzene (100 ee.). 4’he 
filtered extract was evaporattid at room temperature and the 
residue digested with ether (20 ee.). The light tan cry.stal- 
lirie product (benzvlpenaldic acid diethyl acetal) had m.p. 
109-111®; yield 3.07 g. 

Calc, for CbjHj.OfiN: C:, 01.0; H, 7.2 
Found: (-, 01.5; H, 7.4 

(b) (li.t; (/orncll Rioch., I> 7.) The above acid on 
treatment with acetic anhydride and a little pyridin<5 gave a 
light brown oil. This was distilled (l40®/0.02 mm.) and 
then crystallized. After tw'o crystallizations fn)m methanol 
with freezing in a solid ()02 bath, long colorless needles of the 
etlioxymethyleneoxazolone, m.p, 34-30°, were obtained; 
these became yellow and oily on keeping. 

Calc, for (biHuOsN; 07.5; II, 5,7; N, 0.1 
Found: C, 04.7; il, 5.8; N, 5.8 

2-Benzyl-4-ethoxymethylene-5-oxazolone “Hydrobro* 
mide” (M(‘rck, M.I2a). Renzylpenaldic acid acetal readily 
dissolved in dioxan at room temperature. Addition of phos¬ 
phorus tribromide yielded a white precipitate in about one 
minute. After fifteen minutes this solid was collected, 
washed w'ith absolute ether and dried in a vacuum. Th(» 
crude product was suitable for furtlier use; a sample w'as 
reerystallized from ethylene dicliloridc and ethyl ether. 
The m.p. varied from 90 id 115°. 

Calc, for CuHuOiNBr: C, 50.0; H, 4.5; N, 4.5 
Found: C, 50.1; 11,4.3; N, 4.7 

2>Benzyl-4>hydroxymethylene-6>oxazolone (NRRIi, C.8; 
baaed on Mich. Chem., B,S). A mixture of benzylpenaldic 
acid diethyl acetal (5.9 g.) and acetic anhydride (59 ce.) 
were heated (steam bath) in a 200 cc. flask, wldlc a very rapid 
stream of dry nitrogen (or dry air) was blown in from a tube 
terminating above the surface of the liquid. After forty- 
five minutes a thick syrup resulted, which was cooled and 
shaken vigorously with N/2 sodium hydroxide (50 cc.); 
solution was practically complete. More alkali w'as addtul 
if necessary to keep the solution alkaline to plienolphthalein. 
After extraction with ether (2 X 20 cc.) the alkaline solution 
was cooled (0-5°) and acidified to C'ongo Red with N 11 Cl. 
The precipitated oxazolone was collected, washed well with 
water and dried in a vacuum. The yield was 3.3-3,5 g. 
(81-86%) of a light yellow powder. On recrystallization 
from acctone-light petroleum colorless needles sejiarated. 
m.p. 130-132° to a red liquid. 

Calc, for CiiH»0,N: C, 65.0; H. 4.5 
Found: C, 64.7; H, 4.9 


Considerable loss attended recrystallization and the crude 
product, m.p. 113-115°, was pure enough for most purposes. 
It gave a deep blue color with ferric chloride. Titration in 
absolute ethanol (plienolphthalein) gave a iieut. equiv. of 
206 ((^dc. for CuHgOsN: 203). 

/3,/fI-Di-/i-butoxyalanine Ethyl Ester (Pfizer, F.28). To 
w-butanol (1.2 lit.) cooled to 5° and containing 15% by 
weight of hyflrogen chloride, sodium (^N-diformylglycine 
ethyl est er (166 g ) was added with vigorous stirring. After 
keeping at room tcmpcTature the butanol was removed at 
low pressure. (Idoroforni (I lit.) was added to the residue, 
followed by sodium bicarbonate (200 g.). The mixture 
was .stirred for four hours, filtered, the solvent removed in 
vacuo and the residue distilled. After two fractionations 
the ester had b.p. 98°/0.04 mm., nn“‘' 1.4371. 

(^alc. for Chai2704N: C, 59.8; H, 10.4; N, 5.4 
Found: (', 59.5, H, JO.l; X, 5.4 

Benzylpenaldic Acid Di-a-butyl Acetal {P.25). A mix¬ 
ture of the above* ester (112 g.), water (215 cc.), chloroform 
(1,000 cc.) and sodium bicarbonate* (86 g.) was cooleel tei 5° 
and treat(*d slowly with ph(‘nyljie*e^tyl chloride (66 g.). It 
wa.s stirreel for two hours at room temjicraturc; the chloro¬ 
form was se^paratcal, washed with water anel evaporate‘d at 
low pre^ssure^ The crude est(T (161.7 g.) was treate'd with 
ethanol (tSOO or.) containing sodium hyelroxiele (17.1 g.) and 
kept overnight. The* alcohe)! was remeiveci, the re.sidue 
taken up in water (800 oc.), clnrilienl with bone-black and 
acidificul with dilute hydrochleiric acid. The crude* beiizyl- 
penaldic acid butyl ace*tal (142 g.) had m.p, 100-102''; after 
ciystallization from dilute ethanol the* m.p. was 100° (dec.). 

Calc, for 

C, 65.0; H, 8.3; N, 4.0; neut. equiv., 351 
Found: C, 65.1; II, 8.4; N, 4.0; neut. equiv., 351 

The methyl ester, obtained with diaze^methane, had b.p. 
151-15270.022 mm., ni>2fi 1.4900. It crystallized when 
ce)oled and had m.p. 28-30°. 

Calc, feir C20II31O5N: C, 05.8; II, S.5; N, 3.8 
Found: C, 65.7.; H, 8.4; N, 3.8 

2-Benzyl-4-n-butoxymethyIene-6-oxazolone {P.25). 
Benzylpenaldic ne*id dibiityl ace*tal (7 g.) was warmed 
(steam bath) with acetic anliydride (60 cc.) feir twenty 
minute's after a clear solution had been obtained. On 
distillation the oxazolone (3.15 g.) was obtained; b.p. 150- 
152°/0.027mm. 

Calc, for C, JlnOsN: C, 69.5; H, 6.6: N, 5.4 
Found; C, 68.1; H, 6.6; N, 5.3 

Preparation of 2-Phenyl-4-ethoxymethylene-6-oxazolone 

(Mich. C^icrn., B.l). (a) 4o a seiliition of glycine ester 

hydrochloriele (28 g.) in water (50 cc.) was added sodium 
carbonate monohydrate (28 g.). After swirling a few min¬ 
utes benzoyl chloride (28 g.) was a-delod in portions with 
vigorous stirring during thirty minutes; tempeTaturo 10-15°. 
Water (28 cc.) was added and after stirring for several 
minutes the ethyl liippurate was collect(*,d and reerystallized 
from ether (100 cc.) giving a first crop of 30 g. 

(b) The procedure for ethyl forniylhippurete which fol¬ 
lows is more rapid tlian that of Erlenmeyer and Stoop (An- 
wa/cn, S37, 230 (P.Ol)). To a solution of sodium ethoxide 
(from 0.92 g. of sodium and 20 cc, of alcohol) was added 
ethyl formate (3.3 cc.). After three hours ethyl liippurate 
(2.07 g.) was added, the mixture was shaken and left for 
twenty-four hours. 4'ho sodium salt was collected and 
stirreel with ether and then ^\ith light petroleum (30-60°); 
it weighed 2.7 g. 

When the salt (0.25 g.) in water was treated with an acid 
solution of 2,4-diiiitrophenylhydrazine, the 2,4-dinitro- 
phenylhydrazone (0.325 g.) of ethyl formylhippurate was 
obtained; this represents an 87 % yield based on ethyl hip- 
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purate. Recrystallization from methanol gave yellow 
crystals ra.p. 182-183®. 

Calc, for CisHnOyNfi: C, 52.1; H, 4.1 
Pound: C\52.1; H, 4.3 

By dissolving the sodium salt in water, acidifying with 
hydrocliloric acid and extracting with ether, ethyl forrayl- 
hippuratc was isolated as a colorless viscous oil. When only 
one mole of formylating reagents was used the yield was 
50%. 

(c) A chilled solution of ethyl forrnylhippuratc (3,65 g.) 
in absolute ethanol (8 cc.) was treated with a chilled solution 
of hydrogen chloride in absolute ethanol (8 cc.; saturated at 
25®). After three hours at 0° and twelve hours at room 
temperature the mixture was poured into a mixture of ice 
and sodium hydroxide (2.5 g. in 35 cc.) Care was taken to 
keep the solution alkaline. The mixture was extracted 
with ether, the extract washed with water, dried (magnesium 
sulphate) and evaporated. Tin* crude ethyl phenyl- 
ponaldate diethyl acetal was a lu'arly colorless viscous oil 
(2.68 g.). 

The acetal (2.25 g.) was dissolved in absolute ethanol 
(20 cc.) containing sodium hydroxide (0.29 g.). After 
twelve hours the mixture was poured into water (65 cc.) and 
a slight excess of N sulphuric acid addeil. Extraction 
with benzene and evaporation of the dried (MgS04) extract 
in a current of air left a crystalline residue (1.40 g.) which was 
recrystallized from benzene-light petroleum (30 -40®) to give 
the acid in colorless needles, m.p. 93.5-94.5®, 

Calc, for CuHigO^N: C, 59.8; H, 6.8; neut. equiv., 281 
Found; C, 59.7; H, 6.7; ntmt. equiv., 281 

When the acid (150 mg.) was dissolved in a little warm 
ethanol and treated with a solution of dinitrophenyl- 
hydrazino in aqueous sulphuric acid, the 2,4-dimtrophenyl- 
hydrazone of benzoylaminoacetaldehyde was precipitated. 
After crystallization from methanol it had m.p. 209^ alone 
or mixed with a product obtained by oxidation of N-benzoyl- 
ethanolamine. 

Calc, for CiftHijOfiNfi: C, 52.5; H, 3.8 
Found: C, 52.7; H, 4.0 

(d) The above acid (2 g.) was heated with acetic an¬ 
hydride (20 cc.) and pyridine (3 drops) on a steam bath 
for ten minutes; the liquids were removed in a eurrent of dry 
air and the othoxymethyleneoxazolone recrystallized from 
light petroleum (60-75®). The nearly colorless product 
(1.17 g,; m.p. 95-96®) had m.p, 95.5-96.5® after another 
crystallization. 

Calc, for CiJliiOaN: C, 66.4; H, 5,2 
Found; C, 60.2; H, 5.3 

By another method (Barber, Gregory, Slack, Stickings and 
Woolinan, CPS.S34) the acetal acid (4.1 g.) in dry dioxan 
(20 cc.) was treated with phosphorus tribromide (2.6 cc.), 
the crystalline product removed after fifteen minutes and 
washed with dry ether, m.p. 132-134® (dec, and previous 
blackening) after drying in vacuo over P2O5. On treatment 
with cold water there was an immediate change of form 
and the product was collected and recrystallized from light 
petroleum (80-100®) to give the oxazolone, m.p. and mixed 
m.p. 94-96®. 

In yet another procedure (Merck, MJ6c) the acetal 
acid (1 g.) was treated with a 15% solution of phosgene in 
benzene (10 cc.). Next day the solution was heated, cooled, 
washed with bicarbonate and evaporated leaving the crude 
oxazoloiie (602 mg.), m.p. and mixed m.p. 95®. 

2-AmyM*hydroxymethylene-5-oxazolone (Pfizer, PAS), 
(a) A mixture of glycine ethyl ester hydrochloride (352 g.), 
water (1,250 cc.) and chloroform (6,300 cc.) at 0® was treated 
with sodium bicarbonate (500 g.) and then with caproyl 
chloride (339 g.). The reaction mixture was acidified and 


the chloroform layer separated, washed with sodium bicar* 
bonate until neutral, and distilled to give n-oaproylglyoine 
ethyl ester, b.p, 134®/2 mm. (507 g.; 90 %). 

(b) Ethyl formate (41.6 g.) and the above ester (100.6 g.) 
in benzene (250 cc.) were added slowly to sodium ethoxide 
(from 11.5 g. sodium) in benzene (400 cc.) at 0®. Stirring 
was continued for one hour at 0® and then for two hours at 
room tcniperaturp. The reaction mixture was poured into 
ice water and then worked up in the usual manner. Crude 
ethyl amylpenaldato was obtained as an oil (45 g.) after the 
removal of solvent in vacuo. It gave a 2,4-dinitrophenyl- 
hydrazone, m.p. 168®. 

Calc, for (^ 49.9; H, 5.6; N, 17.1 

Found;. (5, 49.7; H, 5.6; N, 17.4 

Ethyl w-ciiproate (20.4 g.) and w-caproylglycine etliyl ester 
(9.7 g.) were obtained from the neutral by-products of the 
reaction. 

(e) (Vude ethyl amylpena Idato (37.4 g.) was dissolved in a 
mixture of absolute ethanol (28 cc.), ethyl orthoformate 
(30 cc.) and ammonium chloride (I g.). The mixture was 
reflux<*(i for two hours and concentrated under reduced 
pressure to a syrup, which was dissolved in ether (200 cc.), 
washed twice with sodium liydroxide (20 cc. of 5%) and 
once with water (20 cc.). The dried (Na2S()4) ether was 
evaporated leaving crude ethyl amylpcnaldate diethyl 
acetal as an oil (39.5 g ; H0%). 

This product was added to a solution of sodium hydroxide 
(5,2 g.) in absolute ethanol (300 cc.). Next day the alcohol 
was removed under reduced prt'ssure and the residue taken 
up in water (200 cc.) and extracted twice with ether. The 
aqueous layer was cooled to 0®, l)enzene (250 cc.) added and 
the mixture adjusted to pH 2 with hydrochloric acid. More 
benzene was added to dissolve*, the precipitate; the aqueous 
layer was extracted with two fresh 250 cc. portions of benzene. 
The benzene was removed, leaving the crude acid (24.7 g.; 
72 %), m.p. 64-66®. Recrystallization from aqueous ethanol 
gave a product m.p. 67-68®. 

Calc, for CuH«06 N-H20: 

G, 53.2; H, 9.2; N, 4.8; neut. equiv., 293 
Found: C, 53.3; H, 9.3; N, 4.9; neut. equiv., 291 

(d) The above acid (2 g.) in acetic anhydride (20 cc.) was 
warmed (steam-bath) for one and one-half hours. The solu¬ 
tion was concentrated at low pressure to a syrup and this 
was shaken to a clear solution with iV/2 sodium hydroxide 
(17.5 cc.). The solution was extracted twice with ether, 
cooled to 0® and acidified slowly with N/2 HCl (17.6 cc.). 
The 2-amyl-4-hydroxymethylenc-5-oxazolone crystallized 
in small white plates which were immediately collected, 
washed with ice water and dried in a vacuum over barium 
oxide. The yield was 0.7 g. (70%), m.p. 146-146® after 
darkening at 140®. 

Calc, for CqHxjOjN; C, 59.0; H, 7.1; N, 7.7 
Found; C, 58.3; H, 7.4; N, 7.7 

2-n-Heptyl-4*hydrozymethylene-6*oxazolone {P,29; SI), 
n-Octanoyl chloride (27 g.) was slowly added to a mixture of 
/8,|S-diethoxyalanine ethyl ester (34 g.), chloroform (400 cc.), 
sodium bicarbonate (33 g.), and water (83 cc.) cooled to 5®, 
The reaction was worked up in the usual manner, giving 
crude ethyl hcptylpenaldate diethyl acetal (54 g.). 

Calc, for CnHjiOftN: N, 4.2 
Found: N, 4.2 

The above ester (10 g.) was added to ethanol (140 cc.) 
containing sodium hydroxide (2.1 g.). Next day the mix¬ 
ture was worked up as usual and the acid precipitated from 
the aqueous solution of its sodium salt. The crude n- 
heptylpcnaldic acid diethyl acetal (13.7 g.) had m.p. 72-73®, 
unchanged on recrystallization from aqueous ethanol. 
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Calc, for Ci 5 Ha 905 N-H 20 : 

C, 56.1; H, 9.7; N, 4.4; neut. eqaiv., 321 
Found: C, 56.2; H, 9.8; N, 4.3; neut. eqiiiv., 322 

With dinitrophenylhydrazinc the 2,4-dinitroi>henylhy- 
drazone of octanoylaminoacetaldehyde was obtained, m.p. 
187-188". 

Calc, for CiallsaO^Nfc: C, 52.6; 11, 6.3; N, 19.2 
Found: C, 52.6; H, 6.3; N, 19.2 

Abbott (A.^^) report m.p. 182-184". 

The above acid was treated with acetic anhydride fol¬ 
lowed by sodium hydroxide in the usual manner. The 
2-n-heptyl-4-hydroxymcthylene-5-oxazolone (i.3 p. from 
2 K. acid) melted at 134-135". 

Calc, for CuHnOaN: C, 62.6; II, 8.1; N, 6.6 
Found: C, 62.3; II, 8.1; N, 6.8 

2-(l'-Pentenyl)-4-hydroxymethylene-6-oxazolone (PJ7; 

18), From glycine eater hydrochloride (166 g.) was ob¬ 
tained 2-hcxenoylglycine ethyl ester (217 g.; 92%) in the 
manruT described for caiiroylglycine ester. The ester had 
h.p. 152-15372 mm., iid*® 1.4757, m.p. 42-43". 

Calc, for CicHjyOaN: C, 60.3; II, 8.5; N, 7.0 
Found: C, 59.7; II, 8.3; N, 7.0 

The above ester (50 g.) was formylat<‘d as described below 
for the 3-hexenoyl analogue. A eh'ar solution was not ob¬ 
tained aft(T aildition of the mixed esters. The yield of 
ethyl 2-h(ixenoylaminoformylneetate was only 1.4 g.; the 
product with dmitrophcMiylliydrazine gave a 2,4-dimtro- 
phimylhydrazone, m.p. 165" 

Calc, for CnHsiO/Nfi: C. 50.1; H, 5.2; N, 17.2 
Found: C, 50 7, II, 5.1; N, 16.9 

Repc'tition of the formylation with stirring overnight gave 
13.7 g. of a heavy oil wlueli solidifi(‘d and was pressed 
on a porous plaiti; m.p. 69-70°. 

Tim above product (12 g ) ethyl orthoformate (12 cc.), 
ethanol (10 ec.) and ammonium chloride (0.4 g.) were re¬ 
fluxed (steam bath) for one and one-half hours and worked up 
as described below for the 3-hex('noyl analogue. The crude 
acetal ester (11.7 g.) was saponifit*d with cold alcoholic alkali 
in the manner described above for various pcnaldic acetal 
esters. The crude 1-pentenylpenaldic acid diethjd acetal 
(6.2 g.) was r(‘,crystallized from carbon tetrachloride and 
then had m.p. 87-88". 

Calc, for (CiaH2a06N)2.CCl4: 

C, 46.3; H, 6.6; N, 4.0; neut. equiv., 350 
Found: C, 47.1; II, 6.8; N, 4.1; neut. equiv., 347 

Recrystallization from dilute ethanol gave the pure acid, 
m.p. 97-98". 

Calc, for C 11 H 21 O 8 N: 

C, 57.1; H, 8.4; N, 5.1; neut. equiv., 273 
Found: C, 67.5; H, 8.6; N, 6.1; neut. equiv., 273 

The pure ethyl ester, prepared crude above, was obtained 
in 96 % yield from 2-hexenoyl chloride and /5,/S-diethoxyal- 
anine ethyl ester as a crystalline product, m.p. 63-54". 

Calc, for CisHjtOjN: C, 69.8; H, 9.0; N, 4.7 
Found: C, 59.8; H, 9.0; N, 4.6 

The above acid was treated with acetic anhydride, and 
then with alkali, in the manner already described (e.g. for 
the amyl analogue above). The 2-(r-pentenyl)-4-hy- 
droxymethylene-5-oxa2olone (0.85 g. from 2 g. acid; 77%) 
had m.p. 122" (dec.). 

Calc, for CaHiiOiN: C, 59.7; H, 6.1; N, 7.7 
Found: C, 69.7; H, 6.2; N, 7.4 


2-(2'-Pentenyl)-4-hydroxymethyIene-6-oxa2olonc {P.17 ), 
3-llexcnoylglycine ethyl ester was obtained from glyemc 
ester hydrochloride (108 g ) in the maimer desiuilx'd for 
caproylglycine (*ster. The yield was 130 g. (88%) of ma¬ 
terial b.p. 153 154"/6 mm., ni>®* 1.4654, m.p. 36°. 

Calc, for (hoIli 70 jN: C, 60.3; H, 8.5; N, 7.0 
Found: (\ 59.5; 11, 8.3; N, 7.0 

llydrohsis gave 3-liexeiioylglycitic m.p. 114-115" (from 
water). 

Calc, for C, 56.1; H, 7.6; N, 8.2 

Found: (\ 56.1; H, 7.6; N, 8.1 

Sijdium etlioxide was prt‘pared from sodium (5.8 g.) and 
ethanol (11.5 g.) in Ix’nzimo (200 ec.). The mixture was 
cooled to 5" and a mi.vtiire of the a]>ove ester (49,8 g.; and 
ethyl formate (21 g.) in benzene 025 cc.) added slowly with 
vigorous stirring. After beuig stirred in an ice bath for 
one hour ami allowM'd to warm to room temperature the 
mixture was poured into lee water (100 cc.) and the benzene 
layer extracted with more ice watiT (50 cc.). The water 
fractions w^ere combined, ic(' and benzene added and the 
solution adjusted to />11 4. The aipieous layer was twice 
extracted with fresli benzene (70 ec.) and the benzene 
extracts united, washed three times with 1 )% bicarbonate 
and once with water, and eva]K)rated at low pressure. The 
crude penaldic ester (ethyl S-hexenoylamino-formjdacetate) 
remained as an oil which gave a 2, l-dinitroiiheiiylhvdrazone, 
m.p. 159' 160" after two crystallizations from ethanol. 

(;ale. for 50.1; 11, 5.2; N, 17,2 

Found: C, 50.1; H, 5.1; N, 17.3 

The crude formylation product (19.3 g.), ethanol (15 ce.), 
ethyl orthoformate (17 ec.) and ammonium eiiloride were 
reOuxed together for one and on<‘-half hours, then concen¬ 
trated at low pressure. The residue in ctlicr (150 cc.) was 
shaken with 5% sodium hydroxide (10 ec.), w'aslied with 
w’^ater, dried and evaporated, leaving the crude acetal ester 
as an oil (14.7 g.). This was saponified 111 the maimer 
described for the amyl analogue above. The crude 
3-pentenylpenaldic acid diethyl acetal w^as recrystallizecl 
three times from dilute ethanol to give 4 g., m.p. 79", having 
an unsatisfactory analysis (Merck {M.ldc) reported m.p. 
58" and satisfactory analysis). 

Calc, for (bsIIa^OiN: 

C, 57.1; H, 8.4; N, 5.1; neut. equiv., 27^ 
Found: C, 53.9; H, 8.7; N, 5,1; neut. equiv., 27^ 

The acid w^as then prepared in another way {P. 24 ). To 
a rapidly stirred mixture of watc'r 450 (ce.), chloroform 
(2150 cc.), i3,/3-diethoxyalaninc ethjd ester (184 g.) and 
sodium bicarbonate (180 g.) was added slowly 3-hexenoyl 
chloride (118.5 g.; b.p. 52"/17 mm.). The mixture was 
maintained at 5" during addition, then at room temperature 
for one hour. The chloroform layer was evap>orated, the 
residue added to a solution of sodium hydroxide (36 g.) in 
ethanol (2300 cc.) and after five hours the ethanol was 
removed under reduced pressure. The residue was dis¬ 
solved in water (1300 ce.), extracted with ether (500 cc.), 
treated with charcoal and filtered. The crude acid (233 g.), 
obtained by acidification in the presence cf benzene, gni 
recrystallization from aqueous ethanol gave a solvated 
product (225 g.), m.p. 79". 

Calc, for CulljsOiN HaO: 

C, 53.6; H, 8.6; N, 4.8; neut. equiv., 291 
Found: C, 53.8; H, 8.7; N, 4.8; neut, equiv., 29Q 

The above acid (2.91 g.) was heated with acetic anhydride 
{P.28) and then treated witli sodium hydroxide in the usual 
manner. The 2-(2'-pentenyl)-4-hydroxymethyIeiiie-5-oxaz- 
oione (1.1 g.) was dried in a vacuum over barium oxide and 
had m.p. 137-139" (dec.). 
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Calc, for C.HiiOiN: i\ 59.7; H, 6.1; N, 7.7 
Found: (\ 59.3; H, 6.4; N, 7.8 

The sodium salt crystallized from aqueous solution in 
plates, m.p. 226-227*’ (dec.). 

2«(8'-Pentenyl)-4-hydroxymethylene-5-oxazolone (P.S9; 
31), A mixture of 4-luixenoic acid (22.8 g.) and benzene 
(16 cc.) was added slowly to a refluxing mixture of thionyl 
chloride (28.6 g.) and benzene (16 cc.). After being refluxed 
for three liours the product was dtstillcd, giving 4-hexenoyl 
chloride (20.7 g.), b.p. 59''60°/23 miu. This Was added 
slowly to a mixture of /3,itf-diethoxyalanine ethyl ester 
(32 g ), water (78 cc.), chloroform (375 cc.) and sodium 
bicarl>oiiiite (31 g.) cooled to 5 ** After stirring for one hour 
the chloroform was separated, washed with water and 
evaporated, leaving the crude penaldic ester acetal (46,7 g.). 

Calc, for CuHjtOsN: N, 4.7 
Found: N, 4.6 

This product (15 g.) was saponified in the known manner 
(see analogous cases above), giving 3-pentenylpennldic acid 
diethyl acetal (11.2 g.), m.p. 62° before and after recrystal- 
lization from dilute ethanol. 

Calc, for 

C, 53.6; H, 8.6; N, 4.8; neut. equiv., 291 
Found: C, 53.7; H, 8.8; N, 4.8; neut. equiv., 293 

With dinitrophenylhydrazine the 2,4-dinitrophenylhydraz- 
one of N-4-hexeiioylaminoacetaldehyde was formed, m.p. 
191-192°. 

Calc, for CuHirOsNfi: C, 50.2; H, 5.1; N, 20.9 
Found: i\ 50.0; H, 5.1; N, 21.0 

The above acid (2.93 g.) was heated with acetic anhydride 
and the evaporatesd solution shaken with N sodium hydrox¬ 
ide in the manner described above for analogous cases. The 
2-(3'-pentonyl)-4-hydroxynicthylene-5-oxazolone (0.9 g.) 
had m.p. 135-136°. 

Calc, for CJInOjN: C, 59.7 H, 6.1; N, 7.7 
Found: (\ 59.4; 11, 6.5; N, 7.7 

2-(4'-Pentenyl)-4-hydroxymethylene-6-oxazolonc {P,2G), 
A solution of ^,^-diethoxyalanine ethyl ester (22.6 g.) in 
chloroform (260 cc.) with sodium bicarbonate (22 g.) and 
water (55 cc.), was stirred at 5° and treate'd slowly with 
5-hexcuoyl chloride (14.6 g., b.p. 56-57‘'/20 rnm.; prepared 
as for 4-hexenoyl chloride above). After two hours at room 
temperature the product was worked up as ustjal. The 
crude ethyl 4-penteiiylpenaldate diethyl acetal (33,2 g.) was 
obtained. 

Calc, for C,JI,706N; N, 4.7 
Found: N, 4.5 

This product (15 g.) was saponified with cold alcoholic 
alkali as described for analogous cases above*. The 4- 
pentenylpenaldic acid diethyl acetal (11 g.) was obtained by 
direct precipitation from aqueous solution and had m.p. 

62- 63°, raised by recrystallization from dilute ethanol to 

63- 64°. 

Calc. Ci,H2«06N.n20: 

C-, 53.6; H, 8.6; N, 4.8; neut. equiv,, 291 
Found; C, 53.8; H, 8.8; N, 4.8; neut, equiv., 288 

The acid (2.91 g.) was treated with acetic anhydride as 
usual and the product hydrolyzed with N sodium hydroxide. 
Acidification at 5° gave the oxazolone (1.45 g.), m.p. 149- 
151°. 

Calc, for CtlliiOaN: C, 69.7; H, 6.1; N, 7.7 
Found: C, 59.6; H, 6.4; N, 7.8 

2-(l%8'-PeAtadienyl)-4-liydrozymethylene-5-ozazol<me 

{PM; 23), A mixture of sorbic acid (11.2 g.), benzene 


(50 cc.) and thionyl chloride (14.3 g.) was refluxed three 
hours and distilled, giving sorboyl chloride (11.2 g.), b.p. 
75“76°/14 mm. This was added to a mixture of pyridine 
(60 cc.) and /3,/3-diethoxyalanine (15 g.) cooled to 0°; after 
stirring for thirty minutes at 0° the deep red mixture was 
IKmrcd into water (450 cc.), cooled to 6°, acidified with 
hydro<*hloric acid to (kmgo Rod in the presence of benzene 
and the aqueous layer extracted with benzene. Removal of 
the benzene under reduced pressure and trituration of the 
residue with benzene-liglit petroleum left a product which 
on recrystallization from benzene-light petroleum gave 
pentadicuylpeualdic acid diethyl acetal, m.p. 124-125° (dec.) 
after another crystallization from benzene. 

Calc, for ChJUjOfcN: 

(\ 57.0; H, 7,8; N, 5.2; neut. equiv., 271 
Found: 57.8; H, 7.9; N, 5.3; neut. equiv., 266 

The ethyl ester (110.5 g.) was obtained in the usual man¬ 
ner by acylation of /8,/3-diethoxyaIanine ester witli sorboyl 
chloride (see above for analogous cases). After trituration 
with light petroleum it had m.p. 78-80°. 

Calc, for ChfiHwOfiN: C, 60.2; H, 8.4; N, 4.7 
Found: 0, 59.7; 11, 8.4; N, 4.6 

On saponification in the usual manner it gave an 81 % yield 
of the above acid, m.p. 123 “124°. The m.p. dropped to 
115° on storage at room temperature for three weeks. 

A mixture of the acid (5.4 g ) and acetic anhydride (50 cc.) 
was heated on a steam bath for thirty minutes and concen¬ 
trated in vacuo. The residiu*, a black crystalline mass, was 
extracted with hot ligroin (100 cc.). The product obtained 
on cooling (2 g.; m.p. 80-82°) was recrystallized twice from 
the same solvent, yielding white fluffy needles m.p. 85-86° 
(sintering at 84°) of 2-(r,3'-pentadieiiyl)-4-ethoxymethylene- 
5-oxazolone, 

Calc, for CuHuObN: C, 63.8; H, 6.3; N, 6.8 
Found: 63.8, H, 6.4; N, 6.8 

This product (0.5 g.) in water (10 cc.) was shaken with 
small portions of N sodium hydroxide until the solution 
remained ulkaiim*. After more water had been added to 
dissolve the sodium salt, the solution was treated with bone- 
black, filtered and cooled to 5°, then acidified with dilute 
hydrochloric acid. The yellow’ precipitate weighed 0.36 g. 
2-(r,3'-Rontadienyl)-4-hydroxymethylene-5-oxazoloiie thus 
prepared had m.p. 147-148°. 

Calc, for CjHjOiN: C, 60.3; II, 5.0; N, 7.8 
Found: C, 60.0; II, 5.3; N, 7.6 

2-Cyclohexylmetbyl-4-hydroxymethylexie-5-oxazoloiio 

(P.JiU; 32). Cyclohexylacetyl chloride (6.9 g.; b.p. 91-92°/ 
24 mm.) was added slowly to a stirred and cooled (5°) mix¬ 
ture of /»,/8-diethuxyalaniTie ethyl ester (8.9 g.), chloroform 
(105 cc.), sodium bicarbonate (8.6 g.) and water (22 cc.). 
On being worked up as usual ethyl cyclohexylmethylpenald- 
ate diethyl acetal (13.7 g.) w'as obtained, m.p. 40-48°, 
raised to 61-62° by rccrystallizatioii from ligroin. 

Calc, for CnHjiOiN; 0, 62.0; H, 9.4; N, 4.3 
Found: C, 62.3; 11, 9.5; N, 4.4 

This product (10 g.) was saponified as usual (see above for 
analogous cases), giving cyclohexylmethylpenaldic acid 
diethyl acetal (8 g.), m.p. 111-113°. This was recrystallized 
from dilute ethanol and then had m.p. 124-125°. 

Calc, for CuHbtObN: 

(3, 59.8; H, 9.0; N, 4.7; neut. equiv., 301 
Found: C, 60.0; H, 9.4; N, 4.6; neut. equiv., 300 

With dinitrophenylhydrazine the acid gave the 2,4-dini- 
trophenylhydrazone of N-cyclohexylacetylaminoaoetalde- 
hyde, rn.p. 197°. 
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Calc, for CieHMOsNs: C, 52.9; H, 5.8; N, 19.3 
Found: 0, 52.5; H, 6.2; N, 19.3 

The acid (3 g.) was treated with acetic anhydride fol¬ 
lowed by N sodium hydroxide in the usual way, giving 
2-cyclohexylinethyl-4-hydroxyinethylene-5-oxazolone (1.5 
g.), m.p, 109-110° (dee.). 

Calc, for CnllifcOsN: 63.2; H, 7.2; N, 6.7 
Found: C, 63.1; H, 7.5; N, 6.6 

2-Styryl-4-ethoxymethylene-6-oxazolone (Robinson; 
Abraham, Baker, ('hain and Robinson, CPS.649)- Styryl- 
penaldie acul diethyl acetal was prepared by the usual 
procedure from /3,/3-diethoxyalanine and oinnamoyl chloride. 
It crystallized from benzene-light petroleum in colorless 
plates, m.p. 143° (Merck, il/./5c, gave m.p. 129-130°). 

(Jalc. for C,»TI?iOsN: C, 62.5; IT, 6.8 
Found: C, 62.9; H, 6.9 

By the action (Af.//>c) of acetic anhydride and pyridine at 0° 
on this acid, or the action (CPSM4f^) of acetic anhydride at 
100°, the ethoxymethyleneoxazolone, m.p. 99-100°, was 
obtained. 

Calc, for C,4H„0,N: C, 69.2; H, 5.4; N, 5.7 
Found: C, 69.1; II, 5.0; N, 5.8 

2-p-Nitrophenyl-4-ethoxymethylene-6-oxa2olone (Cornell 
Bioch., D.3()). Diethoxy alanine (1.77 g.) was dissolved 

in 2 N sodium hydroxide (5 cc.j and water (5 ce.) and the 
solution cooled in an ice bath. A solution of p-nitrobenzoyl 
chloride (4 g.) in biinzcne (5 cc ) was added in 0.25 cc. por¬ 
tions with vigorous stirring, 2 N sodium hydroxide (2 cc.) 
being added with eacli portion The mixture was neutral¬ 
ized with 2 N hydrochloric acid and the product collected, 
dried and dissolved in hot ethanol (25 cc.) On cooling, p-ni- 
trobenzoic acid (1.57 g.) separated and was removed. The 
mother-licpior was evaporatiid, the residue dissolved in 
methyl acetate and carbon tetrachloride added to turbidity, 
when a further quantity (80 nig.) of p-nitrobenzoic acid 
separated. The inother-h(pior was evaporated and the 
residue crystallized three times from methyl acetate-light 
pctrohuiin. 'Die product had micro-rn.p. Ill 114°, not 
raised by three more recrystallizations from benzene-hexane. 

Calc, for Ch 4 niv 07 N 2 : N, 8,6; neut. equiv., 327 

Found: N, 8.6; neut. eijuiv., 375, 355 

This acid (1.0 g.) Was heated with acetic anhydride (10 cc.) 
on a steam bath for thirty minutes, '’rhe acetic anhydride 
was removed in vacuo at 40-50°; the residue was partly dis¬ 
solved in benzene (5 cc.) and hexane was added. Hecrystal- 
lization from benzone-hexane (Darco) gave j’ellow needles 
(350 mg.), m.p. 166-171°. Three more crystallizations 
from benzene-hexane gave the oxazolonc in yellow prisms, 
m.p. 167-170° (micro). 

Calc, for N, 10.7 

Found: N, 11.2 

2-Diphenylmethyl-4-ethoxymethylene«-6-oxazolone (Mich. 
Chem. BJ4! A mixture of water (250 cc.), sodium 
carbonate mono hydrate (40 g.), glycine ethyl ester hydro¬ 
chloride (20 g.) and chloroform (50 cc.) was stirred in an ice 
salt bath while a solution of diphonylacctyl chloride (from 
21.2 g. of the acid with thionyl chloride) in chloroform 
(20 cc.) was added dropwise. After twenty minutes’ stir¬ 
ring at room temperature the chloroform layer was separated, 
washed with 5% hydrochloric acid and with water, dried 
(MgS 04 ) and treated with light petroleum to precipitate 
the product. Colorless N-diphenylacetylglyciuo ethyl ester 
(24 g.; m.p. 118-120°) was obtained in two crops. Hecrys- 
tallization of a sample from benzene-ligroin gave colorless 
needles, m.p. 118-119°. 


Calc, for CisHioOaN: C, 72.7; II, 6.4 
Found: C, 72.7; II, 6.4 

This ester (9.9 g.) on formylation in ether-benzene with 
sodium ethoxide-cthyl formate in the usual fashion yielded 
a product (7.0 g.) as a yellow gum, which gave a yellow 
2,4-dinitrophenylhydrazone, m.p. 199-200.5° from ethanol- 
benzene. 

Gale, for C26H2807Nfc: C, 59.4; II, 4.6 
Found: (\ 59 1; H, 4.6 

It also yielded a benzylarnine derivative, prepared in ether 
and reervstallized from methanol, m.p. 118-120°. 

C'alc. for C2eH2608N2: 75.3; H, 6.3 

Found: C, 75.7; H, 0.3 

The crude ester (3.3 g.) in ethanol (20 cc.; saturated at 
room temperature with hydrogen chloride) was kept for 
twelve hours, poured into water and extracted with benzene. 
Kvaporation.of the dried (MgS 04 ) solution and crystalliza¬ 
tion of the residue from benzene-ligroin gave ethyl diphenyl- 
methylpcnaldate diethyl acetal (1.4 g.), m.p. 79-83°, 
raised by recrystallization from ligroin to 82-84°. 

(^alc. for CasHj.OftN: 69.2; H, 7.3 
Found: (\ 69.5; H, 7.2 

On hydrolysis in the usual way with cold alcoholic alkali 
this ester gave diphenylmethylpenaldic acid diethyl acetal 
(850 mg. from 1 g. ester); m.p. 107-110“ (dec.), raised by 
recrystallization from ether-light petroleum to 110-112° 
(dec.; shrinking at 108°). 

Calc, for C2 iH 2506N*H20: C, 64.8; H, 7.0 
Found: C, 65.0; H, 7.0 

This acid (600 mg.) in acetic anhydride (7 cc.) was heated 
(steam bath) for ten minutes. The excess acetic anhydride 
was evaporated in a stri»am of air. Evaporative distillation 
of the residue at low pressure gave the ethoxynu'thylene- 
oxazolone as a yellow gum. 

Calc, for Ci^HnOsN: C, 74.3; H, 5.6 
Found: C, 74.4; H, 5.7 

2-(p-Hydroxybenzyl)-4-hydroxymethylene-6-oxazolone 

(Pfizer, P.W; 21), A mixture ol p-hydroxybenzaldehydc 
(244 g.) and rhodaniiic (266 g.) was dissolveil in hot glacial 
acetic acid (1340 cc.) and treated with anliydrous sodium 
acetate (250 g.), then refiuxed for one hour with <»ccasional 
shaking. The product was poured into water (10 lit.) 
and the solid p-hydroxybenzylidcnerhodnnine (447 g.; 
94 %) collected. A sample reervstallized from dioxan 
melted at 290°. 

Calc, fur C10II7O2NS2: C, 50.6; II, 3.0; N, 5.9; S, 27.0 
Found: C, 50.9; II, 3.2; N, 6.1; S, 26.2 

This product (92.5 g.) was added to 15% sodium hydrox¬ 
ide (700 cc.) and the mixture heated on a steam bath 
for thirty minutes after becoming clear. It was cooled to 0° 
and rapidly acidified with 10% hydrochloric acid (700 cc.) 
and the amorphous precipitate collected. By repeating 
this operation a total of 354 g. (95.5 %) of eriide tt-thiono-/3- 
(p-hydroxyphenyl)propionie acid (m.p. 156-158°) was ob¬ 
tained; a sample reervstallized from methanol-water had 
m.p. 185-186°. 

Calc, for C’jHaOjS: S, 16.3 
Found; S, 15.0 

To a sodium cthoxide solution (22.5 g. sodium in 650 cc. 
alcohol) was added a solution of hydroxylamiue hydrochlo¬ 
ride (67.5 g.) in water (60 cc.) and the sodium chloride 
removed. The filtrate was added to the above acid (68.4 g.), 
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refluxrcl for orio hour and tho alcohol removed under reduced 
pressure. The residue was dissolved in 5 % sodium hydrox¬ 
ide (170 cc.), filtered from sulphur, cooled to 0", acidified 
to Oougo Red with hydrocliloric acid in tlic presence of ether 
and extracted with other. On removal of the ether crude 
aHJxinuno-/t-/>-li> droxyphenylpropionic acid (52.9 g.; 77.7 %) 
remained, m.]). 15**1-155'. 

I'lns acid wjis {ulded to ai'ctic anhydride (3(K) ce.) and tlie 
mixture cautiously wanned until carbon dioxide was evolved; 
the reaction was tluMi allowial to proceed without external 
heat until otTervescenco ceased. Tlie niLxture was heated 
on the .steam bath for one hour and concentrated under 
reduccil pri'ssun*. The residue was fractionated, giving 
p-acetoxyplienylacetonitrile (38.2 g.; HO.4 %), 1>.p. 175-180''/ 
15 mm. 

To this product were achled a(*etic acid, concentrated sul¬ 
furic acid and wat(‘r (38 cc. of each); the mixture was re- 
Ihixcd for one hour, diluted with water to 300 cc. and cooled 
to O'. The p-}n'droxyi>hcnyla(‘etic acid was collected 
(19.3 g.); a further amount (10.2 g.) was o])tained by ether 
extraction of thi‘ filtrat(‘ (total 88.8%). The product had 
ni.p. 148", undepressed by authentic material. 4'he yield 
was 50% based on p-hydroxybenzal(lt‘Jiy(h*. 

To a mixture of this acid (1.5 g.) and acetic anhydride 
(1.5 cc.) were added two drops of concentrated sulfuric acid. 
Aft(T thirty minutes on a steam bath p-aeetoxyphenylacetio 
acid (1.5 g.) was isolated in the usual way, m.p. 109" after 
cry.stallization from benzene. 

Calc, for (boHio 04 : C, 61.9; H, 5,2; iieut. equiv., 194 
Found: C, 61.9; H, 5.0; neut. equiv., 190 

A mixture of this acid (1.9 g.), benzene (10 cc.) and thionyl 
cliloride (1.3 g.) was refluxed for two and one-half hours 
and concentrated tn vacuo. The residue was treated with a 
mixture of /Sf,/i-diethoxyalaiiiiie (1.8 g.), N/2 sodium liydrox- 
ide (20 cc.) and sodium bicarbonate (2 g.) and shaken to a 
clear solution. The solution was extracted with ether, 
treated with bone-black, lilterod, cooled to 5° and acidified. 
Tlie oily product was taken up in 10% sodium hydroxide 
(10 cc.) and warmed for one hour. Acidification gave crude 
p-hydroxybenzylpenaldic acid diethyl acetal, which was 
partially purified by precipitating with benzene from ethereal 
solution; m.p. 70-75*^ (dec.). 

This acid (2.5 g.) and acetic anhydride (25 cc.) were 
warmed (steam bath) for forty-five minutes, the acetic 
anhydride nimoved in vacuo and tlie residue treated with 
N/2 sodium hydroxide until it remained alkaline. Extrac¬ 
tion with ether and treatment with bone-black was followed 
by acidification at S'". The rather dark precipitate of 
2-(p-hydroxybenzyl)-4-hydroxymethyleno-5-oxazolone had 
m.p. 182-188° (dec.). 

Calc, for CnH, 04 N: C, 60.3; H, 4.1; N, 6.4 
Found; C, 59.4; H, 4.3; N, 6.4 

2- (p-Acetoxy benzyl) -4-ethoxymethylene-6-oxazolone 

(P.^1). To p-acetoxyphenylacetic acid (19.4 g.) in benzene 
(50 cc.) was added phosphorus pentachloride (21.5 g.). 
After thirty minutes refluxing the product was distilled, 
giving p-acetoxyphenylacetyl chloride, b.p, 165-166°/ 
16 mm., m.p. 45^6° (17.9 g.; 84%). 

This product was dissolved in benzene (50 cc.) and slowly 
added to a vigorously stirred mixture of /3,/3-diethoxyalanine 
(14.9 g.), N/2 sodium hydroxide (169 cc.) and sodium bi¬ 
carbonate (14.5 g.). After being stirred for a further forty- 
five minutes the benzene was separated, the aqueous layer 
treated with bone-black and acidified at 5° in the presence 
of benzene (100 cc.). The aqueous layer was extracted 
with more benzene (50 cc.) and the combined extracts evapo¬ 
rated in,vacuo. The crude p-acetoxybenzylponaldic acid 
diethyl acetal (23.4 g.) had m.p. 112-114°. Kecrystalliza- 
tion from aqueous ethanol gave 20.3 g., m.p. 113-110° 
(dec.). 


Calc, for CnHnOrN:: 

(\ 57.8; II, 6.5; N, 4.0; neut. equiv., 353 
Found: C, 58.1; H, 6.8; IS, 4.J; neut. equiv., 354 

Hydrolysis of this acid 1o p-hydroxybonzylpenaldic acid 
diethyl acctnl yielded only an amorphous powder, drying 
to a glass over liariurn oxide in a vaeuum. 

Calc, for (b.HxiOeN: 57.9; H, 6.8; NT, 4.5 
Found: 59.8; H, 7.1; N, 4.6 

Methyl p-a(‘ctoxybenzylp(‘nal(la<c diethyl acetal was 
obtaim*d from the acetoxy acid (21.7 g.) in dioxan (200 ce.) 
by treatment with 1.2 CM^uivalents of (‘tliercal diazomethane. 
Tlic ester after crystallization from ligroin-bcnzcne liad 
m.p. 62-63". 

Calc, for (bsH 2 „ 07 N; (\ 58.9; H, 6.8; N, 3.8 
Found: C, 59.1; II, 6 8; N, 3.8 

The acetoxy acid (3.5 g.) and acetic anhydride (35 cc.) 
were heated for thirty rnimitcs on a steam bath and then 
evaporated in vacuo. The residue cry.stallizcd on drying 
over barium oxide in a vacuum; the crude 2-p-acetoxy- 
beiiz^ 1'-4-etho.\ymcthylene-5-oxazoIone rmdted between 80 
and 95 

Cale. for 62.3; H, 5.2; N, 4.8 

Found: C, 61.2; II, 5.5; N, 4.7 

On keeping, a-p-act‘i()xyphenylacctam ido-^-(ithoxyacrylic 
aeul was obtained, m.p. 159-161° after washing with benzene. 

Calc, for (bJIiyOeN: 

C, 58,6; H, 5.5; N, 4.6; neut. cciniv., 307 
Found: C, 58.6; H, 5.6; N, 4.6; neut. eejuiv., 305 

2-(p-Methoxybenzyl)-4-hydroxymethylene-5-oxazolone 

{P.t9). TJuonyl chloride (6.5 g.) was added to a mixture of 
p-methoxyphonylacetic acid (8.3 g.) and benzene (25 ce.), 
the solution refluxed for two hours and the benzene removed. 
A mixture of /^,/5-dietboxyaIanine (8.9 g.), N/2 sodium 
hydroxide (100 cc.) and sodium bicarbonati* (10 g.) was 
then introduced with vigorous shaking. The mixture was 
washed with ether, cooled, acidified and extracted with 
benzene. Removal of solvent left the crude p-methoxy- 
benzylpenaldic acid diethyl acetal as a lu'avy oil (11 g.). 

This product and acetic anhydride (80 ce.) wc're heated 
(.steam bath) for one hour and the acetic anhydride removed 
in vacuo. The residue was shaken with N/2 sodium hydrox¬ 
ide (85 cc.) and the sodium salt (3 g.) collected; a further 
quantity (2.3 g.) was obtained from the rnothor-liquors. 
The salt was dissolved in water and acidified, giving the 
oxazolone, m.p. 117° (dec.). 

Calc, for CisHuOiN: C, 61.8; H, 4.7; N, G.O 
Found: C, 61.4; H, 4.6; N, 6.1 

The oxazolone (2 g.) in benzene (20 cc.) was treated with 
benzyl alcohol (1 g.), refluxed for thirty minutes and con¬ 
centrated. A solution of the oil in ether (40 cc.) was 
treated with benzylamine (0.5 cc,). The resulting benzyl 
a-p-methoxyphenylacetamirio-i3-benzylaminoacrylate (1.8 g.) 
liad m.p. 12^127° after two rocrystallizations from ethanol. 

Calc, for Ca^HjeOiNa: C, 72.6; H, 6.1; N, 6.5 
Found: C, 72.6; H, 6.0; N, 6.6 

2-Phexiyl-4*ethylthioxnethyleiie-6'*oxazolone (Cornell 
Bioch., Z>.4). To the crude ethyl phenylpcnaldate pre¬ 
pared from hippuric ester (35 g.) was added ethyl mercaptan 
(25 cc.). The solution was saturated with dry HCl and 
kept overnight. Excess reagents were removed in vacao^ 
the oily residue dissolved in etlianol (75 co.) and 10 % sodium 
hydroxide (100 cc.) added. After being heated at 100° for 
twenty minutes the solution was cooled, filtered and 
acidified. Water (400 cc.) was added to the acid solution.' 
The precipitated oil soon crystallized and was collected; a 
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further quantity was recovered from the filtrate. The crude 
product was purified by treating an alcoholic solution with 
charcoal, foIlow(‘d by three crystallizations from 50% 
ethanol. The colorless needles (11.5 g.) of phenylpenaldic 
acid diethyl thioacetal had m.p. 189-140°. 

Calc, for CullioOaNSz*. N, 4.5; nout. cquiv., 313 
Found: N, 4.3; ncut. equiv., 314 

This acid (3.4 g.) was heated with acetic anhydride 
(15 cc.) for twenty minutes at 100° and the mixture evapo¬ 
rated m vacuo. The residue was recrystallized from chloro¬ 
form-light p(*troleum, giving the oxazolone in ytdlow needles, 
m.p. 107 108°. 

(^alc. for (hoHuthNS: S, 13.7 
Found: S, 14.1 

2-Benzyl-4-ethylthiomethylene-6-oxazolone (0.4)^ Ethyl 
m(*rcaptan (20 cc.) was added to an oily ethyl benzylpenal- 
date preparation (24 g.); tlie solution Avas then saturated 
with dry H('l and kept for three hour.s. Kxc('ss of the 
reagents was removed in vacuo, the residue was dissolved in 
ether (200 cc.) and shaken with 10^;^, sodium hydroxide 
(2 X 50 cc.) and then four times with water. Tlie ether was 
removed, the oil dissolved in ethanol (20 cc.), and 10% 
sodium hydroxide (20 cc.) added. After being ht*ated for 
twenty minutes al 05°, diluted with watiT (200 cc.) and 
twice extracted with ether, the solution was acidified and 
(‘xtracted twice with etiu'r. Crystals separated on keeping; 
these were reorystalli/(‘d from 50% ethanol to give colorless 
needles (1 g.), evidently «-phenylacctammo-itl-ethylthio- 
acrylic acid, m.p. 107-108°. 

Calc, for fhaHisOaNB: N, 5.2; nout. equiv., 205 
Found: N, 5.8; neat, equiv., 205 

The ethereal filtrate was concentrated in vacuo and the oily 
residue dissolved in ethanol (50 cc.), tn'atc'd with charcoal, 
filtered and treated with an equal voluiiK* of wat<‘r. After 
cooling, the ])roduct was colh'cted and recrystalhzed twice 
from 50% ellianol to give benzyl{)enaldic acid diethyl 
thioacetal (0.5 g.): colorless needles, m.p. 131’182°. 

Calc, for Ci 6 ll 2 i()aNH?: N, 4.3; neut. equiv., 327 
Found: N, 4 4; neut. ecpiiv., 332 

The latter acid {3 g.) was h(*ated with acetic anhydride 
(15 cc.) at 100° for thirty minutes. On distillation the 
oxazolone was obtained (1.5 g.) as a yellow viscous oil, b.p. 
180-182°/0.5 mm 

Calc, for CuHuOjNS: S, 13.0 
Found: S, 14.1 

2-l8opropyl-4-ethoxymethylene«5-oxazoloxie (Mich. 
Chem., B.S). The sodium salt (15 g.; assaying 83 %) of the 
formylaiion product from N-isobutyrylglyciue ethyl ester 
(B.jg) was dissolved in ice water and the solution acidified 
with concentrated hydrochloric acid, saturated with am¬ 
monium chloride and extracted thrice with ether. Evapor¬ 
ation of the dried extract left an oil (8.4 g.), which was 
heated for twenty minutes (steam bath) with ethyl ortho¬ 
formate (6 cc.), ethanol (6 cc.) and ammonium cliloride 
(about 0.6 g.). After evaporation in vacuo the product was 
dissolved in ether and the solution extracted at 0° with 
6% sodium hydroxide (30 cc.), washed twice with ico water, 
dried and evaporated leaving an oil (6.2 g.). Alkaline 
hydrolysis in the usual way gave isopropylpenaldic acid 
diethyl acetal, which was recrystallized by dissolving in 
ether, adding benzene, removing the ether and adding 
light petroleum (30-60°); m.p. 93-94°. 

Calc* for CiiHiiO,N: C, 63.4; H, 8.6 
Pound: C, 63.1; H, 8,5 


With dinitrophcnylhydrazinc tlic acid, after hvdrol\si8 
with dilute acid, gave the 2,4-diriitrophcnvlli\dnizonc of 
isobutyrylamiuoacctaldchyde; m.p. 212-214°. 

Calc, for (bsHiftO/iNs*. C, 4(>.fi; II, 4,9 
Found: C, 4fil;ll»fi'l 

The acid was heated uitli acetic anli^'dridi' in the usual 
manner and alTordod the related ethoxymethyleneoxazolone. 

Attempted Preparation of 4-£thoxymethylene-6-oxazolone 
(Pfizer, To 98 Co formic acid (35 g.), cooled to 8°, 

was added /^,/^-clietlioxyalauin(* (35.5 g.) slowly with vigorous 
stirring, and the mixture was then treated with acetic an¬ 
hydride (35 cc.). I’lic temperature was allo^ved to rise to 
25‘ and the mixture cooled in an ice bath. After some time 
the crvstals w'ere collected and washed wdtb chloroform. 
The crude jumaldic acid diethyl acetal, m.p. 125 126°, 
weighed 23 2 g.; an additional 6.1 g. was obtained from the 
filtrates. Reery»tallization from ethanol gave material 
m.p. 129° (billy, b.23, reported m.p. 121°). 

Calc, for CJlifcOiN: 

C, 46.8; 11, 7.3; N, 6.8; neut. equiv., 205 
Found: C, 40.H; H, 7.5; N, 6 9; neut. equiv., 202 

A mixture of this acid (3.1 g.) with acetic anhydride 
(31 cc.) was lieatcd on the steam bath for fortv-five minutes. 
The proiiuct was distilled and the fraction b.p. 90 97°/l mm. 
collected (1.4 g.). Hydrolysis of this material with A/2 
sodium hydroxide did not yieM any hydroxyinethylimo- 
oxazoloiK*. 

2-Methyl-4-ethoxymethylene-6-oxazolone (Cornell 
Bioch., />./.9; 3^). /bf^-Dicthoxyalanine (1.77 g.) was dis¬ 
solved in 0.4 N sodium hydroxide (25 ec.). The solution 
was coolial in ice salt and acetic anhydride (2.5 cc.) and 
2 N sodium hydroxide (4.5 ec.) wt*r(‘ added slowdy writh 
vigorous stirring. Tljc cold solution w^is acidified wuth 6 N 
liydrochloric acid and extracted rapidly with ethyl acetate. 
Evaporation of the dried extract in vacuo left an oil which 
crystallized. The crude product was recry,staHiziul from 
aceton(‘-hexane, giving midhylpenaldic acid dudhyl acetal 
(44% yield), m.p. 88-89° witli a transition point at 65 66°. 

Calc, for CftHnOfiN: C, 49.2; 11, 8.0 
Found: C, 49.2; H, 7.9 

This acid (169 mg.) was dissolved in acetic anhydride 
(0.5 c(;.; freshly distilled) and heated for ten minutes at 
90-100°. The mixture was cooled in ice and a solution of 
sodium bicarbonate (1 g. in 5 cc. water) added. After 
shaking for two minutes in the ice bath the product was 
extracted twice with ethyl acetate (6 cc. and 2 cc.). Evapo¬ 
ration of the WAslied and dricul extracts gave an oil (111 mg.) 
containing a trace of acetic anhydride. The bicarbonate 
treatment was therefore repeateii, leaving an oil (61 mg.) 
which in ethanol had an absorption maximum at 2,850 A, 
Km 7,850, and therefore probably contained the desired 
oxazolone. 

Action of Dry Hydrogen Bromide on 2-Benzyl-4-ethozy- 
methylene*5-*oxazolon6 (Merck, M.SiS). Dry hydrogen 
bromide was passed into an ether solution of the oxazolone. 
A whit(» preinpitate immediately resulted. This product 
was apparently the same as that obtained by treating benz- 
ylpenaldic acici diethyl acetal with phosphorus tribromide in 
dioxan. as the products of its reaction with aniline, morpho- 
niie, piperidine and benzylamine were the same as those 
already prepared. 

Stability of an Oxazolone to Hydrogen Chloride and 
Diazomethane (Abbott, AJ6). 2-Benzyl-4-8ec.-butyl-6- 
oxazolone (4 g.) was dissolved in dry ether (36 cc.) and ether 
(10 cc.) containing 1.2 equivalents of hydrogen chloride was 
added. Two minutes elapsed before an oil separated. 
Ethereal diazomethane was added until a permanent yellow 
color resulted. The product on fractional distillation gave 
2.3 g., b.p. 140-155°/3 mm. (unchanged oxazolone; redistil- 
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lation gave 2.0 g., b.p. 140‘l4r)‘’/3 mm., ni>** 1.5078), and 
1.0 g,, b.p. 155-l65''/3 mm., xip*® 1.5078, a thick oil, halogen- 
free. It is clear that the treatment did not leave the 
oxazolone unaltered. 

2-Benzyl-4-hydroxymethylene-5->oxazolone Hydrobromide 

(NRKL, CJO), Phuspliorus tribromide (00 mg.) in dry 
dioxan (0.2 cc.) was added to th«» hydroxymethylene.oxazol- 
oue (203 mg.) in dry dioxan (10 ec.). Crystallization oc¬ 
curred within one minute; after one hour in a refrigerator 
the product was eolleeterJ, washed with dioxan and ether, 
and dried for thirty minutes in a vacuum desiccator (221 mg.). 
1'he product had no sharp m.p.; in a capillary it sintered at 
108° and melted comjiletely at 115-117° with darkening. 

Calc, for CuH90i,N‘1113r*C4HR02: Br, 21.5 
Found; Br, 20.3 

On drying in vacuo at 78° over P 2 O 6 , the loss in weight was 
36.0% in thirty minutes and 40.7% in one hour, by which 
time extensive decomposition had occurred. On storage 
in a refrigerator the product was stable, but a sample kept at 
room temperature, and occasionally opened, decomposed 
BuddtMily (after three days) with evolution of HBr. 

The hydrochloride (yield 123 mg.) was prepared in the 
same way, using PCJls. It also had one mol. of dioxan of 
crystallization. The m.p. was 88-90° with shrinkage at 
83°. On drying at 57° in vacuo over P 2 O 4 the loss was 38.5 % 
in two hours, leaving a light tan powder containing only a 
trace of halogen. Undried material was analyzed. 

Calc, for CnH»0,N HCl-CJl«() 2 : 

N, 4.3; Cl, 10.8; neut. equiv., 164; 

loss of dioxan and H(3, 38.0 
Found: N, 4.2; Cl, 10.1; neut. equiv., 169 

A hydrocliloride was also obtained from the hydroxy- 
metliylencoxazolone by rca(;tioii with H(U in either dioxan 
or liquid SO 2 . A suspension of the oxazolone in dry SO* 
immexliately clean'd when dry H(3 was passed. On 
evaporation the hydrochloride was obtained as large, wliite 
needles, which rapidly lost 11C4 in vacuo at room tempera¬ 
ture, turning to a brown powder. A control experiment 
showed that the oxazolone could be nujoverod quantita¬ 
tively from liquid SO 2 . 

Structure of the Crystalline Bromide Obtained from 
Benzylpenaldic Acid Diethyl Acetal and Phosphorus Tri¬ 
bromide (C.W). A sample of this product‘(see p. 807) was 
prepared for comparison with the hydrohalides just de¬ 
scribed. The table gives the values of at various 

wave-lengths for the *‘ethoxymethylcneoxazolone hydro- 
bromide” (A) and for the hydroxymethyleneoxazolone 
hydrochloride (B) and hydrobromide (('). The compound 
A was sparingly soluble in chloroform, in wliich was 
freely soluble. Both were sparingly soluble, in dioxan, ether 
and carbon tetrachloride, and soluble in acetone. 


Compound. 

A 

A 

B 


Solvent. 

KtliPr 

Dioxan 

Dioxan 

ICther 

Eicm.’'^ at 3,200 A.. 

5 

10 

5 

6 

3,000.. . . 

52 

38 

]39 

11 

2,900.... 

88 

52 

253 

244 

2,775.... 

100 

72 

388 

330 

2,750. .. 

103 

76 

384 

338 

2,700.... 

124 

107 

349 

323 

2,600. .. 

205 

168 

241 

298 

2,500.... 

231 

217 

128 

202 

2,400... 

247 

231 

71 

172 

2,300.... 

229 

216 

100 

192 

2 ,200.... 

298 

286 

170 

301 


“Hydrochloride” of 2-Benzyl-4-methoxymethyleiie-0« 
oxazolone (Upjohn, UJO). The pure crystalline oxazolone 
immediately gave a precipitate with ethereal hydrogen 
chloride. After five hours this product was separated under 
nitrogen; m.p. 180-182°, It contained halogen, which was 
lost on standing for a few days. 

Reaction Between N,N^-biphenylformamidine and Hip- 
puric Acid (Boon, Carrington, Davies and Jones, CPS. 4 I; 
8.9). An intimate mixture of N,N'-diphenylformamidine 
(16 g.) and hippuric acid (7.5 g.) was heated at 125° for four 
hours. Tlic cooled product was triturated with ethyl 
acetate and the residue (12.6 g.) crystallized twice from 
benzene; brown needles, m.p. 142-144°. This is probably 
the diphenylformamidine salt of hippuric acid. 

C‘alc. for (^IloOsN-ChsHnNi: C, 70.4; H, 5.6; N, J 1.2 
Eound: C, 71 . 2 ; 11, 5 . 8 ; N, 11.0 

2-Phenyl-4-anilinomethylene-6-oxazolone {CPS.89). A 
mixture of hippuric acid (5 g.), N,N'-diplienylformamidine 
(5.5 g.) and acetic anhydride (20 cc.) was boiled under 
reflux for tliirty minutes. The residue after distillation of 
the ac(*tic anhydride was triturated with ethanol and the 
crystalline product recrystallized from light petroleum- 
chloroform. The fine yellow needles (5 g.), m.p. 150-168°, 
were fractionally crystallized from th(‘ same solvents; two 
well defined fractions were iiltiiiiatcdy separated: 

Fraction A, yellow needles (more soluble), m.p. 144-146°. 

Calc, for CuIIiaOaNj: C, 72.7, II, 4.6; N, 10.6 
Found: C, 72.6; H, 4.4; N, 10.5 

Fraction B, fine yellow needles (less soluble), m.p. 170°. 

Found: C, 72.2; 11, 4.4; N, 11.3 

The two substances had identical absorption spectra and 
gave the same acetyl derivative; they were evidently both 
forms of the anilinomethylenephenyioxazolone. 

2-PhenyI-4-N-acctylanilinorn(ithyiene-5-oxazolone, pre¬ 
pared by refluxing cithc'r form witli acetic anhydride for 
three hours, had m.p. 155-156° after recrystallization from 
ethanol; yellow prismatic needles. 

(^.alc. for CiglluOaNi: C, 70.6; II, 4.6; N, 9.2 
Found: C, 70.5; II, 4.5; N, 9.5 

When the acetyl derivative (1.0 g.) was heated with aniline 
(1 cc.) on a steam bath for two hours and the product 
recrystallized twice from ethanol, the anilinomethylene- 
phenyloxazolone was obtained, m.p. 180°. 

Found: C, 72.8; H, 4.5; N, 10.8 

2-Styryl-4-anilinomethylene-6-oxazolone (CPS.89), 
When a mixture of ciimamoylglycine (3.8 g.) and N,N'-di- 
phcnylformamidme (7.8 g.) was heated at 125° for three 
hours and the product dissolved in ethanol, cinnamoyl- 
glycine anilide separated, m.p. after recrystallization 210°, 
undepressed by material prepared from aniline and cin- 
namoylglycine. 

Calc, for CirHuOaNj: C, 72.6; 11, 5.7; N, 10.0 
Found: C, 72.4; H, 5.3; N, 10.5 

However, wdicn cinnamoylglycine (5.0 g.) was boiled 
under reflux with diphenylformamidine (5.0 g.) and acetic 
anhydride (20 cc.) for twenty minutes the reaction took 
another course. The product after cooling was collected, 
triturated with ethanol and recrystallized from an ethyl 
acetate-light petroleum (40-60°) mixture. 2-Styryl-4- 
anilinomethylene-5-oxazolone was obtained; fine orange 
needles (3 g.), m.p. 163°. 

The filtrate on concentration gave a solid product which 
was recrystallized from acetic acid. 2-Styryl-4-N-acetyl- 
anilinomethylene-fi-oxazolone was obtained; yellow plates, 
m.p. 174°, 

Calc, for CjoHhObN,: 72.3; H, 4.9; N, 8.7 
Found: C, 72.2; H, 4.8; N, 8.6 
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On heating with aniline at 100® for one hour and crystallizing 
the product from an ethanol-chloroforrn-light petro¬ 
leum mixture, the acetyl derivative was converted to the 
anilinomethyleneoxazolone, m.p. 103®. 

Calc, for C18H14O2N2: 74.4; H, 4.8; K, 0.7 

Found: C, 72.0; II, 4.8; N, 9.5 

Reaction of 2-Phenyl-S-oxazolone with N,N'-Diphenyl- 
formamidine (Boon, ("arringtou, Davies, Jones, Rainage 
and Waring, The oxazolojie (5 g.), diphenyl- 

formamidine (0.0 g.) and acetic anhydride* (30 cc.) were 
heated at 100° for thirty minutes. Acetic anhydride was 
removed in vacuo at 50® and tlie residue triturated with 
ethanol and rccry.stallized from ethyl acetate-light petroleum, 
giving the anilinomethyleneoxazolone (m.p. 175.5°, high 
melting form; acetyl derivative, m.p. 150°). 

2-(l'-Pentenyl)-4-anilinomethylene-6-oxa2olone {CPS, 
A mixture of N-2-hexenoylglvcine (4.30 g.), N,N'- 
diphenylformamidine (5.0 g.) and acetic anhydride (30 cc.) 
was heated at 100° for thirty minutes. After removal 
of acetic anhydride at 50° tlie residue w'as extracted with 
boiling water. The insoluble oil crystallized on cooling; it 
wuis recrystallizcd from (‘thanol to give the anilinomethylene 
compound, golden yellow needles, m.p. 118 119°. 

(^alc. for (^5Hl«02N2: C, 70.3; H, 0.3; N, 10.0 
Found: C, 09.9; II, 6.0; N, 11.2 

2-Phenyl-4-beiizylaminomethylene-6-oxazolone {CPS. 
4Si^). Formimino ethyl ether hydrochloride (13.0 g.) 
was added gradually to a stirred solution of benzylamine 
(45.75 g.) in ethanol (100 cc.) at 0°. After tw^o days at 
room temperature the filtered .solution was concentrated 
in vacuo without heating, 'riu* re.sidue was shaken with 
ether and a slight excess of acpieous sodium carbonate, and 
the ethereal solution dried and evaporated, leaving N,N'- 
dibenzylfonnainidine, w'hich w^as recrystallized from ether- 
light petroleum; colorless ne<*dles (72 % yield), m.p. 70-77°. 

Calc, for C.fiHieN.,: C, 80.4; H, 7.1; N, 12.5 
Found: C, 80.1; H, 7.1; N, 12.2 

Hippuric acid (4.0 g.), N,N'-dibcii2ylfonnamidine (5.0 g.) 
and acetic anhydride (30 cc.) were heated together at 100° 
for thirty minutes. Acetic anhydride was removed at 
60°; tlie residue crystallized on standing, giving a (piantita- 
tive yield of 2-phenyl-4-N-)ienzylac<*tamidomethylenc-5- 
oxazolone, fine needles from ethanol, rn.p. 138.5°, identical 
with an authentic specimen (.s(*c p. 714). When this product 
(1.6 g.) W'as heated with benzylamine (0.55 g.) at 110° for 
thirty minutes, the benzylaminomothyleneoxazolone wras 
formed (1.3 g.), m.p. 133° (undepressed by an authentic 
specimen) after crystallization from aqueous methanol. 
However, when the acetyl d<irivative was h(*ated in the 
same way with arnline, the product was the aniliuomethyl- 
eneoxazolone, m.p. 156° (acetyl derivative, m.p. 156° unde¬ 
pressed by authentic material). 

2-Phenyl-4-ethylaminomethylen e -6-oxazolone (Boon, 
Carrington, Davies, Jones, Ilamage and Waring, CPS.479), 
Formimino ethyl ether hydrochloride (8.1 g.) was added 
gradually to a stirred 33% solution (30 g.) of ethylaminc in 
ethanol. After several days, ethanol was removed at 20° 
and the residual oil in methanol was treated with a slight 
excess of ethereal diazomethane. Ether and methanol were 
removed in vaev^ and the residue on fractionation gave N,N'- 
diethylformamidine as a colorless oil, b.p. J0-60°/12 mm. 
The picrate was formed in ethanol and recrystallizcd from 
ethyl acetate-light petroleum, m.p. 123°. 

Calc, for CuH^OtN,: C, 40.1; H, 4.0; N, 21.3 
Found: C, 40.2; H, 4.6; N, 21.6 

The chloroplatinate crystallized from aqueous ethanol in 
orange prisms, m.p. 198.6°. 

Hippuric acid (3.0 g.), N,N'-diethylformamidinc (1.7 g.) 


and acetic anhydride (20 cc.) wM*re heated at 100° for thirty 
minutes. Acetic anhydride was r(*moved at 50° and the 
residue after trituration with ethanol and washing with 
bicarbonate solution was recrystallized from ethanol, giving 
2-phcnyl-4-N-ethylacetumidometh^lene-5-oxazol()ii(‘ in yel¬ 
low ne(*dles, m.p. 139°. 

This was identical with a specimen prepared as follows: 
2-phenyl-4-ctlioxymethylen<‘-5-oxazolone (4 g.) was sus¬ 
pended in ethanol (30 cc.) ami treated with etliylamine 
(2.7 g. of a 33 % solution in ethanol). The mixture was 
wanned for ten minutes, alcohol was removed at 50° and the 
residue crystallized from afpicous mctlianol, giving 2-i>hcnyl- 
4-ethylamiuometliylene-5-oxazf)loiu‘, cr{*am-c()lor(‘d iK'edles, 
m.p. 95-90°. 

(^alc. for C12HJ2O2N2: N, 13.0 
Found: N, 13.0 

This product W'as boiled with acetic anhydride for two 
hours, wh(m the acetyl derivative was obtained; yellow 
needles, m.p. 139°, from alcohol. 

(‘ale. for (JuKuOsNa: C‘, 65.1; II, 5.4; N, 10.9 

Found: (.‘, 05.1; IT, 5.4; N, 11.4 

0-£thylserine (Copp, Duffin, Smith and Wilkinson, 

CPS.HGl). a,jS-Dil)romopropionic acid was satisfactorily 
obtained as follows ((/. Munder and Tollcns, Annalcn, 
107 ,220 1873 >): /3,7-diljroinopropyl alcohol (50 g.) was mixed 
with fuming nitric acid (20 cc.) and concentrated nitric acid 
(50 cc.) and the mixture warmed carefully; an oil rapidly 
separated, whereupon the mixture was heated slouly with 
continual shaking until a vigorous reaction set in; when the 
violent evolution of nitrogen oxides had ceased, heating was 
resumed (steam bath) until the solution was colorh'ss (one 
and one-half hours). After cooling, the crystals of 
dibromof)ropionic acid wen*. colh*et(Hl, washed with 2 N 
nitric acid and drained on a porous tile (m.p. 03 04°; 45 g.). 
The acid was esterifi(‘d (Fiseher-Speyer) and eonv(*rted to 
O-ethvlserine bv the metl»od of du Vigueaud and Wood {J. 
HioL Chnn.y l!!i4^ 413 (1940)). 

N-a-Bromocaproyl-O-ethylserine (CPS.361). a-Bromo- 
caproyl bromide (2.(i g.) was gradually added to O-ethyl- 
serine (1.3 g.) dissolved in 2 N sodium carbonate (5 ec.) at 
0°, together with enough sodium earhouate solution to keep 
the mixture alkaline. The clear solution was washed with 
ether and acidified. After two w'ashings by decantation 
with water the semi-solid mass was treated with liglit 
petroleum (40-60°). After fifteen to twenty hours at 0° the 
substance was collected and crystallized by precipitation 
from alcoholic solution with water, llosettcs of needles, 
m.p. 135-137°, were obtained. 

Oalc. for C,iIl2o04NBr: C, 42.9; II, 0.5; N, 4.5; Br, 25.8 

Found: C, 42.7; H, 0.8; N, 4.7; Br, 20.7 

N-Phenylchloroacetyl-O-ethylserine CPS.SfU). 'rhiswas 
prepared in a similar maimer, using phcnylcliloroacetyl 
chloride; it was worked up by ether extraction and treatment 
with benzene-light petroleum (1:2), followed by crystal¬ 
lization from ethanol-water; rhombs, m.p. 155-155.5°. 

Calc, for CuHx 804NC1: C, 54.7; TI, 5.7; N, 5.0; C‘l, 12.4 

Found: C, 54.8; li, 5.8; N, 5.0; Cl, 13.1 

Sodium 2-Benzyl-4-hydroxymethylene-6-oxazoloiie (CPS. 
361). Crude N-phenylchloroacetyl-O-ethylserine (from 5 g. 
amino acid; thoroughly dried) was slowly added to an ice- 
cooled solution of pyridine (0 cc.) and acetic anhydride 
(30cc.) in dry ether (30 cc.). After thirty minutes at 0° and 
one houfj^at room temperature, ether (200 cc.) was added 
and the mixture kept for one hour at —20°. The solution 
was decanted from pyridine hydrochloride and evaporated, 
finally at 50° in vacuo. The residue was treated with ice- 
cold 2 N NaOH (15 cc.); the dark solution was saturated 
with CO2 and filtered, then evaporated in vacuo. The 
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re«idual was purified by elirortiatography as d(jH<5ribed 
for the 2-an)yl analogue (Atteiiburrow, Klliott, Ilcma and 
Hobinsoi), CPS.73; sec p. 821) and iiie resulting eryatalline 
product (4(K) ing.) purified ])y wnshitig with acctoiu*, dissolv¬ 
ing, and precipitating with ethyl acetate, giving the sodium 
salt, colorless pointed prisms, rii.p. 233^ (dec,) undepressed 
by authenti<* luaterial 

/3-Ethylthio-o-phenylacetamidoacryllc Acid (Copp, Duffin, 
Smith and Wilkinson, PPS.SSS), S-lOthyl-L-cysteine (ra.i). 
227"’; (oId** - 2r, c ~ 0.42 in uater) (29 g.) and anhydrous 
sodium carbonate (50.0 g.) were finely ground together, 
covered with dry ether and stirred for two days at room 
temperature witli phenylehloroaeetyl cliloride (41 g.). 

WatcT was slowly added and the mi\turo carefully acidilied 
to Congo bed with 0 N" lid. The aqueous layer was ex¬ 
tracted witli etlier and the combined ethereal solution washed 
W'lth water, dried (Na2S04) and concentrated hi vacuo. On 
cooling ami treatment with a little ether a yellow solid was 
obtained, and on recrystallization from aqueous ethanol 
colorless firisms of the acid (15 g.) were obtained, m.p. 164® 
(c/. p. 813). The absorption spectrum in ethanol showed a 
maximum at 2,840 A (Em 7,930) and in AVIO NaOIT, a 
maximum at 2,770 A (Em H 140), 

Calc, for (halliaOsNS: C, 58.9; II, 5.7; N, 5.3; S, 12.1 
Found: C, 58.8; II, 5.7; N, 5.5; S, 12.0 

'J'ho benzylammonium salt w^as prepared in chloroform; 
colorless needles, m.p. 155-157®. 

Calc, for C2oll240,N28: C, 64.5; H, 6.5; N, 7.5; S, 8.6 
Found: C, 64.3; 11, 6.6; N, 7.0; S, 8.7 

When in the above preparation the (‘thoroal reaction mix¬ 
ture was evaporated without adding water or acid, a resin 
was obtained from which a little 2-bcuzyl-4-ethylthio- 
methylene-5-oxnzolone could be obtained by treatment with 
methanol. However, this oxazolone was better prepared by 
heating the acrylic acid (500 mg.) with acetic anhydride 
(10 cc.) for fifteen minutes on a steam bath. On concentra¬ 
tion over silica gel in a va(Mium desiccator a crystalline solid 
separated which was recrystallized by slow evaporation from 
methanol to give the oxazolone (350 mg.) in colorless 
needles, m.p. 62°. (This w'as previously reported as an oil; 
see p. 813.) The substance dissolved readily on gentle 
warming with 2 N alkali and the solution (which gave no 
blue color wuth ferric chloride) gave the acrylic acid on 
acidification. The oxazolone in ethanol showed an absorp^- 
tion maximum at 3,350 A (Em 20,250). 

Calc, for CuHnOaNS: N, 5.7; S, 13.0 
Found: N, 5.9; S, 12.8 

On treatment in ether with bcnzylaminc, the oxazolone 
gave jS-ethylthio-a-phenylacetamidoacrylic acid benzylamide, 
long colorless needles, m.p. 158®, showing an absorption 
maximum at 2,840 A (Em 16,000). 

Calc, for C 20 H 22 O 2 N 2 S: N, 7.9 
Found: N, 8.3 

2-Benzyl-4-ctliylthiomethylene-5-oxazolone was also ob¬ 
tained by treatment of a chloroform solution of the acrylic 
acid with phosphorus tribroraido and decomposing the result¬ 
ing precipitate with diazomethane in ether; m.p. 60° unde¬ 
pressed by material prepared by the acetic anhydride 
method. 

N-Phenylchloroacetyl^S-ethylcysteine {CPS.$88) . This 
was prepared by Schotten-Baumann acylation of S-ethyl- 
cysteine; colorless needles from 50% ethanol, m.p. 85-86°; 
(alft 4 ei** —64.3° (c « 1.3 in methanol). ^ 

Calc, for CuHieO,NSCl: C, 53.6; H, 5.1; N, 4.5; S, 10.2 
Found: C, 53.6; H, 5.1; N, 4.4; S, 9.8 

When this acid was treated, as described above for 
N-phenylchloroaoetyl-O-ethlyserine, with pyridine-acetic 


anhydride, a red oil was obtained which 011 treatment with 
benzylamine gave the acr 3 dic acid benzylamide, described 
above, m.p. 158®. 

Found: N, 8.2; S, 8.0 

On tr<‘atinent with alkali it gave the acrylic acid itself, m.p. 
162-163®. 

Foimd: N, 5.6 

The benzylamide, the acid and its benzylammonium salt 
were identified with aullientic material by a mixed m.p. 
deteniiiiiation. 

Treatment of S-£thylcysteine with a-Bromocaproyl 
Bromide (Copp, Duflin, Smith and Wilkinson, CPS.$4t). 
This was earned out in the manner described above, when 
phenylehloroaeetyl chloride was used. A jiale yellow solid 
resulted, which crystallized from light petroleum (60 80") in 
long colorless needles, m.p. 115-116®. It was optically 
active and hence was probably N-(2-hcxenoyl)-S-ethyl- 
cysteine. 

Calc, for ChifliyOaNS: 8, 13.(5; X, 6 0 
Found: S, 13.0, X, 6.2 

N-Phenylbromoacetyl-O-ethylserine (Winthrop, W.5), 
Tins was prepar(‘d by Scliotten-Uuiimann acylation in N 
sodium hydroxide After recrystallization from benzene- 
light petroleum it had m.p. 142-144". 

(’ale. for (h 3 Hi 604 XHr: X, 1.2 
Found: N, 4.1 

N-Chloroacetyl-O-ethylserine This was obtained 

similarly; m.p. 137.5-138.5" after recrj'^stallization fron^ 
water, 

(’ale. for CnH^.O^NCi: N, 6 7 
Found: N, 6.9 

N-C'hloroacet.vl-S-benzylcystcint' was also prepared; those 
two Kubstanees on treatmiuit with acetic anhydride-pyridine 
gave non-erystalline material. 

Action of Phosphorus Pentachloride on Methyl dl-zS- 
Chloro-a-benzamidopropionate (Brodrick, Peak and Wilson, 
CPS. j 17). The ester (4 g.), freshly distilled phosphoryl 
chloride (15 cc.) and PCU (10 g.) were heated on a steam 
bath for forW-five minutes then at 50® for ninety minutes. 
The product was distilled, giving a yellow oil (3.9 g.), b.p. 
128-132®/!.1 trim. The crystals (0.32 g.) which separated 
from this on standing, after three crystallizations from light 
petroleum (60-80®), gave 2-phenyl-4-chloromethylene-5- 
oxazolone in colorless needles, m.p. 135°. 

C^alc. for (hoHcOaNCl: 

C, 57.8; 11, 2.9; N, 6.8; Cl, 17.1 
Found: 57.8; 11, 3.1; N, 6.8; Cl, 16.8; OMc, 0.0 

The oxazolone (38 mg.) refluxed with 5 N HCl (5 cc.) for 
three hours gave benzoic acid (15 mg.). The filtrate with, 
2,4-dinitrophenylhydrazine gave glyoxal dinitrophonyE 
osazone, m.p. 328-333® (dec.) from acetic acid (small red 
needles, 21 mg.). 

Tlio oxazolone (23 mg.) with methylaniiine (45 mg.) 
in benzene gave 2-phenvl-4-N-methylanilinomethylene-6- 
oxazolono, m.p. 137-138® from ethanol; undepressed m,p. 
with authentic material. , 

2-PhenyU4«N-methylanilinomethylene*6«oxazolott6 
(Boon, Carrington and Jones, CPS.89). Phosphoryl 
chloride (12.9 g.) was gradually added to a well cooled mix* 
ture of N-metl|ylformamiide (11.3 g.) and dichlorobenzep^ 
(12 cc.). After one hour hippuric acid (15 g.) was added,* 
followed by more phosphoryl chloride (12.9 g.). The m^-* 
tore was wanned at 80° until reaction was complete and 
then at 100° for one hour. After concentration in vocud 
the residue was recrystallized from ethanol, giving the ox* 
azolone in fine yellow needles (8.5 g«) m.p. 135-136°. 

Calc, for CnHuOsN,: C, 73.4; H, 5.0; N, 10.1 , 

Found: C, 73.4; H, 5.0; N, 10.3 
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RBACTIOKS OP 4-HETKROMKTHYLKNK-5-OXAZOLONE.S 

(see table IV, p. 749) 

2-Phenyl-4->aininomethylene-5-ozazolone (Barber and 
Slack, CPS.40). This was obtained from the ethoxymethyl- 
ene derivative (1.0 g.) and alcoholic ammonia (25 cc.); the 
red precipitate gave yellow needles, m.p. 213-215®, from 
dioxan. 

Calc, for CioHsOjNa: N, 14.9 
Found: N, 14.8 

An attempt (Copp, Duffin, Smith and Wilkinson, CPS. 
S88) to condense DL-penicillamine hydrochloride with the 
ethoxymethyleneoxazolone in liquid ammonia gave the 
same product. 

Condensation of 2-Phenyl-4-ethoxymethylene-6-oxa2o- 
lone with Amines (Barber and Slack, CPS.633). Standard 
methods were developed with a view to (establishing a method 
for id(»ntification of umin(*s. With liepud amines the react- 
ants wore mixed in the absemee of a solvent, and after the 
(usually exothermic) reaction ceased, light petroleum or 
ether, or both, wore added with cooling. With solid amines 
concentrated alcoholic solutions were used; a few seconds' 
wanning was sometimes helpful. It was best to use a 
slight excess of amine. More than one rccrystallization was 
seldom necessary. The following table summarizes the 
results: 


Calc, for Ci7ll2802Ns,CioH«OftN4: C:, 57.3; H, 5.5; N, 17.4 
Found: C, 57.2; 11, 5.4; N, 18.0 

4-jS-*Hydroxyethylaminomethylene-2-phenyl-6-*oxazolon6 

(Wilson, Abraham, Baker, Cham and KobiiiHon, CPS.76). 
This was prepared from the el hoxymethylene derivative and 
a slight excess of ethanolamme in alcohol; slender nec^dles 
from alcohol, m.p. 142-143'^, colorless, sparingly soluble in 
ether. 

C3alc. for (‘ 12 H 12 O 8 N 2 : C, 02 2; H, 5,2, N, 12.1 
Found: (\ 02.2; II, 5.1; N, 12.3 

2-Phenyl-4-acetamidinom6thylene-5-ozazolone (King, 
King; Abraham, Baker, Chain and Itobinson, CPS 033). 
Acetanudme hydrochloride (0.9 g.) in etluinol (10 cc.) was 
added to sodium ctiioxide (from 0 21 g. sodium) and the 
sodium chloride centrifuged off. The t'lhoxymethvlene- 
oxazolone (2 g.) was added at —5' and the iiiLxturo shaken 
vigorouslv. 1'he acptarnuhno derivative (1 2 g ) separated 
as a bright crimson solid; it was collecti'd after thirty min¬ 
utes at 0® and washcal with ethanol and etluu*, m.p. 144® 
(dee ) on rapid Jieating 

(’ale. for C’i2Hii 02N8: (’, 02.8; H, 4.8 
Found: C, 02.5; H, 5.1 

The above conditions arc important if the red modification 
is desired. On long keeping at room temperature and more 


Amiiiomcthylene derivative 


Amine 

(Vystallizcd 
from 

M.p. 

Formula 

Found 

N% 

Calc 

N% 

1 

(’’olor 

Aniline .. 

Alcohol 

156-157° 

Ci6Hi202N2 

10.7 

10.5 

Yellow 

o-Toluidine 

Alcohol 

144-145° 

C,7H„0,N2 

10.7 

10.1 

Dull yellow 

p-Toluidmo.. 

Alcohol 

179-180'’ 


10.0 

10.1 

Bright yellow 

o-Chloroaniline j 

Alcohol 

166° 

(:„H„02N,C1 

9.3 

9 4 

Yellow 

p-Chloroaniline 

Alcohol 

207° 

Ci.Hi.OjNjCJ 

9.4 

9.4 

Yellow 

m-Nitroaniline 

Alcohol 

225° 

CieHiiOBNs 

13.6 

13.6 

Yellow 

Methylaniline. 

Alcohol 

134° 

(^l7ni402N2 

10.1 

' 10.1 

Yellow 

Benzylarninc . ,. 

Alcohol 

130-131° 

CnHuOjN, 

9.9 

10.1 

Colorless 

/3-Phenylethylamme.. 

Alcohol 

125.5° 

Ci8Hic02N2 

9.3 

9 0 

(Colorless 

Cetylamine. 

Alcohol 

81-82° 

C2ai4o02N2 

6.8 

6.8 

Colorless 

Diethylamine 

Ligroin (60-80^) 

54-56° 

CuHieOiNj 

11.4 

11.4 

Pale buff 

Aminoacetal 

Benzcne-ligroin 

90-92° 

C ieH2o04N2 

9.2 

9 2 

Pale yellow 

Piperidine . 

Methanol 

117-118° 

CuHu02N2 

11.0 

11 0 

Pale yellow 

Glycine ethyl ester. 

.\lcohol 

121-123° 

C,4Hi404N2 

10.4 

10.3 

Colorless or pale pink 

2-Amiriopyridine.. 

Alcohol 

175° 

ChJIu02N, 

1 15.8 

15.8 

Yellow 

2-Methyi-5-ammothiazole 

Toluene 

215° 

CuHnOjN.S 

1 14.6 

14.7 

Yellow 

2,5-Diaminobenzothiazole'. 

Alcohol 

264° 

Ci7Hi202N4S 

16.5 

16.6 

Yellow 

6-Methoxy-8-aminoquinoline 

Anisole 

197-198° 

(^2oIf l®GsN» 

12.0 

12.2 

Yellow 

2,6-Diaminopyridinei... 

Alcohol 

192.5° 

C 16 H 1202 N 4 

19.9 

20.0 

Yellow 

i 


‘ Monosubatitution d«rivative« (one free amino group). 


Crystalline derivatives could not be obtained from 2-amino- 
d,5-diiodobenzoic acid, 2-amino-3-nitrotoluene, or 2-amiiio- 
5-diethylaminopentanc. 

2-Phenyl-4«7-diethylamiiiopropylaminomethylene-6- 
ozazolone (King, King; Abraham, Baker, Chain and 
liobinson, CPS.633). The oxalate was obtained by mixing 
equivalent amounts of the ethoxymethylene compound and 
7 -diethylaminopropylamme and treating the oily product 
with alcoholic oxaHc acid; prisms, m.p. 142°, from aqueous 
ethanol. 

Calc, for Ci7Hm0,Ns-(C0jH),- 2H20: C, 63.4; H, 6.8; N, 9.9 
Found; C, 53.4; H, 6.9; N, 9.2 

The recovered oily base gave a picrolonate, microscopic 
tablets from alcohol; m.p. 156° (dec.). 


rapidly on w^armmg, the crimson form changed to an orange 
modihcatioii; in solution this ehange was almost instan¬ 
taneous; the orange form separated iroui ethanol in clusters 
of short needles, m.p. 144"' (dec ) 

Found: (’, 02.4; H, 5,2 

The pierate separated from ethanol in prisms, m.p. 197- 
198° (dec.). 

Calc, for Ch2lIii02N8-CeHB07N8: C, 47.2; H, 3.1; N, 18.3 
Found: C, 47.0; 11, 3.3; N, 18.0 

2-Pheiiyl-4-gttanidinomethylene*5-oxazolone (CPS.633). 
An intensely red form was obtained by shaking the ethoxy- 
rnethyleneoxazolone (2 g.) witli guanidine (0.55 g.) in ethanol 
(20 cc.); the product (3.1 g.) was collei‘ted after thirty min¬ 
utes, m.p. 214° (dec.). 
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Calc, for CiiHioOiN^-l^HzO: 

C;, 55.2; H, 4.0; loss of 3.8 

Found: C, 55.0; 11 , 4.3; loss at 100 °, 3.8 

On long keeping (three months), or rapidly on heating in 
high-boiling solvents, such as cyclohexanone, a yellow 
niodihcation, m.p, 214" (dec.), resulted. 

(’'ale. for (hiHio 02 N 4 : (\ 57.4; 11, 4.4 
Found: (\ 57.1; H, 4.0 

Both forms were spnriiigly soluble. Prepared in boiling 
cyelohexiiiione, the picnito s(‘parat(‘(l from cy(;lohe.\aii()ne- 
ether as a browri microcrystalline powder, m.p, 230° (dec.). 

Talc, for Ch.TIioOjN^-CMIjOTNj: (\ 44.5; 11, 2.8; N, 21.4 
Found: C, 44.7; II, 3 . 1 ; N, 20.8 

The yellow modiOeation dis.soived instantly in dilute hydro¬ 
chloric acid; the red form did not dissolve in N/2 11(3 but 
was changed to an insoluble orange hydroehloride from 
which the red base could be rc'giuierated. On long contact 
with hydrochloric acid (five hours) the hydrochloride dis¬ 
solved and neutralization tlum gave the yellow base. 

2-Phenyl-4-S-methylisothioureidomethylene-6>oxazolone 

(CPSMSJ). Potassium hydroxide (1.35 g.) was added to an 
aqueous solution (20 cc.) of S-methyli.sothiourea sulphate 
(3 g.)i followed at once by a solution of the cthoxymi'thylene- 
oxazulone (4.7 g.) in ethanol (30 cc.). 'J'he urcido deriv’^ative 
was^collected (4,3 g.) and r(‘cryHtallized from alcohol; m.p. 
168° (dec.), orange prisms. 

Calc, for (^aHiiO.NsS: C, 55.2; H, 4 . 2 ; N, 16.1; S, 12.3 
Found: C\,55,8, H, 4.3; N, 15.6; S, 12.0 

The picrate formed long felted pale yellow ne(‘dles from 
ethanol; m.p. 174-175° (dec.). 

Calc, for Ci 2 I 1 i,() 2 NjS-(^ 6 H 807 Ni: C, 44.1; II, 2.9, S, 6.5 

Found: C, 44.7; H, 2.9; S, 6.2 

2-Phenyl-4-carbo^methylaminomethylene-6-oxazolone 

(Barber, Slack and Stickings, CPS.65). The ethoxymethyl- 
eneoxazolone (9.1 g.) with glycine (2.5 g.), pyridine (25 cc.) 
and enough water (about 10 ee.j to dissolve the glycine were 
warmed fur a few minutes at 90-100°. Next day the gummy 
precipitate was dissolved m dilute sodium carbonate and the 
Bolution filtered, acidified to litmus with abetic acid, treated 
with charcoal and filtered, (’areful acidification to (^ongo 
Red then gave the product in a crystalline form; recrys¬ 
tallized from much 20 % ethanol it had m.p. 192° (dec.) 
(2.5 g.). If placed in a bath at 120° it melted with frothing 
and resolidified. 

Calc, for Ci 2 lIio 04 Na’Il 20 : N, 10 . 6 ; neut. equiv,, 264 
Found: N, 10 . 6 ; neut. equiv., 262 

Attempts were made (Barber, Gregory, Langford, Slack, 
Stickings and Woolman, CPS.fW; S86) to condense the 
product with acetone. The product (2.5 g.), sodium acetate 
( 1.0 g.; fused and powdered), acetic anhydride ( 3.0 cc.) and 
acetone (30 cc.) were refluxed for two hours. After cooling 
the solid was collected, washed i\ith acetone, dissolved in 
water, decolorized with charcoal, filtered and acidified. 
Ihe product (1.3 g.) had m.p. 165-168° (slow dee.); a further 
amount (0.9 g.) was obtained from the acetone filtrate. 
Recrystallization from 50% methanol gave a product m.p. 
169° (dec.). * 

(^alc. for C, 4 lI, 20 fiN 2 : C, 58.3; 11, 4.2; N, 9.7 
Found: (;, 58.2; H, 4.3; N, 9.7 

The neutral equivalent, found after solution in excess of 
sodium hydroxide, was 150. The substance was presumably 
N-aciityl-2-phenyl-4-carboxymethyIarainometliylcne-oxazol- 
one, which should give a neutral equivalent of 144 if the 
acetyl group were split off during the determination^ Ap¬ 
parently no reaction with acetone had taken place. 


2-Phenyl-4- (cK-carboxyethylaminometliylene) -6-oxazolone 

(Mich. C’hem., BJ). Kthanol (2 cc.) and the cthoxymethyl- 
encoxazolone (100 mg.) were added to a solution of dl- 
alaninc (50 mg.) in water (3 cc.) containing one equivalent of 
sodium hydroxide. After twenty minutes the solution was 
concentrated slowly to about 2 cc., diluted with water (5 cc.) 
and acidified with N /2 11 Cl. Th(‘ white non-crystalline 
powder (85 mg.) had m.p. 180-182° (dec.). 

Calc, for ('ialli 2 N 204 : C, GO.O; H, 4.7; neut. equiv., 260 
Found: C, 60.1; II, 4.0; neut. equiv,, 254 

2-Phenyl-4-(«-carboxy-^-hydroxyethylaminomethylcne)- 
6 -oxazolone {B.2). This was similarly obtained using 
DL-serme; amorphous, m.p. 182-186° (dee.). 

(’ale. for ChjHuOftNv: C, 56.5; 11 , 4.4 
Found: C, 56.6; 11, 4.6 

2-Phenyl-4-(«-carbomethoxy-/3-chloroethylammomethyl- 
ene)- 6 -oxazolone (R./y). A siispiuisioii of the ethoxy- 
met hyleneoxazolone (HO mg) and methyl nL-a-amino-/ 8 - 
chJor<»propionate hvdrochlonde (350 mg.; m.p. 132-136° 
(dec.)) in alcohol (4 cc.) was treated with N/2 sodium 
hydroxide (4 cc.). After twenty-four hours at 0° the product 
(420 mg.) was collected, m.p. 133 -136°. An alcoholic solu¬ 
tion was clarified with Norite and filtered; on cautious addi¬ 
tion of w'ater, light yellow’ needles of the compound sepa¬ 
rated m.p. 138 - i;^ 9 ° (dec.). 

(’ale. for Ci 4 H„ 04 N 2 ( 3 : (’, 54.5; H, 4.2 
Found: (’, 54.3; II, 4.5 

2-Phenyl-4-(a-carboxy-/3-benzylthio-isobutylamino- 
methylene)-6-oxazoloiie (Barber, Gregory, Slack, Stickings 
and Woolman, CPS.00). I’he ethoxymethyleiU‘oxazolone 
(2.17 g.), S-benzyl-i)L-penicillamine (2.4 g.) and glacial 
acetic acid (26 cc.) were relliixed for thirty minutes. The 
clear solution was poured into water and the gum collected, 
washed, dissolved in benzeiu* and shaken writh sodium 
carbonate solution. Tlu* sodium salt was apt to separate. 
Treatment of the aiiueous layer w’itb charcoal and acidifica¬ 
tion, followed by repeated prcnpitution of the product from 
dilute sodium bicarbonate gave a white product with no 
definite m.p. 

Calc, for C 22 H 22 O 4 N 2 S: N, 6 . 8 ; S, 7.8; neut. equiv., 410 
Found: N, 6.5; S, 7.6; neut. equiv., 414 

Condensation (Wilson; Abraham, Baker, Chain and 
Robinson, CPS.70) of S-benzyl-DL-penicillamine ethyl ester 
in alcohol with the ctlioxymethyleneoxazolonc and crys¬ 
tallization from ethanol gave tin* ethyl ester, m.p, 103-104°. 

Calc, for C24H2«0*N2S: C, 65.8; H, 5.9; N, 6.4; S, 7.3 
Found: C, 65.3; H, 6.0; N, 6 . 6 ; S, 7.6 

2-Phenyl-4-anilinomethylene-5-oxazolone Hydrochloride 

{CPS.60). Aniline hydrochloride (1.3 g.) and the ethoxy- 
methyleneoxazolone (2 g.) w'ere refluxed in glacial acetic 
acid (10 cc.) for fifteen minutes. The solution was cooled, 
and gave a small quantity of red solid, m.p. 204-208° (dec.) 
undepressed on mixing with the hydrochloride of the anilino- 
mcthyleneoxazoloue. Treatment of the filtrate with dry 
HCl gave a further amount. 

Condensation of 2-Phenyl-4-ethoxymethylene-6-oxazol- 
one with Amines (Boon, Carrington, Davies, Gaubert, Jones, 
Ramage and Waring, CPS.OSjC). The following were ob¬ 
tained by refluxing a benzene solution of the oxazolono with 
the appropriate amino: 

2-Phpnyl-4'‘{p-nitroanUinomethylen€)-5-oxazolone, m.p. 
272-274° from pyridine-ether. 

Calc, for CuHiiOiN.: C, 62.1; H, 3.6; N, 13.6 
Found: C, 61.9; H, 3.5; N, 13.8 

^-PhenyU4’’V^onmdinomethylene-5-oxatol(me^ m.p. 174°, 
from ethyl acctate-petroloum ether (60-80°). 
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Calc, for CnHuOiN*: N, 9.7 

Found: N, 9.8 

^-Pheriyl^^'P-diethylcarbamidomethylerie -/i^oxazolonc, from 
benzene, m.p. 148®. 

Calc, for C 2 iH*, 0 ,N 3 : C, 69.5; H, 5.8; N, 11.6 

Found: C, 69.6; H, 5 . 7 ; N, 12.0 

^-Phenyl-4-p-carbethoxyamlinomeihylene-5~oxazolo7ie, from 
benzene, m.p. 190®. 

Calc, for C 1 .H 16 O 4 N 2 : N, 8.4 

Found: N, 8.4 

^-Phenyl-4-p^di ethyls ul pho n a^n i doa n i 1 1 no meth yl cne-5-ox- 
azoLonc^ from benzene, m.p. 217®. 

Calc, for (’ 2 iH 2 , 04 N,S: C, 61.3; H, 5.1 
Found: (\ 61.3; II, 5.1 

S-Phenyl--4-’(4'-mcthyl-‘5'-‘carbcthoxyS*-thifJizolylamhiom€th-‘ 
ylcnc)-f)-o 2 aiolone, from ethyl acetate, m.p. 184®. 

Calc for ri 7 lTifi 04 N*S: (\ 57.2; H, 4 . 2 ; N, 11.7 
Found: i\ 57.3; II, 4.2; N, 11.5 

2-Phenyl-4-methoxymethylene-6-oxazolone (WDson, 

Jepaon, Itobmson; Abraham, Haker, (^ham and Ilobinson, 
CP^^.JO; When the ethoxymethyleneoxazolone was 

kept for four days in methanol (which mu.st be faintly acidic) 
radical exclnuiKP occurred and the metlioxyim'thylene com¬ 
pound separated, m.p. after recrvstallization from methanol 
112-113®. 

Calc, for (^iIUOaN: C\ 65.1, II, 4.6; N, 6.7; MeO, 15.8 
Found: C, 65.1; II, 4.6; N, 6.7; MeO, 15.6 

2 -Phenyl- 4 -hydroxymethylene- 6 -oxa 2 olone (Mich Chera., 
"1 he various methods of hydrolysis are indicated in 
lable IV. The ethoxymethylene compound (108 mg.) was 
skirled at room temperature with water (2 cc.) and N/2 so¬ 
dium hydroxide (1 cc.). Wlien all was in solution the 
oxazolone was obtained by acidihcation (85 mg.), m.p. 135- 
146®. Hy treating a <‘old acetone solution of the product 
with Norite to remove color, concentrating and adding 
benzene, snow-white leallets were obtained, m.p. 152® 
(elTerv.; red liquid), 

C/alc. for CioHtOiN: C, 63.5; H, 3.7; neut. equiv., 189 
Found: C, 63.3; H, 3,8; neut. equiv., 189 

On a large scale the following procedure (Barber, Gregory, 
Slack and b^tickings, CP^MUI) seems preferable: riu! othoxy’’- 
methyleneoxazolonc (50 g.) was hneJy ground and placed in 
a 2 lit. flask. Concentrated hydrochloric acid (250 cc.) 
was added and the flask slmken; after twenty seconds all the 
solid had dissolved and a few seconds later crystallization 
began. Ice and water (1250 cc.) were added and the solid 
collected, extracted with ethyl acetate (750 cc.), the extract 
washed and treated (without dr 3 dng) with light petroleum 
(750 cc.). Vollow plates (28.7 g.) were obtained in two 
crops. 

2*Phenyl-4-thiolmethylene-5-oxazolone (Barber,llrcgory, 
Slack, Stiekings and Woolman, CP!^i.iii34). The ethoxy- 
mcthylcncoxazolonc (5 g.) in pyridine (25 cc.) was saturated 
with II 2 S at 5® and stoppered. After twenty-four hours the 
solution was poured into water and acidified. A low-inelt- 
mg solid was removed and the filtrate on keeping deposited 
light yellow needles, m.p. 175-176® (softening at 172®) 
undepressed by a sample prepared as described below (see 
p. 820). 

2-Pheiiyl-4-ethylthiomethylene-6-oxazolone (Copp, Duf- 
fin, Smith and Wilkinson, CPS.SJ^l) was obtained by keeping 
the ethoxymethyleneoxazolone ( 1.01 g.) with ethyl mer¬ 
captan (0.213 g.) in dry pyridine (5 cc.) for twenty-four 
hours. On addition of ligroin the product separated in pale 
salmon-colored prisms, m.p. 121-123®. 


Calc, for G 12 II 11 O 2 NS: N, 6.0 
Found: N, 6.0 

The absorption spectrum in methanol showed maxima at 
2,850 A (Km 5,400) and 3,540 A (Km 29,800); inflection at 
3,740 A. 

2-Phenyl-4-(/?-carboxy-«,a-dimethylethylthiomethylene)- 
5-oxazolone (Merck, MJ5), A mixture of the ethoxy- 
meth^deneoxnzolonc (1 g.j and /S-mercaptoisovaleric acid 
(0.62 g.) was warmed (.sU‘iim bath) for .sixt(*en liours. The 
product (0 42 g.) from benzene-Jight petroleum liad m.p. 
128-130®, raised bv recrvstnllizatiori from benzene to 129- 
131®. 

Gale, for (’1 JIihOtNS: 59.0, 11, 4.9; N, 4.6 
Found: G, 59.2; H, A 8; N, 4.8 

The ultraviolet absorption 111 ethanol showed maxima at 
3,610 A (Km 35,800) ami 2,620 A (Km 13,700); the major 
band had a su])ai(lia-y band at 3,750 A (Km 32,000). 

2<-Phenyl-4-beiizylthiomethylene-5-oxazolone (Barber, 
Slack and Stiekings CPS.^o; Abbott, A.f); Merck, M.'20), 
The ethoxymeth^deneoxazoloiK' (3,03 g.) was dissolved in 
dry pyridine (15 cc.) and benzyl mercaptan added (1.75 cc.). 
After twenty-four hours, dilution with ligroin gave the 
product (2.65 g.), m.p. 121-123®, raised bv recrystallization 
from light petroleum (80-100®) to 122-124®; yellow prisms. 

Gale, for GnlluOaNS: (\ 69.2; 11, 4.4; N, 4.8; S, 10.8 
Found: (\ 69.3; H, 4.6; N, 4.7; S, 11.2 

The same product was obtained by heating the reactants on a 
steam bath without pyridine. When the (‘thoxyrnethylene- 
oxazolone (2.2 g.) was dissolved in glacial acetic acid (10 cc.) 
containing acetic anhydride (0.1 ec.), benz>l mercaptan 
(1.3 cc.) added and the mixture saturat(‘d with dry HGI and 
left for twenty-four hours, a product, evidently )3-bcnzyl- 
thio-or-benznmidoaerylie aeid (1.75 g ) separated and was 
recrystallized trom acetic acid to give wdiitc plates, m.p. 
205-206® (dec.). 

(’ale, for G 17 II 16 O 3 NS: N, 4.5; S, 10.2; neut. equiv., 313 
Found: N, 4.5; S, 10.2; neut. equiv., 30(i 

A product m.p. 233® obtained (A 5) on recr 3 \stallization of 
the benzylthioiiietliyleneoxazolone, was probably identical 
with this acid. 

Found: N, 4.6 

2-Phenyl-4-(|3-carboxy-/3-formamido-a,a-dimethylethyl- 
thioiiiethylene)-5-oxazolone (Gopp, Dulhn, Smith and 
Wilkinson, CPSM83). A solution of N-formyl-DL-penicill- 
amine (1.2 g.) and the cthoxymetlodeiieoxazolone (1.5 g.) 
in dry pyridine (10 cc.) was kept for twenty-four hours, 
poured into water (60 ce.), acidified to C’ongo Red and 
extracted with ether. The ether was washed with a little 
w'ater and extracted wuth pH 7 phosphate buffer. The 
aqueous layer was washed with etlu'r, freed from dissolved 
ether bv a stream of GO 2 , tri'ated w'ith eponite, filterc'd and 
acidified to Gongo Red. Recrystalhzatitin of tlie product 
from aqueous alcohol gave colorless prisms (38% yit*ld), 
m.p. 152-153". The ft‘rrie chloride, nitroprusside and 
azide-iodine tests wn're negativi*. 

(’ale. for CioHiaOtN^S: C, 55.0; 11, 4.6; N, 8.2; S, 9.2 

Found: G, 55.0; II, 4.6; N, 8.2, S, 9.2 

The corresponding acetyl compound was prepared in 
the .sani(' w'ay from N-acetylpenicillairiine; colorless needles 
(26%) from aqueous alcohol, dt'compohing at 170®. 

(’ale. for GnllisOftNaS: (\ 56.3; H, 5.0, N, 7.7; S, 8.7 

Found: (’, 5(i.K 11, 4.7; N, 7.7; S, 8.7 

2-Phenyl-4-anilinomethylene*6-oxazolone. (a) (Mich, 
(’diem., BJ.) By stirring 2-phenyl-4-hydroxymethylene- 
oxazolonc with aniline for a few minutes, 2-phenyl-4-anilino- 
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methylenc*5-oxa2olone^ identical with material prepared 
from the ethoxymethyleneoxazolone, was obtained. 

(b) (Cornell Biooh., D,4J) On mixing 2-pheuyl-4-othyl- 
thiomethylene-S-oxazolone with aniline and keeping for two 
hours, 2-phenyl-4-anilinomethylene-5-oxazolone was ob¬ 
tained. After two crystallizations from benzeno-light 
petroleum it had m.p, 158-160°, with change of crystalline 
form on the micro-stage at 135-140^ 

Calc, for CHII 12 O 2 N 2 : N, 10.6 
Found: N, 10.4 

(c) (Barber, Slack and Stiekings, CPS.65,) The anilino- 
mcthylene compound was also obtained under the same 
conditions from aniline and 2-phenyl-4«benzylthiomethylene- 
5-oxazolone. 

2-'Pbenyl-4-p-8u]phonamidophenylaminomethylene-5- 
oxazolone (Cox)p, Duflin, Smith and Wilkinson, CPS.688). 
Th<* hydroxymcthyleneoxazolone (3.5 g.) and siilphanilarnide 
(3.5 g.) were heated on the steam bath for thirty minutes 
with glacial acetic acid (150 cc,); dilution with water and 
crystallization from glacial acetic acid gave* yellow needles, 
m.p. 252 -254" (dec.). 

(Jalc. for (httHifiOsNsS: N, 11 0; S, 8.9 
Found: N, 12.2; S, 9.3 

The product may possibly liavc been phenylpeiialdic acid 
p-sulphoii a m idoan ilide. 

2-Phenyl<-4-thiolmethyleQe-5-oxazolone (Barber, Slack 
and Sticldngs, CPS.5ft). 2-Phcnyl-4-carbct]ioxymethylami- 
nomethylene-5-oxazolone (2.7 g.) was dissolved in pvridine 
(10 cc.) containing 35% ammonia (1 cc.). The solution 
was saturated at 0° with HsS and left, stoppered, for forty- 
eight hours. The product (1.75 g.) was collected and washed 
with pyridine and then ether. This was the ammonium 
salt of the thiolmethyleneoxazolonc. 

Oalc. for OioHio 02 N 2 S: *N, 12.0 
Found: N, 12.0 

The free thiol was obtained by dissolving in water, adding an 
equal volume of methanol and acidifying slowly with hy¬ 
drochloric acid; it formed well-defined colorless prisms, m.p. 
175-176°. 

Calc, for CioHyOiNS: N, 6.7; S, 15.6 
Found: N, 0.6; S, 16.0 

The substance behaved as a strong monobasic? acid and gave 
no thiol reaction with ferric chloride or nitroprusside. It 
did not decolorise iodine in neutral or acidic solution and did 
not blacken lead acetate. 

2-Styryl-4-piperidinomethyiene-6-oxazolone (Gregory and 
Slack, CPS.90). This was obtained from styrylethoxy- 
methyleneoxazolone and excess piperidine; it was a well 
defined derivative, m.p. 185-186° after crystallization from 
alcohol. 

Calc, for CigHi 402 N 2 : N, 9.9 
Found: N, 9,9 

2-Styryl-4-hydrozym6thylene-5-oxazoloiie (CPS.65; 90). 
Cn heating styrylethoxymethyleneoxazolone gently with an 
excess of 2 A sodium hydroxide and cooling, a sparingly 
soluble sodium salt was obtained, which was collected, dis¬ 
solved in water and acidified with cold 2 N sulphuric acid. 
The pale yellow crystalline product had m.p. ‘175-176° 
(dec.). 

Calc, for CiaHgOgN: N, 6.5 
Found: N, 6.6 

The same compound was obtained by shaking an ethereal 
solution of the ethoxymethyleneoxazolone with N/IQ 
sodium hydroxide. 

Calc, for CiaHgOgN; C, 66.9; H, 4.2 
Found: C, 66.0; H, 4,6 


With aniline or piperidine in the cold, the anilinomethylene 
and piperidiiiomethylene derivatives, identical with those 
from styrylethoxymethyleneoxazolone, were obtained. 

2-(4'-Phenylbutadienyl)-4-hydroxyxnethylene-6-oxa2ol- 
one (King, Muir; Abraham, Baker, Chain and Robinson, 
CPS.2^2). Finely powdered phonyIbutadienylethoxymeth- 
ylcneoxazolone (2.14 g.) was added to N/2 sodium hydroxide 
(1 mol.) and an equal volume of alcohol, with ice cooling. 
On shaking a clear solution formed, from which a sodium 
salt presently separated. After twenty-four hours the 
product (1.3 g.) was collected, washed with alcohol and re- 
crystallized from hot water; it then had m.p. 309° (vac,), 
gave a blue ferric chloride reaction and combined with 
sulphanilaniide to give the same dervativo as was obtained 
from the ethoxymethyJeneoxazolone (see below). Acidifica¬ 
tion of a half-frozen aqueous solution of the sodium salt 
gave the free hydroxymethylene compound; microcrystal- 
liiio powder (yellow) from xylene, m.p. 205°. 

(^alc. for CjJIiiOaN: C, 69.7; IT, 4.6 
Found: (', 69.3; II, 4.5 

Cn liydrogenation (1 atm.; Raney nickel catalyst) of an 
aqueous solution of the sodium salt, a solution was obtained 
after absorption ceased (2 mol. JI 2 ) wliich evidently con¬ 
tained sodium phenylbutylhydroxymethyleneoxazolone, for 
it gave a bright blue ferric chloride reaction and on treat¬ 
ment with dinitrophenylhydrazine gave the 2,4-dinitro- 
phenylhydrazone of N-5-phenylval('rylaminoacetaldeliyde, 
yellow prisms from alcohol; m.p. 160". 

(^alc. for Ci 9 H 2 i 06 N,: i\ 57.1; II, 5.3; N, 17.5 
Found: C\ 56.8; 11, 5.3, N, 17.8 

2-Phenylbutadienyl-4-p-sulphonamidophenylainino- 
methyleiie-6-ozazolone (CPS. 22 /) was obtained by warming 
phonylbutadienylethoxymetliyleneoxazolone in acetic acid 
with a saturated solution of siilphanilarnide in acetic acid. 
The bright orange-yellow precipitate* was recrystallized from 
acetic acid; fluffy, orange-yellow needles, m.p. 252° (vac.). 

Calc, for C 2 oH, 704 N 3 S-ll 2 (): 58.0; H, 4.6; N, 10.0; S, 7.7 

Found: (\ 58 0; H, 4.8; N, 9.5; S, 7.1 

2-p-Nitrophenyl-4-carboxymethylaminomethylene-6- 
oxazolone (Copp, Duflin, Smith and Wilkinson, CPS,341)^ 
p-Nitrophenylethoxymethyleni'oxazoloiie (5.4g.) and glycine 
(1.25 g.) in pyridine (12 ec.) and water (5 cc.) wore heated 
on the steam bath for ten minutes and then poured into 
water. Filtration and acidification gave a yellowish solid 
which was dissolved in sodium ca rbonate solution. Addition 
of acetic acid gave a gum, coagulated by addition of charcoal 
and removed by filtration. The filtrate on acidification 
with hydrochloric acid gave a precipitate which was crystal¬ 
lized from boiling water, to give the product in small 
needles, m.p. 208-210° (dec.). 

Calc, for CiaH^OeNs: C, 49.5; II, 3.1; N, 14.4 
Found: O, 50.2; H, 3.4; N, 14.1 

The ethyl ester of this acid was obtained when p-nitro- 
phenylethoxymethyleneoxazolone and glycine ester hydro¬ 
chloride were warmed in pyridine at 55° for thirty minutes, 
the product precipitated by winter, extracted by boiling with 
alcohol and crystallized from dioxan; bundles of needles, 
m.p. 194-196°. 

Calc, for Ci^HuO^Ns: C, 52.8; H, 4.2; N, 13.2 
Found: C, 62.6; H, 4.1; N, 12,9 

2-p-Nitropbenyl-4-aniUnomethylene-5-oxazolone (Opp, 
Duffin, Smith and Wilkinson, CPS.641) was obtained by 
keeping p-nitrophenylethoxj^ethyleneoxazolone (262 mg.) 
with aniline (93 mg.) in dioxan (4 cc.) overnight. The 
product (200 mg.) crystallized from dioxan in red prisms, 
m.p. 242°. 
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Calc, for CuHn 04 N,: C, 62.2; H, 3.6; N, 13.6 
Found: 01.9; H, 3.7; N, 13.4 

The s?fimo product wan obtained under identical condi¬ 
tions from p-nitropbcnylbenzylthiomcthylencoxazolonc and 
aniline. 

2-p-Nitrophenyl-4-hydroxymethylene-6-oxazolone (Copp, 
Iluflin, Smith and Wilkinson, CI*S.S41). 7 J-.Vitrophcn 3 d- 
cthoxyincthylcncoxazolonc (3 g.) and 2 N sodium hydroxide 
solution (30 cc.) w(*rc heated on a steam bath for thirty 
minutes; tlie deep red solution was treated with charcoal^ 
filtered, diluti'd with twice its voluim* of winter, cooled to 0° 
and treated wdth the calculated (piantity of 2 hydro¬ 
chloric acid. 1'he product decomposed at 110 118°. 

dale, for (bJlfiNaOt: N, 12.0 
Found: N, 11.5 

2-p-Nitrophenyl-4-benzylthiomethylene-6-oxa2olone 

(Copp, Duffin, Smith and Wilkinson, CPSM/iJ). Prepared 
from the etlioxymethylene compound and benzyl mercaptan 
in pyridine in the usual maniuT, this compound separated 
from chloroform-ether in minutci yellow prisms, m.p. 180 
181°. 

(^alc. for (b:H, 204 N 2 S: C, 60.0; H, 3.G; N, 8.2 
Found; (\ 60.0; 11, 3.9; N, 8,4 

2-p-Nitrophenyl-4-benzylaminomethylene-6-oxazolone 

{CPS.64i)‘ This was prepared similarly from tlic ethoxy- 
methylene compound and benzvlamine in pyridine; after 
crystallization from alcohol it foimed slender, deep orange 
prisms which, on heating, changed abruptly to bright yidlow 
at 188-190° and melted at 204-205°. 

('ale. for dirlliaCiN*: (-', 63.1; IT, 4.0; N, 13.0 
Found: (', 63.3, 11, 4.1; N, 13.1 

'Phe same compound was obtained from p-nitrophenjd- 
benzyltliioinethyleneoxazoloiK' and beiizylamim' in dioxan; 
however, tlu' yellow form, m.p. 203-204° without change of 
color, wuts obtained in this experinumt. 

2-p-Chlorophenyl-4-7-diethylaminopropylaiiiiiiomethyl- 
e2ie-5-oxazolone (King, King; Abraham, Baker, Chain and 
TTobinson, CPSjh^J). This was obtained as an oxalate by 
adding alcoholic* oxalic acid to the oily product obtained by 
mixing 7 -di(’thylaniinopropylamine with an eipiivalent 
amount of p-chloropheiiylcthoxymcthjdencoxazoloue; prisms 
from acpieous ethanol; m.p. 181° (efferv.). 

Calc, for (Ji7ll2202N,Cb(C0011)2: (\ 53.6; II, 5.6, Cl, 8.3 
Found: C, 53.6; H, 5.9; ('1, 7.9 

The free base (57% yield) was an oil which gave a picrol- 
onate, microscopic yellow needles from acetone-ether; m.p. 
197° (dec.). 

Calc, for Ci7ll2202N,Cl-CioH80*N4: C, 54.2; H, 5.0; Cl, 5.9 
Found: C, 54.2; H, 5.2; Cl, 6.8 

2»PropeiiyI-4-hydroxymethyleiie-6-oxazolone (Ornforth, 
CJornforth; Abraham, Baker, Chain and llobinson, CPS,68). 
2-Propenyl-4-ethoxymethylene-6-oxazolone (1 g.) was dis¬ 
solved in one equiv. of N/5 sodium hydroxide. On acidify¬ 
ing with the calculated amount of N hydrochloric acid and 
keeping for thirty minutes at 0° the product (560 mg.) was 
obtained in gUstening plates, m.p. (dec.) 141°. 

Calc, for CTHrOaN: C, 56.0; H, 4.6 
Found: C, 64.9; II, 4.9 

The product gave a deep green color, extractable by organic 
solvents, on addition of ferric chloride. 

When the compound was dissolved in one equivalent 
of N/IQ sodium hydroxide and hydrogenated over Haney 
nickel catalyst, one molar proportion of hydrogen was 
absorbed within thirty minutes at room temperature and 
pressure; reduction then ceased. The filtered solution on 


evaporation m vacuo to dryiit'ss If'ft a crystallim* salt wdiich 
was recrystallizod b^" adding acetoui* and elh(*r to its solution 
in 90% acetone; long wdiilt* prisms of sodium 2-propyl-1- 
hydroxymethylcjie-5-oxazoloiie. 

Calc, for (MKOjXNa-i^H^O: (\ 45.2; U, 4 H, N, 7.5 
Found: C^, 45.0; H, 5.1, N, 7.9 

An aqueous .solution of tlie sodium .salt gave an inU'nsc liliie 
color, extractable b^^ organic .solvent^, on addition of Icrric 
chloride. Aft er tr(‘atnitait w ith aeid,s tins color w^as no longer 
given, but only a pink, non-extractable color. 

Addition of 2,4-dinitrophenylhydrazin(» .solution to an 
acidified Holution of the .socliiim .salt gave carbon dioxide and 
the 2,4-(linitroplicnylliydntzoiie of n-butyrylaniinoac<'talde¬ 
hyde, m.p. after crvstalU/ation from alcohol, 191 . 

('ale. lor (', 2 !!16.6, 11, 1.8, \, 22 7 
Found: (’, 46.1, JJ, 4.8, 22 6 

2-(l'-Pentenyl) -4-piperidinomethylen6-5-oxazolone 

(Cornforth, Cornfortli Abraham, Baker, ('liaiii and Robin¬ 
son, CPSM47). Pnqmred in light pi‘trol(*uni from 2-(l'-peii- 
tenyl)-4-metho\ymothylene-5-oxazol(me and piperidine, tins 
product had m ]> 75-76° (colorless prisms) after two crystal¬ 
lizations from light petrohuim (60-80°). It di«l not dissolvo 
on ]m>Ionged boiling with alkali. 

('ale. for (h 4 ll 2 oC 2 N 2 : (', 67.7; H, S 1. x\, 11.3 
Found: (J, 67.7; H, 7.9, X, 11.0 

2-(l'-Heptenyl) -4-anilinomethylene-6-oxazolone (Beer, 
(/oruforth; Abraham, Baker, CJham and Jtobinson, CPS. 
OOJ). 'This W71S olitaincd by w'arruing Keptcn\letlioxy- 
inethylcneoxazolone (crude) with aniline; pale yellow needles 
from aqueous alcohol; m.p. 101°. 

('ale. for (', 7112002 X 2 : C, 71.8; 11, 7.1, N, 9.9 
Found: C, 71.7; H, 7.0; X, 9.9 

Sodium 2-Amyl-4-hydroxymethylene-6-oxazolone (Attcn- 
burrow, Elliott, Hems and F. A. Itobinson, CPS^d). ('rude 
2-amyl-4-4ithoxymethylcnc-5-oxazolone (2.5 g.) was dis¬ 
solved by shaking with cold A/10 sodium hydroxide (125 cc.) 
and the solution evaporated at 20°. The residin' di.sHolved 
in 95% acetone was passed through an alumina column 
(Brockmann; J5 X 1.5 cm.). The sodium salt formed a 
sharp band which moved rapidly and was easily separated 
from by-products which did not give the blue ferric chloride 
reaction. On evaporation of tin* appropriate portion of the 
cluate and crj^stallization from 95% acetone-dry acetone, 
the sodium salt m.p. 228-229" was obtained. 

2-Benzyl-4-aminomethylene-5-oxazolone (Merck, M.iSa; 
16c). 2-Benzyl-4-ethoxymethyleno-5-oxazolone ‘‘hj^dro- 
broraide^^ was added to four times its weight of liquid am¬ 
monia. The residue after evaporation was washed with 
water and recrystallized from ethylene diehloride, giving the 
product, m.p. 117.5-118°. 

Calc, for CiiIIioOiN*: C, 65.4; H, 5.0; N, 13.9 
Found; C, 65.4; H, 5.0; N, 13.9 

The ultraviolet absorption in ethanol showed a maximum 
at 3,100 A (Em 23,100) and a plateau at 2,350 A (Em 4,290). 

2<*Benzyl-4-(a-carboxyethylaminometbylene)-6-oxazoloiie 
{M.23). A solution of benzylmethoxymothyleueoxazolone 
(11.0 g.) in 95 % ethanol (250 cc.) was added to a solution of 
Di>alanino (5.0 g.) and sodium hydroxide (2.25 g.) in water 
(100 cc.). After forty-five minutes most of the alcohol was 
removed under reduced pressure and the remaining solution 
acidified. The precipitated yellow oil became crystalline 
on stirring; it was recrystallizod from methanol-water 
(without heating); 9.8 g., m.p. 147-148'\ It showed a 
strong band at 3,200 A in agreement with the structure 
assigned in the title. 

2-Benzyl-4- (a-carboxy-/3, jS-dimethylethylaminomethyl- 
ene)*6*-oaazolone {M^39). Di/-Valine (10 g.) was dissolved 
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in water (200 cc.) containing sodium hydroxide (3.4 g.) 
and benzylmethoxymethylcncoxazolone (16.7 g.) in alcohol 
(350 cc.) was added. TJie mixture was worked up as in the 
previous experiment, giving the acid (20 g.), m.p. 154-155® 
(dec.). 

Calc. C 16 H 18 O 4 N 2 : C, 63.6; H, 6.0; N, 9.3; nout. equiv., 302 
Found: C, 63.7; H, 5.8; N, 9.2; neut, equiv., 291 

The substance showed an absorption band at 3,200 A 
(Em 28,000), which supports the structure assigned. 

An optically active methyl ester of this acid (methyl p- 
desthiobeiizylpenicillcnate) was obtained {MMO) as a pale 
brown oil by evaporating a benzene solution of exactly 
equivalent amounts of n-valine methyl ester and 2-benzyl-4- 
methoxyincthylene- 5 -oxazolone under roduc(‘d pressure. 

Calc, for CnH 2 o 04 N 2 : C, 64.5; H, 6.4; N, 8.9 
Found: 64.5; H, 6.2; N, 9.0 

The absorption spectrum showed a peak at 3,175 A (Em 
24,000). 

2-Benzyl-4-(^-ben2ylthio-/3,jS-dimethyl-a-carboxyethyl- 
aininomethyiene)<-6-oxazolone {MJ6c). S-Bcnzyl-D-peni- 
cillaniine (1.2 g.) and benzyl methoxymethylenooxazolone 
(1.1 g.) were sliaken for three hours in pyridine (20 cc,). 
Next day, one lialf of the solution was evaporated in vacuo 
to a Hvrup which was dissolved in ether (15 cc.) and treated 
with benzylarnine (2 cc.). After recrystallization from 00% 
ethanol (20 cc.) the resulting benzylarnine salt had m.p. 147°. 

Calc, for CsoH„ 04 N,S: C, 67.8; IT, 6.3; N, 7.9 
Found: C, 67.8; H, 6.2; N, 7.9 

The corresponding nn compound had m.p. 143°. 

Found: C, 67.4; H, 6.6; N, 7.6 

The absorption spectrum sliowed a maximum at 3,225 A 
(Em 28,000) and a plateau at 2,400 A (Km 7,500). 

An optically active methyl ester was obtained (M,40) by 
evaporating a toluene solution of S-benzyl-D-penicillamine 
methyl ester (835 mg.) and benzylmethoxymethyleiieoxazol- 
one (715 mg.) to dryness m vacuo at room temperature, 
washing a chloroform solution of the residue with three por¬ 
tions of phosphate buffer, removing the chloroform and 
crystallizing from ether at 0°; the product (160 mg.) had 
m.p. 54 *55°, and sliowed the expected absorption maximum 
at 3,200 A (Em 28,000). 

Calc, for CS 4 H 26 O 4 N 2 S: (!, 65.7 H, 6 . 0 ; N, 6.4 
Found: C, 65.9; H, 6.0; N, 7,7 

On standing at room temperature for several days the white 
crystals changed to a brown gum. 

8*Besizyl«4-piperidinomethylene-5-oxazolone {M.lSa; SS) 
was obtained by adding benzylethoxymethyleneoxazolone 
“hydrobromideto an excess of piperidine. After keeping 
at room temperature water was added and the solid product 
recrystallized from ethanol, m.p. 115-116°. 

Calc, for CieHaoOaN*: C, 71.1; H, 6.7; N, 10.4 
Found: C, 71.1; H, 6.3; N, 11.8 

The absorption spectrum in ethanol showed a maximum at 
3,250 A (Em 32,500) and an inflexion at 2,450 A (Em 5,300). 

2- Benzyl-4- (2'-carboxy-2'-carbobenzyloxyamiiio- 
ethylthiomefhylene)-6-oxazolon6 (Cornell Bioch., D,S2), 
The benzylarnine salt of N-carbobenzyloxy-L-cysteine (340 
mg.) was mixed with ether and N hydrochloric acid until all 
had dissolved. The ether solution was washed with N/2 
HCl and with sodium chloride solution, dried (MgS 04 ) and 
the ether removed in vacuo. A solution of 2-benzyl-4- 
methoxymethylGnc- 5 -oxazolonc (200 mg.) was added and 
after twenty hours the mixture was taken to dryness in vacuo. 
The residue was mixed thoroughly with ether (20 cc.) and 
N/2 HCl (10 cc.). Solid soon separated from the ^ther and 


this suspension was washed with N/2 HCl and with water. 
The product (207 mg.) was collected and recrystallized from 
acetone-light petroleum, giving the thiomethyleneoxazolone, 
m.p. 178-180°, which showed the expected maximum (in 
ethanol) at 3,350 A (Em 28,000). 

Calc, for Ca^HjoOcN^S: C, 60.0; H, 4.6; N, 6.4; S, 7.3 
Found: C, 59.9; II, 4.9; N, 6 . 6 ; S, 7.3 

A mixture of this product (32 mg.) in dioxan (0.1 cc.) with 
phosphorus pentachloridc (18 mg.) was shaken for ten min¬ 
utes at room temperature. The mixture was centrifuged 
after the addition of more dioxan (0.2 cc.). The clear solu¬ 
tion was removed and evaporated m vacuo. The product 
after extensive working up gave an analysis which indicated 
that the carbobonzyloxy group had not been removed. 

2-Benzyl-4-hydroxymethylene-6-oxazolone (Merck, 
M.14)> The methoxyinethyleneoxazolone (5.8 g.) was 
shaken at 0° with 2.5 N sodium hydroxide (11.6 cc.) and 
water (174 cc.) for twenty-five to thirty minutes. After fil¬ 
tration from unreacted material (0.5 g.), 2.5 N hydrochloric 
acid < 11.6 cc.) was added and the precipitate collected, 
washed with cold w^ater and dried in a vacuum over phos¬ 
phoric anhydride. Yield 4.2 g.; m.p. 118“] 18.5°. Becrys- 
tallization from w ater w^as attended by much loss of product. 
The highest m.p. found was 124-123°. 

Calc, for CiiII.O.N: C, 65.0; H, 4.5; N, 6.9 
Found: C, 64.7; H, 4.3; N, 7.0 

The same product (M.16c) was obtained wdien 2-benzyl-4- 
aininomethylone-5-oxazolone was warmed on a steam bath 
W'ith dilute sodium hydroxide solution and the cooled solu¬ 
tion acidified. The rcprccipitatccl product had ni.p. 122- 
123® (dec.). 

Found: C, 65.5; H, 4.6; N, 7.2 

The ultraviolet absorption in jV/10 NaOH showed a maxi¬ 
mum at 3,000 A (Km 16,700) and another at 2,400 A (Em 
5,550). 

The potassium salt (NKBJ^, C.8) was olitained by adding 
the solid oxazolone to A /10 alcoliolic KOH; crystallization 
was rapid. 

Calc, for CuHgOjNK: C, 54.7; II, 3.3; N, 5.8 
Found: C, 54.4; H, 3.5; N, 5.6; EtO, 0.0 

Thio-bi8-(4-methinyl-2-phenyl-5-oxazolone) (Barber, 
Gregory, Slack, Stickings and Woohnan, CP8.2S4). Phen- 
ylothoxymcthyleneoxazolonc (20 g.) w'as finely ground and 
suspended in dry ethanol (150 cc.). A rapid stream of IIjS 
was passed at 5®; after saturation the flask w^as stoppered 
and left sixtoen-eighteen hours. The yellow flocculent solid 
w^as collected and extracted with chloroform; the insoluble 
residue on crystallization from dioxan, anisole or earbitol 
gave the product in fine yellow needles, m.p. 238-240® 
(dec.). 

Calc, for C 10 H 12 O 4 N 2 S: 

C, 63.6; H, 3.2; N, 7.5; S, 8.5; M.W., 376 
Found. 

C, 63.5; H, 3.2; N, 7.4; S, 8 . 6 ; M.W, (Rast in camphor), 374 

The same product was formed in glacial acetic acid solution. 

p-Phenylenediamino-bis-(4-methinyl-2-pIienyl-6-oxazol- 
one) (Wilson, Abraham, Baker, Chain and Robinson, 
CPS.76). A mixture of phenylethoxymethyleneoxazolone 
(0.108 g.), p-phenylencdiamine (0.108 g.) and alcohol (8 cc.) 
was boiled for ton seconds. The yellow product was col¬ 
lected and recrystallizod from ethyl acetate; minute needles, 
m.p. 324® (dec.). 

Calc, for CMHja 04 N 4 : N, 12.4 
Found: N, 12.2 
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Ultraviolet Absorption of Some 4-Aminomethyleneoz-* 
azolones in Chloroform (Boon, Carrington, Davies, Gaubert, 
Jones, Iliimage and Waring, CPH.OS/f), 




1 

1 Maxitna 


No 

Compound 



DetailH 

A 

Em 




• 

1 

2-Plionyl-4-aminonieth> Icnt’- 
6-oxazolone 

3.42.5 

27,000 

Indef max 3,300 A. 
Min 3.350 A. £m 
2(»,500. 

2 

2-Phonyl-4-ethylaiiunf>- 

inothylene*6-oxa*olone 

3,670 
2 ,870 

27,100 

6,600 

Mirj 3 000 A. Em 
5,400. 2,610 A. Em 
3,000. 

3 

Acetyl derivative of 2 

3,680 

3,60.5 

27,700 

33,000 

Inflox. 3,360 A, Km 
26.000, imn. 3.010 A. 
Em 24,9(10, min. 2.- 
856 A. Em‘ 3,900.1 e , 
“triple band" at 
3,350 3.680 A. 

4 

2- Phony l-4-I3-h> droxv- 

ethv lainmomethylone-S- 
oxazoIone 

3,640 
2 850 

26,900 
6 ,580 

Min 3,005 A, Em 
6,250, 2,606 A. Km 
3,320. 

5 

2-Phonyl-4-carbethoxy- 

niothvlaminomethylene-6- 

oxaxolone 

3,4.56 

28.100 

1 

Indt f, max. 2,795 A. 
Mm 2.880 A Em 
3 600, 2.605 A. Em 
5,400 

6 

1 

Acetj 1 derivative of 6 

6.16 
3 470 

1 no 

28 OOOl 
■16 00(1 
27 000 

liidcf max 2,660 A, 
J.M 15,000. Min :i.- 
660 A. 3,350 A, 2.600 
A, 1 « , “tiiplt band " 

7 ' 

2-Phenyl-4-amhnoin«(li\ leiu 
6-oxazolono 

{ 876 
2 S.50 

39,80(1 

6,600 

Mm 3,200 A. Em 
3,300, 2,660 A, Em 
5,670. 

8 

Aeotyl den value of 7 

3,b60 
a,.500 

28,800 

36,800 

Inflex 3.350 A, Em 
26,t)00. Mm. 3,600 
A, Em 27.050, 2,876 
A, Em 4.900. 1.0 . 
“triple band" at 
3,360-3,660 A 

9 

2-Phenyl-4 N-rnethil- 
1 atnliiiomoilulone-6- 
oxazolonr 

3,760 
2 S5() 

40,000 
7,220 

Min, 3,160 A, Em 
4.4.50; 2.700 A, Em 
6.100. 

10 

2-Phenyl-4 bcnz>lanuno- 
mothyleue 5-oxazolonc 

3,670 

30,800 

Index. 3,000 A, Em 
6,070. Mm. 2.6,30 A, 
Em -3,000. 

11 

Acetyl derivative of 10 

3,680 

3,610 

13 860 
16,400 

luflex 3 360 A, Km 
12,900. le, “triple 
band" at 3,360 
3,680 A 

12 

2-Bon«yl-4-anilinomethyl«ne 

6-oxasolone 

3 696 
2,960 

33,400 

2,800 

Inflox 2,870 A, Em 
1,836 Min. 3,020 A, 
Em 1.«35. 2,766 A. 
Em Et)60. 

18 

2-benzyl-4-bon*ylttmino- 

metbylene-5-oxaxolone 

3,240 

21.480 

Mm. 2,720 A, Em 

1,400. 

14 

2-8tyryl-4-anilinornothvlene- 

6-oxazolone 

4,100 

2.930 

.39,700 

12,000 

Mm. 3.240 A, Em 
4,140 , 2.646 A. Em 
4,720. 

16 

2- ( 1'-Pen t enyl)-4-anilin o- 
raethylene-6-oxacolone 

3.835 

35,600 

Inflox. 2.826 4, Em 
4,430. Min. 3,165 A. 
Em 3.180. 


TRAN8FORMA.TION8 OF 4-nYI>ROXyMBTHYLENB-5-OXAZOLONEB 
(see table V, p. 754) 

2«Phenyl-4-acetozymethylene-6>oxazolone (Mich. Chem., 
B.5). A mixture of 2-phenyl-4-liydroxymethyIene-5-oxaz- 
olone (0.87 g.) and acetic anhydride (8.5 cc.) was kept at 
room temperature for two days, after which large crystals 
(0,65 g.) of the enol acetate were present; a further quantity 
was obtained from the mother-liquor. After recrystalliza- 


tiou from benzene-acetone the compound melted at 152® 
to a red liquid. It gave no immediate color with alcoholic 
ferric* chloride but aftcT fiflecn to twenty minutes the solution 
was deep green. The same product was obtained by the 
action of ketene instead of acetic anhydride, 

2-Phenyl-4-chloromethylene-5-ozazolone (Poole; Abra¬ 
ham, Baker, (’hain and Kohinson, CPHA)90) 2-Phenyl-4- 
hydroxyin(‘thyl(*ne-5-oxazolone (10 g ) was heated with 
pure thionyl chloride (44 cc ) uncler reflux until it dissolved. 
The residue after evaporation ?w vaevo was recrystallized 
from hgroin (100-120°) (70 ec.) with use of charcoal, gnirig 
orange ne(*dles (8 g.), m p. 120-125°. Two further recrys- 
talhzations gave pure yellow needh's, m.p. 126 5-127°, 

Calc, for i\ 58.0, 11, 2 9; N, 6.8; Cl, 17.1 

Found: (\ 57 9, II, 2.9; N, 6.5, (1, 16 4 

On treatment with thiourea in boiling (‘thanol-dioxan, or 
with thioaeetannde in dioxan, thio-bis-( l-in(*thinyl-2-phenyl- 
5-oxazolone) was foimed, yellow m‘edles from cyclohexan¬ 
one; inp. 240°. 

Talc, for OooHnO^NzS: (\ 63 7, II, 3,2, N, 7.5; S, 8.5 
Found: (\ 63 8, H, 3 4, ]\, 7.6, S, 8 3 

The cliloromethylene compound (1 g ) in dioxan (5 cc.). 
was tieateil in tlie cold with pyridine (0 3(i cc ) in dioxan 
(5 cc ) Th(* greenish solid was eoIIect(‘d, washc»d with 
dioxan until the washings were colorless, then with pun* 
ether, and dried in a desiccator (0.9 g.). The compound 
had ni j). below 100°; it was unstable in air and could not be 
puntic'd, but was evidently hugel.^ (2-phenyl-l-niethinyl-5- 
oxazolone)pyridinium chloride. 

Calc, for Cullii02NA’M3^n20: 

(\ 57 5; 11, 4 5; N, 9 0; C'l, 11.7 
Found: (\ 58.2; 11, 4.7; N, 8S, (1, 11 4 

2-Benzyl*4-benzoyloxymethylene-6-oxazolone (NRllL, 
C.S). The potassium salt ol benzyl-hydroxymcthvleneox- 
azolone W'as added to one equivalent of benzoyl chloride m dry 
ether. After shaking for tvio houis potassium chloride was 
removed and the filtrate evajKuated in a stream of dry 
uitn)gen. The residue on recrystallization from ethyl 
acetate-heptane gave the product (61 % yield), light tan 
needles, m p. 102-104°. 

(^alc. for Cl Ji, 304 N: N, 4.6 
Found: N, 4 5 

Methylation of 2-Benzyl-4-hydroxymethylene-5-oxazol- 

one (Merck, Af. 40 ). The hydroxynicthyhme compound on 
treatment with excess diazomethane in etlier and evaporation 
of the solvi'iit gave the inethoxyinothyleiieoxazolone in 
plates, ni.p. 118 119° (micro-block). 

C’alc, for CioIluOsN: C, 66.4; 11, 5.9; N, 6.5 
Found: C;, 66.5; H, 5.2; N, 6.8 

The m.p. does not agree with the value 92-93° reported 
for this compound w^hen prepared by the penaldate method. 
It IS possible that the present compound may be a geo¬ 
metrical isomer. Methylation of a sample of the hydroxy- 
meth.yleiUH)xazolone obtained from benzylpenicilliii gave a 
product Ill p. 117^118° undepressed by the above comiiound. 

2-Propyl-4-methoxymethylene-5-oxazolone (Abraham, 
Baker, Cliain and Robinson, CPS.04S) was obtained in a 
similar inaiinor from the hydroxymetliylene analogue, and 
recrystallized from ether; m.p. 79-80°. 

FJalc. for CMIuO,N: (\ 56,8; TI, 6.5 
Found: C, 56.5; II, 6.6 

2-Amyl-4«ethoxymethylene-5«oxazo]one (Attenbunrow, 
Elliott, Hems and F. A. Robinson, CPS,S8S), Sodium 
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2-ainyl-4-hydroxyiiiethylene-5-oxazolone (4 p; ) was sus¬ 
pended in anhydrous acetone and th<* salt dissolved by care¬ 
ful addition of the iiiiruiniim quantity of water. A slight 
excess of silver nitrate (20*'{ aqueous solution) was added 
and the crystalline precipitate collected and washed with dry 
acetone. The siIvit salt (ni.p. HV1° <lec,) aftiT thorough 
drying was added to dry eth\l iodide (10 ce.) and after being 
boiled foi a few inmut(*s an<l kept overnight the solution w^as 
filtered ami diHtille<l. The ethoxyniethyk*neo\azolone ob¬ 
tained was purei than the* product from a direct ortho- 
formate synthesis, it had 1) p 94‘’/0.05 min., nn^'^ 1.4975. 

Calc, for CnHnOsN. (\ 02 5, IT, 8 1; N, 0 0 
Found: (\ 02 2, II, 8 I, 0.7 

2-Amyl-4-methoxymethylene-5-oxa2olone ((Virnforth, 
C’ornforth, Abraham, liaker, Chain and Robinson, f7^S 
This w^as prepaied siradaily. Tht* silver salt was 
precipitated from aqm^ous solution, dried in a vacuum over 
phosphoric anhydride, powdered and added to methyl iodide 
(excess) in 7-8 volumes of dry ether. After refluxing one 
hour the silver iodide w^as leinoved and the rf'sidut' distilled; 
the incthoxyinethyleneoxazolone came over at 10t> 108^/ 
0.15 mm as a colorless oil (70S yield from hydroxymethyl- 
eneoxazolone) which solidihed on cooling, m p. 22*^. It could 
be preserved m an ampoule, e\i)osuie to air gradiiallv 
converted it to /3-rnethoxy-a-caprovlammoaer\ lie acnl, 
m.p. 143 Ml" from ethyl acetate. 

2-(l'-Pe]itenyl)-4-methoxymethylene-5-oxazolone {VPB. 
6*47). This was prepared in the same yiehl by this method: 
b.p. 114®/0.2 mm. The substance on crystallization Irom 
light petroleum (00-80") wuth use of charcoal gave losidtes, 
m.p. 71-72**. 

Calc, for CioHuO^N: (\ 01.5; IT, 0.7; N, 7 2 
Found; 01.7; H, (».5, N, 7.3 

2-Heptyl-4-methoxymethylene-6-oxa2olone (Beer, forn- 
forth; Abraham, Baker, (liain and Robinson, CPS (>01). 
The silver salt of th(' hydnixymethylencoxazolonc was ob¬ 
tained by hydrogenation of an aqueous solution of sodium 
heptenylhydroxymethvlcrieoxazolone over Raney nickel 
catalyst and precipitation with silver nitrate. I'he dried 
silver salt (from 10 g. heptenyl-hydroxymethyleneoxazolone) 
was refluxed with methyl iodide (12 g.) and dry e( hei (K) ee .) 
for three hours, the silver iodide removed and the residue 
distilled, giving the metho.xymethylene compound as a pale 
yellow oil, b.p. 110-118°/0.i mrn., m.p. 31-34". 

Calc, for C,2 Hi 90,N: C, 04.0, Jl, 8.7; N, 0.5 
Found: C, 03.9; H, 8.5; N, 0.2 

In moist air /3-metlioxy-a-w-octoylaminoacryhc acid w'as 
readily formed, m.p. 140" after crystallization from ethyl 
acetate. 

Calc, for C12H21O4N: (\ 59.3; H, 8.7; N, 5.8 
Found: (^ 59.2; Jl, 8.9; N, 5.7 

Hydrolysis of 2-Benzyl-4-hydroxymethylene-5-oxazolone 

(NRllL, C,8). When the potassium salt of this oxazolonc 
was dissolved in water the following changes were noted: 
(a) A slow increase in to about 7 to 8 on standing over- 
night, (b) a weakly positive test with ammoniacal silver 
nitrate after twenty-four hours (fresh solution gives nega¬ 
tive test), (c) the blue feme chloride test became progres¬ 
sively weaker but was still positive after twenty-four hours, 
(d) a gradual decrease in intensity of absorption at the 
characteristic 2,975 A peak. These effects were dependent 
on the concentration, more dilute solutions suffering greater 
change. By measuring the change in absorption intensity 
at 2,975 A in buffered solutions a relation was traced be¬ 
tween pH and stability. This is summarized in the following 
table: 


plJ 

% decrease in absorption 
at 2,975 A in 

5 hours 

24 houns 

6 ... 

85 

100 

7 

10 

65 ' 

S 

0 i 

2.3 

9 

0 

3.7 

(AMOVaOHl 

0 

3.6 


Stability of 2-Benzyl-4-hydroxymethylene-5-oxazolone in 
Various Solvents {C.8). By means of absorption measure¬ 
ments and the charneteristic him* lerric (ddondc test it has 
b(*(‘n hmiul that the oxazolonc is iairly stable in dioxan, 
aleohnl-fn*e other, diniethv'llormamide and liquid ammonia, 
it is unstable in alcohols, anhvilrous lormie acid, glacial 
acetic amd, pyridine, piperidine and it decolorizes sodium 
in bquid ammonia Kvon in solvents in which it is com¬ 
paratively 'stable at room ti‘mj)erature, short periods of 
heating mav cause subsequent (h'cornposition. In dioxan, 
for e\amf>lc, the charaeteiistie peaked absorption at 2,750 A 
showed Ki,m 473, decreasing onlv to 409 in six hours and 
to 249 (I7S ^ m forty-eight hours W hen fresldy prtqiared, 
an aliquot ol the same dioxan solution was heated for ton 
minutes at 100" and immediately cooled. The absorption 
at 2,750 A was Eiom ^T58 (97^ 0), decreasing to 146 (08^ < ) in 
MX hours and to zero in forty-eight hours. 

Alcoholysis of 2-Benzyl-4-hydroxymethylene-6-oxa2olone 
(r S) VV hen dissolved in absolute iiu'thanol or ethanol, the 
oxa/oloue was rapidly destro^'cd. A quantitative study 
based on measurement of tin' absorption mleiisity at 2,750 A 
showed that in methanol reaction was 8K;> complete in 
two minutes and 91 ^, complete 111 ten minuti*s, with ethanol 
the figures W'cre 72'r' and 94S respectively. When a 
freshlv' prepared ethereal solution of the oxazolone (2 mg. in 
5 cc ) was treated wuth 0 50 ec. ol methanol, or 0.73 cc of 
ethanol, the decrease after nineteen hours was 75 and 77% 
respectively. 

Example of the Preparation of Penaldic Esters from 
4-Hydroxymethylene-5-oxazolones (NRRL, C.8; Upjohn, 
V 11, ri^). The following eouditions appear best for 
tile pre))aration of benzyl benzylpenaldate; A mixture of 
2-benzyl-4-hydroxyiiiethyl(‘ne-5-oxazolone (3.0 g.), benzyl 
alcohol (1,0 g ) and drv benzene (20 cc.) w^os heated under 
reflux for about foity-five minutes. The hot solution was 
(lilut<*d wuth mcthylcyclohcxano to faint turbidity. On cool¬ 
ing, lirst to room temperature and then in a refrigerator, a 
90% yield of nearly colorless, crystalline benzyl benzyl- 
pciialdate was obtained. Roorystallization (ether or cyclo¬ 
hexane) gave colorless needles, m.p. 96-97" (97-98"). 

Calc, for (’i8Ht704N: 

C, 09.4; H, 5.5; N, 4.5; neut. equiv., 311 
Found: 

C, 69.3; II, 5.6; N, 4.6; neut. equiv., (in ethanol) 315 

The absorption sp<»ctrum showed no characteristic peak. 

The canary-yellow 2,4-dinitrophenylhydrazone crystallized 
from ethanol; m.p. 179-180". 

Calc, for C24H21O7N6 C, 58.7; H, 4.3; N, 14.3 
Found; C, 58.2; H, 4.5; N, 14.1 

The benzylaraine derivative was obtained in nearly 
quantitative yield by keeping the ester with bcnzylamine in 
benzene for forty-eight hours, collecting and recrystallizing 
from methylcyolohexane; colorless needles, m.p. 131-132". 

Calc, for C,5H,40,N2: C, 75.0; H, 6.4; N, 7.0 
Found; C, 74.7; H, 6.6; N, 7.1 



OXAZOLONES 


825 


Alcoholysis of 2-Benzyl-4-hydroxymethylene*5-oxazolone 
in the Presence of 2,4-Dinitrophenylhydraziiie (Mich. 
Chem., A tjolution of the oxazolono with an equal 

weight (20 mg.) of dinitrophenylhydrazino in bonzene- 
dioxaii was treated with methanol and some dry hydrogen 
chloride. The solution was cvaporat(‘d and the solid residue 
digested with water and filtered (35 mg.). After ^eer 3 ^stal- 
lization, the m.p. was 178° alone or mixed with methyl 
benzylpenaldate 2,4-diiiitrophenylhydrazone.. 

2-Phonyl-4-hydroxymethylen(*-5-oxazolon{' gave the deriv¬ 
ative of methyl plienjdiHmaldate in similar fashion; with 
the latter oxazolone (Merck, Af.tiH) (60 mg.) or 2-plu‘n3d-4- 
benzylaminomethylene-S-oxazolone {85 mg.) and 50 mg. of 
2,4-dinitrophenylhydrazine in ethanol (2 oc.) containing 
two drops of concentrated hydrochloric acid, a good yitdd of 
ethyl phcnylpenaldate 2,4-dinitrophenylhydrazone, m.p. 
179°, was obtained. 

Calc, for OisIIiyOrNt: N, 10.0 
Found: N, 10.9 

Methyl DL-phenylpenicillenate under thc.se conditions gave 
no dinitrophenylh^vdrazone on sliort h(‘ating. 

Benzyl Benzylthiolpenaldate (Merck, M,S5). A mixture 
of 2-benzyl-4-hydroxyni<'thyl('ne-5-oxazolone (1.0 g.) with 
benzyl mercaptan (3.0 g.) wa.s warm(Ml on a steam bath for 
five minutes. The solution was diluted with ether and 
extracted with 5^; sodium bicarbonate solution. Acidifica¬ 
tion of the bicarbonate gin'e an oil which quickly crystallizi‘d 
(jdcld 1 g.). It was rccryst.alli/ed from chloroform-etln*r; 
m.p. 113-114°. It gave a red color with ferric chloride and 
a positive test for sulphur. 

Calc, for CjainOaNS: C, 0G.(b 11, 5.2; N, 4.3 
Found: (\ 05.9, II, 5.3; N, 4.3 

A substance, probably the 2,4-dinitroph('nylhydrazone of 
this thjo-estor, w’as obtained (Upjohn, U.IJ) from the reac¬ 
tion of the oxazolom* with benzyl mercaptan-sodium bcnzyl- 
raereaptide, followi'd by dinitrophenylhydrazino. After 
crystallization from chloroforrn-cvclohexane it had m.p. 
158-1()0°. 

Calc, for (^24ll2i06N6S: N, 13.8 
Found: N, 13.7 

Benzyl Phenylthiolpenaldate (Copp, Duffin, Smith and 
Wilkinson, CPS.64J). 2-Phenyl-4-h3’’droxymethylene-5-ox- 
azolone (1 g.) was heated at 100° for thirty minutes with 
benzyl mercaptan (10 cc.) togethcT with a small piece of 
sodium. The solution was concentrated in vacuo and the 
residue crj^stallized from ether to give colorless prisms 
(quant, yield), m.p. 97-99°, 

Calc, for CnHifiOaNS: N, 4.5; S, 10.2 
Found: N, 4.5; 8, 10.8 

Ethyl Phenylthiolpenaldate {CPS.642). This was pre¬ 
pared similarly with f3thyl mercaptan (in benzene; 50-55° 
for eight hours); it crystallized from ether in colorless 
prisms, m.p. 81-84°. 

Calc, for CiallitOaNS: N, 6.0; S, 13.6 
Found: N, 6.3; S, 14.0 

Benzylamine Salt of 2-Benzyl-4-hydroxymethylene-6- 
oxazolone (Mich. Chem., B.$; 4; Merck, M.49). To a 
mixture of benzylamine (25 mg.) and the oxazolone (50 mg.) 
was added just enough dioxan (0.2 ec.) to give a clear 
solution. C)n addition of a few cc. of benzenij, colorless 
needles (60 mg.) of the benzylamine salt separated. It was 
somewhat soluble in water; the solution gave a deep blue 
ferric chloride test and on acidification a small amount of 
the oxazolone was precipitated and benzylamine was de¬ 
tected in the filtrate (as benzoyl derivative). Addition of 
the salt to an aqueous sulfuric acid solution of 2,4-dinitro- 
phenylhydrazine gave the dinitrophenylhydrazone of 


ph(*nylacetamidoacetaldeh.vde. The salt was recrystallized 
from inethanol-etlier and then had m.p. 115-110° (dec ), or 
111-114° (dec.) when finely jxiwdered. 

Calc, for CiJIisOaX*: 09.7; H, 5.9; N, 9.0 
Found: C\ (>9.5; 11, 5.8; N, 8.9 

Reaction of 2-Benzyl-4-hydroxymethylene-6-oxazolone 
with Benzylamine (Merck, M.l2a). On adding an <»xc(*sh 
of benzyliiiniiu* to Ihe o\azolj>ne suspended in water, a cU'ar 
solution resulted which soon became eloudy. After hi^veral 
hours the water w^ts di'canted and tlu‘ residual s\nip w^hsIkmI 
with wat(‘r and dissolved in ehlorofurm. After drying, 
the solvent was removed under reduced pressure and the 
residue reerystallized from ethanol; in p. 132 134°. 

Found: C, 73 3; li, 0.3. 10.1. 

This was a partially solvated form of ar-phen\*lMeetamido-/3- 
benzylaminoaeryhe acid benzyhimide (see i>. 180} wdth 
which it w\as compared and found identical. 

a-Phenylacetamido-/5-methoxyacrylic Acid {M.35; SB). 

The silver salt of 2-bcnzyl-4-hydroxynieth3dene-5-oxazolone 
was treated with metli>I iodid(‘ in benzene. Ibaietion 
proceeded rapidly. Evaporation of the benzene and (‘xpo- 
siire to w'ater gave a semi-crystalline mass which wuis 
washed with ethyl acetate and recrj^stallizcd from dioxan, 
giving the colorh'ss acid, m.p. 100-191°. 

f^ale. for CiJlr, 04 N: 01.4; H, 5.5; N, 0.0; OMe, ! I 3 
Found: C, 01.5; 11, 5.5; N, 0.4; OMe, 13 7 

The same acid was found in old speeimens of 2-h(*n/yl-4- 
metho\yniethyleiie-5-o.\azolone which had been exposed 
to air. 

Th(' methyl ester was prejiared b}^ means of diazoinetlinne; 
it crystallized from benzene; m.p. 105-100°. 

Cale. for CuIluOiN: C. 02.7; 11, 0.0; N, 5.0 
Found: • (\ 02.7; H, 0,2; N, 5.7 

a-Caproylammo-/?-ethoxyacrylic Acid (Attenburrow% El¬ 
liott, Hems and F. A. Uobinson, CPS.73). A fow^ drops of 
2-am.yl-4-eUioxynietliylpne-5-oxazoloiie were exposed to air 
for tw’elve hours, and the erystallme firoduet (soluble in 
KallC^la; negative FeCl. 5 ) reerystallized from benzene-light 
petroleum, microscopic plates m.p. 131°. 

Calc, for Cnlli 9 () 4 N: (’, 57.0; H, 8.4; N, 6.1; OKt, 19 7 
Found: C, .57.4; 11, 7.9; N, 0.3; OEt, 19.5 

Ethyl a-Caproylamino-/3-ethoxyacrylate (Cornforth, Corn- 
forth; Abraham, Jlaker, Chain and Jlobinsoii, CPSM47). 
Sodium (4.0 g.) was powdered and placed under ether 
(200 cc.). A mixture of ethyl eaproylaminoaeetate (35 g.) 
and ethyl formate (15 oc.) was added. After tw'o days 
at room temperature water w^as added and the whole filtered 
and treated wdth eoncentrated hydrochloric neid (20 ec.). 
The aqueous layer was extracted once with fresh ether. The 
united ether extracts were treated wdth a little plienolph- 
thalein and shaken with successive quantities of 2 N sodium 
hydroxide until the final extract remained alkaline (58 cc. 
required). The aqueous solution was shakcui with ethyl 
sulphate (14 cc.) for twenty-four hours. Ether was then 
added and the unreaeted piuialdic (\ster extracted as before 
with alkali and shaken with fresh ethyl sulphate. The 
united alkali-insoluble product was distilled giving a 
fraction (10 g.), b.p. about 155° 0.3 mm., which soon crys¬ 
tallized; after recrystallizatiou the product (9 g.) had m.p. 
51-53°. A sample recr 3 ''stallized by dissolving in very little 
chloroform and adding light pidroleum gave the ester in 
colorless silky needles, m.p. 01-02°. 

Calc, for C„H 2 a 04 N: 0, 60.7; H, 9 0 
Found: C, 60.7; 11, 9.2 

On treatment with 2,4-dinilrophenylhydrazine in alcoholic 
sulphuric acid for three hours on the steam bath and crys¬ 
tallizing the product from alcohol, the dinitrophenylhydraz- 
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one of ethyl amylpenaldato was formed, m.p. 166-167* 
undepressed by authentic materiaL 

Ethyl ^'Methoxy-a-caproylaminoacrylate {CPS,647) was 
obtained in the same way using methyl sulphate; only 
one methylation was needed and distillation was unneces¬ 
sary. The product (9 g.; ni.p. 77-79® after one crystalliza¬ 
tion from ether) had m.p. 81-82® after recrystallization; fine 
colorless needles. 

Calc, for C»H 2 i 04 N: C, 59.3; H, 8.6 
Found: C, 59.1; II, 8.5 

When the ester was warmed with a slight excess of N 
sodium hydroxide, a-caproylamino-^-inethoxyacrylic acid 
was formed, m.p. 143-144°; colorless plates from ethyl 
acetate. 

Calc, for C,oHi 704 N: C, 55.8; H, 7.9 
Found: (’, 55.9; II, 7.9 

Action of Water on the **Hydrobromide” of 2-BenzyI-4* 
ethozymethylene- 6 -ozazolone (Me.rck, M.lSa). When the 
reactants were mixed an oil rapidly separated and solidified. 
Crystallization from ethylone dichloridc gave /3-ethoxy-a- 
phenylacetamidoacrylic acid, m.p. 134-135®. 

Calc, for C„Hu 04 N: (\ 62.6; 11, 6 . 1 ; N, 5.6 
Found: C, 63.3; H, 6.3; N, 6.0 

The same acid was obtained by the action of concentrated 
aqueous ammonium hydroxide on the “hydrobrornide.** 
The methoxy acid was obtained (Upjohn, IfJi) by the 
action of water on the ‘‘hydrobromide of 2-benzyl-4- 
methoxymothylene-5-oxnzoloue; long, white needles from 
Hicthylcyclohexane, m.p. 189-190°. 

Calc, for Ci 2 lIia 04 N; 

(\ 61.4; II, 5.6; N, 6.0; neut. equiv., 235 
Found: C, 61.4; H, 5.8; N, 5.0; neut. equiv., 236 

On warming this acid with acetic anhydride it gave an oil 
which j)artially crystallized on seeding wdth 2-benzyI-4- 
methoxymothylpne-5-oxazolone. 

Ethyl Phenylpenaldate Diethyl Acetal (Barber, Gregory, 
Slack, Stickiiigs and Woolman, CPS.2>^4)> 2-Phenyl-4- 
ethoxymethylene-5-oxazolone (30 g.) was dis.solved in 2 N 
alcoholic HCl (130 cc.) and the solution left for two days. 
It was then neutralized with alcoholic sodium ethoxideand 
the bulk of the alcohol removed under reduced pressure. 
After working up with water and ether the product was 
distilled, giving ethyl benzoate ( 7.2 g.) and the acetal (20 g.; 
47%), b.p. 149-155®/0.06 mm. Crystallization from ether- 
light petroleum (Copp, Diifiin, Smith and Wilkinson, CPS. 
S 4 O) gave colorless prisms, m.p. 48°. 

Calc, for C 14 IJ 23 O 4 N: (\ 61.1; II, 7.4; N, 5.4; OEt, 43.6 
Found: C, 62.1; 11, 7.2; N, 4.6; OEt, 41.3 

By another method (Beer, King; Abraham, Baker, Chain 
and Robinson, CPS.268) the ethoxymethyleiu'oxazolone 
(10.5 g.) in dry benzene (100 cc.) was added during ninety 
minutes to a stirred, strongly cooleii solution of sodium 
(1.2 g.) in dry ethanol (50 cc.). After keeping at room 
temperature overnight and washing quickly three times with 
water the benzene layer w^as dried and evaporated. The 
residue (10 g.; 67%) slowly crystallized and was purified 
either by recrystallization from light petroleum (40"'60®) or 
by distillation at 0.05 mm, 

/3-Benzylthio-a-benzamidoacrylic Acid (Barber, Slack and 
Stickings, CPSM ). 2-Phonyl-4-benzylthiomethylenc-5-ox- 
azolone (1.09 g.) was dissolved in glacial acetic aeid (25 cc.) 
and acetic anhydride (0.25 cc.). The solution was saturated 
with dry llCl, kept overnight and evaporated to dryness 
in vacuo over potash. The residue was extracted with cold 
2 N sodium carbonate (15 cc.), filtered (charcoal) and acidi¬ 
fied to give the acid (0.7 g.), m.p. 204-206®; mixed m.p. 
with an authentic specimen, 207-208®. 


jd^Benzylthio-a-p-nitrobenzamidoacrylic Acid (Copp, Duf- 
fin, Smith and Wilkinson, CPS.64i)» This was prepared in 
the same way from 2-p-nitrophenyl-4-benzylthiomethylene- 
5-oxazolone by heating with N alkali; the acid separated 
from aqueous alcohol in long flat yellow prisms, m.p. 208- 
210 ®. 

Calc, for CnlluOsNaS: C, 57.0; H, 3.9; N, 7.8 
Found: C, 57.3; 11, 4.2; N, 8.3 

/3-Ethylthio-tt-benzamidoacrylic Acid (Copp, Duflin, 
Smith and Wilkinson, CPS.388). 2-Phenyl-4-ethylthio« 
methylene-5-oxazolone (100 mg.) was shaken with 2 N 
NaOH (10 ee.) until dissolved, and the filtered solution 
acidified. The acid crystallized from aqueous alcohol in 
colorless fluffy needles, m.p. 157-158®. 

Calc, for (hjllijOaNS: 57 4; 11 , 5.2; N, 5 . 6 ; S, 12.8 
Found: (\ 57.6; H, 5.6; N, 5.6; S, 12.8 

The benzylammoniurn salt separated from ether-chloro¬ 
form, m.p. 120 - 121 °. 

(^alc. for CnJl 220 sN 2 S: C, 63.7; H, 6.1; N, 7.8; S, 8.9 
Found: C, 63.7; H, 6 . 2 ; N, 8.1; S, 8.9 

The benzylairiide of jS-ethyltluo-^r-benzamidoacrylic acid 
WHS obtained from 2-phenyl-4-othylthioinethylene-5-oxHZ- 
olone (1 g.) and benzylamiue (0.5 cc.) in dry chloroform 
(20 cc.); after one hour the solution was carefully diluted 
with dry ether to give colorless crystals, m.p. 143-144®. 

Calc, for Ci 2 ll 2 oOaN 2 S: N, 8.2; S, 9.4 
Found: N, 8 . 0 ; S, 9.5 

The absorption spectrum showed a maximum at 2,850 A (Em 
15,240) in ethanol. 

The p-sulphonarnidoanilide of the same acid was obtained 
by heating the oxazolone (8 g.) with sulphanilamide (8 g ) 
and glacial acetic acid (160 cc.) for two hours on a steam 
bath; colorless prisms from acetic acid, m.p. 233-236° (doc.). 

Calc, for C, 8 llui 04 N 3 S 2 : C, 53.3; H, 4.7; N, 10.4; S, 15.8 
Found: 53.2; 11, 4.8; N, 10.3; S, 15.7 

The p-sulphonamidoanilide of /3-benzylthio-a-benzamido- 
acrylic aeid was olitained in a similar manner from 2 -phenyl- 
4-benzylthiomethylene-5-oxazoloiie; colorless prisms from 
acetic acid; m.p. 237-238°. 

C:alc. for C 2 ,Il 2 i 04 N 8 R 2 : C, 59.1; 11, 4.5; N, 9.0; H, 13.7 
Found: C, 59.1; H, 4.9; N, 9.0; S, 13.4 

^-Ethylthio-a-benzamidoacrylic Acid Hydrazide (Copp, 

Diiffm, Smith and Wilkinson, CPS.61^2). 2-Phonyl-4 
ethylthiomethylene-5-oxazolone (3.6 g.) was suspended in 
dry alcohol (40 ec.) and 94% hydrazine hydrate (0.99 g.) 
added. Next day the solution was concentrated in vacuo 
and the residue crystallized from alcohol to give the hydraz¬ 
ide, colorless needles, m.p, 143-144®. 

Calc, for CuHuOaNaS: C, 64,3; II, 5.7; N, 15.9; S, 12.0 
Found; C, 64.4; H, 5.6; N, 15.5; S, 11.8 

It was recovered unchanged after being boiled with anisole 
for two minutes. The hydrazide (810 mg.) was dissolved 
in 2 A IICl (16 cc.), cooled to 0° and treated with a solution 
of sodium nitrite (210 mg.) in a little water. After a few 
minutes the white precipitate was collected, dissolved at once 
in chloroform (10 cc.) and combined with a chloroform solu¬ 
tion of DL-penicillamine methyl ester (from 610 mg. hy¬ 
drochloride). The mixture was kept twenty-four hours with 
a little sodium sulphate. Concentration in vacuo and treat¬ 
ment of the residue with light petroleum and then ether 
gave a solid which was recrystallized from ether, giving 
2-phcnyl-4-ethylthiomethylen*v5-oxazolone (100 mg.; m.p. 
and mixed m.p, 121-122®). No antibiotic activity or any 
new product was obtained on working up the mother-liquors. 
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Ethyl Phenylthiolpenaldate Diethylthioacetal (CPS.642), 
2-Phenyl-4-ethylthiomethylene-5-oxazolone (2 g.) was sus¬ 
pended in a solution of ethyl mercaptan (7.5 cc.) in dry 
benzene (7.5 cc.), a small piece of sodium added and the 
mixture heated at 60® until a clear solution was obtained 
(about thirty minutes). After fifteen to twenty hours at 
room temperature the solution was treated with eponite, 
filtered, and the solvent removed in a stream of 0 () 2 . 
Crystallization from light petroleum (60-80®) gave the thio- 
ester; colorless needles, m.p. 77-78®. 

Calc, for CuIIasOaNS,: (^ 53.8; II, 6.4; N, 3,9; S, 26.9 

Found; C, 53.9; H, 6.4; N, 4.4; S, 26.5 

Benzyl Phenylthiolpenaldate Dibenzylthioacetal (CPS. 
S4^)- 2-Phcnyl-4-ethyltJiiomethyIone-5-oxazolone (2 g.) 
was suspended in benzyl mercaptan (10 cc.), a small piece of 
sodium added and the mixture heated at 100® for one hour. 
The resulting clear solution was kept overnight and con¬ 
centrated in vacuo. The resulting pale yellow resin cry.stal- 
lizod from ether, giving the thio-ester in colorless needles, 
m.p. 89-91®. 

Calc, for CaiIl2902NS5: C, 08.4; H, 5.3; N, 2.6; S, 17.7 

Found: C, 68.6; 11, 5.7; N, 2.7; S, 17.7 

Reaction of Benzyl Mercaptan with 2-Phenyl-4->anilino- 
methylene-5-oxazolone in Acetic Acid (Barber, Gregory, 
Slack, Stickings and Woolnuui, CPS.fW). The oxazolono 
(1.32 g.) and benzyl mercaptan (0.63 cc.) were boiled for 
one and one-half hours with acetic acid (5 cc.). Light 
p(!troleum wa.s added and the gummy product collected after 
treating w^ith fresli petroleum until it hardened. Itecrystal- 
lization from benzene (100 cc.) gave colorless needles, m.p, 
197-198®, raised by recrystallization to 198-199®, probably 
of the benzylthioester of ^-anilino-a-benzainidoacrylic acid. 

Calc, for CjiHaoOaNaS; N, 7.2; S, 8.2 
Found: N, 7.0; 8, 8.0 

The product was recovered unchanged (0.14 g. from 0,15 g.) 
after boiling for three hours with 2 N H(3 (15 cc.) and alco¬ 
hol (5 cc.). 

Action of Benzylamine on the **Hydrobromide’* of 
2-Benzyl-4-ethoxymethylene-6-oxazolone (Merck, M.12a; 
Upjohn, U.7). The hydrobromide was added to 6 equiva¬ 
lents of benzylamine with ice cooling. After twenty to thirty 
hours the mixture was poured into water (or diluted with dry 
ether); the solid was collected and rccrystallizcd from ethanol. 
Merck found m.p. 118-119®. 

Found: C, 72.9, 73.9; 73.0; II, 7.3, 6.2, 7.1; N, 10.6, 9.9 

Upjohn (V.7) found m.p. 116-117®. 

Found: C, 72.5; H, 6.5; N, 12.5 

After being dried at 60® over phosphoric oxide in vacuo it 
became amorphous and melted at 122-123® with softening 
from no®. 

Found: C, 73.3; H, 6.6; N, 10.6 

The ultraviolet absorption in ethanol showed a maximum 
at 2,800 A (Km 18,000). In 0.02 N NaOH a single hand at 
2,825 A (Em 19,600) was observed w^hich disappeared on 
acidification and reappeared at 2,700 A (Em 13,000) on 
again making alkaline. 

The substance in acid solution immediately formed a 
2,4-dinitrophenylhydra2one which had m.p. 242-243®, 
undepressed by benzylpcnaldic acid benzylamide 2,4-dinitro- 
phenylhydrazone. 

Calc, for CaJlMO^Ne: C, 58.8; H, 4.6; N, 17.1 
Found: C, 69.2; H, 4.6; N, 17.6 

With cysteine the substance condensed to give a product, 
m.p. 167-168®, presumed to the benzylamide LIOCVII. 


Calc, for C 2 iIl 2 i 04 N,S: 61.0; II, 5.6; N, 10.2 
Found: C, 61.1; 11, 5.7; N, 10.3 

The substance on treatment with a dilute alcoholic solu¬ 
tion of hydrochloric acid for thirty seconds on the steam bath 
(M.15c^ gave a product which softened at 80® and was 
melted at 95®, presumed to be benzylpcnaldic acid benzyl¬ 
amide. 

Calc, for (hsHuOjN,: C, 69.7; II, 5.9; N, 9.0 
Found: C, G9.4; 11, 6.0; N, 8.9 

When this experiment was repeated (U.7) under similar 
conditions, the product (0.96 g from 1 g.) after two recrys¬ 
tallizations from alcohol harl m.p. 105-113®. After being 
dried at 60° (P-iG,-,) the material l>et!aine amorphous aud the 
m.p. rose to 119-123° with softi'iiing from 115°. 

Found: C, 74.0; H, 6.5; N, 11.1 

The properties and analysis are those of the starting material. 

With scrnicarbazide the sulistance gave the scmicarbazone 
of benzylpenaldic acid benzylamide, m.p. 210-213® sintering 
from 200® (micro-block). 

Calc, for CiJIaiOaNj: C, 62.1; II, 5.8; N, 19.1 
Found: C, 61.6; H, 5.9; N, 18.9 

In an earlier condensation of thv oxazoloiie “hvdrobro- 
mide” with benzylamine (U.O)y the product had m.p. 
132-131.5® and the analysis agnicd with the* figures for 
/3-bcnzylamino-a-phcnylacetaimdoacrylic acid benzylamide. 

Calc, for CasILjOtN,: C, 75.2; H, 6.3; N, 10.5 
Found: C, 74.9; 11, 6.1; N, 10.5 

Structure of the Product m.p. 118-119° from the “Hydro¬ 
bromide” of 2-Benzyl-4-ethoxymethylene-5-oxazolone and 
Benzylamine (Merck, M.60; 67). The substance was re¬ 
examined w'hen a product m.p. 66-67®, obtained from benzyl¬ 
amine and the sulphone of benzylpenicillin methyl ester, 
was found to have an identical absorption spectrum. It was 
found that on the micro-l)lock it alw^ays melted in the range 
65-75®, hut in a capillary it invariably melted above 110°. 
On drying in vacuo at 76® there was no apparent sinti’ring; 
microscopic examination however showed that the sub¬ 
stance had really fused. The fused material irndted at 
132-134®. It was concluded that the? substance was the 
benzylamide of )3-benzylamino-a-phenylac(Jtami(loacrylic 
acid associated with one molecule of alcohol of crystallization. 

Calc, for C25H2*02N C,H 90 : C, 72.8; H, 7.0; N, 9.4 
Found: C, 73.0; H, 7.1; N, 9.9 

The product did not crystallize readily from other types of 
solvent. A now specimen w'as prepared and crystallized 
from methanol. This product had m.p. 113-118® (capillary). 
On drying at 7C®/0.1 mm. for two hours the weight was 
constant after a loss of 7.0% (Calc, for 1 MeOH: 7.4). 
Analysis of the residue gave C, 75.2: H, 6.8; N, 10.8. 

Calc, for C 2 JI 26 O 2 N,: C, 75.2; II, 6.3; N, 10.5 

In order to confirm the conclusion, a hydrolysis wjis carried 
out. The compound (1 g.) was dissolved in hot methanol 
(75 cc.). Hydrochloric acid (25 cc. of 0.103 IV) was added 
and heating continued for a few minutes. The solution was 
cooled and diluted to 200 cc. with .V/IO IIH and water. 
One-half of the solution was treated with 2,4-dinitrophenyl- 
hydrazine (495 mg.) on the steam bath; the resulting 
dinitrophenylhydrazone weighed 0.61 g.; m.p. 250® (dec.; 
micro-block). The theoretical amount of N-benzyl-benzyl- 
penaldamide dinitrophenylhydrazone is 0.61 g. 

The other half was concentrated in vacuo to about 35 cc., 
during which process a colorless crystalline solid (A) 
separated. After filtration the solution was made alkaline 
by adding 50% NaOH, extracted with petroleum ether, the 
extracts dried over potassium carbonate and saturated with 
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dry 11(^1, giving benzylanniit* hydrochloride, in.p. and mixed 
m.p. 258° (niicro-]dock)> The yield was 0.15 g.; calc. 
0,105 g. The crystalline product (A1 was recryatallized 
from methanol: fine needles, which couM he drh'd at 76°/ 
0.1 min. without change of composition. It softmied at 110° 
and melted at 117“‘118° (capill.). 

Calc, for C,JIi8()3Nr(Ml40: i\ 60.7: H, 0.1; N, 8.2 
Found: C, 07.0. II, 7.1; N, 8.2 

The product .shown‘d only ph('n>l ahsorption in the ultra¬ 
violet; however, when treated with a pH 8.35 huffer a band 
of 13,200 at 2,580 A appeared at once. This behavior 
resembles tliat ol ethyl bonzyliv'nnldnte, the sulistance is 
probably the corresponding benzylaniah'. 

Reaction of 2-Benzyl-4-ethoxymethylene-6-oxazolone 
“Hydrobromide** with Morpholine (M.3S; SO). Three 
prodiu'ts were iMnlate<l from tliis reaction Oin* melted at 
170 171° alone or mixed with aullieiitie jihenaceturic 
morpliolide \ st'coml, tliough not pure, had m p. 114° 
and was judged to be 2-benzyl-l-morpholinonieth\lono-5~ 
oxazolone. 

(^alc. for (^^H,«()a^2: (\ 66.2; H, 5.9 
Found; (\ 65.5; il, 6.3 

Th(» tliird .substance had m.p. 171 172° ami was <'\idently 
/Jl-morphoIino-«-phenylac(‘tamidoaeryhc acid morpholide. 

<^alc. for ( \ 63.5; 11, 7.0 

Found: 63.0, 61.0; 11, 7.2, 7.3 

With 2,4-dinitrophenylhydrazim* it gave a substance m.p 
236-237°, amdvzing for tlu* 2,4-dinitrophenylhydrazoiie of 
benzylpeualdie acid morpholide. 

(Vdc. for (\iU 2 'i 07 ^ 6 : 53.6; H, 4.7; 17 9 

Found: (\ 53.8; II, 5.0; N, 18.1 

The substance showed an ab.sor])tion hand of Km 14,500 at 
2,880 A in ethanol. In 50^'; ethanol O.Ol N with ri‘speetto 
NaOll the band was 2,910 A (Km I6,5(M)), In 50^; ethanol 
0.01 A with respeet to 11(4, only weak phenyl ab.sorption 
remtiineil after thirty minutes. Itealkalization of the latter 
gave rise at once to a new singh* band of Km 13,500 at 2,800 
A. 

W hen the morpholinomethyleiieoxazolone was heated at 
1(K)° for thirty minutes with an excess of morpholine it wa.s 
converted into the sub.stance m.p. 171-172° (alentity shown 
by mixed m.p. of the snInstances and the derived clinitrophen- 
ylhydrazorics). 

Reaction of 2-Benzyl-4-ethoxymethylene-6-oxazolone 
“Hydrobroittide** with Piperidine {M.23). The products 
were 2-benzyl-4-piperiiiinomethyJene-5-()xazolone and a 
product m.p. 161 -162", shown by mixed m.p. to be phon- 
acetnric acid pipr*ri(lide 

Action of Benzylamine on 2-Phenyl-4-benzylaniino- 
methylene-6-oxazolone (Barber, Gregory, Slack, Stickings 
and Woolman, Tin* oxazolono (1 g.) was boiled 

with benzylamine (5 ce.) for seven minutes and the brown 
li(]uid cooled. On pouring into ether (200 or.) and a little 
w'ater, a white solid (1.3 g.) separated. Becrystallization 
from alcohol and then benzene gave white needles, m.p. 
162-162.5° unchanged on mixing with hippuric acid benzyl- 
amid<‘ (from 2-phcnyl-5-()xazolone and benzylamine). 

2-Phenyl-4-hydrazinomethylene-5-oxazolone (Slack, 
CPS. 41 3). 2-Pheny 1-4-et hoxy mothylcn e-5-oxa2C)lon e (40.0 

g.) w'a.s dissolved in ethyl alcohol (400 cc.) without heating, 
and hydrazine hydrate (20 cc. of 50^,f w/v) added. The deep 
red solution slowly deposited red needles; these wen‘ col¬ 
lected after refrigeration for three hours (2S.6 g.). The 
substance melted betw'een 120° and 130° when placed in a 
bath at this temperature. With slow heating a dramatic 
color-change occurred at this temperature and the final m.p. 
was 196°. 

Calc, for C,on902N,: C, 59.1; H, 4,5; N, 20.7 
Found: C, 58.5; H, 4.6; N, 20.4 


When the substance (8.32 g.) was heated for five to ten 
minutes in dry ani.solo (450-5()0 ce.) and cooled, pale yellow 
crystals, m.p. 204-205°of (solvated) 4-benzamidopyrazolone 
were obtained (7.95 g.), m.p. 192 194° after crystallization 
from dioxari. 

Calc, for (CioHoOuN^jrfMCOa: (\ 58.4; 11, 5.3; N, 16.8 
Found: C\ 58.5; II, 5.4; N, 16.8 

Hecrystallization from water gav(’ colorh'ss slJMidor needh's, 
m.p. 205-206°, again solvated. 

f4ilc. for (f^loIJj>t3)i>*ll2(l: 

i\ 56.5; II, 1.7; N, 19 8, H.O, 4 3 
Found: G, 56.4; 11, 1.8; 19.8; los.s at ]()()"A).l mm., 4.6 

The sul)staii(*e w'as ])r(‘])are(I m another way: /3-m(‘thoxy-nf- 
beiizamidoacrylie elhyl ester (0.26 g.) was dissolved in 
alcohol (3.0 ec.) ami luxated under reflux for one hour w'ith 
hydr.nzine liydratc solution (l.O ce. of 50<’; wVv). The 
soIv(‘nt.s werf' removed at low pressure and the residue tritu¬ 
rated with ether to give the crude pyrazolone (0.18 g.), m.p. 
and mixed m.j). 201-205° after crystallization from water. 

Cyclization of 4-Benzamidopyrazolone (Barltrop; Abra- 
h;im, Baker, (’ham and Bobinson, CPS./iOS). The jiyrazol- 
one (0.8 ji.) and xylene (2 cc.) wa'ri' boiled umier ri’flux for 
thus* hoiif.s with plio.sphoryl clilorah* (0.4 ce.). The solid 
was collected, wai^hed witli (‘ther and reervstalhzed from 
ethanol, giving the oxazolopyrnzole hydrochloride in short, 
pale buff rod.s (0 5 g ), m.p 238"* (dec ). Hecrvstalhzation 
from ethanoJ-i'tlier gave m ]>. 211-245° (dee.; sintering at 
240 ^). 

Calc, for (44l70X.i ll(4-irA>. (\ 50 1; II, 1.2; \, 17.5 
Found: (', 50 7, H, 12, X, 17.2 

Rearrangement of 2-PhenyI-4-hydrazinomethyIene-6- 
oxazolone at Lower Temperatures (Kobiiison, W ilson; Abra¬ 
ham, Baker and Chain, CPS 031) Evaporation of an 
aleoholie solution of the o\uzolon(‘ to small bulk gave 
4-benzamjLlopyrazolone. When th(‘ oxazolone (0.1 g.) was 
dissolved by gentle warming in A’ Jl( 4 (30 ei*.), long (‘olorless 
needles (0.21 g.) separated from the fiJtiTed solution on cool¬ 
ing: ui.p. 228-230° (dec.). 

Cixlc. for CiolCO^Xs-HGl: (\ 50.1; TI, 4.2 
Found: (\ 49.9; II, 4.3 

This w'as identical xvith the liydroehlorido ohtainetl from 
benzamidopyrazolone and 11C4. 

4-Benzamidopyrazolone was ac(‘tylated by boiling with 
acetic anhydride ami a few' crystals of potassium acetate. 
The acetyl (h'rivative separated from ethanol 111 short color¬ 
less rods, m p. 158-160°; the hydrochloride gave the same 
product. 

C’alc. for (balliiO.Ns: C, 58.8; H, 4.5 
Found: C, 58.9; H, 4.5 

2-Phenyl-4-benzylidenehydrazinomethylene-6-oxazolone 

{CPS.G31). A mixture of acetic acid (0.5 cc.), benzaldehyde 
(0.2 g.) and the hydrazinomethyleneoxazolone (0.4 g.) was 
heated to the b.p.; after cooling, alcohol (2 cc.) was added 
and the yellow solid (0,5 g.) collected. The substance 
separated from acetic acid in small yellow needles, m.p. 
172-174°. 

(4xlc. for (47Hi302N3: C, 70.1; H, 4.5; N, 14.4 
Found: (\ 69.9; H, 4.6; N, 14.3 

N,N'-Di-(4-methinyl-2-phcnyl-5-oxazolone)hydrazine 

{CPS.G31). A mixture of the hydrazinomethyleneoxazolone 
(0.51 g.), the cthoxymethyleneoxazolone (0.54 g.) and alcohol 
05 CO.) was boiled gently for about three minutes. The 
brown precipitate was collected (0.2 g,). It crystallized 
from acetic acid as orange micro-needles, m.p. 280® (dec.). 

Calc, for C 20 H 14 O 4 N 4 : C, 64.2; H, 3.7; N, 16.0 
Found; C .63.6; H, 3.8; N, 14.7 
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2-PhenyM«acethydrazmomethylene-*6-oxazolone (CPS. 
6SI). The hydmzinomethyloneoxazolono (0.1 p;.) was 

shaken with acetic anhydride (0.5 c(‘.) in the cold. After 
the pxothorniic reaction had stif)sid(*d a little alcohol was 
added and the solid collected. The substance erYHtallii;cd 
from acidic acid in pale yedlow plates, m.p. 105 107°. 

Calc, for C,2lli,03N8: C, 58.8; 11, 4.5 
Found: 58.7; 11, 4.5 

2-Phenyl-4-azidomethylene-6-oxazolone (Barber, (Greg¬ 
ory, Langford, Slack, Stickings and Woolman, CPS-iS/i). 
The hydrazinoineth \ lencoxazolone (2.03 g.) was linely 
ground and suspended in 2 A" hydrochloric acid (35 cc.). 
Sodium nitrite (1.38 g.; in a little watiu- was added droj)wise 
to the stirred, cooled solution and stirring continued for 
thirty minutes. The stiff brovMi jiasti' vas collected and 
washed well witli water to giv(* the cnnle azide, m.p. 00 02° 
(dec.). On dissolving in warm alcohol, filtiTing rapidly and 
cooling, a jioor ri'covery of golden-yellow needles was of)- 
tained, m p. 08 00° (dec ). Carbon and h\drogen analyses 
could not be inad(’ owing to jinunature rlecomposition. 

Calc, for rj„lIf,()2N4: N, 20.1 
Found: N,21.8 

The finely ground azide (0.214 g ), so<lium carbonate 
(0.212 g.; anhydrous), nr.-p(‘mciilaTnine liydroehloride 

(0.185 g.) and water (3.0 oe.) were stirred vigorouslv for two 
hours at room temperature. TJie murky n'd solution was 
treated with charcoal, filt(*r(‘d and acidihcsl at 0°. The 
bulT-eolore‘d granular pnsMpitate (? DL-pbenylpenicillenic 
acid) was washed well with wut('r and dried in vacuo at 
100°; m.p. 181-180° (dee.). 

Oale. for (hbHnOiNjS: N, 8.8 
Found: X, 8.7 

Another sample from a diflenuit (‘\perim<‘iit was dried in 
vacuo at mom tiunperatnre and ajiparently remained 
hydrat(*d. 

Calc, for (’uIIift()i\oS-2H,(): ( \ 50 0, II, 5.0; N, 7.9 
Found: ( \ 51 1, U, 5.0; N, 7,5 

Reaction of 2-Phenyl «-4-ethoxymethylene-6-oxazolone 
with Phenylhydrazine (Midi. Chcin., U.i*). A mixture of 
the oxazolom* (100 nig ), pli(‘n> ihydra/iiie (O.IO ee.) and 
acetic acid (1 drop) in (‘thuiiol (2 ec.) was refiuxed for one 
hour. Aft(*r staiuling lor one hour at room temperature 
the mixture was heated to boiling and water added to doudi- 
ness. On cording, a product erystalli/(‘d and was collected. 
It w\‘is obtained in fine eolorl(*ss lu'edh's by aeidifieation of a 
solution in p()ta,ssium earbonatr*. When plunged into a 
bath at 170-180° the compound melted instantly, solidified 
and romelled at 198-199°. A sample so treated was 
recrystallized from ethyl ara’tate-bonzenc-ligroin. The 
product now melted at 198 199° but not at 170-180°. 

Oale. for CielJuOjiN,: 68.8; II, 4.7 
Found: 08.5; ?I, 4.7 

The same product was also obtained by refluxing a mix¬ 
ture of ethyl phenylpcmaldatc sodium salt (200 mg.) with 
phenylhydraziim (0.2 ec.), water (2.5 cc.), ethanol (2.5 cc.) 
and acetic acid (0.5 cc.) for one hour. For discussion of 
these results see theoretical section, p. 757. 

6-BenzaxKiido-4-hydroxy-2-methylpynmidiiie (King, King; 
Abraham, Baker, Chain and Robinson, CPS.6SS). (a) 2- 
Phciiyl-4-acetamidinom('thylene-5-oxazoloiie (0.6 g.) was 
warmed in ethanol (10 cc.) containing sodium ethoxide 
(from 0.06 g. sodium). After one hour water (20 ec.) was 
added and the solution acidified with HCl. The pyrimidine 
(0.6 g.; 100%) was collected after one hour and recrystallized 
from water; pale fawn needles, m.p. 296° (dec.). 

Calc, for CuHijOaN,: C, 62.8; H, 4,8 
Found: C, 62.4; H, 4,7 


(b) Aeetamidine hydrochloride (2 g.), potassium aeidafe 
(4 g.) and 2-phenyl-4-eth()xymethylene-5-oxazoIone (4 g.) 
wore. iH*at<*d on a steam bath for two hours. The solid which 
separated (2.3 g.; 52'<) was eolleeted and shown to be the 
nearly juire pyrimidine. 

When the pyrimidine (1.0 g.) was ri’fluxed for one hour 
with exeesM phosphoryl chloride and the residue after 
evaporation treated witli alcohol and acpieous sodium 
carbonate, 2-m(‘t]iyl-4,5-(2-pbeii3doxazolo-4',5')pyrimidine 
(0.95 g ) \\as obtained; <‘rystallization from ethanol gave 
long iH‘edJes, m.p. 119°. 

(^ale. for CSolIpOX,: C\ 08.2; H, 4.3; N, 19.9 
Found: C, 67.8; II, 4.4; N, 19.3 

The eompoimd was jno(h*rately soluble in <4hanol and 
methanol, sparingly in watiu* and benztme. 

2-Ammo-6-benzamido-4-hydroxypyrimidiae (CPS.6S2; cf. 
.lolinson and .lohns, Anier. Chem. ./ , 506 (1905)). 

2-Phenyl-l-guaniflinomefhyl(Uje-5-o\a/(>lnne (2 g.; rod or 
yellow form) was added to (‘thanol (20 (*e ) eoutaining 
sodium (‘thoxide (0.2 g. sodium). Aftc'r tliirtv minutes the 
.solution was acidified (acetic acid), giving the aminopyrimid- 
ine (1.4 g.), which crystallized Irom acetic acid a.s th(‘ hydrate 
in minute netslles, m.;). 316°. 

(^ale for r5,fTio()aN4-n20: C, 53.5; 11, 4.8 
Found: C, 53.9; 11, 4.4 

The substance (0.3 g ) was refluxed with excess phosphoryl 
chloride until all had dissolved and the n'suiui* after evapora¬ 
tion (0.25 g.) recrystallized from n-amyl alcohol, giving 
2-amino-1,5-(2'-phenyloxazolo-4',5')P.Vnmidine, microscopic 
tablets, m.p. 284° (di'c.). 

Calc, for Cull80N4: C, 62.2; H, 3.8; N, 26.4 
Found: C, 61.8; H, 3.6; N, 26.2 

The substance was sparingly soluble in wati'r and (‘tbanol; 
insoluble in alkali. 

5-BeDzamido-4,6-dihydroxypyrimidine iCPS.tl,U; cf, 
Hehreud and Grunwald, Ann.^ liODy 259 (1899)). 2-Ph(uiyl- 

4- urcidomethylene-5-f)xaz()lone (2 g.) was added to (‘thanol 
(50 ce.) containing sodium ethoxide (0.2 g. sodium) and 
heated on a steam bath for one hour. The hot alcoholic 
suspension w'as aeidifiod with concentrated 11(1, and the 
pale yellow pyrimidine (1.2 g.), m.p. 310°, collected and 
crystallized from acetic a(‘id. 

(^alc. for CulIaOjNa: C, 57.2; 11, 3.9; N, 18.2 
Found: i\ 57.0; H, 4.1; N, 17.9 

When boiled for one hour with i)hosphoryl chloride the 
pyrimidine was recovered un(4ianged. 

5-Benzamido-4-keto-2,3-divinylene-dihydropyrimidine 
(CPS.fi.^'J ). When 2-phen yl-4-a-py ridy laminom ethy hme- 

5- oxazolone (2 g.) was added to ethanol containing sodium 
ethoxide (from 0.17 g. sodium) it dissolved; on kei*piug, a 
bright lemon-yellow compound (1.5 g.) presumably the 
sodio-derivative of the pn^diict, separat(‘d. On treatment 
with wuiter this readily gave the ketodihydropyrimidine, 
which crystallized from ethanol'in long, colorless needles, 
m.p. 168°. 

Vsde. for CifiHuO^Na: C, 67.9; 11, 4.2; N, 15.9 
Found: C, 67.4; II, 4.1; N, 16.0 

2-Phenyl-4-cyaiiamidomethylene-6-oxazolone (CPS,032 ). 
2-l*hcny 1- l-zS-m ethy Ithiou ri'idomc th y len e-5-oxazoione (4.5 
g.) was added to cold ethanolic sodium ethoxide (25 cc.; 
from 0.41 g. sodium), when a red sodium salt was formed, 
rapidly changing to a nearly (iolorless solid (3.9 g.; 79 
On grinding with dilute hydrochloric acid (20 cc.) this gave a 
yellow product which was purified by precipitation from 
moist ethyl acetate with light petroleum to form microscopic 
felted needles of the cyanamide, decomposing at 120-170° 
without melting. 
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Calc, for (CnH702N,)a-H20: C\ 59.5; H, 3.6; N, 18.9 
Found: 59.6; II, 3.5; N, 18.5 

2 -Pheny 1 -4 -a-hy dr 0 xyethyli d en e-6-oxazolone (Elliott. 
Hems and F. A. Robinson, CPS.i^90), A slight oxross of 
hippuric acid was added to a solution of sodium hydroxide 
(40 g.) in water (200 cr.) so that the mixture was slightly acid 
to litmus. The sodium salt was precipitated by a^ldition of 
acetone (3 lit.) and collected after keeping overnight at 0®. 
It was dried at 150® for twenty-four hours. Sodium hip- 
purate (20 g.) was heated on the steam bath and sliaken with 
acetic anhydride (31 g.). The salt rapidly dissolved to a 
deep red solution which effervesced slightly. After com¬ 
plete solution the mixture was heated for three minutes, then 
rapidly cooled, and water (100 cc.) and ether (200 ec.) added. 
The ether layer was washed once with water, dried and 
evaporated in vacuo. The residue was triturated with ether 
and the red solid collected. A further amount of solid was 
obtained by cautiously acidifying the aqueou.s extracts 
with 2 N hydrochloric acid. The yield was 3-^ g , m p. 
194-195®. The compound crystallized from ethyl acetate 
(charcoal) in red prisms, m.p. 194-195®, which could be 
obtained colorless liy sublimation at 120®/0.05 mm. or by 
chromatography of the sodium salt on alumina from acetone; 
it then formed lustrous yellow plates from ethyl acetate, 
m.p. 195-197® (dec. and previous softening and reddening). 

Calc, for CnII,0,N: C, 65.0; H, 4,5; N, 6.9 
Found: C, 65.0; II, 4.6; N, 6.8 

The substance gave a deep bluish-green color with ferric 
chloride in alcohol; the sodium salt in water gave an intense 
blue color extractable with ether. A prolonged time of 
reaction gave no product, and tht' suliatitution of hippuric 
acid-sodiurn acetate for the sodium hippurate nece.sHitated 
boiling the solution and gave an inferior yield. 

The reaction of sodium hippurate with propionic anhydride 
was more sluggish and required thirty minutes’ heating at 
100®. The product, 2-phenyl-4-a-hydroxypropylidene-5- 
oxazolone (clusters of pale yellow needles from ethyl acetate), 
had m.p. 187-188®, It gave a positive ferric chloride reac¬ 
tion and was dccarboxylated in boiling aqueous alcohol. 

Calc, for CiaHi,0,iN: C’, 66.4; 11, 5.1; N, 6 5 
Found: C, 65.0; H, 5.2; N, 6.3 

Reactions of 2*Phenyl-4-a-hydrozyethyUde]ie-6-ozazol- 

one (CPS. 49 O). (a) The oxazolonc (1 g.) was refluxed with 

2 N hydrochloric acid (20 cc.) for three and one-half hours. 
Carbon dioxide was evolved. The colorless solution was 
extracted with ether to remove benzoic acid. The aqueous 
solution was divided into two equal portions. The first was 
boiled for two hours with p-nitrophenylhydraziiie (3 g.) and 
N sulphuric acid (150 cc.). The brick-red precipitate 
(800 mg.; theor. 843 mg.) after crystallization from nitro¬ 
benzene had m.p. 299-300® (dec.) undepressed by an 
authentic specimen of methylglyoxal p-nitrophenylosazone. 

The second portion was evaporated to dryness in vacuo 
and the partly crystalline residue converted to 2,5-dimethyl- 
pyrazine by distillation with mercuric chloride and potassium 
hydroxide according to Gabriel and Pinkus (J5cr., 26, 2206 
(1893)). The pyrazinc was identified as the pierate, m.p. 
156-157®, thus completing the demonstration that hydrolysis 
gave carbon dioxide, benzoic acid and aminoacetone. 

(b) The oxazolone was recovered unchanged after boiling 
for one hour with 2 N NaOH; 2-phen y 1-4-hydroxy in ethylone- 
5-oxazolonG was destroyed under those conditions. It was 
also unaffected by boiling with a solution of sodium in dry 
alcohol. With diazomethane in ether the oxazolone reacted 
rapidly, giving, presumably, 2-phcnyl-4-a-mcthoxyethylid- 
ene-S-oxazolone; yellow needles, m.p. 101-102®, after several 
crystallizations from light petroleum. 

Calc, for CiaHnO,N: C, 66.4; H, 5.1; N, 6.5; OMe; 14.3 
Found: C, 66.4; H, 6.1; N, 6.3; OMe, 14.1 


The eompouiid gave no color with ferric chloride in alcohol, 
but a deep blue color developed on standing. It was 
rapidly hydrolyzed to the original oxazolone by hot 2 N 
NaOH, 

2-Styryl-4-a!-hydroxyethylideiie-6-oxazoloiie (Bentley, 

Robinson; Abraham, Baker, Chain and Robinson, CPS.4.4P» 
A mixture of eiimainoylglycine (10 g.), acetic anhydride 
(25 cc.) and potassium acetate (10 g.) was quickly boiled 
over a free flame for one minute, cooled and mixed with 
water (50 cc.) and ether (100 cc.). The yellow crystals 
(2.0 g.) were collected, dried and rccrystallized from ethyl 
acetate; the product formed slender yellow needles, m.p. 
219-222® (dec.). 

Calc, for C’nlluOaN: C, 68.1; H, 4.8; N, 6.1 
Found: C, 68.1; H, 4.9; N, 0.3 

It was sparingly soluble to yellow solutions in most solvents; 
the ferric reaction in alcohol was a deep purplish-brown. 

A solution of the substance (0.2 g.) in hot ethanol (20 cc.) 
was mixed with an excess (50 cc.) of a saturated solution of 
2,4-dinitrophenylhydrazine in 2 N" IICl. After thirty 
minutes on a steam bath the product was collected; yellow 
needles, m p 217 *218'' (dec.) from ethyl acetate; presumably 
the 2,4-diiiitrophenylhydrazonc of ethyl a-cinnamainido- 
acetate. 

Calc, for (^,Il2i07Nfi: 65.3; H, 4.6; N, 15.4 

Found: C, 55.2, II, 4.5; N, 15.5 

In eailier experiments amyl formate was added to the 
reaction mixture (along with the einnarnoylglycine etc.) 
and after di^eomposition with water the yellow crystals were 
found 8U.spended in the ester layer. After removal of these 
a colorless Hub.*^tance separated on kecqnng and this crystal¬ 
lized from ethvl aci'tate in fiat colorless needles, m.p. 153® 
(rather rapid heating), it was easily hydrolyzed by weak 
alkali to einiiamoylglyeine and was probably the nux(*d 
anhydride of cmnamoylglycine and acetic acid. 

Calc, for C\aHi304N: C, 63.2; H, 5 2; N, 5.7 
Found: C, 62.9; II, 5.3; N, 6.0 

Methylation of 2-Styryl-4-a-hydroxyethylidene-6-ox- 
azolone {CPS.441). After an ethereal suspension of the 
oxazolone (1 g ) had stood with excess diazomethane for 
twelve hours m the refrigerator, the product was tritu¬ 
rated with 0.5 N alkali and crystallized from ethyl acetate; 
yellowish orange needles (0.2 g.) m.p. 239-240® (dec.). 

Calc, for ChHi,0,N: 

V, 69.1; II, 5.3; N, 5.8; NMe, 11.9; M.W. 243 

Found: 

C, 69.0; H, 5.3; N, 5.9; OMe, 0.0; NMe, 8.7; M.W., 262 

The constitution (XCI) of this substance is discussed in the 
theoretical section (p. 758). The ethereal filtrate was 
evaporated and the residue crystallized from ethyl acetate; 
large red prisms (0.2 g.), m.p. 138®, of 2-styryl-4-«-methoxy- 
cthylidene-5-oxazolone were obtained. 

Calc, for C|4 Hi 30 iN: see above; OMe, 12.7 
Found: C, 68.9; H, 5.3; N, 6.1;^OMe, 11.2 

The substance was hydrolyzed in thirty seconds by cold N 
HCl, and quickly by warming with N NaOH, to give the 
parent oxazolone. It formed an unstable hydrochloride, but 
no pierate. 

\^en a mixture of hydroxyethylidcnestyryloxazolone 
(1.0 g.), methyl sulphate (6 cc.), potassium carbonate 
(3.0 g.) and benzene (100 ec.) was refluxed for eighteen 
hours, concentration of the solution afforded the N-methyl 
derivative, m.p., from ethyl acetate, 240®, alone or mixed 
with an authentic specimen. The methylation did not 
succeed with methyl sulphate or methyl io^de and sodium 
hydroxide or sodium ethoxide solutions. 



OXAZOLONES 


831 


Companion of Ultraviolet Absorption (CPS.-41). 

2- Styryl-4«a-hydroxycthylidene-5-oxaz()loiie in methyl acet¬ 
ate showed a maximum at 3,660 A (log Em 4.3); in AT/IO 
NaOH it showed a maximum at 3,600 A (log Em 4.5). 2- 
Styryl-4-hydroxymethylene-5-oxazolono in ether showed a 
similar maximum at 3,400 A (log Em 4.24). Solutions 
of both these substances in organic solvents were unstable. 
The methylated product, m.p. 138°, had a maximum at 
3,400 A (log Em 4.5), thus establishing its analogy with the 
preceding two substances. All three compounds showed a 
email peak at 2,700 A; this disappeared in alkali in the first 
example. The methylated product, m.p. 240°, in ether 
showed a broad peak at 2,800 A, a pronounced minimum in 
the 3,400 A region and maximum absorption in the 4,200- 
4,300 A region. 

PART III 

KEACTION OP 4-HKTKROMETlIYLKNK-r)-OXAZOLONES WITH 
PENICILLAMINE AND RELATED SUBSTANCES 

Reaction of 2-Phenyl-4-hydroxymethylene-6-ozazolone 
with Cysteine (Mich. Chem., B,^). (a) At pH 2. A clear 

solution of cysteine (15 rug.) and the oxazoloiui (20 mg.) in 
water (1 ee.) and dioxan (0.5 cc.), pU about 2, was kept for 
twenty-four hours. The fine colorless crystals (15 mg.; m.p. 
176-177°) proved to lie 2-henzoylaininomethylthiazolidine- 
4-earboxylic aeid. 

(b) At pH Jrft. A solution of the sodium salt of the 
oxazolone was firepared by dissolving the ethoxy methylene 
derivative (100 mg.) in water (4 ce.) containing one (‘quiva- 
lent of NaOlI. Etlianol (1 ec.), sodium acetate (200 mg.) 
and cysteine hydrochloride (100 nig ) were added (/>H about 
4-5). After fifteen hours, N/2 IK’l (1 cc.) was added and 
the solution evaporated in a eurn'iit of air to 1-2 ec. (pH 

3- 4). The mixture was diluted with water to about 8 cc. 
and filtered. The filtrate was acidified to pH 2 with N/2 
HCl (3 ec.). On standing for twelve* hours, 2-benzoylammo- 
methylthiazolidin(*-4-(‘ari>oxylic acid separated. The mix¬ 
ture was conceiitrat(*d to 3 cc. and the product (40 mg.) 
collect(‘d. The indications are that coupling preceded 
decarboxylation. 

Condensation of Sodium 2-Amyl-4-oxymethylene-6- 
oxazolone with DL-Penicillamine in Aqueous Solution 

(Attenburow, Elliott, Heins and F. A. Hobinson, CPS.383). 
When eipiimolecular amounts of the reagents were mixed, 
the ferric chloride reaction soon disappeared. Th<* pH was 
steady at 5 throughout. Carbon dioxide (60% of one mol. 
after several days) was evolved; the oxazolone itself under 
these conditions evolved 93% of one mol. in two days. The 
condensation products wen* isolated by acidifying to pH 2 
and extracting with ethyl acetati*. The crude products con¬ 
tained 60-70% of ni^amylpenilloic acid (isolated as the 
hydrochloride). The residue gave no indication of thiol 
groups on testing polarographically or with ferric chloride or 
nitroprusside. With benzylainine in dioxan a crystalline 
substance, m.p. 150-151° was once isolated, but the yield 
was very small and the result could not be reproduced. 

Found: C, 59.5; H, 7.7; S, 5.9 

Condensation of 2-BenzyM-hydroxymethylene-6-oxazol- 
one with DL-Penicillamine Methyl Ester in Dioxan. (a) 

(Mich. Chem., B.3; 6.) A solution of the methyl ester 
(about 40 mg.) and the oxazolone (80 mg.) in dioxan (0.4 cc.) 
was kept for two hours. The colorless needles were col¬ 
lected (10 mg.); rn.p. 210-212°. After recrystallization from 
ethyl acetate the crystals melted at 198-199°. The sub¬ 
stance was insoluble in water, aqueous acid or alkali. 
Analysis indicated that it was the diketopiperazine (XCV) of 
DL-penicillamine. 

Calc, for Cioni802NaS2: 0, 45.8; II, 6.9 
Found: C, 45.6; H, 6.6 

(b) (Merck, M,23/) The ester (417 mg.) was dissolved 
in dioxan (2 cc.) and the oxazolone (514 mg.) added. After 
twenty-four hours the crystalline product (11 mg.) was 


collected; m.p, 211-212°. After recrystallization from 
methanol-ethyl ether, it had m p. 212-213°. The product 
gave a negative test for sulfhydryl; it was found to repre¬ 
sent two moleeul(*s of the ester to one of the oxazolone. The 
structure XCVI (p, 701) is considered probable. 

Calc, for CaaTHsOeNjSa: 

C, 54.1; H, 0.5; N, 8.2; S, 12.5; OMe, 12.1 
Found: 51.5; H, G.9; N, 7.9; S, 13.0; OMe, 12.0 

The addition of more penicillamine methyl ester to the 
mother-liquor cau.sed the slow deposition of more of the 
product, which was antibiotically inactive when tested in 
vitro. 

The mother-liquor was evaporated and the residue dis¬ 
tributed between chloroform and .saturated sodium bi¬ 
carbonate solution. Evaporation of tlu* chloroform layer 
gave a straw-colored gum. This product (939 mg.) in 
benzene (2 cc.) was treated with benzylamine (1.0 cc.). 
After keeping overnight and chilling, a product rn.p. 192° 
was obtained. 

(c) Condensation in ether and pyridine (Mich, (^hem., 
BM), The oxazolone (120 rng.) and the ester (from 200 mg. 
hydrochloride) in ether (5 cc.) and dry pyridine (4 cc.) was 
kept over magnesium sulphate (0.5 g.) for one and one-half 
hours. The filtered solution was evaporated, the residue 
dissolved in ether, washed with water, dilute HC’’! and 5% 
sodium bicarbonate, dried, and evaporate^d slowly. Color¬ 
less crystalline material (7 mg.) was collected wht*n the 
volume was 1-2 cc.; m.p. 185-190° with previous shrinking. 
By analysis it appeared to have resulted from the loss of one 
moleeuli* of water from one molecule of the oxazolone and 
two molecules of the ester. 

(\ale. for C23H»a06N*S2: 51.0; II, 6.5 

Found: (\ 51.0; H, 7.2 

(d) Condensation in glacial acetic acid {B.Jf; 8) The 
methyl ester (0.68 g.) and the oxazolone (0.81 g.) in glacial 
acetic acid (2.5 cc.) were kept for twenty hours. Tlu* clear 
solution was evaporated, the n'sidue dissolved in benzene 
and washed twice with water aiul then with excess 5%, so¬ 
dium bicarbonate. Three layers resulted: a colorless aiiue- 
ous layer (which gav(* a trace of solid on acidification), an 
intermediate yellowish layer (which on acidification gave a 
considerable amount of viscous oil) and the benzene layer 
containing neutral product. The viscous oil was extracted 
with etliyl acetate and the solution allowed to concentrate 
by evaporation; colorless needles (0.09 g.) were collected, 
m.p. 198° (sometimes 196-200°). Recrystallization twice 
from acetone (very soluble) and ethyl acetate (less soluble) 
gave the compound in needles, m.p. 197-198°. The analysis 
correspoiidiMl to the lo.s8 of one molecule of water from two 
molecules of the oxazolone and one molecule of the ester. 

Calc, for C28H2907N*S: C, 61.0; H, 5.3; N, 7.6; S, 5.8 
Found: C, 61.0; 11, 5.6; N, 7.3; S, 5.9 

When a sample of the compound was heated with 0.1 N 
IICl for three hours and the product obtained on evapora¬ 
tion treated with methanol-watcr and mereurie chloride 
followed by sodium acetate, a mercury coinpl(*x was at once 
precipitated and from the filtrate the 2,4-dinitrophenyl- 
hydrazone of phenylacetamidoacctaldehyde could be ob¬ 
tained by adding dinitrophenylhydrazine solution. 

Preparation of Methyl d- Amylpenicillenate and Its Reac¬ 
tion with Ethyl Mercaptan (Copp, Duflln, Smith and Wilkin¬ 
son, CPSM42), A solution of sodium 2-arnyl-4-hydroxy- 
methyIonc-5-oxazoIorie (1.046 g ) and D-penicillaminc 
methyl ester hydrochloride (1.013 g.) in water (5 cc.) and 
peroxide-free dioxan (8 ce.) was kept for thirty minutes. 
The solution was concentrated in vacnOj treated with dry 
ether and the precipitated sodium chloride removed. The 
filtrate after treatment with eponite was concentrated to 
small bulk in vacuo. After refrigerating for several days, 
crystalline methyl amylpenicillenate separated and was 
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recrystallizod from acctono-ether; colorless noodles (-110 
rn.p. 104®, 4*70® (c 1 in methanol) (r/. p. 833). 

The product (400 mp.) with ethyl mercaptan (7.5 cc.), <lry 
benzene (7.5 cc.) and a small piece of sodium, were heated 
for one hour at SO**'. i\(‘xt day the solvent was removed in a 
stream of carbon dioxide, leaving; a pale yellow resin. 

CONDKNSA'riONS OF OXAZOLONES WITH PEN TCILiLA MINE 
ni'ADlNG TO ANTIiaOTICALliY ACTIVE PRODUCTS’^ 

Condensation of 2-Benzyl-4-methoxymethylene-6-oxazol- 
one with n •Penicillamine, (a) In pyridine (Merck, MJ2a). 
D-Peiiieillainine and benzyl methoxyniethylencoxazolone 
were heated in pyridine at 75^" for one and one-half hours. 
The pyndiiu' was removed in vacuo and the dry powdered 
residue taken up in ethyl acetate, which d(*posited an inac¬ 
tive ri'sidiie. The ethyl acetate-soluble material was not 
crystalline. 

Found: N, U.l; OMe, 2.2; amino N, l.O 

The azide-iodine test for sulphydryl was positive but the 
fiTric chloride and nitropruaside te.sts were negative. The 
product had an absorption band at 3,200 A (Km 8,000). The 
activity generally obtained was 1-2 U./mg. 

(b) In fonnamide {M.76). d-P enicillamine (0.38 g.) in 
formariiide (15 cc.) was mixed with a solution of the methoxy- 
rnethyh'iieoxazolone (0,5 g.) in forraamide (15 cc.). After 
keeping at room temperature overnight, water (GO ec.) was 
added, the mixture acidified to pi I 2 and extracted with 
ether (3 X 50 cc.). The ether extract was washed with pll 
2 buffer, dried over sodium sulfate and evaporated under 
reduced pressure. The residue consist(‘d of a light fluffy 
inactive material and an oil which had an activity of 0.4 
U./mg. The addition as catalysts of triethylamine, 
dimethylaniline, tnincthylamine, ascaridolc, aluminium 
etlioxide, and pyridine tried, but only pyridine pr<»duced 
an increase' in activity (1 U./mg ; when 5 cc. were adde<l to 
the above mixture. 

(c) In picnence of iiiethylamine (M.S?), Two equiva¬ 
lents of triethylamine were added to n-penicillamine 
hydrocliloride (0.46 g.) suspendc'tl in dry benzene'. Benzyl- 
methoxymethy Ion coxa zolono (0.58 g.) was added to the 
resulting mixture. After shaking for four hours the assay 
was negative but, after twenty-four hours, the activity was 
0.2 U./mg. 

Condensatioji of 2*Styryl-4-ethoxyinethy1eiie-5-oxazol- 
one with DL-Penicillamine (Robinson; Abraham, Baker, 
C’hain and Robinson, CPSXi/^y] cf. CPS,30), Penicill¬ 
amine hydrochloride (50 mg.) and the oxazolurio (52 mg.) 
were heated in pyridine (0.8 g.) at 70° for one hour in an 
atmosphere of CO2. The pyridine was removed in vacuo 
and the residue washed with petroleum ether and dissolved 
in phosphate buffer, giving a slightly active solution, (con¬ 
densation in cold glacial actitic acid-sodium acetate also 
gave slight activity, using either styryl or phenyl ethoxy- 
methyloneuxazolones; in the latter case activity was ob¬ 
tained only when the reaction time was one hour. 

Condensation of Heteromethyleneoxazolones with Peni¬ 
cillamine {CPS,649; cf. CPS.08; 09; 648). D-Penicillamino 
hydrochloride (9.8 mg.) and phenyl-ethoxymethyleneoxazol- 
one (16 mg.) were dissolved in pyridine and loft for two days 
in a CO2 atmosphere, then heated at (K)° for forty minutes 
and worked up as above. The activity was of the order of 
1 U./mg. Slight activity was also obtained from propyl- 
and amyl-methoxymethyleneoxazolones. 

The following oxazoloaes gave slight activity under similar 
conditions: 2-j(5-phenylcthyl-4-m ethox5»^methylene-5-oxazol- 
one; 2-o-tolyl-4-ethoxymethyIcnc-5-oxa2olone; 2-phenyl-4- 
thiolmethylene-5-oxazolorie; 2-phenyl-4-benzylthiomethyl- 
ene-5-oxazolone; 2-phenyi-4-N-acetylanilinomethylone-6-ox- 
azolonc; 2-phenyl-4- (N-acetyl-2',4-dichloroanilinomethyl- 
ene) - 5 - oxazolone; 2 - phen y l-4-carbethoxymethylamino- 

methyleno-5-oxazolone. Phenyl-, phenylethyl- and styryl- 

V See also Chapter XXIII. 


penaldic arid dicthylacetals gave activity not destroyed by 
penicillinase. CVude, inactive nirphenylpeiiicilleuic acid 
gave low activity on heating in pyridine. activity 
resulted from condensations with L-penicillaniine (this 
observation has been made by many groups). 

Methyl OL-Phenylpenicillenate, This was first obtained 
by Merck {MAO). The following is the only detailed 
process reported (Copp, Duffin, Smith and Wilkinson, 
CFS.424): A solution of 2-i)h(*ny 1-4-ethoxy me thy lene-5- 
oxazolone (3.9 g.) and oL-poniciJlaininc methyl ester (from 
3.G g. of h^Mlrochloridi') in dry benzem* (20 cc.) was kept at 
room temperature for thirty minutes and th(‘n concc'ntratcd 
in vacuo. The resulting resin was ('xtracted with warm dry 
light petroleum (40-00°) and then crystallized from anhy¬ 
drous ether, to givx' ])ale yellow' prisms (l.O g.), ni.p. 102- 
103°. 

Calc, for (^c11i804N2H: i\ 57.1; H, 5.4; N, 8.4; S, 9.6 
Found: C, 57.3; 11, 5.8; N, 8.6; S, 9.8 

The melting point of this substance is variable; material 
has been reported of m.p. 120-121° (Merck, M.lJa). The 
following properties w'ere noted {M.lJa): Molecular w^cight 
found: 331 (calc. 331). Negative ferric chloride, iiitro- 
prusside and Folin-lA)oney tests; positive azifle-iodine test 
for suljihydryl. Negative* ninhydrin t(‘st; onlj’- 0.12% amino 
grou]) found by \'an Slyke method. Two active hydrogen 
atoms pre,sent. 4’lie absorption spectrurn is givc'ii in 
Table VI (p. 759). Potentiometric titration show'ed binding 
cap.'icity for alkali m the pll range 9.5-10. 

The cfmdeiisation of 2-phenyl-4-ethoxymcthylen('-5-ox- 
azoione wuth D-pcnicillarnine mi'thyl ester gave a crystalline 
product, m.p. 110-311°, fl02° (in methanol), 

Analysc's were satisfactory for methyl o-phenylpi'nicillenato 
{M,12a). The following properties were noted {M.t0c)i 
The rotation of the compound w'^as unchanged on standing 
overnight in pyridine. The rotation of the comiiound 
(25.1 mg.) with ascaridole (1.0 mg.) in benzene* (2 cc.) was 
0.72° on mixing, 0.68° in two hours, 0.58° in seventeen 
hours. The comiiound melted without decomposition. 
After fusion at 130°, starting material was ri'adily secured 
from other, W^hen the* comiiound was dissolved in acetic 
acid the [a]D was 1.04° five minutes after mixing. In 
sixteen hours the rotation was constant at 0.53°. This 
degradation led to a surprising result. The racemic com¬ 
pound w'as kept in acetic acid overnight, purnpc'd dry, 
treatiid with waiter, then again jiurnpod dry. The residue 
gave crystals from chloroform, m.p. 183-184° (softening 
from 165°) undepressed on admixture with hippuric acid. 
Reactions of Methyl DL-Phenylpenicillenate (Merck, 
M.12a; 37). The compound reacted with benzylainine in 
ether to give a substance m.p. 204-206°. The O, II, N, and 
methoxyl values were satisfactory for /3-methyl phonyl- 
penicilloato-a-benzylainide. The absorption spectrum was 
in accord with this view: 


Wave-length (A) 

Km 

2,700. 

1,500 

4,300 

2,500. 

2,400. 

10,300 

2,300 (shouldor). 

13,500 

2,200. 

16,200 



A solution of methyl DL-phenylpenicilleiiate (67 mg.) in 
acetone (3 cc.) was treated with a solution of lead acetate 
(95 mg.) in water (1 oc.). Acetone was removed ifi vacuo 
and the residue shaken between benzene and water. Bright 
yellow, irregular plates (decomposing gradually from 190°), 
of a lead complex were obtained. 

Found: Pb, 37.6 
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Methyl DL-phenylpenicillenate (0>pp, Duffin, Smith and 
Wilkinson, CPS.5Jt2) (500 mg.) was kept overnight in solu¬ 
tion of benzyl mercaptan (5 cc.) containing a Hinall piece of 
sodium. The solution was concentrated in vacuo and the 
resulting resin crystallized from aqueous alcohol. Colorless 
needles (100 rng.), m.p. 88-91®, of the benzylthio ester of 
phenylpcmaldic acid dibenzylthioacetal were slowly de¬ 
posited 

Calc, for CsiIlaaO^NSa: C, 68.4; 11, 5.3; S, 17.7 
Found: C, 68.9; H, 5.5, S, 17.4 

The reaction with ethyl mercaptan gave only a resin. 

Methyl d- and DL-Styrylpenicillenates (Merck, M.23), A 
mixture of 2-styryl-4-ethoxymethylene-5-oxazolon(‘ (1.00 g ) 
and D-peiiicillaraine ester (2.75 g.) in toluene (40 cc ) v\aa 
evaporated to dryness at room iempc'ralure during twenty 
minutes. (Vystallization from ether gave the D-ester, m.p. 
137-138® unchanged by recrystallization from beiizeric. 

Calc, for (^8lIio04N2S: N, 7.8 
Found: N, 7.8 

The nir-ester, prepared in the same way, had m.p. 158- 
159®. 

(^alc. for C,8ll2o04N2S: C, 60.0; R, 5.6; N, 7.8 
Found: (\ 60.3; R, 5.8; N, 8.0 

Methyl n-Amylpenicillenate {M.50). A solution of 
2-amyl-4-methoxymethylene-5-oxazolone (6.42 g.) in benz- 
<*ne (100 cc ) was mixed with penicillamine methyl ester 
(1.92 g.). Fvaponxtion of the solvcait left a light yellow od 
which was dissolved in ether and s('eded. First crop: 3.72 g., 
m.p. 103-105®; s(*cond <‘ro{): 0.97 g , m.p. 96-102®. Rccrys- 
tallization from aeetone-ethcr ga\ e a product m.p. 105-106®, 
l«li> 4-71.1® (c « 2 18 in methanol). It was identical with 
material jirepared from /3-methyl n-jimylpenicilloate. 

On tn'atmeiit vitli one equivahmt of benzylamine in 
benzene the substaiiee gave /3-m(‘thyl i)-amylpenieilloate 
benzylarnuhs m.p 112-143® after recrystallization from 
ac(‘tone-ether. 

Calc, for (’22R33O4N3S: N, 9.7 
Found: N, 9.9 

A .small piece of sodium was treated with methyl mercap¬ 
tan (about 3 g.) in benzene (30 ce.). Methyl D-amyl- 
penicillonate (1 g.) was added. Next day the benzene was 
removed and the oily residue taken up in ether, filtered and 
evaporated. The residue was dissolvcsl in ether and treated 
with light petroleum. This jirecipitated a yellow gum which 
was discarded. The clear solution was left in the refriger¬ 
ator overnight when crystalline lumps separated. Rccrys- 
tallization from ether-light petroleum gave dimethyl 
thio-D-arnylpenicilloate, m.p. 92 93", 

Calc, for C^6H2804N2S2: 51.0; R, 7 5; N, 7.4; S, 17.0 

Found: (\ 50.9; R, 7.4; N, 7,3; S, 14.8 

Reaction of Benzylamine with the Penicillenates {M.61), 
To a solution of benzylamine (6.67 mg.) in absolute ethanol 
(5 cc.) methyl amylpenicillenate (6.29 rag.) was added. The 
system was allowed to stand at 23®. The Em at 3,175 A, 
initially 24,200, dropped to 2,400 in 5.2 hours. Under 
precisely the same conditions the 3,200 A bands of S-benzyl 
benzylpenicillenic acid and desthiobenzylpenicillenic acid 
failed to show any change in seventeen hours. The in¬ 
fluence of the sulfhydryl group is clearly manifested. 

Benzyl DL-Phenylpenicillenate (Boon, Carrington, Jones, 
Eamage, Tyler and Waring, CPS,60S). DL-PenicilJamine 
benzyl ester hydrochloride (9.45 g.) was converted to the 
base by shaking with saturated aqueous sodium bicarbonate 
(40 cc.) and benzene (100 cc.). The aqueous layer was 
washed with benzene and the benzene extracts dried over 
sodium sulphate. 2-Phenyl-4-ethoxymethylene-5-oxazolone 
(6.9 g.) was now added. After one and one-half hours the 


benzene was removed m vacuo at 30-40® and the residual oil 
dissolved in ethei and kept at 0® overnight. The crystalline 
product (9.25 g ; m.p. 105®) vas collected. KeorystalUza- 
tion from 1:3 ethyl acetate-light p(‘trolc‘um (60-80®) gave 
pale yf‘llow prisms, m.p. 107-J 08®. 

(^alc. for C22JI22O4N2S: (\ 64.3, R, 5.4; N, 6 8; S, 7.8 
Found: C, 64.2; H, 5.5; N, 6.8; S, 8.3 

The ultraviolet nbs()rj)tinn in rliloroforin showo<l a inaxnmim 
at 3,.500 A ( Fm 27,300) and in flexions at 3,350 A and 3,650 \ 

Methyl n-Benzylpenicillenate (Merck, M,S7; 76), I1ie 
following procedure app(‘ari‘d to give the best product 
D-Penicillamine inciliyl ester hydrochloride (1.85 g.) was 
dissolved in watd (20 cc ). Sr)diiiin bicarbonate (0,78 g) 
was added, followed by moie sodium bicarbonate until the 
solution was slightly basic to alkacid paper. The solution 
was tlioroughh’^ extracted with chloroform, which was dried 
over magnesium snlphatt* Removal of the solvent under 
redneed pressun' and ('vuiciiation at an oil pump loft the ester 
(1.41 g j. This was dissolved 111 dry benzene (75 cc.) and 
2-benzyl-4-methoxymet]ivl('m‘-5-oxazoIonc (1.86 g ) added. 
Th(‘ Ixuizeiie was removed on the water-pump leaving a light 
yellow Oil which was disholved m chloroform (50 cc.) 
and the solution washed with pR 7.0 phosphate })nffer and 
then with W'ater, dried ov(*r inagnesium sulphate, coneen- 
trated at room tiunpiu-ature and finally evacuated on the 
oil pump. The ri'sidual methyl o-benzylpenicillemite 
(3.01 g.) was a light yellow oil The ultrav iohd absorption 
maximum at 3,175 A had Em 20,600 A sample ni benzene 
was put through a coluinn of acid-washed uluimna and 
recovered; Em 21,600 at 3,175 A \ sample prepaied in 
toluene had -}-40.0® (c — 0.5 111 benzene) and Em 

18,000 at 3,175 A. 

Ualc. for (h7llio04N2S: (\ 58 6, R, 5 8; N, 8 0 
Found: (’, 58.1; II, 5 9; N, 8.2 

The following reactions wuth amines were noted: 

6-PhenyJeihylamme {M.H^): The product with two equiv¬ 
alents of the ammo m ether gav^e a piodiict, presumably 
/3-methyl n-benzjipenicilloate a-(/8-pl)enylethylamjd(*), wliich 
crystallized from a mixture of ethyl acetate, methanol and 
light petroleum; m.p. 175-176®. 

Calc, for C26H31O4N3S: 63.9; R, 6 7; NT, 9 0 

Found: C, 63.9; 11, 0.5, N, 9.3 

6-3 j^^DimethoxyphenyJ ethyl amine {M.16c): Prepared simi¬ 
larly, this amide crystallized from benzene; m.p. 85®. 

C^alc. for C27H3606N,S: C, 61.3; H, 6.6; N, 8.0 
Found: C, 60.3; H, 6.8; N, 8.1 

Benzylamine in ethyl acetate (M.37): On refluxing over¬ 
night and crystallization from methanol (charcoal), a few 
mg. of D-benzylpenicilloic acid dibenzylamide were obtained; 
pure wliite rods, m.p. 180-188°. 

Calc, for C,oH 340,N4S: C, 67.9; 11, 6,5 
Found: C, 67.6; 11, 6.5 

Benzylamine in ether {M.37): On keejiing overnight, the 
crystalline ^methyl i>-benzylpemcilloate a-benzylamide 
(55 mg. from 115 mg. of ponicilhmnte) had deposited; m.p. 
116° unchanged on recrystallization trom methanol contain¬ 
ing a trace of ether and undepressed by material m.p. 116- 
118® prepared from ^-methyl i>-beuzylpenicilloate and 
benzoyl chloride (see p. 843). 

Hydrazine {M.60) gave a product, m p. 120-121®, from 
methanol-ethcr; [a]D*® +9.4® (e *= 1 in methanol). 

Ammonia {M.60; 63): Two forms of /S-methyl n-bcnzyl- 
penicilloate oi-amide were obtained, as shown by the follow¬ 
ing experiments: (a) The crude pemcillenatc (from 1 g. of 
methoxymethyleneoxazolone) was dissolved in dioxan 
(12 cc.) containing ammonia (0.13 g.). After keeping over- 
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night the product (0.14 g.) was collected and recrystallized 
from methanol; m.p. 193-194®. 

Calc, for Ci7ll2a04N8S: C, 65.6; H, 6.3; N, 11.6 
Found: C, 66.0; II, 6.4; N, 11.8 

(b) When this experiment was repeated on five timt»H the 
scale, a first crop of the same compound (0.67 g.) was 
obtained. The filtrate was (»vaporated to dryness under 
reduced pressure, leaving a viscous oil which was dissolved 
in benzene. On standing, crystals (2.09 g.; m.p. 153-156®) 
separated. After recrystallization from acetone-ether this 
form of the amide had m.p. 158-161®. 

Calc, for C17II23O4N3S: sec above 
Found: i\ 56.1; H, 6.2; N, 11.4 

Evaporation of the inother-h(|iiors gave a residue which on 
treatment with benzene-ether gave crystalline material 
(0.53 g,). On the micro-stage this melted at 70-75®, a 
few needles formed at 110®, by cooling and heating to 115® 
the whole became cr^^stalhne and finally melted at 132-134°. 
This material was not characterized completely. 

Methyl DL-Penicillamine Ester and 2-Benzyl-4-methoxy- 
methylene-6-oxazolone {M.29). A freshly prepared solu¬ 
tion of the oxazolone (2.060 g.) and the ester (1.614 g.) in 
toluene (25 ec.) was evaporateil to dryness m varuo at room 
temperature within about fift(*en mimit(*.s. The residue w'as 
dissolved in benzene (15 ec.) and placed in a cold room. 
After two months the crystalline dejuisit wns collected and 
reerystallized from benzene, giving a product (123 mg.); 
plates, m.p. 156 “158°. The substance lost no weight on 
drying at 78°/2 mrn. 

Calc, for C8iIl3,OcN3S2: (\ 60.7; H, 0.4; N, 8.7; S, 10.4 
Found: C\ 60.4; 11, 0,2; N, 6.9; S, 10.2 

This product may be a solvuted form of XCVI. 

Condensation of n-Penicillamine Methyl Ester with the 
“Hydrobromide** of 2-Benzyl-4-ethoxymethylene-6-oxazol- 

one (M.29). The ester (from 7.32 g. of hydrochloride) in 
ethylene dichloride (70 cc.) was treated with the ^‘hydro- 
bromide'^ (3 g,). Aft(*r twenty-four hours the solvent was 
removed in a current of air and the resulting product 
recrystallized from alcoliol; m.p. 162-163°. The analysis 
and ultraviolet ab.sorption favored the structure XCVI. 

Calc, for CsallMNaOeSa: C, 54.0; H, 6.5; N, 8.2 
Found: C, 54.4; 11, 6.3; N, 8.2 

Condensation in Pyridine of 2-Benzyl-4-methozy- 
methylene-6-oxazolone and n-Penicillamine Methyl Ester 

{M.S7; JiO; 47). The two products were condensed in 
pyridine at room tempei*ature, and after removal of most of 
the pyridine, chloroform and finally benzoyl chloride were 
added. After refrigeration overnight the product was 
treated in the usual way to remove pyridine. The residue 
was dissolved in ethyl acetate and diluted with light petro¬ 
leum when a small crop of a gidatinous mass of needles was 
obtained; m.p. 133.6-135,5° after reerystallization from the 
same solvents. The product was insoluble in sodium bi¬ 
carbonate and gave a negative sodium azide reaction. 

Calc, for C,8n240*N,S: C, 66.8; H, 6.4; N, 7.4 
Found: C, 56.6; H, 6.8; N, 7.7 

The analysis agrees with that for dimethyl benzylpcnicil- 
loate. However, dimethyl D-7-penicilloate gave a distinctly 
positive azide reaction. 

In another experiment D-penicillamine methyl ester 
hydrochloride (20 g.) and 2-ben zyl-4-methoxymethylcne-5- 
oxazolone (22 g.) were dissolved in pyridine (100 cc.) which 
was then diluted with methanol (100 cc,). The temperature 
of the solution rose to 45® during thirty minutes and then 
gradually fell. After one hour the solution was concentrated 
to a thick syrup which was taken up in chloroform and 
washed with water. The solvent was removed and the 


syrup dissolved in ether (250 cc.) and kept overnight. 
After cooling in an ice bath, silky crystals (2.5 g.) separated; 
m.p. 138-140°. Rt'crystallization from methanol and water 
raised the m.p. to 140-141°; (a|D** +100.7° (c « 1.45 in 
methanol). 

Calc, for OiRlIaiOsNaS: 

C, 56.8; H, 6.4; N, 7.4; OMe, 16.3; M.W,, 380 
Found: 

C, 56.5; ; N, 7.8, 7.6; OMc, 17.7; 

M.W. (Rast), 321; sapon. equiv., 352 

Unlike the known dimethyl penieilloates, this product did 
not react with inethyl-aleohoJic mercurii; chloride. With 
aqueous alcoholic mereune chloride and 2,4-dinitropheiiyI- 
hydrazine the product was not the same as that obtained 
from dimethyl o-y-benzylpenicilloate. Only absorption 
attributable to phenyl was observed in the ultraviolet and 
no change in absorption occurred on adding mercuric 
chloride. 

The mother-liquor from this preparation slowly deposited 
den.se sipiare plates, which melted iit 108-109° and depressed 
the m.p. of dimethyl D-7-benzylpenicilloate to 104-106°. 
Tins compound gav^^ a positive azide test for sulfhydryl. 
On refluMiig with cth(‘r, feathery needles, m.p. 138-140°, of 
the highei melting compound wc*re obtained. 

When an attempt was made to repeat the condensation, 
the product was dimethyl i)-'>-benzylpeiiicilloate, m.p. 110- 
112'*, which agreed in its mercuric chloride reaction, ultra¬ 
violet absorption and polarimetric behavior with the known 
pcnicilloate. 

In an attempt to hydrolyze the compound m.p. 138-140°, 
in.soluble needles separated at the neutral point. These 
did not melt above 300°. 

Ualc. for C\lluO.,N2S: 0, 46.0; 11, 6.1; N, 12.2 
Found: (\ 47.3, 11, 5.9; N, 12.4 

This compound had lost l)oth the phenylacetyl group and a 
methoxyl group. 

The compound m p. 138-140° (0.45 g.) was shaken with 
methanol (50 cc.) and Raney nickid catalyst (about 20 g.) 
for one hour. After removal and thorough extraction of the 
catalyst with fresh solvent the methanol was evaporated, 
the residue dissolved in ether (2 cc.) and the solution kept 
for forty hours in a refrigerator. The crystalline product 
had m.p. 86-87° after two recrystallizations from ether. 

Calc, for C,8ll2c06N2: C, 61.7; II, 7.5; N, 8.0; OMe, 17.7 
Found: (\ 62.1; H, 7.8; N, 7.7; OMc, 17.6 

Condensation of Cysteine Methyl Ester with 2-Benzyl-4- 
methoxymethylene-5-oxazolone (M.lSc). Cysteine methyl 
ester hydrochloride (1.71 g.) with the oxazolone (2.1 g.) in 
pyridine (50 cc.) was heated on the steam bath for ten min¬ 
utes. The pyridine was evaporated and the residue dis¬ 
solved in chloroform and washed with water. The residue 
from the evaporated chloroform was recrystallized from 
ethyl acetate; m.p. 188-190°. 

(.^alc. for C,en8o06N2S: C, 54.5; H, 6.7; N, 8.0 
Found: C, 54.8; H, 6.1; N, 8.1 

The compound is isomeric with a dimethyl desdimethyl- 
benzylpenicilloate and is possibly analogous to the product, 
m.p. 138-140° (above). 

Condensation of 2*Phenyl-4-ethozyinethylene-5-oxaz* 
olone with DL-Penicillamine (Barber, Gregory, Slack, 
Stickings and Woolman, CPS4O: 66), DL-Peniuillamine 
hydrochloride (4.2 g.), the oxazolone (6.9 g.) and glacial 
acetic acid (45 cc.) were heated under reflux; crystalliza¬ 
tion began after about five minutes. After thirty minutes 
the solid (4.8 g.) was collected and purified by careful 
precipitation from 5% sodium bicarbonate solution (100 cc.) 
with hydrochloric acid; microcrystalline rosettes, m.p. 
210-218° (dec.). 
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Calc, for CuIIisOiNjS HCl: 

C, 60.9; H, 6.8; N, 8.6; S, 9.6; Cl, 10.7; neut. oqiiiv., 165 
Found: 

C, 61.0; H, 5.9; N, S.Q; S, 9.5; Cl, 10.1; neut. equiv., 168 

The compound appears to bo ui^phenylponilloic acid hydro¬ 
chloride, and this was confirmed by degradation with mc^r- 
curic chloride, which gave penicillamine (identified as the 
acetone compound, m.p. and mixed m.p. 19G-*197°) and 
benzoylaminoacetaldehyde (identified as dinitrophenyl- 
hydrazone); no COi was produced in this degradation. 

A compound of the same properties was prepared })>* fus¬ 
ing penicillamine hydrochloride with the ethoxymetliylene- 
oxazolone at 90®. 

Condensation of D*Penicillamine with 2-Phenyl-4- 
ethozymethylene-6-ozazoIone (Merck, il/.vfZ). The ox- 
azolone (1.085 g.) and n-penicillarnine hydrochloride 
(0.925 g.) in pyridine (20 cc.) were kept for fifteen minutes, 
then evaporated in vacuo to a thick syrup at room tempera¬ 
ture during one hour. A chloroform solution of this syrup 
was washed with iV/4 hydrochloric acid (4 X 25 cc.), then 
evaporate*! in vacuo. The residual gum had the character¬ 
istic peak at 3,500 A (Em 27,000) in the ultraviolet; it was 
evidently largidy u-phenylpenicillenic acid. The gum gave a 
strong ferric chloride ti*st for sulfhydryl. Efforts to secure 
a crystalline product were unsuccessful. 

In another experiment (Robinson; Abraham, Raker, 
Chain and Robinson, CPS.640) tin* reaction was carried out 
under nitrogen at the b.p. of pyridine for twenty secoiuLs. 
The mixture was cooled, mixinl with etluT and aqueous 
potassium bicarbonat*', and the aqueous layer washed several 
times with ether, separated, acidified with hydrocliloric acid, 
extracted with ether and the solution washed with a small 
volume of aqueous bicarbonate. Acidification gave a very 
pale yellow chalky precipitate whicli W’as soim'tinies col¬ 
lected, washed and (Iried in vacuo, and, on othi'r occasion.s, 
dissolved in pure ether and the solution dried and evaporated 
in vacuo. Typical analyses of difToient specimens are: 

Found: C, 50.3, 56.2; H, 5.3, 5 1; a\, 8.0, 8.4; S, 8.2, 8.0 

These can be interpreted as phen^ Ipenicilletiic acid less 
varying amounts of hydrogen sulphide. In the above cases 
this loss is about 20Oi- The ferric chloride and nitro- 
prussidi' reactiojis were weak and variable. 

Condensation of 2-Phenyl-4-ethoxymethylene-5-oxazoU 
one with DL-Penicillamine (Copp, Duflin, Smith and 
Wilkinson, CPS.SSS). (a) If^olalion of the dikeiopiperazuic 
CV (p. 763). A solution of i)L-pciiicillamine hydrochloride 
(4.G g.) and the oxazolono (5.4 g.) in the minimum volume 
(about 50 cc.) of 50% aqueous dioxan was kept at room tem¬ 
perature for twenty-four hours. Ixmg, colorless needles 
(350 mg.) of the *‘diketopiperazine'^ separated and were 
recrystallized from aqueous dioxan; colorless prisms, m.p. 
280®. 

Calc, for CioHjsOjoNeSj: C, 63.4; H, 4.0; N, 9.1; S, 0.8 
Found: C, 63.8; H, 4.9; N, 9.0; S, 6.5 

(b) Isolation of phenylpenilloic acid hydrochloride. The 
filtrate was maintained at 60-70® for three hours. On keep¬ 
ing in the ice box overnight, DL-phenylpenilloic acid hydro¬ 
chloride separated. Recrystallization from aqueous dioxan 
gave colorless prisms (3.5 g.), m.p. 220® (dec.). 

Calc, for Ci4H,sOaN2S*HCl: 

C, 50.8; H, 6.7; N, 8.5; S, 9.7; neut. equiv., 165 
Found: C, 50.9; H, 6.9; N, 8.6; S, 9.8; neut, equiv., 165 

A further crop (0.4 g.) separated slowly from the mother- 
liquor. 

On treatment with diazomethane in other, methyl di^ 
phenylpenilloate was formed; clear resin, purified by distil¬ 
lation at 120®/0.5 mm. 

Calc, for CuH,oO,N,S: S, 10,4 
Found; S, 10.1 


When the ^Miketopiperazine" (100 mg.) was warmed on 
the steam bath with N NaOJI (5 cc.) until completely dis¬ 
solved, and the solution acidified to Congo Rod with 5 N 
llCl, phenylpenilloic acid hydrochloride slowly crystallized 
out on strong cooling; m.p. 216® (dec.). 

Found: (\ 50.0; II. 5.7; N, 8.6; S, 9.8 

(c) Isolation of a crystalline ester (CVI f). A solution of 
the crude condensation product was treated at 0® with vxcens 
ethereal liiazomethanc; th(* ether was then removed tn vacuo 
and the residue treated with water. The precipitated gum 
was taken up in chloroform, the solution was washed with 
water, dried and concentrated to a small volume and the 
residue treated with a mixture of ether and light petroleum, 
A crystalline solid rapidly separated and was recrystal¬ 
lized from chloroforni-cthcr, long solvated prisms, m.p. 
199-200®; or preferably from methanol, diamond-shaped 
plates, m.p. 202-203®. 

Calc, for C2fiIl2i05N3S(0CTl3).: 

C, 60.3; 11, 5.0; N, 8.0; S, 6.0; OMc, 11.5 
Found: C, 60.3; li, 5.3; N, 7.9; S, 6.1; OMe, 10.8 

The following table show.s the relationship between the 
ultraviolet absorption of the “diketopiperazine" (CV), the 
crystalline ester (CVI ?) and known lieteroiiieihyleneox- 
azolones: 




Maxima 

Substance 

S()lv(‘nt 



A 

Em 



“Dikefopiperaziiie " 

M<‘tlianol 

3,000 

3,700 


Oystalline est(*r ... 

C'hloroforni 

3,560 

3,750 


2-Phenyl-1-benzylthiomcthyl- 

eiie-,5-oxazolone. 

('hloroform 

3,620 

3,800 

20,980 

25,820 

2-Phenyl-4-carbethoxymethyl- 

aminoni(*thylene-5-oxazolonc. 

Chloroform 

3,560 

20,900 


Methyl a-Benzamido-/3-methoxyacrylate (Copp, Duffin, 
Hinith and Wilkinson, CP^S.f/dS'). Methyl phenylpenaldate 
was treated with excess (*ther(*al diazoinethane. The 
resulting crystalline precipitate was recrystallized from 
benzene to give the ester in oblong plates, m.p. 155-156®. 

Calc, for (\2lIi304N": C, 61.3; H, 5.6; N, 6.1 
Found: C, 61.7; H, 6,1; M, 6.2 

With benzylamine it gave the bcnzylamine derivative of 
methyl phenylpenaldate, m.p. and mixed m.p. 118-119®. 
Attempts to condense the inethoxy compound with benzyl 
mercaptan or methyl phenylpcnicillenate were unsuccessful. 

Condensation of d- and L-Penicillamine with 2*Phenyl-4- 
ethozymethylene-6-ozazolone (Copp, Duflin, Smith and 
Wilkinson, CPS.x^J). When the condensation was carried 
out under the conditions which gave the “dikotopiperazine," 
amorphous products were obtained. By passing a chloro¬ 
form solution through a column of barium carbonate-silica 
gel, a number of bands were obtained. In one experiment 
two main fractions were separated; |a]64«i 336® and 163® 
respectively. These fractions wore also amorphous and the 
analyses suggested that the ratio of oxazolonc to penicill¬ 
amine residues in the product of higher rotation was 2:1, and 
in the other product 1:1. The latter showed maximal 
ultraviolet absorption at 3,550 A and 3,740 A (Em 10,580 
and 9,010 respectively). 
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Treatment of the ether solution of the total condensation 
product with henzylainine gave an innnediate precipitate 
of an amorphous henzyhiinine salt which when dissolved in 
water gave an amorphous precipitate with M phosphoric 
acid (h0% of starting mat (‘rial). Th(‘ jiroduct had fa|646i 
390"* (c = 0.2 in chloroform) and the sulphur conttait agrei'd 
W(‘ll with that of plienylpenicilhuiic acid. Trimethylaiuine 
afforded a similar product. The ultraviolet absorption 
ehow^ed inavimn at 3,560 A and 3,750 A (Km 20,350 and 
10,580 respectively^. 

Attempted Condensation of 2-Benzyl«4-benzylamino- 
methylene-6-oxazolone with d-P enicillamine Methyl Ester 

(Merck, d/.?5’). The oxazoloiie was recovered largely 
unchang(Hl after (a) ndluxing in toluene with tlie eshu* for 
tw(mty-live minutes, (b) fusion of the (‘stcr with the oxazol- 
one at 115° for fifteen minutes. 

Condensation of 2-Phenyl-4-(N-acyl-2',4'-dichloroanilino- 
methylene)-5-oxazolone with DL-Penicillamlne (Hobinaon, 
Rogers; Aliraham, Bak(‘r and Ohain, 2,4-Di- 

chloroaniline (4.1 g.) and 2*‘pheiiyl-4-ethoxymeihylcne-5- 
oxazolone (5.4 g.) in pyridine (15 cc .) were heated on a steam 
bath for one hour. After cooling the crystalline 2-phenyl-4- 
(2',4'-dichloroariilinomethylene)-5-oxazolone (7.9 g.; 95^*^; 
w^as collected and w’ashed w’itli benzene. Yellow plates 
from toluene, m.p. 222°. 

Calc, for CiellioOsNsClj: N, 8.4 

Found: N, 8.0 

The N-acotyl derivative was obtained by boiling the 
oxazolone (3.3 g.) with acetic anhydride (10 cc.) and potas¬ 
sium acetate (1.1 g.) for two minutes; the hot mixture was 
stirred into crushed ice and after some time the pink product 
(3.5 g.) WSL8 collected and purified by dissolving in chloroform 
and (lilutiiig with light petroleum; large pink prisms (2.9 g.)i 
ni.p. 146-147°. 

Calc, for CnHi203NuCla: C, 57.6; H, 3.2 

Found: C, 57.4; U, 3.2 

The N-lxmzoyl derivative was pr(*par(‘d by refluxing the 
oxazolone (3.3 g.) with benzoyl chloride (1.5 cc.) and pyridine 
for twenty minutes, adding more benzoyl chloride (1.5 cc.) 
and refluxing for forty minutes more. The cooled mixture 
was poured on crushed ice and made alkaline to Brilliant 
Yellow with caustic soda. The dark oil soon solidified, and 
the dried (100°) solid (5.0 g.) dissolved in cl^loroform and 
treated with light petroleum; the njsulting crystals were 
recrystallized from dimethylforniamide; lemon-yellow prisms, 
m.p. 185-187°. 

Calc, for CjiHuOsNaCla: C, 63.0; H, 3.4 
Found: C, 63.0; H, 3.2 

The acetyl derivative (2.2 g.) and DL-penicillainine h3"dro- 
chloride f 1.1 g.) were ground thoroughly together. Pyridine 
(16 cc.) was added and the mixture kept stoppered for one 
week, then poured into water (80 cc.) and extracted twice 
with ether. The aqueous layer was acidified with 2 JV HCl 
(50 cc.); ether (50 cc.) was then added. After twenty-four 
hours a crystalline precipitate (minute hairs) had separated 
from the ether; this product (0.81 g.) had m.p. 185-187° (dec.). 
The substance CVII (R « CHs) was recrystallized from 
ethyl acetate; white needles, m.p. 183-184° (dec.; dependent 
on rate of heating). 

Calc, for C2aH280.N,Cl,S: 

O, 52.6; H, 4.4; N, 8.0; S, 6.1; Cl, 13.5 
Found: C, 53.1; H, 4.6; N, 7,8; S, 5.4; Cl, 13.2 

A further quantity was obtained by working up the mother 
liquors. 

The substance CVII (R •« CeHj) was made in the same 
way from the benzoyl compound (1.2 g.), penicillamine 
hydrochloride (0.54 g.) and pyridine (15 cc.). After three 
days at 0° followed by three days at room temperature the 


mixture yielded white needles, m.p. 183.6-184°, raised by 
crystallization fn)m ethyl acetate to 186-186° (dec.; very 
slow heating); the mixed m.p. with the acetyl analogue was 
176-179°. 

C'alc. for 'I2S: 

C, 57.3; H, 4.3; N, 7.2; S, 5.5; Cl, 12.1 
Found: (\ 57.2; 11, 4.0; N, 7.3; S, 4.6; Cl, 12.3 

The acetyl compoun<i gavi' a strong red color with sodium 
niiroprussidi'-sodium carlwnate, and a green color with 
ferric chloride. 

Alkaline hydrolysis giivi* no products which could be 
characterized. Acid liydroly.sis: the acetyl compound 
(0.3 g.), p-nitrophenylhydrazine (0.5 g.) and 30% hydro- 
chlonc acid (45 cc.) were refluxed for six hours. Cl^^oxal 
p-nitropheiiylosazom* uas fornu‘d, light brown needles from 
nitrobenzene; m.p. 287° (de(‘.). 

Cale. for C14H10O4N6: C, 51.5; TI, 3.1 
Found: (\ 51.4; TI, 2.8 

The aeotyldiehloroanilinomethyleneoxazolone showed a 
typical triple maximum at 3,300-3,600 A in the ultraviolet, 
with a pronounced minimum at 2,575 A. The aeetyl. com¬ 
pound CVTI (R — Clij), liowever, sliowed little absorption 
at the longer wave-length and had an ab.sor])tion plateau 
with slight maximum at 2,700 A and minimum at 2,450 A. 

ATTEMPTS TO PREPARE TRUE OXAZI^LONF.-h-AIiDEHYUES; 

MISCEI.LANEOUS SYNTHESES 

Bromination of 2-Benzyl-4-methoxymethylene-5-oxazol¬ 
one (Merck, M.16c). The oxazolone (1 g.) in an ether- 
carbon disulfide solution was treated with bromine (0.8 
g.) in carbon disulfide. The oily precipitate crystallized 
on treatment with ether containing a little methanol. Re¬ 
crystallization from methanol (2 c(‘.) plus (‘ther (50 cc.) 
gave a product m.p. 190-191°. 

Found: 57.5; H, 0.2; N, 6.6 

Bromination of 2-Benzyl-4-hydroxymethylene-6-oxazol- 

one (Squibb, SJ6; W; 22). The oxazolone (4.06 g.) was 
busperuled in anhydrous carbon tetrachloride (400 cc.) and 
cooled to —10°. Bromine (3.2 g.) in carbon tetrachloride 
(50 cc.) was added with stirring and alter six hours the 
mixture was stirred overnight at room temperature, after 
which the T)rominc had disappeared and hydrogen bromide 
fumes were noticed. The solid product (3.6 g.) was col¬ 
lected; m.p. 103-105° (vigorous dec.). It gave a precipitate 
slowly with dinitrophenylhjxlrazine reagent and almost im¬ 
mediately with aqueous alcoholic silver nitrate. The analys¬ 
is was in better agreiunenf with tlie hydrobromide of 2-benz- 
yl-4-hydroxymethylone-5-oxazolonc (CnllioOiNBr) than 
with a brominated product (CuHsOaNBr). 

Calc, for CnllsOjNBr: C, 46.8; II, 2.8; Br, 28.4 
Calc, for CiiHioOiNBr: C, 40.5; 11, 3.5; Br, 28.2 
Found: C, 46.3; H, 3.5; Br, 27.4 

Confirmation was obtained as follows: a sample of the 
product dissolved in ethanol gave a strong acid reaction 
immediately. On treatment with 2,4-dinitrophenylhydraz- 
ine solution the dinitrophenylbydrazone of ethyl benzyl- 
pen aldato was obtained and identified by mixed m.p. 
Another sample was suspended in water at 0° and stirred 
vigorously for five minutes. The collected solid was free 
from bromide and melted at 110-115°. Mixed m.p. with 
an authentic sample of 2-bonzyl-4-hydroxymethylene-5- 
oxazolone (m.p. 116-118°) was 112-117°. The evidence 
from ultraviolet absorption has already been mentioned (see 
p. 764). 

Bromination of Potaaaium 2«PhenyM-oxymethylene-5- 
oxazolone (Barber, Gregory, Langford, Slack, SticldngB and 
Woolman, CPS.SSS), The potassium salt (2 g.) was 
suspended in dry carbon tetrachloride (25 oc.), and dry 
bromine (1.4 g.) in dry carbon tetrachloride (3 cc.) added 
slowly with ice cooling. After one hour at room temperature 
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the potasHium bromide weh removed and the filtrate 
evaporated at 26® in a current of nitrogen. The resulting 
yellow oil (about 2.4 g.) could not be distilled; a portion was 
degassed at 0.1 mm. 

Calc, for CioH80aNBr: N, 5.2 Br, 29.8 
Found: N, 4.9; Br, 39.8 

The oil was unstable and became red in air. A sample 
(2.45 g.) was dissolved in dry ether (20 cc.) and a solution of 
aniline (0.68 g.) in dry ether (4 cc.) added slowly. A yellow 
precipitate formed immediately; when it began to become 
sticky, addition of aniline was stopped and the liquors 
decanted and replaced by dry ether. The solid was col¬ 
lected and washc^d with dry ether; the mother-liquors 
deposited further crops (total 1.32 g.). This was rocrystal- 
lized from dioxan to a constant m.p. of 204-208®. 

hound: C, 50.4; II, 4.0; N, 7.3; Br, 29.4, 28.5 

The bromination product in dry ether was also tnuited 
with phenylhydrazine. The first addition gave a brown 
precipitate which was removed. The filtrate was treated 
with more reagent until there app^^ared to be no further 
read ion. The yellow-brown solid was collected; it was very 
soluble in alcohol but on boiling the solution a sparingly 
soluble coirifKiumi, subliming above 260°, W'as formed. 
This transformation, however, could not be repeated. The 
remainder of the crude solid was extracted with hot Ixuizene. 
The product had m.p. dependent on the rate of heating; 
when h(‘ated rapidly it melted at 180° (violent dec.); when 
heated slowly it decomposcjd more smoothly and app(‘ared 
to lose vater and give a product whicli snlihrned about 
200 °. 

The material aft<*r (‘xtraction with benzene bad N, 6.0; 
Br, 38.3. 

Preparation of Styrylglycine and Some St3rryIhydantoins 

(Bentley, (’atch, (bok, ]<3vi(lge, Heilbron and Shaw', 
C7^S'.6'rf). (V)nanuU(I(‘hyde cyanohydrin (94 g.) was heated 

with urea (32 g.) wliich had beim ground for tw^o to two and 
one-half hours to pass a 100 B.S S. (this seemed m*cessary). 
The ureidonitnle (ClXa) (47 g.j was obtained by washing 
out impurities with ether. Tin* nitrilo (20 g.) was heated 
at 150° for fourteen hours with concentrated hydrochloric 
acid (100 cc.) and the tarry residue hltered and wash<*d with 
water. Evaporation of the filtrato to dryness, solution of 
the residue in a little water and neutralization precipitated 
styrylgJyciiH* (2.05 g.), rn.p. 210-216°. 

The ur(‘id()nitrile (25 g.) was added in small quantities to 
boiling 2 N JIC3 (600 ec.) and immediately filtered. t)n 
cooling 5-styrylhydantoiii (10.5 g.; m.i». 169°) crystallized. 

.\n unidentified amphoteric compound was obtained by 
solution of the ureidonitrile (1 g.) in boiling 2 N sodium 
hydroxide (10 cc.) for one minute; it was purified by alternate 
solution in acid and alkali and eventual precipitation at the 
neutral point; a white powder, m.p. 205-210°. 

Found: C, 62.3; II, 5.5; N, 16.1 

Styrylhydantoin (90 g.), potassium hydroxide (25 g.) in 
ethanol (160 cc.) and ethyl bromide (00 g.) wore heated 
for twenty hours at 100°. The filtered solution was evapo¬ 
rated and the syrup diluted with a little benzene to give 
3-ethyl-5-«tyrylhydantoin (12.3 g.), m.p. 163-164°. 

5-Styrylhydantoin (6 g.) was suspended in ethanol (25 cc.) 
and kept for fifteen minutes with the equivalent amount of 
2.7 N alcoholic potassium hydroxide. The potassium 
salt was collected and some (2 g.) suspended in ethanol 
(10 cc.) and water (4 cc.) and boiled for six hours with benzyl 
chloride (1.2 cc.). Dilution with water precipitated a 
pasty material which on rubbing and washing with ethanol 
left 3-benzyl-5-styrylhydantoin (500 mg.); plates from 
ethanol, m.p. 183°. 

Calc, for CuHiaOaNi: C, 74.0; H, 5.6; N, 9.6 
Found: C, 73.8; H, 6.4; N, 9.9 


The benzylhydantoin (2.5 g.) in chloroform (100 cc.) was 
ozonized overnight. Water was added, c.hloroform re¬ 
moved in vacuof the ozonide decomposed at 30-35° for three 
hours, and water and volatile protlucts finally removed in 
vacuo. Crystallization of the residue from dilute ethanol 
gave 3-benzyl-5-forrnylhydantoin in fine white needles, m.p. 
168-169°. 

Calc, for CioIIgOsN^: C, 58.8; 11, 3.9; N, 13.7 
Found: C, 58.5; II, 4.1; N, 13.9 

Ethyl styrylhydantoin was treated similarly (2.5 g.) and 
the crude product extracted with water. The extracted 
material was acidic and was purified by distillation in high 
vacuum when it formed a cry.stalline subhmate, m.p. 238° 
(dec.). 

Calc, for C^«H60«N4: C, 31.3; H, 2.6; N, 24.3 
Found: C, 31.9; II, 2.4; N, 24.1 

The fraction insoluble in water was crystallized from aqueous 
dioxan to give an unidentified compound, m.p. 235°. 

(^ulc. for (^.,Hl^()3N2: C^, 63.9; H, 4.9 
Found: C, 03.8; II, 1.7 

Ozonolysis of styrylhydantoin gave benzaldidiyde and 
an acidic rnnti'rial which on heating gave a ciystalline sub¬ 
limate, m.p. 295°. 

Found: V, 32.2, 32 1; 11, 3.7, 2.8; N, 23.0 

Wlien cinnainaldch><l(‘ cyanohydrin (1.0 g.) was fused 
W'ith urethane (0.9 g.) at 120-140° for two hours, the residue 
on rubbing with either gave a crystalline powder (200 mg.); 
needles from ethanol, m.p. 181°. 

Calc, for C,5ll?o04i\2: (\ 01.0; H, 0.9; N, 9.0 
Found: (\ 01.9; II, 6.7; N, 9.0 

This compound gave no amino acid on lioiling with 
25% liCl for three hours. Possible structures are: 

(Vir,(7i(Niir(V’*2iiO(^n4’H--N(Hb(yi., 

Experiments with a-Styrylalanine. See p). 775. 
Condensation of Cinnamaldehyde with Phenaceturic Acid 
and with Caproylglycine (Bentl(‘y, (^ook and Ilcilbron, 
Cinnamaldehyde (10 g.>, phenaceturK* acid 
(23 g.), fused sodium acetate (10 g ) and acetic anhydride 
(40 cc.) wiM’c heated on a steiun hath for forty minutes and 
the orange mass digested with w ater (200 cc.). The product 
(15 g.) was purified by solution in ethanol and precijiitation 
with water and finally crystalliz(‘d from chloroform. 2- 
Phcnylaiu*tamido-5-pheny]-2,4-pentadienoic acid sc'parated 
as pale j’cllow needles, m.p. 201 -203°. 

Calc, for CiJluOjN: C, 74.3; H, 5.5; N, 4.6 
Found: C, 74.1; 11, 5.5; JS, 4.7 

The acid (1 g.) was warmed with acetic anhydride (5 cc.) 
for twenty-five minutes and the solvent removed in vacuo. 
The residue crystallized from a mixture of etlianol and light 
petroleum in long pale yellow needles, m.p. 98-99°, of 2- 
benzyl-4-cinnamylidono-5-oxazolone (0.5 g.). 

Calc, for Ci 9H,602N: C, 78.9; H, 5.2; N, 4.8 
Found: C, 79.0; H, 5.4; N, 5.0 

Light absorption in ether: maxima at 2,440 A, 3,510 A 
(E,om.»^ 230, 1,440). 

r?-Caproylglycine (6 g.) and aceti(‘ anhydride (20 cc.) were 
heated with cinnamaldehyde and sodium acetate on a steam 
bath for forty-five minutes. Digestion with water and then 
with cold ethanol gave the crude product (5 g.); 2-caproyl- 
amino-5-phenyl-2,4-pentadienoic acid separated from ethan¬ 
ol in almost colorless cubes, m.p. 184-385°. 



838 


OXAZOLONES 


Calc, for Ci 7 H 2 , 0 ,N: C\ 71.1; H, 7.3; N, 4.9 
Found: V, 71.0; H, 7.5; N, 5.1 

Azlactonization waa (‘ffcrtod as in the analogous prepara¬ 
tion above: 2-arnyl-4-cinnaniylidon(‘-5-oxazol()ne crystallized 
from light petroleum in pale yellow cubes, in.p. 47-48°. 

Calc, for CnHioO.N: i\ 75.8; H, 7.1; N, 5.2 
Found: C, 75.9; II, 7.1; N, 5.2 

Hydrogenation of 2-Phenylacetamido-6-phenyl-2,4-pen- 
tadienoic Acid {CPS. 197^. The acid (1 g.) in ethanol 
(25 cc.) was hydrogenated (1 atm ) using platinum oxide 
(50 rng.). 2 Moles of hydrogen were taken uj) regularly 
(100 minutes). Itemoval of solvent and crystallization of 
the residue from aqueous ethanol gave* 2-phenylaeetamiilo-5- 
phenylvalcric acid as clusters of needles, m.p. 133 134°. 

Calc, for CittllsiO.N: (\ 73.3; TI, 0 . 8 ; N, 4.5 
Found: C, 73.5; H. 6 . 8 . N, 4.8 

The compound wassaturated towards alkaline permanganate 
and showed no depression m m.p. on mixing vvitli the ])henyl- 
acetyl derivative of Johnson and \\'rensliairs acid, pr<*pared 
as follows (Hentley, Catch, Cook, Elvidge, lhalbron and 
Shaw, CPS.6S): Cinnamylidenehydantoin was n‘ducod with 
sodium amalgam and the* rc'sulting hydantoic acid hydrolyzed 
with baryta (see Johnson and VVrenshall, J. Am ('hem. Sor., 
S7^ 2136 (1915)). The ammo acid (0.4 g.) in N sodium 
hydroxide (7.5 vc.) w^as treateil with cuproyl chloride (0 3g ) 
in acetone (1 cc ) with shaking. After a f(‘w minut(*s addi¬ 
tion of hydrochloric acid precipitated 2-caprovlamino-5- 
phenylval(»ric acid, fine needles from light petroleum; m.p. 
110 °. 

Calc, for (^tHjkOiN: C, 70.6; H, 8 . 0 ; N, 4.9 
Calc, for Cnllji^CbN: (\ 70.1; II, 8 . 6 ; N, 1.6 
Found: C\ 70.4; H, 7.9; N, 4.8 

The phcnylacetyl analogue was prepared similarly. 

Calc, for C^.lIaiOaN: (\ 73.3; II, 6 . 8 ; N, 4.5 
Found: C, 73.7; II, 6.3; N, 4.7 

It was found to give no depression of m.p. on admixture with 
the hydrogenation product of phenylacetamidophenyl- 
pcntadienoic acid. The ammo-acid before ac.ylation was 
stable to cold alkaline permanganate on keeping ov^'riiight. 

Reduction of 2-Caproylamino-6-phenyl-2,'4-pentadienoic 
Acid (CPS.J97). The acid (3 g.) was dissolved in water 
(150 cc.) containing sodium hydroxide (0.5 g.); the solution 
was treated at 60° (two and one-half hours) with 3% sodium 
amalgam (35 g.) with frequent additions of 2 IICI to 
prevent it from becoming strongly alkaline. Decantation 
and acidification gave the crude product which was recrys- 
tallizcd from a mixture of chloroform and light petroleum: 
2-caproylamino-5-phenylpeiit(moic acid separated in rectan¬ 
gular plates, m.p. 70°. 

Calc, for CiTHsjOaN: C, 70.6; H, 8.0 
Found: C, 70.8; H, 7.9 

The acid was unsaturated towards permanganate. Oxida¬ 
tion with a deficiency of ice cold permanganate gave 
benzaldehyde, identified by odor and as the 2,4-dinitro- 
phenylhydrazone, m.p, 236°. 

2-Phenylaeetdmido-5-phenyl-2,4-pen tadienoic acid was 
reduced in the same way. 2-Phenylacetarnido-5-phenyl- 
pentenoic acid separated from a mixture of chloroform and 
light petroleum in plates, m.p. 100 - 101 °. 

Calc, for CiJli^OaN: C, 73.8; li, 6.2 
Found: C:, 73.6; H, 6.0 

Condensation of Phenylacetylalanine with Ethyl Ortho- 
formate (Catch, Cook and Heilbron, CPS.105). N-Phenyl- 
acetylalanine (Rhiple and Sherwin, J. Biol. Chem., BS^ 463 
(1922)) (2.1 g.), acetic anhydride (5 g.) and ethyl ortho¬ 


formate (2 g.) were heated on a steam batli for three and 
one-quarter hours. The mixture was evaporated in vacuOy 
the residue diluted with chloroform, the solution washed 
rapidly with ice cold sodium bicarbonate solution and dis¬ 
tilled, eventually in high vacuum at 76°. The crude oxazol- 
one so obtained was impure. 

Calc, for C, JI 21 O 4 N: C, 66 . 0 ; H, 7.2; N, 4.8 
Found: (\ 63.7; II, 7.6; N, 4.8 

A sample (2.5 g.) w as allowed to stand with cold 2 N sul- 
pluiHc acid and the solul product (1.15 g.) washed with ether. 
a-PhenyIaoetamid()-a-di(‘tho\ymethylpropionie acid i‘rys- 
tallized from aiiueoiis ethanol in fine leaflets, m.p. 136° 
(dee.). 

(’ale. for (’, 62.1; H, 7.5; X, 4.5 

Found: (’, 62.1, II, 7.4; N, 4.5 

The acid W’as treated w4th an excess of acetic anhydride 
fur one hour and distilled in high vacuum at 80° to yield 
2 -l)enz 34 -l-methyl- 4 -dieth(>xyiiieth\ 1-5-oxHzolone us a color¬ 
less oil 

(\ile. for (’,oH 2 i 04 N: (’, 66.0; H, 7.2 
Found. (’, 65.0; H, 7.3 

Caproylalanine and Its Condensation with Ethyl Ortho- 
formate (i'PS.lOB). i)L- Alanine (1 .8 g.) in ice cold N sodium 
hydroxiile (20 ee ) was shaken wMth eaproyl chloride (3 ee.), 
keeping the solution alkaline W'itli more .sodium hydroxide 
(25 (*e ). The solution was acidified wdth concentrated 
hytlrochloric acid (4.5 cc.), evaporatisl to dryness in vacuo 
and the residue (‘xtracted (Soxhlet) first with light petroleum 
and then with ether. The (‘ther extract solidified on evapo¬ 
ration (2 7 g.; 72) and was recrv.stallized from a mixture of 
otlier and light petroleum when N-eaproylalanine separated 
in shining leaflets, m.p. 79°. 

(’ale. for CJInO^N: C, 57.7; II, 9.1; N, 7.5 
Found: C\ 68.0; II, 8.9; N, 7.6 

N-Caproylalanine ( 2.0 g ), ae(*tie anhydride (5 cc.) and 
ethyl orthoformato (2 g.) were* heated (steam bath) for two 
hoqrs and the solution evaporated in vacuo. The residue 
distilled as a viscous oil (2.44 g.; 84 *;'('), b.p. 110-120°/ 
2.5 mrn. C’ontact with cold 2 JV sulphuric acid (10 cc.) for 
fifteen minutes gave a crystalline product (1.56 g.). cr- 
C’aproylamino-Qf-diethoxymethylpropionic acid crystallized 
from aqueous ethanol in leaflets, m.p. 116.5°. 

C’alc. for CiJDvOfiN: (’, 58.1; II, 9.4; N, 4.7 
Found: (’, 58.3; H, 9.4; N, 4.7 

The pure acid (130 mg.) was heated in acetic anhydride 
(500 mg.) for one hour at 100°. The solvent was removed in 
vacuo and the residue distilled in high vacuum at 100 ° when 
2-amyl-4-methyl-4-diethoxymethyl-5-oxazolonc distilled as 
a colorless oil. 

C’alc. for CMII 26 O 4 N: C, 62.0; H, 9.5; N, 5.2 
Found: (’, 61.9; H, 9.3; N, 5.2 

When treated with dilute sulphuric acid the oxazolonc was 
rapidly hydrolyzed to the acylamino acid, and it was to a 
large extent hydrolysed after ten to fifteen minutoft^ exposure 
to air. 

Degradation of a-Phenylacetamido-a-diethozymethyl- 
propionic Acid (Squibb, S.SJ). The acid was recovered 
(460 mg. from 5(K) mg.) after refluxing with 10% sodium 
hydroxide for six hours. The acid (600 mg.) was refluxed 
for one hour under nitrogen with 10 % sulphuric acid (10 cc); 
on cooling, phenylacetic acid, m.p. 73-75° (160 mg.; 73% of 
theory), crystallized out. The acidic filtrate was treated 
with 2,4-dinitrophenyIhydrazine and warmed. After several 
minutes, crystals separated. After recrystallization from 
nitrobenzene these had m.p. 289°. Methylglyoxal diiiitro* 
phenylosazone Is said to have m.p. 290-300°. 



OXAZOLONES 


a-Methyl-tt-phenylacetami<io-/?,/5-dimethoxypropioiiic 
Acid (Cornell Bioch., 1).28). A mixture of phenylacetyl- 
alanine (2.35 g.j, acetic anhydride (5.7 ce.) and rnetliyl 
orthofonnate (2 cc.) wa.s wanned (ste?un4)ath) for thr(‘e 
hours. The solution was cone(»ntrated m vacuo and the 
residual oil mixed with cold 2 N sulfuric acid (25 cc.). The 
semi-solid product was shaken with ether and A/2 sodium 
hydroxide; the alkaline layer was wa.shed with ether, treated 
with charcoal, cooled and acidified to ("oriRo Ite<l. The acid 
(1.12 k ) after two recrystallizations from 95% ethanol, 
decomposed on the hot stage at 182-183'' with preliminary 
darkening. 

Calc, for CuHinOfiN: N, 5.0; OMe, 22.1 
Found: N, 4.7; OMe, 21.8 

In another experiment the product from the acid decom¬ 
position of the crude oxazolone (from 11.8 g. pluuiylucetyl- 
alanine) was wa.shed twice hy decantation with w’ati'r and 
then heated under reflux with 95S, ethanol (05 cc.). The 
mixture was cooled to 0“5'', giving a satisfactory product 
(4.52 g.; 28^;;), micro in.p. 171-170° (dec.). 

Th(‘ benzyl ester was prepared by heating tin* acid 
(281 mg.) at 100° with an (‘X(‘es.s of acdic anhydride, and 
adding to the evaporated product a .solution (0.4 cc.) of 
AVIO fsodium benzylate. After fourtefui hours water 
(10 cc.) was added and tin' j)roduct w.qs]ied with AV2 
sodium hy<lroxide (2 X 10 cc.) and finally with water. The 
ester (201 mg.; 102-108°) had m.p. 111-113° (miero) after 
rccrystallization from 95ethanol and ethanol-water. 

Calc, for C.jHibOftN: (\ 07.9; 11, 0.8; N, 3.8 
Found: C, 08.3; II, 7.0; N, 3.0 

The acid on treatment witli alcoholic 2,4-dinitrQphenyi- 
hydrazine and hydrochloric acid gave methylglyoxal dinitro- 
phenylosazone, identified hy iinx('d m.p. with an authentic 
specim(*n. 

2-Pheoyl-4-methyl-4-diethoxymethyl-5-oxazolone 

(Squibb, S,J7). A mixture of N-b(‘nzo3'lalanine (32.0 g.), 
ethyl orth(ifonuate (28 ce.) and acetic anhydride (120 ee.) 
was heated urid<*r reflux for tw<» hours (bath 150°), and the 
product distilletl. The frncti<m b.p. 150-100°/3 mm. 
(35.3 g.) was refractionated twice, giving the oxazolone, 
b.p. 139-143°/2 ram. 

Calc, for Ci 6 Hi 904 xV: C', 05.0; H, 0.9; N, 5.1 
Found: C. 05.1; 11, 7.0; N. 5.1 

On treatment with benzylamine and crystallization of the 
product from aqueous ethanol containing a few drops of 10% 
sulfuric acid, the bcnzylamide of N-benzoyl-a-methyl-^,/3- 
diethoxyalanine was obtained, m.p. 74.0-74.5°. 

Calc, for C22H2«04N2: C, 68.7; H, 7.3; N, 7.3 
Found: C, 68.7; 11, 7.4; N, 7.1 

Phenylacetylnorleucine and Its Reaction with Ethyl 
Orthoformate (Cook, Graham and Ileilbron, CPS.56':i). 
DL-Norleucino (2 g.) in water (40 cc.) containing sodium 
hydroxide (2 g.) was shaken with phenylacetyl chloride 
(2.3 g.) in the cold. On acidifying, the acyl compound 
(3,7 g.) separated; needles, m.p. 110-111°, from aqueous 
ethanol. 

Calc, for CuIlu»0,N: C, 67.4; II, 7.7; N, 5.6 
Found: C, 67.2; H, 7.6; N, 5,7 

Tfie acylamino acid (10 g.), ethyl orthoformatc (10 g.) and 
acetic anhydride (30 cc.) were heated to 100° for four hours 
and solvents removed in vacuo. The oil in chloroform 
(75 cc.) was washed free from acid with aqueous bicarbonate 
and distilled in high vacuum at 160°. The oily distillate 
was kept with water containing a trace of sulphuric acid, 
when a solid acid separated. Solution in sodium bicarbonate 
and cautious precipitation with acid gave a-phenylacetamido- 
«-diethoxymethyl-n-caproic acid, which crystallized from 
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50 % ethanol in pistes, m.p. Ill 112° (mixed m.p. with 
starting acid, about 98°). 

(’ale. for (\ 04.9; IT, 8.3; N, 4.0 

Found: C, 05.0; 11, 8.2; N, 4.2 

When the preei'ding compound was treated at 100° for 
two hours ithiieetie anhydrule (7-8 vols.) and tli<*n distilled, 
2-benzyl-l-hulyl-4-diethnxyin('thyl-5-»)Xaz()lom* was formed, 
an oil di.stilling at 100° in high vaeuuin. 

(’ale for CiJI.,;(),N: (', 68.1; 11, 8.2; N, 4.2 
Found: C’, 08.1; JI, 8.2; N, 4.3 

On standing in moist air it reverted t<» the parent acid. 

On k<‘eping the oxazolone in eth(‘r witli on<‘ equivahait 
of p-tohiidine at 0*^ ovt‘rnight and crystallization of the 
product from chlorofonn-light petroleum, tlie /Mohiidide of 
«-phenylaeetamido-«-tlielho\ymeth> leaproic acid was ob¬ 
tained m miero-prisins \^ Inch consistimtly gave low values 
for carbon on combustion. 

Talc, for 02ah,.0,N2: C, 70 9; H, S3; N, 0.4 
Found: O, 70.0, 70.0, 70.1; H, S.l, 8 2, 8.3; N, 0.2 

The acetal acid was treated with (*thereal diazoincthane 
to give a methyl ester, a pale yellow oil which appeared to 
lose inetlianol on distillation in high vacuum; it was cliar- 
act(‘riz<'d .as tlie 2,4-diiiitroph('nylhydrazone, pr(*pareil using 
th(‘ cold reagent ; the derivative* s«q)arat(*d from in(‘thanol- 
water in feathery ne(‘dl(‘S, m.p. 100°. 

(’ale. for (’22ll2£.(>7Nf.: (’, 50.0; II, 5 I, N, 14.8 

Found: (\ 55.9, II, 5.5, N, 11.6 

When tin* acetal oxazolone w’as warmed with ethanol for 
one hour it w-as couvc'rted into tlie corn'spouding (*thyl ester 
W’hieh again could not l>»' distilled witliout decomposition; the 
dinitrophenylhydrazoiH* scparat(*d from methanol in clusters 
of lino needles, m.p. 142°. 

(’ale. for ('23Tl27()7N„: C\ 50.9; H, 5.0; N, 14.5 

Found: (\ 50.0; H, 5 5; N, 11.0 

The acetal acid (0.5 g.) w'as shaken with a solution of 
duuirophenylhydrazine in (i N IK’l wh(‘ii the derivative 
.separatetl as a yt*llow deposit with loss of earbon dioxide. 
The dinitrophenylhydrazone of 2-phenylacctami<lo-«-h«*x- 
aldehyde crystallized from methanol iu long fine iic*('<lles, 
m.p. *179° 

(^alc. for (^2oIIo30,^^s: C\ 58.1; II, 5.0 
Found : C, 58.3; H, 5.5 

When reaction was carried out in alcohol the dimtrophenyl- 
o.sazone of butylglyoxal was formed; short orange-red needles 
from ethyl acetate-methanol, m.p. 223°. 

(^ilc. for OihHihOhNs: (’, 45.0; II, 3.8; N, 23.6 
Found: (\ 46.2; H, 3.9; N, 23.0 

Caproylnorleucine and Its Condensation with Ethyl 
Orthoformate {CPS.552). Norleucine (15 g.), sodium 
hydroxhie (15 g,), whaler (100 cc.) and caproyl chloride, 
(15 g.) w'en* shaken to give a homogeneous solution, which 
w'as acidilied. The derivative w'as recrystalliz(*d from 
aqueous (‘thanol (yield 13.5 g.): on repeated recrystallization, 
N-eaproylaorleucine formed plat(‘s, m.p. 88°. 

Gale, for (^aH^jOaN: 62.8; H, 10.1 

Found: * C, G3.0; H, 10.0 

The acyl derivative (13.5 g.), ethyl orthoformate (14 cc.) 
and acetic anhydride (50 ec ) were lieated on a steam bath 
for four hours and worked up as in the ease of the analogous 
oxazolone above. The oxazolone was collected as an oil, 
at 108-130°/0.003 mm. (9.1 g.; n»2« 1.4518). 

Gale, for C17H31O4N: C, 65.2; 11, lO.O 
Found: G, 65.0; H, 9.9 
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In contact with water it hydrolyzed to a crystalline acid. 
a^Caproylaniino-a-diethoxymethyl-ri-caproic acid separated 
from aqueous ethanol in plates, m.p. 72-75®. 

Calc, for CniliaOftN: C, 61.6; H, 10.0; N, 4.2 
Found: C, 61.6; H, 10.0; N, 4.0 

WTicu this acid (4 g.) was warmed on the steam bath for 
two hours with acetic anhydride (15 cc.) and the product 
eventually distilled in high vacuum at 80®, 2-amyl-4-butyl-4- 
diethoxymethyl-5-oxazoloiie was obtained as an oil. 

Calc, for (\ 65.2; H, lO.O; N, 4.5 

Found: C, 65.3; II, 0.9; N, 4.8 

When the acetal acid was treated with dinitrophenyl- 
hydrazine in alcoholic hydrochloric acid, the dinitrophcnyl- 
osazone of butylglyoxal was formed, identical with the 
previous specimen. 

Ethyl Phenylacetylamino>methylmalonate (Pfizer, F.I4). 
To a stirred solution of sodium (6 9 g.) in ('thanol (650 cc.) 
was added ethyl phcnylacetamidomalonate (88.8 g.). To 
the resulting solution methyl iodide (56.8 g.) was added 
dropwise. After stirring for one hour and refluxing for 
three hours, a few drops of acetic acid wore added, then 
water (200 cc.). The mixture was evaporated under reduced 
pressure and the product (75.7 g.) collected. RecrystalHza- 
tion from benzene-light petroleum gave the ester, long flat 
needles which melted at 68-71® and after being allowed to 
cool and crystallize again melted at 71-72®. The solvent 
could not be removed by drying in high vacuum at room 
temperature for sixteen hours. For analysis the sulistance 
was dried in the molten state at 78®/0,5 mm. and allowed 
to eohdify. 

Calc, for C’uHaiOiN: C, 62.6; II, 6.9; N, 4 6 
Found: (\ 62.7, 63.0; Ti, 7.0, 6.8, N, 4.5, 4.9 

The Squibb workers reported m.p. 81-82° for this 

com|K)und. 

Ethyl Hydrogen Phenylacetamido-methylmalonate {PA4), 

A partial solution of the above ester (75,7 g.) m alcohol 
(200 cc.) and w^ater (100 cc.) was treated at 40-45° wdth one 
equivalent of potassium hydroxide solution. After the 
(slow) addition was complete the solution was warmed until 
neutral and treated with the calculated amount of dilute 
sulfuric acid. The acid was collected (02,5 g.); after recrys¬ 
tallization from aqueous ethanol it had m.p. 140-141°. 

Calc, for C,4HnO,N: 

C, 60.3; H, 6.1; N, 5.0; neut. equiv., 279 
Found: C, 60.7; II, 6.3; N, 5.0; neut. equiv., 280 

The Squibb group {S.Sd) reported rn.p. 150-151° for this 
acid. 

Preparation of Phenylacetamido-methylmalonic Acid 

(Squibb, S.BS). In order to determine whether in the above 
pieparation the methyl group had entered the molecule in 
the malonic acid residue, the following experiment was made: 
Ethyl phenylacetamido-methylmalonate (2g,) and N sodium 
hydroxide (20 cc.) were refluxed for thirty-five minutes. 
The cooled solution was acidified with N IICI (20 cc.), The 
product (1.6 g.) melted at 140-141° (vigorous decomp.), 
solidified and melted at 151-152°. The (unheated) acid was 
recrystallized from water without change in the m.p. 

Calc, for Ci 2 Hi 30#N: 

C, 57.4; H, 5.2; N, 5.6; neut. equiv., 126 
Found: C, 67.4; 11, 6.2; N, 5.3; neut. equiv., 128 

A sample of the acid after being heated at 145° for one hour 
gave a product m,p. 151.5-152°, undepressed by admixture 
with authentic phenylacetylalanine. 

Ethyl Hydrogen Acetamido*methylmalonate (Pfizer, PAB). 
Ethyl acetamidomalonate was methylated in the manner 
described above for the phenylacetyl analogue. Ethyl 


acetamido-mothylmalonate (73.5% yield) was recrystallized 
from benzene-light petroleum; m.p. 89-90°. 

Calc, for CioHwOfcN: C, 52.0; H, 7.4; N, 6.1 
Found: C, 51.8; 11, 7.4; N, 6.3 

The half ester was prepared in the manner described for 
the phenylacetyl derivative; 67.8% yield; m.p. 134-135°, 
raised to 136-136.6° by recrystallization from ethyl acetate. 

Calc, for CgHisOfiN: N, 6.0; neut. equiv., 203 
Found: N, 6.9; neut. equiv., 203 

Reduction and Phenylacetylation of Ethyl Oximinocyano- 
acetate {PA2). To a solution of the oxime (36.5 g.) in 
ethanol (250 ec.) and acetic acid (13.3 g ) was added 5% 
palladium charcoal (5 g.). The mixture was hydrogenated 
at 1,500 pounds pressure. The amount of hydrogen 
absorbed was one half the amount required for reduction to 
the diamino ester. Tlie filtered solution was evaporated in 
vaciWy and the residue in chloroform at 15° treated with 
phenylacetyl chloride and sodium bicarbonate solution. 
The product after crystallization frf)m etliyl acetate molted 
at 136-137° and was probably ethyl «,/tf-di-(pheiiylacet- 
amido) propionate. 

Calc, tor C2,Il2404N2: 68.3; H, 6 5; N, 7.6 

Found: i \ 68.6; Jl, 6.5; N, 7.6 

Ethyl Phenylacetamido-methylmalonate Benzylamide 

{PA8). A mixture of ethyl hydrogen phenylacetamido- 
methylmalonate (2.8 g ) and acetic anhydride (28 ee ) was 
warmed on the steam hath for ten minutes after a clear 
solution had b(‘en obtained. The solvent was removed 
under reduced pressure, the oily re.sidue was dissolved m dry 
ether (25 cc.) and treated with benzylainine (1.2 ee.). After 
thirty mimites the solvi'iit was removed and the r(*sidue 
triturated wnth water, when it crystallized and was collected 
(3.1 g.), m.p. 88-90°. Ilecrystallization from benzene-light 
petroleum raised the m.p. to 91-92°. 

Calc, for C^2 iH 2904N2: C, 68 3; H, 6.5; N, 7.6 
Found: (\ 68 6, 11, 6.5; N, 7.6 

Methylation of Ethyl Benzylpenaldate {PA6), A solution 
of the benzylainine derivative (33.8 g.) of ethyl honzyl- 
penaldate was di'composed (Ix'nzeiie-alcoholic llC^l) essen¬ 
tially by the method of the Cornell group {DA2; sec p. 510). 
To the product was added a solution of sodium (1.8 g.) in 
absolute ethanol (50 cc.), and methyl iodide (16 g.) was 
added at once. After refluxing for three hours the neutral 
fraction of the product was saponified and the resulting acid 
(15.8 g.) rcerystalhzed three times from benzene. It then 
Wi m.p. 108.5-109° and w^as found to be identical with 
bcnzylpenaldic acid diethyl acetal. 

Preparation of a-Amlno-a-methyl-/3,7-dihydroxybutyric 
Acid (Pfizer, P.20; 22), (a) Monoacetoneglycerol: To a 

stirred mixture of anhydrous glycerol (500 g.) and anhydrous 
sodium sulfate (200 g.) in dry acetone (3 lit.) was added 
concentrated sulfuric acid (25 cc.) in a thin stream. After 
stirring overnight the mixture was poured in three or four 
portions into concentrated ammonia (125 cc.), the solution 
filtered and the acetone removed under reduced pressure. 
The residue on fractionation gave a 73% yield of mono- 
acetonoglycerol, b.p. 86-87°/!7 mm. (Fischer and Pf&hler, 
53, 1606 (1020), reported b.p. 82.5°/ll mm.). 

(b) Potassium monoacetoneglycerate: The above product 
(264 g.) was added to a solution of potassium hydroxide 
(119 g. of 85%) in water (5.8 lit.) at 0°. Potassium per- 
mangauato (460 g.) was added in portions, the temperature 
being held at 0-6°. The mixture was treated with 60% sul¬ 
furic acid until weakly alkaline to litmus, filtered, and 
the filtrate concentrated to somewhat less than 1 fitre; the 
potassium sulfate was removed and the concentration con¬ 
tinued to dryness. The residue was extracted once with 
1 litre and twice with 200 cc. of boiling isopropyl alcohol. 
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On successive concentration of the extract several crops of 
the potassium salt were obtained, total yield (overall) 
64%. Reiclistein {HeJv. Chim, Acta, 18, 599 (1935)) 
reported a 47 % yield using a somewhat different procedure. 

(c) Methyl monoaceioneglycerate: To a solution of the 

above potassium salt (184 g.) in methanol (050 c‘e.) was added 
methyl sulfate (129 g.). The mixture was hc'ated until a 
vigorous reaction set in; w'hen it had sul)si<led, refluxing 
was resumed for thirty minutes. After refrigc'ration over¬ 
night the solution was filtered and the potassium methyl 
sulfate washed with a little methanol. Distillation of the 
filtrates gave the ester (121.3 g.; 70%), b.p. 87 mm. 

(d) Monoacetoneglyceric acid piperidxde: Th(' ester (80 g.) 
and piperidine (commercial, 98%) were heated under reflux 
overnight (bath 125®). Distillation gave the pi})eridide 
(92.8 g.; 87%), b.p. 89-92®/0.3 mm. Fischer and Baer 
(Ber, 6‘d, 545 (1933)) reported a 70% yield by a somewhat 
more complicated procedure. 

(e) Acetone^a,^dihydroxyethyl methyl ketone: To a solu¬ 
tion of niethylmagnesium iodide prepared from rnaguesium 
(31.6 g.) and methyl iodide (184.0 g.) in dry ether (300 ce.), 
a solution of the above piperidide (106.5 g.) in dry ether 
(100 cc.) was slowly added. The mixture was stirred 
and cooled in ice during the addition which tof)k about one 
hour; the mixture was then refluxed with stirring (bath 
45-50®) for two and one-half hours. Next day the upper 
ether layer was poured over cracked ice and the heavy, 
semi-solid lower layer treated with water while cooling in 
ice. The total product was treated with glacial acetic acid 
(100 ec.). The aqueous layer w'as extracted with benzene 
and the extract, united with the ethereal layer, dried 
(Na-iSO^) and distilled. The ketone (26.7 g.; 37%,) had 
b.p. G'1*-67®/14 mm. A portion was converted to the semi- 
carbazone, which was recrystallized from water; m.p. 130- 
137® (placed in bath at ISO'-'i 

Calc, for CslluOsN,: C, 47.8; II, 7.5; N, 20.9 
Found; V, 47.8; H, 7.4; N, 21.3 

(f) A solution of the abov(' keione (14.4 g.) in methanol 
(16 cc.) was added in portions to a mixture of potassium 
cyanide (6.5 g.), ammonium chloride (5.9 g.) and concen¬ 
trated ammonia (6.7 cc.) in water (21 cc.). During the 
addition, the mixture was cooled in water; afterwards, it was 
heated at 60® for five hours, the stopper having been wired 
into the flask. The solution was chilled and poured with 
stirring and cooling into concentrated hydrochloric acid 
(80 cc.; chilled to 0®). The mixture was saturated with 
hydrogen chloride at 0-5® and kept overnight, loosely stop¬ 
pered. After being refluxed for two and one-half hours and 
concentrated to dryness in vacuo, the product was treateil 
with absolute ethanol (25 cc.) which was removed under 
reduced pressure. It was finall}^ extracted with absolute 
ethanol (2 X 50 cc.). The extracts were evaporated at 
low pressure to a syrup whi(;h was dissolved in water 
(100 cc.) and treated with excess silver oxide. The silver 
chloride was removed, ex(!0.ss silver precipitated by hydro¬ 
gen sulfide and the clear aqimous filtrate concentrated to a 
heavy syrup in vacuo. Trituration with ethanol gave the 
ammo acid as a white solid (8.5 g.; 51 %). After recrystal¬ 
lization from aqueous ethanol it had m.p. 227-228® (placed 
in bath at 210®). 

Calc, for 

C, 35.9; H, 7.8; N, 8.4; amino N, 9.3 
Found: C, 35.8; H, 7.6; N, 8.9; amino N, 9.4 

The product could be dehydrated at 110®/0.01 mm., 

Found: H*0, 10.6; Calc. 10.8 

but at 56®/0.01 mm, for sixteen hours only a part of the water 
was lost. 

Attempts to acylate this acid were unsuccessful. 

In another experiment, the hydrolysis product was 
extracted with ethanol and after precipitation with ethyl 
acetate and removal of ammonium chloride by adding 


dioxan to an alcoholic solution, tho product was rccrysfal- 
lizcd from alcohol-ethyl aiv'tate and was found to b(* Ihf* 
dihydrochloride of 2,5-dimcthyl-2,5-di-(a,/S-diliydroxy(»thyl)- 
3,6-dikotopipcrazino; m.p. 236-237®. 

Calc, for (boITzoOflNaCb: C, 35.9; H, 6.0; N, 8.4; Cl, 21.4 
Found: C, 36,2; II, 6.1; N, 8.0; Cl, 21.8 

Beiizoylation of tho diketopiporazinc in chloroform with 
benzoyl chlori(l(*-.sodium bicarbonati* gave, apparently, a 
dibenzoyl derivative, m.p. 102-163®. 

Calc, for (’siIlsoONz-llA): V, 55.0; If, 6.1; N, 5.4 
Found: (\ .05.7; 11, 5.2; N, 5.3 

Ethyl or-BTomo-a-methyl-^j/J-diethoxypropionate (Cornell 
Bioch., D.IO). (a) Ethyl a-formylpropionate: This was 
prepared by the pro'^eduro of D^combe (Atm. Chim. (10), 
18, 87 (1932)). By cjireful fractionation, pure mat(*rial, 
b.p. 64®/25 mm., waf> oblained. 

(b) Ethyl a-bromo-a-formyl propionate: Tl'o a mixture of the 
above ester (70.4 g.) in ab.solutc ether (500 cc.) was added 
powdered .sodium (12.3 g.) slowly under dry nitrogen. 
After ten lioiirs the reai'tion was still not complete; ether 
(100 cc.) an(i absolute ethanol (20 cc.) were added and the 
mixture was thorouglily .stirred. After another twenty- 
four hours the product was concentrated at room tempera¬ 
ture umlcr reduced pressure to constant W'eight. The crisp 
white salt was stonnl under dry nitrogen. The salt (from 
70.4 g. ester) was suspiuided in dry carbon tetrachloride 
(250 cc ), a few pieces of unreacted .sodium were removed, 
and to tlie stirred, ice cold mixture, a solution of bromine 
in carbon tetrachloride (0.33 g./Vc.) was added dropwise. 
After eiglit hours the uptake of bronuno was 74.5 g. (86%)) 
and reaction had become very slow. Sodium bromide was 
removed and the filtrate concentrated to constant weight at 
30® in an inert atmos]>here. The crude bromo-aldehyde 
(97.2 g.) gave on fractionation a colorless product, b.p, 
65-67®/5 mm. (about of the crude yield). Samples on 
storage tended to fume in moist air. 

(c) The bromo-aldehyde (20.9 g.) was dissolved in ethanol 
(25 cc.). Ethyl orthoformate (25 cc.) and dry, powdered 
ammonium chloride (1 g.) were added. JS!('xt day the 
mixture was nsfluxed for forty-five minutes, diluted with 
several volumes of ether and decanted from ammonium 
chloride. The ether solution after three washings with 
faintly arnmoniacal water was dried (Na2C03) and evapo¬ 
rated. The n'sidue on distillation gave the ethyl a-bromo- 
a-methyl-i8,i3-dicthoxypropionate (19 g.; 67%), b.p. 103- 
104°/4-5 mm.; refractionatod, b.p. 105®/4 mm., np®* 
1.4430, d4*“ 1.226, whence Md (Kisenlohr) found: 61.2; 
calc. 61.1. 

Calc, for OioH,904Br: Br, 28.2 
Found: Br, 28.0 

There was no advantage in the substitution of ammonium 
bromide for ammonium chloride, and treatment of tho 
bromo-aldehyde with alcoholic hydrogen chloride gave an 
inferior yield of the acetal. 

When the bromo-aldehyde was treated with dinitrophenyl- 
hydrazine in alcoholic* hydrochloric acid, the 2,4-dinitro- 
phenylosazone of methylglyoxal was formed; recrystallized 
from acetic anhydride it had m.p. 299-300® (dec.) unde¬ 
pressed by authentic material. 

Cold Azlactonization of Benzylpenaldic Acid Diethyl 
Acetal; Azlactone Assay by Anilide Formation (Merck, 
M.^3). To a well-stirred solution of benzylpenaldic acid 
diethyl acetal (5.90 g.) in pyridine (40 ce.), chilled to 0®, 
was slowly added benzoyl chloride (1.8 cc.). After thirty 
minutes, aniline (5 cc.) was slowly added; after another 
thirty minutes the solution was poured into a mixture of 
concentrated HCl (50 cc.) and ice (300 g.). The crystalline 
product (m.p. 125®) was collected after one hour. After 
two recrystallizations from ethanol, a-phenylacctamido-^,j8- 
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diethoxypropionanilide (420 mg.) was obtained; m.p. 
175". 

(^alc. for C\ 68.1; II. 7.1; N, 7 6; 20Et, 24.3 

Found: C\ 66.0, 66.6; II, 6.5, 6.7; N, 7.6; OKI, 23.2 

Preparation of «-Phenylacetamido-/3,/3-dimethoxypro- 
pionanilide (Squibb. S.1/)). WIhmi beuzylpenaldic acid 
dinu'thyl acc^tal (5.4 g.) was treat(Ml in the preceding 
c,vpL‘riincnt, the anilide (4 g.) was obtained, ru p. 173- 173.5" 
after reerystullization from b(»nzene. 

Calc, for (\ 66.7, H, 6.4; N, 8.2 

Found: (\ 66.6; H, 6.6; N, 8.3 

Tlie l)enzvlami(le was prepared similarly; rn.]). 163-164° 
aft('r reerysf.nllization from benzene. 

Cale for (^oHiMOaNa: C, 67.4; H, 6 7; N, 7 8 

Found: (\ 68.0; II, 6 7; N, 7.7 

In order to show the absence of any acid ehloride (whieh 
might account for amah' formation) the reaction W'as earned 
out using triethvlamine (N A solution of beu/A Ipenaldie 
aeid dimethyl aeetal (5 3 g.) ami triethylaniine (32 ee.) in 
benziuie (fiO ee.) was eooled to 5° and benzoyl ehloride 
(2 3 ee ) in benzene (10 ee.) W’as mlded under nitrogen to the 
stirred solution. The preeipitat(‘ was eolleeted, wuished 
with benzene and identified as triethylamine hydioehloride 
The yield of this product wuis quantitative in all eases The 
filtrate gave no test for chloruh* ion. Addition of benzyl- 
amiiu* (5 ec.) and keeping overniglit gave the above lieiizyl- 
arnide (6 g.; m.p. 154-156"). 

Action of Phosphorus Tribromide-pyridine on Benzyl- 
penaldic Acid Diethyl Acetal (Merck, 4/.,^7). Phosphorus 
tnbromide wa.s added to a cold (0°), stirred solution of the 
acid in pyridine. After fifteen miriute.s, aniline w'as added 
and after a further fifteen minutes the mixture wa.s poured 
on ice and acidified to C'ongo U(‘d. The resulting stiff gum 
was cry.stalhzed from ethanol to give two products The 
principal product was shown to be benzyljienaldic acid 
anilnle diethyl aeetal (of. p. 508), m.p. 164-165". 

(^alc. for C^2,H2d)4N2: C\ 68.1; 11, 7.1; N, 7.6 
Found: (\ 68.3; H, 6.9; N, 7.9 

The second product melted at 179-180° and had an aKsorp- 
tion hand at 3,700 A, 1,150. 

Found: V, 78.0; H, 5.3; N, 12.8 

The azlaetouization was repeated (M.S9); thirty minutes 
after the addition of phosphorus tribromide was completed, 
the solution was filtered, diluted with a large quantity of 
petroleum ether and centrifuged, giving a water-white 
solution in which no halogen could be detected. The solu¬ 
tion, w'luui freshlv prepared, reacted as follow^s: (a) With 
primary aminea: To portions of the clear, water-white solu¬ 
tion were added benzylamirie, liquid ammonia and aniline. 
The products were reerystallized from an ethanol-w^ater 
mixture; m.p. 165", 165°, and 164-165° respectively, and when 
mixed with the autlumtie benzylpenaldic aeetal amides there 
was no depression in m.p, (b) With water: When water was 
added to the clear solution and the aqueous layer separated, 
acidified and extraeti'd with ethylene dichloridc, btuizyl- 
penaldic acid diethyl acetal was isolated, m.p. and mixed 
m.p. 106-107°. (c) With secondary amines: When piperi¬ 

dine and morpholine were added to portions of the clear 
solution and the mixtures allowed to stand for two hours and 
then shaken with water, solids were obtained which after 
recrystallization melted at 115-116° and 145-146° respec¬ 
tively. There was no depression of m.p. when mixed with 
authentic samples of 2-benzyl-4-piperidinomethylene-5-ox- 
azolone and 2-benzyl-4-morpholinomethylene-5-oxazolone. 

After twenty-four hours at 6°, or after removal of the 
solvent, the product was treated with liquid ammonia, 
benzylamine, and piperidine. The same products were 


obtained as those which resulted from the amine and 2-bcnz- 
yl-4-methoxvmethVlene-5-oxazolone; m.p. 116-117°, 117- 
118°, and 115-110° respectively. There was no depression 
of m.p. on mixing with authentic samples. 

Successive Action of Phosphorus Tiibromide and o-Peni- 
cillamine Methyl Ester on Benzylpenaldic Acid Dimethyl 
Acetal {M.47)‘ Benzylpenaldic acid dimethyl aeetal (10.0 
g.) dissolvi'd in pyridine (50 ec.) was treated at 0° with 
phosphoriLs tribromide (3 ec.). After standing for twenty- 
five minutes, 4 ee. of the solution was withdrawn and treated 
at 0° with F>-penieilliiinine (500 ing.). From this mixture, 
maintained at 0^ aliquots Avere withdrawn after periods of 
5, 30, and 100 ininut(‘s, diluted with pH 7 pho.sphate buffer 
(100 vols.) and submitted for assay. A check assay was run 
on a solution of sodium penicillin in t}u‘ naiction im^dinrn, 
kept at room ti'iiiperature for tw^enty niinuti's. The check 
showed no appreciabh* loss of aetivitv but the other assays 
were negative. After tin* reaction period of fort\-five min¬ 
utes, the remaindi'r of the azlactomzation solution was 
diluted with chilled light petroleum (400 ce.), filtered and 
treated with i)-peiueillainine methyl e.ster (2.60 g.) dissolved 
in eihei (20 ee ) The mixture was kejd at 0° for one hour 
and at room temperature for one hour AftcT eoneentration 
at room tenijAcraiiin' to 30 ee., ether (100 ee.) was add(‘d and 
the solution washed wuth five 25 ec. ])ortions of water and 
pH 7 phosphate buffer. The etherenl solution was ev.apo- 
rated to dryness and th(‘ residue erystallizi'd from ether-light 
petroleum, giving a crude product (672 mg.) which w^as 
reerystallized five times from methanol-ethiT to constant 
m p. 190 191°; +9.7° (e 1 m methanol). This com¬ 

pound gave a positive azide-iodine test and a negntivi* ferric 
chloride test Analy.sis suggested that the product was 
.similar to that obtained from th(‘ ri'action of 2 molecules of 
ni*-peiiieillamine methyl (‘ster witli one of 2-benzyl-4- 
hydrovymethylene-5-oxazoloiie {M JH; see p. 831). 

In an experiment of similar type (4/./5r), benzylpenaldic 
acid dimethyl acetal (2.8 g.) and i>L-periicillamine (1.5 g.) 
w'ere treated with an (»xcess of acetic anhydride in pyridine, 
with iee-eooling. After fifteen nunuti*s the pyridine was 
removed and the residue treated in ether with bimzylamine. 
The resulting crystals witc eolleeti'd, wuished with dilute 
hydrochloric aeid and reerystallized from 95% ethanol, m.p. 
193-194°. 

« 

Calc, for CXiHisO^NaS: (^ 60.4; H, 6 5; N, 10.1 
Found: (\ 60.5; H, 6.9; N, 9.9 

As the compound contained sulfhydryl and was not acidic, 
it was a-acetami(lo-)5-mei(‘apfoisovaleric acid benzylamidc. 

In another reaction in whieh the amount of acetic an¬ 
hydride w^as limited to three moles, the benzylamine salt of 
benzylj)enaldie acid diimdhyl acetal was recovered. 

Cale. for C22H3oO*N2: C, 65.7; H, 7.5; N, 7.0 
Found: C, 65.5; 11, 7,3; N, 7.2 

Action of Inorganic Dehydrating Agents on Benzyl* 
penaldic Acid Dimethyl Acetal {M.SS). (a) The acid in 

ethylene dichloride was shaken for sixteen hours with phos¬ 
phorus pentoxide. A little of the /3-methoxyHcrylic acid 
was recovered. Anhydrous copper sulfate did not react 
with the aeid, while magnesium sulfate gave a neutral oil 
of unknown nature. 

Found: C, 65.1; II, 7.4; N, 7.1 

(b) When the acid was heated at the boiling point with 
7^-cymene, methyl alcohol and carbon dioxide were lost and 
j8-phenylacetamidovinyl methyl ether was formed. 

Cale. for CuHuOaN: C, 69.1; H, 6.8; N, 7.3 

Found: C, 70.0, 69.0; II, 7.3, 6.9; N, 7.6 

Action of 2-BenzyM*methyl*6-oxazolone on Benzyl* 
penaldic Acid Acetals (M,SS). The diethyl acetal (1 g.) 
was dissolved in dioxan (6 cc.), the oxazolone (0.6 cc.) added 
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and the solution heated on a steam bath for ttm minutes. 
After the solution had cooled, aniline (0 6 ce ) was a<lde<i. 
Ten minutes later water (15 ce.) was added and the ^\llole 
acidified to (briRo Red. The resulting oil was crystallized 
from ethanol-water to give yellow plates, m p. 112-114®. 

The dimethyl aectal gave a substance ^\hich appeared to 
be identical (same m.p. and mixed m.p.). 

Found: C, 71.5; 11, 5.2; N, 10.0, 9.9 

There was an absorption band at 3,575 A (Em 30,000). 

The 2,4-dmitrophenylhydrazone was prc^pared and found 
by mixed m.p. to be that of phenylaeetamidoacc*tald(‘hvde. 

When the compound (0.1 g ) was kept at room temperature 
with ethanol {10 cc.) and A’/IO sodium hydroxide (10 cc.) 
a crystalline precipitate (0 085 g ) appeared (three (o four 
hours) and was recrvstallized from water to give a product 
m.p. 150 157". 

(’ale. for (h9ll2oOuN2: (’, 70.4; II, 0.2; N, 8.0 
Found: (\ 70.1; H, 0.5; N, 9.3 

This substance had an absorption band at 3,175 A (Em 
24,000). With <linitrophenylhydrazine it gave the 2,4-di- 
nitrophenylhydrazone of ethyl benzylpenaldate (mixed 
m.p.). The product was probably tlie anil of ethyl 
benzylpenaldate. 

When Ixiiizylamine W'as used inst(»ad of aniline an oil was 
recovered. 

Azlactonization of ^-Methyl n-Phenylpenicilloate with 
Phosphorus Tribromide-Pyridine (il/.5/'). The acid ester 
(2 90 g.) in pyrulme (20 cc.) was cooled m an lee-salt bath 
and treati‘d with phosphorus tribromide (0.82 g.). After 
keeping in the cooling bath the mixture was filtered and 
evaporated, leaving a dark oil, which was washed in chloro¬ 
form with dilute IK "I and wdth aqueous sodium bicarbonate, 
recovereil and treated with (‘ther A few mg of an insoluble 
pow'der remained (micro m.p 159-101®). This did not 
react with benzylamine. The ether solution with benzyl- 
amine gave m a few' minutes a precipitate, m.p, 202-204®. 
This product was ndated to the i)n-e()in|iouiid of structure 
C (p. 701); a mixed m p. show'cd no depression. 

Azlactonization of /3-Methyl i>-Phenylpenicilloate with 
Benzoyl Chloride-Pyridine {M .H7) The acid ester (800 mg ) 
was dissolved in chloroform (100 ee ) and pyridine (100 ec.) 
and treated w'ltli vigorous stirring at 0° w’ith a solution of 
benzoyl chloride (380 mg.) in chloroform (10 ec.) After 
being stirred for om* hour at 0® the cold solution was washed 
with M/h pH 7.0 phosphate buffer (100 ee.) at 5® and then 
with water (100 cc.) at 55°. The chloroform solution was 
concentrated to yield a light yellowr gum (702 mg.), free from 
halogen ami inactive in vitro. The ultraviolet absorption 
spectrum of this product show'ed three maxima: 3,500 A 
(Em 30,000); 2,800 A (Em 0,200); 2,400 A (Em 12,500). The 
curve was very similar to that of methyl phenylpenicillenate 
(see Table VI). A few crystals, m.p. llO-lll®, were finally 
obtained from 50 mg. of the gum; how'cver, when mixed 
with methyl i>-phenylpenieillenate (m.p. 110-111®) the m.p, 
was depressed to 82-80®. 

A portion of the gum was treated with the calculated 
amount of benzylamine in ether, A trace of benzylamine 
benzoate was obtained, iudie.ating that the* phosphate 
buffer had not (completely removed the benzoic acid. The 
other product, m.p. 203-204°, was the benzylamide of 
^-methyl u-phenylpcriieilloatc, m.p. undepressed by the 
racemate previously described (see p. 205). 

Calc, for C2 bII 2704N,S; C, 62.6; 11, 0.2; N, 9.5 
Found; C, 62.9; H, 6.3; N, 9.9 

In subsequent azlactonizations the reaction mixture was 
washed with 5% sodium bicarbonate solution instead of 
phosphate buffer. The product had essentially the same 
properties. An azlactonization of the acid ester with cold 
acetic anhydride-pyridine gave after treatment with benzyl¬ 
amine a trace of the benzylamide obtained by the other 
methods. 


Azlactonization of /S-Methyl i>-BenzyIpenicilloate id/.,??). 
The arid ester (1.5 g.) was tr<*ated w'lth benz(\vl chloride 
(0.57 g.) and pyridim* (1. g) in chloroform solution as de¬ 
scribed above for the phenvl analogue. The product, a 
gum inactive in vitro^ w'as obtained by w'ashiug tlic* product 
W'lth phosphate buffer, and another sample liy washing 
this product w'lth 5^'( sodium bicarbonate. The absorption 
spectra of the tw'o sampl(\s were very similar; the second 
product, how'('ver, had tin* higher (‘xtinction coefficients 
(maxima at 3,2(K) A (Em 18,000) and 2,350 A (Em 8,000)). 

A portion of the gum yi(*M(*d a ^-ph(‘n,\ l('thylamid(‘, iri.p. 
153°, 111 approximately 70yield. 

C ale for ( •2611.1,04XaS: ( \ 61 2, H, 6 3 
Found: C, 61.2; 11, 6.7 

Another portion of the gum yielded the iHuizylamule 
(about 80^;), the product v\as not (*asv to r(*crystallize as it 
t('nded to separate in a g<‘latinous form The* rnati'nal 
W'as liltered and drusl satisfactorily to a granular product, 
mp. 116 118®. 

Calc, for (\4H29()4 N.iS: C\ 63.3; II, 6 1; N, 9.2 
Found: ( \ 63.1; 11, 6.3; N, 9.4 

This product did not depr(*ss the m.p of the beirzylamide 
cm (R = (’fill6) prepared from methyl n-benzylpenioil- 
lenate (s(‘e p 201). 

Methyl i>-Amylpenicillenate (M.47). To a cold solution 
of /3-inethvl i)-amylpenicilloatc (0 88 g.) in chloroform 
(25 ec.), pyridine (1 ec ) and benzoyl chloride (0 39 g.) w'cre 
added. After fifteen ininut(*s in the ice bath, the chloroiorm 
solution W'as washed with aqiu'ous .sodium bicarbonate and 
w'ith water, dried, and evaporat(‘d under reduced pressun?. 
The residue was a ivddish oil (0.69 g ), inactive on bioassay 
171 vitro. On standing it crystallized, and on washing W'ith 
eth * 0.3 g. was obtained of m p 105-106®. Tin* pimieil- 
lenate had the same m.p. aft('r recrystallization from 
a(*t‘ton<‘-ether. 

Calc, for ("’i6ll240 4N2S: C, 54.9; IT, 7.1; N, 8.5 
Found: (’, 54.7; II, 7 2; N, 8.6 

The ultraviolet absorption spectrum exhibited a peak at 
3,175 A (Em 28,000). 

Conversion of /3-Methyl Di.-Phenylpenicilloate «-Hydra2- 
ide to Methyl i>L-PhenylpeniciIlenate (Copp, Duflin, Smith 
and Wilkinson, CPS.4^4). The hydrazide (0 6 g) was 
dissolved in 2 N hydroehlonc arid (25 ee ) and tr(*att‘d at 0° 
with a solution of sodium nitrite (0 11 g ) in a little water. 
A precipitate of a white solid w'as irnmediately formed; after 
fift(*(*n minutes the mixture w'as extract(*d with chloroform 
(10 cc.). The extract was dried and kept at room t(*mpera- 
ture overnight. Removal of the chloroform and solution 
of the residue in ether gave a small yi(*ld of colorless prisms 
(about 20 mg.) aft(‘r refrigeration for twenty-four hours. 
The pniduct had m.p. 101-103°, und(*press(‘d by methyl 
DL-phenylpcnieillonate. 

Reaction of 2-Benzyl-6-oxazolone with Methyl d- 6,6« 
Dimethyl-A^-thiazoline-4-carboxylate (Merck, M.(iS). The 
ester (468 rng.) and the oxazolone (144 mg.) were dissolved 
in tolvKuie (9 ee.). Portions of this solution w'ere (a) re¬ 
fluxed for ten minutes; (b) heated for ten minutes at 100°; 
(c) heated for ten minutes at 65-70® Sampl(»s were 
saponified and assayed in vUro; no activity w'as found. The 
sample (b) showed an absorption p(*ak at 3,150-3,175 A 
(Eiom.^^® 35) in alcohol. This suggests pi'iiieillenate forma¬ 
tion through an oxazolone-thiazolidine interm(»diate. 

In another experiment the ester (1.3 g.) and the oxazol¬ 
one (one cquiv.) were mixed and the oil subdividi‘d (*qually 
into ampules and scah'd und(‘r nitrogtui. Two days at 
room temperature, one hour at (K)®, ten minutes at 110° or 
two minutes at 140° did not yield biologically active material 
after sai>onification. The addition of traces of iodine, 
pyridine, triothylaminc or benzoyl peroxide was ineffective 
at 60° and at 110°. Pyridine or benzene as solvent did not 
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give ciicouragiijg results. By refluxing the reactants in 
toluene with a little iodine a gum was obtained w hich did not 
crystallisse on seeding w ith methyl benyylpenillonate. 

A solution of 2-beuzyl-5-oxazolorio ^‘hydrobromide” 
(402 mg.) ill pyridine (20 cc.) was mixed with D-5>5-dim<»thyI- 
A-*-thiazoline-4-carboxylic acid hydrochloride (354 mg.). 
Aliquots of th(‘ reaction mixture were evajxirated to dryness 
and prepared for bioassay after the following thermal treat¬ 
ments: (a) one and one-half hours at room temperature; 
(b) one and oiu*-half hours at room tcmiperature, then 50“ 
for fifteen minutes; (c) one and one-half hours at room tem- 
peratur(‘, then (ift(‘en minutes at 70“; (d) one and oin'-half 
hours at room t(‘mp(*rature, th(‘n fifteen minutes at 100“. 
No significant plate activity was found for these preparations. 

2-Phenyl 4-(4'-Carboxy-6',6'-dimethylthia2olidyl-2'-)- 
methylainmomethylene-5-oxazoloxie (Barber, Ctregory, Slack 
and Stickings, CPS.59i). 2-rhenyl-4-(^,d-diethoxyethyl)- 
aiiiinomethylene-5-oxazolone (0.33 g.), penicillamine hydro¬ 
chloride* (0.18 g.) and glacial acetic acid (2 cc.) were warinc'd 
to give* a clear solution, and kept ovi'rnight. The proiluct 
was collected, washed w'lth acetic acid and with (‘tluT and 
dried in vnruo (0.1 G g.); amorphous, ni.p. 190“ (dec.). 

Calc, for Ci 7 Hi» 04N8S-11C1: N, 10.0; Cd, 8.9 
Found: N, 10.5; CM, 8.7 

The substance (CXXXIV) was a light yellow pow^der, in¬ 
soluble in winter but soluble in pll 7 buffer. The solution in 
sodium hydroxide (but not that in bicaibonate) had a strong 
blue fluorescence, destroyi'd on acidification. The .solution 
in buffer displayed no antibacterial action. 

Condensation of 2-Ethoxy-l,3-dioxolane with 2-Phenyl- 
3«oxazolone (Parke-Davis, PD.16). When the oxazolone 
and 2-ethoxy-1,3-dioxolaiie (b.p. 142.5-144“/745 mm,; Hd*® 
1.4116; cf. Mkhitaryan, J. Gen. Chem. (CNWif), 10^ 007 
(1940); C.A. 7859 (1940)) were refluxed in benzene, no 
reaction occurred. When the reactants were heated in 
aci’tic anhydride a heavy dark rod oil resulted. 

Preparation and Cyclization of a-Phenylacetamido-/)- 
benzoylaminopropionic Acid (Barber, Gregory, Langford, 
Black, Stickings and W'oolman, CPS.S86). Phenylacet- 
amidocyanoacetic ester® (39.03 g.) was stirred with N 
sodium hydroxide (160 cc.) for five hours. All the ester 
had dissolved within a few minutes. After about two hours 
a cloudiness developed which did not clear on dilution with 
water. The solution was treated with charcoal and filtered. 
Reduction of the hydrolysis solution was carried out with 
30% of Raney nickel catalyst and hydrogen at 00°/50 atm. 
overnight. Ammonia (5 mols.) was added prior to reduc¬ 
tion to inhibit secondary amine formation. The filtered 
solution was concentrated to about 120 cc. at 80-90“ under 
reduced pressure. The concentrate was cooled to 0® and 
treated with coiu*entrated H(M until only faintly alkaline to 
litmus. The white precipitate (35 g.; quantitative yield) 
was collected and dried in vacuo, ni.p. 217* 218°; on recrys¬ 
tallization from water about one-third of the pure material 
was recovered; m.p. 233-234° (dec.). 

Calc, for CuHmOiNj: N, 12.6 
Found: N, 12.2 

This a-phenylacetamido-jS-alanine (1 g.) in 2 A sodium 
hydroxide (7 cc.) was shaken with benzoyl chloride (0.57 cc,). 
The solution was diluted after three minutes to 40 cc. and 
acidified at 0° with 6 N IICM. a-Phenylaeetamido-/9-benz- 
oylaminopropionic acid (0.91 g.) had m.p. 160-161® after 
crystallization from aqueous ethanol. 

Calc, for CuHi« 0«N2: N, 8.6 
Found: N, 8.6 

This acid (1.5 g.) and acetic anhydride (15 cc.) were 
heated on a steam bath for thirty minutes. The mixture 
ms cooled and the product (0.91 g.) collected, dried, and 

■The «i-ph«&yUeetamidooyAno*cetio acid has bsen isolated; in.p. 
Ill® (dec,). 


recrystallized from alcohol (80 c<‘.) giving th(* anhydro-com- 
pound (0.5 g.); fine needles, m.p. 178-180®. 

Calc, for (^iJTiaO^Nj: N, 9.1 
Found: N, 9.0 

The anhydro compound (0.2 g.) and aniline (0.519 cc.) 
were heated togeth<’r in steam anil then boiled over a flame. 
After cooling and diluting with ether, the product (0.23 g.; 
m.p. 253-254“) was collected; m.p. 251 -252“ after recrystal¬ 
lization from anisole (fine needles). 

Calc, for C^JIijOsNa: N, 10.5 
Found: N, 10.5 

The nnhydro compound with benzylamine in chloroform 
at room temperature gave a coiripouiKl, m.p. 220-221®. 

Calc, for <’2jl2ft03Ns: N, 10.1 
Found: N, 10.4 

The anhydro compouml with cold A/10 sodium hydroxide 
appealed to give the parent acid; m.p. 159-160^ The an¬ 
hydro compound (0 3 g.) was heated at 110-120° for thirty 
minutes with A sulphuric acid (2 cc.). Alcohol (1 cc.) was 
then added to dis.solve the solid, and the solution refluxed for 
several hours. The residue after evaporation was recrystal¬ 
lized from aqueous alcohol; m.p. 150-154°, depressed by the 
parent acid and by phenylacetamide. 

a-Phenylacetamido-jS-carbobenzyloxypropionic Acid (Bar¬ 
ber, Gregory, Black and Stickings, CPS./)9t). a-Ph<*nyl- 
acetamido-/3-alanine (7 g.) in 2.05 A sodium hydroxide 
(31.6 cc.) was treat(*d wdth charcoal, filtered and <*ooled in 
ice during the simultan(*ouK addition of benzyl chloroforinate 
(5.41 g. in toluene) and 4 09 A sodium hydroxide (15.8 cc.) 
during twenty minutes. After stirring for a further seventy- 
five minutes the sodium salt was collected, dissolved in the 
least amount of water and acidified, giving the cnide acyl 
derivative wdiich after crystallization from ethylene di¬ 
chloride had m.p. 120-127° (2.72 g.). 

Calc, for CnlUoOtNzi N, 7.9 
Found: N, 8.1 

This acid (3.45 g.) was kept at room temperature for 
eighteen hours with acetic anhydride (34.5 cc.). Evapora¬ 
tion at room tcmperaturi* left an almost colorless gum, 
which w^as found to be distillable at 0.0(K)l mm. 

Some of the gum w^as treated with aniline in dry ether. 
Next day the sticky solid was triturated with fresh ether and 
crystallized from alcohol, giving the anilide of a-phenyl- 
acctamido-/J^-carbobenzyloxyaniinopropionic acid, needles, 
m.p. 207-208® (doc.). 

Calc, for C86ll2j04N3: N, 9.8 
Found: N, 9,8 

An attempt to remove the carbobenzyloxy group from the 
gummy anhydro compound wdth hydrogen and palladium- 
charcoal was unsuccessful. 

Removal of Carbobenzyloxy Group from a-Phenyl- 
acetaniido-/9-carbobenzyloxyammopropionic Acid (CPS.591). 
The use of Raney nickel catalyst in boiling ethyl acetate 
gave none of the desired product. The acid (1 g.) was dis¬ 
solved in warm dry dioxan (10 cc.) and dry hydrogen 
chloride passed for four and one-half hours at room tem¬ 
perature. The solution was evaporated below 40° in vacuo 
and the residue triturated with ether and then boiled with 
ethylene dichloride (enough to dissolve it supposing it were 
all unchanged material) and filtered hot, leaving a residue 
(70 mg.), m.p. 216®. This was crystallized from water to 
give colorless crystals, m.p. 233® (dec.). Mixed m.p. with 
a-phenylacctamido-/3-alanine of m.p. 244-246° (dec.) was 
243-244® (dec.). 

a-Benzamido-i9-earbethoxyn3iethylaminopropionic Add 
and Derivatives (Brodrick, Peak and Wilson, CP84IT), 
Ethyl sodioformylhippurate (26 g.) waa suspended lax 
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ethanol (80 oc.) and a solution of glycine ester hydrochloride 
(13.75 g.) in' ^ ator (76 cc.) added* The resulting clear solu¬ 
tion soon became turbid. Cautious addition of ethanol and 
seeding gave a mass of needles (18.2 g.; in.p. 113-114°). 
Spontaneous evaporation of the filtrate gave a further crop 
(3.25 g.; m.p. 112-313°). On recrystallization from aqueous 
ethanol, ethyl a-bcnzainido-z^^-carbcthoxymethylamino-acryl- 
ate formed long needles, m.p. 114-115°. 

Calc, for C16H20O6N2: C, 60.0; 11, 6.2; N, 9.0 
Found: C, 59.8; H, 6.0; N, 8.8 

With dinitroplumylhydrazine in aqueous IlCl it gave the 
dinitrophenylhydrazone of ethjd phenylpenaldate. 

The ester (20 g.) in methanol (100 cc.l was hydrogenated 
at 1 atm. pressure with Haney nickel catalyst (25 g.; freshly 
prepared), K(‘duction, at first rapid, ceased after twenty- 
four to forty-eight hours, and was never compl(‘t(‘, to judge 
by the dinit rophenylhydrazine te.st, even when carried out 
under pressure. The filtrate was kept for five hours with 
5 N NaOlI (40 cc ), the exact equivalent of 5 N HCl was 
then added, the solution concentrated in vacuo to crystal¬ 
lization and the product (6 5 g.) collected «-Tlenzaniido-/?- 
carboxymethylaininopropjonic acid had m.p 192 193°, not 
raised by recrystallization. 

Calc, for C’,21 Im 05N2: (\ 54.5; H, 5.3, N, 10 5 
Found: C, 51.3; H, 5.5; N, 10 6 

It was soluble in dilute HCl and gav(i no precipitate with 
dinitrophenylhydrazine. 

The benzoyl derivative was jirepared under Schotten- 
llaumann conditions and had m p. 194-195° depressed by 
starting material to 185°. 

Calc, for C^JligOoNj: N, 7.6 
Found: N, 7.6 

The carbobenzyloxy derivative, prepared in a similar 
manner, was obtained as an amorphous, powdery solid, rn.p. 
about 65°, after drying an ethereal solution in vacuo 

Calc for C,oHaoO,N2; N, 7.0 
Found: N, 6.9 

The benzylamiiu* salt, however, s(‘parat(‘d from methanol- 
ether or dioxan in microcryslallme form, m.p. 147-149°. 

Calc, for r,JI,807N4: N, 9,1 
Found: N, 9.2 

Regeneration of the free carbobenzyloxy compound gave 
only amorphous material. 

The carbobenzyloxy derivative (0.1 g.) was dissolved in 
acetic anhydride CO 25 cc.). After three hours at room 
temppiature, the acetic anhydride was quickly removed, 
without heating, under reduced pressure, the residue dis¬ 
solved in benzene (3 cc.) and benzylamine (0.2 cc.) added. 
Next day the solution was extracted with N NaOII (2.5 cc ), 
the alkaline extract acidified after addition of a little ether 
and the benzylaniide, presumably a-benzamido-^-carboxv- 
methyl-carbobenzyloxyaminopropionyl benzylamide, crys¬ 
tallized from aqueous ethanol; needles (17 mg.), sparingly 
soluble m ether, m.p. 185-186°. 

Calc, for CjrHaTOeN,: C, 66.2; H, 5,5; N, 8.6 
Found: C, 06.1; H, 5.6; N, 8.7 

In another experiment in which aliquots were removed 
after one, three, six and nine hours, the yields of benzylamide 
were 4,16,13, and 9% respectively, and thereafter decreased 
to zero (twenty-four hours). 

PART IV. MISCELLANEOUS WORK BEARING 
ON OXAZOLONES 

niSBIVATIVBS OF a-ACYLAMINO ACIDS 

Action of Acetic Anhydride on Caproylglycine (Gibbs, 
Hems and F. A. Robinson, CPS.SS). A mixture of caproyl- 


glycin(» (8 g.) and acetic anhydride (25 cc.) was kept with 
occasional sliaking at room temperature for twenty hours. 
The excess anhydride was nmioved in vacuo on a steam bath 
and the yellow syrup treatt'd with bcnz(‘ne. A small crop 
was deposited which after recrystallization from alcohol 
formed leaflets, m.p. 120°. 

Calc, for CsH„ 02N: C, 62 0; H, 8.4; N, 9.0 
Found: C, 62.1; II, 8.2; N, 8.4 

The substance is probably identical with the following: 

l,4-Di-n-caproyl-2,6-diketopiperazine (Attenburrow, El¬ 
liott, Homs and F. A. Robinson, CFS.73). In the picpara- 
tion of 2-amyl-4-cthoxvim‘thyleno-5-oxazolone (see p. 804) 
tho residue, alter distilling thi* product, partly solidified on 
keeping. The solid w’as pressed free from oil and crystallized 
from benzene-light petroleum and then from alcohol, giving 
colorless plates, m.p. 122-123". 

Calc, for (h6ri2G04Ni: C, 01.9; 11, HA; N, 9,0 
Found* (‘, 62.2; II, 8.3; N, 9.1 

Wlien diketopiporazine (0.5 g ) and caproic anhydride 
(3 cc.) were h(»ated at 180-200° with a few (Irops of pyridine 
(necessary for ri'actiou) for one and one-half hours and the 
cooled solution triturated with light petroleum, a solid was 
obtained which after crystallization from alcohol gave 
colorless plates, m.p. 122-123° alone or mixed with the above 
compound. 

Found: (\ 62 0; H, 8.8; N, 9.4 

Action of Ethylmagnesium Iodide on 2-Phenyl-4-methyl- 
5-oxazolone (Cook, l^llvidge, Heilbron and Levy, CPS,4^3). 
The oxazolone was addl'd to an excess of the (Ingnard 
reagent in ether. After refluxing for one hour, ice and dilute 
acid were added and the product collected; in p. 231-232° 
after crystallization (lu'odles) from acetoni'-ethcr or ethanol. 

Calc, for C,oH,« 04N2: C, 68.5; H, 5.2; N, 8.0 
Found: C, 68.2: 11, 5 3; N, 8.3 

Attempted Preparation of 2-Benzyl-5-ozazolone (Boon, 
Carrington, Davies, Joiii's, Hamage and Waring, CPS,433). 
A ri'petition of the preparation from phenacetunc acid 
described by the Upjohn group (U.IS;see p. 781) gave an oily 
product which on keeping overniglit at 0° became more 
viscid. Trituration with absolute ethanol gave a solid which 
after several reery.stallizations from ethanol was obtained as 
shining white plates, m.p. 166°. 

Calc, for CioH^OaN: C, 68.6; II, 5 1; N, 8.0 
Found; C, 68.5; H, 5.3; N, 8.2 

The substance is possibly a diketopiporazine derivative. 

Action of Acetic Anhydride on Phenaceturic Acid (Gibbs, 
Hems and F. A. Robinson, CPS.SS). A mixture of phen¬ 
aceturic acid (9.7 g.) and acetic anhydride (25 cc.) was 
heated on a steam bath for thirty minutes. The product 
was evaporated in vacuo after two hours at room tempera¬ 
ture. The residual syrup crystallized and thi' product was 
collected (2 g.) and washed with benzene After recrystal¬ 
lization from alcohol it had m.p. 178°. 

Calc, for CuIIiiOaN: C, 66.3; H, 5.1; M.W., 217 

Found; C, 65.9; H, 5.1; OEt, 0.0; M.W., 211 

The same product w*as obtained when ethyl orthoformate 
was added to the reaction mixture. The compound was 
insoluble in water hot or cold; insohibh’ in cold 2 N sulphuric 
aeid or 2 A^ sodium hydroxide, hut soluble in both on 
warming. 

The substance (0.22 g.) was distilled with N sulphuric acid; 
1.15 mol. equivalent of acid was found by titration of the 
distillate. 

The substance (0.2 g.) was warmed in alcohol (1-2 cc.) 
with piperidine (0.5 cc.) for a few minutes and the mixture 
cooled and diluted with water (10 cc.). The precipitated 
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pheiiac(‘turi(' acid piporidide was reerystallized from ulcoliol; 
in.p 157" 

C\dc for 60.2; 11, 7.7; N, 10.8 

Found: i\ 60.2; H, 7.5; X, 11.1 

The compound (0 1 k ) was also fused with p-anisidine 
(0.1 and p«-anisi<iin(‘ ziiinehlonde (0 02 The phen- 
ucetune acid /^-anisidide aftiu two recrystallizafcioas from 
alcohol had in.]). 100". 

Calc, for (^7Ill«0,N,: C, 68 5; 11, 6 0; N, 0 I; OMe, 10 4 
Found: (\ 67.7; II. 6 0; N, 0.4; OMo, 10 0 

A compound uhich was evulontlv the same (in p 180- 
181", Found: (\ 66 8; II, 5.2, N, 6 8) w.is r)})taiiH‘d (MiTck, 
A/ 18) from phenaceturie acid and acetic anhydride (a) by 
heating on th(‘ sti'am bath for fift(‘en nunut«\s w\\\x sodium 
acetate and t‘thvl orthoformati', (bj liy shaking at room tem¬ 
perature with (‘thyl orthoforinate for ten ilavs, (c) bv 
refluxing in ethyl ucrU.ite for two hours. It was also 
obtained from potassium aci<l plienaceturati', aeetie an¬ 
hydride and ethyl orthoforinate Iin heating to 75® and keep¬ 
ing overnight. The subst inc(' gave phenyl.acctic acid on 
alkaline hydrolysis and did not giv(* the ri'actions of a kiUone. 

The mfran'd absor])ti<)n of the substance was found to 
show' two intense bands at 5.46 and 5.01 n and a w<‘ak phenyl 
band at 6.62 ti. The ultraviolet absorption Kp(‘etriim in 
alcohol shovveil an intense band at 2,850 A (Km 15,600). 
This band dc‘chned on keeping the solution and after two 
days was ubservi'd to have Km 6,()00 at 2,800 A In aeidie 
solution the rati' of decline was mueh more rapid and only 
end absorption w'as observed aft(*r two hours m 0.08 N 
hydroi'hloric acid, A tetraehlorocthane solution also decom¬ 
posed on standing for twm days, sinec* the 5.40 /u band had 
by then disappeared. Water seiuned necessary for this 
change. 

On warming an aleohohc solution of the compound with 
benzylainine the benzylamido of phiuiaceturie acid was 
formed, m.p. 170 175" undepres.sed by material m.p. I71~ 
175® prepared from methyl pheiiaceturate. 

On the basis of the evidence m the pr(*ceding paragraph 
the structure CXXXIX (p. 769) w-as suggested for the com¬ 
pound in question. 

Action of Methyl magnesium Iodide on 2-Phenyl-6-ox- 
azolone (Cook, IClvidge, lleill)ron and Levy, TIk* 

oxazoloiie (20 g.) in ether (20 ee.) was added, to the (Irignard 
reagent from magnesium (3.2 g.) and methyl iodide (18 g.) 
in ether (50 ce.) with stirring. Methane w’as evolved and 
reaction w'as completed by refluxing the yellowish suspension 
for one hour. After decomposition with ice and dilute acid 
the product was crystallized from ethanol; the dimeric acid, 
m.p. 138®, separated in prisms. 

Calc, for C,hH, 404N2: 

C, 67.1; 14, 4.3; N, 8.7; ncut. equiv., 322 
Found: 

67.0; H, 4.2; N, 8.6; neut. equiv. (electrometric), 321 

The absorption spectrum in ethanol .showed maxima at 
2,280 A and 2,570 A (E)oin.‘'^' 750 and 450 respectively). 

Th(» same eomjiound was produced by EtMgl alone or in 
presence of benzyd chloride, ethyl ehloniformate, etc. 

The dimeric acid (0.3 g.) was refluxed for two hours with 
saturated aqueous baryta (9 ec.) and barium sulphate was 
precipitated. Extraction of the precipitate with boiling 
alcohol gave, on cooling, the hydrolysis product, an acid 
which was recrystallized from etluinol to form needles, m.p. 
204-205®. 

Calc, for CmHioOAs: 

(\ 60.5; H, 4.6; N, 12.8; neut. equiv., 218 
Found: 

C, 60.3; 11, 4.7; N, 12.7; neut. equiv. (electrometric), 212 

The same acid was obtained by boiling with 2 N hydrochloric 
acid or by keeping with 2 N sodium hydroxide for two hours. 


The dimeric acid (0.4 g.) was refluxed for two hours with 
acelont' (6 cc.) and concentrated hydrochloric acid (3 cc.) 
when a mass of crystals separated on cooling; the product 
crystallized from ethanol in lu'cdles m.p. 186®. 

(^aic. for Cb«H,404N2. CSiUloCbN,: (\ 63.8; 11, 4.5; N, 10.8 
Found: (\ 63.8; H, 4.5; N, 10.8 

This w'lis a molecular compound of the dirm'rie acid and the 
Cl I acid, and could also b(‘ olitained by crystallizing an 
equiniolecular mixtun* of these. 

Two other unidentified eompounds were encountered in 
the preparation of tlie (hm(*rie acid. One was a neutral 
eoinpound recovered from the ethereal residu(*s; it separated 
from aeetom* in pale yellow needles, m.p. 199*200®. 

Found: i\ 67.0; 11, 5..3 

Th(‘ second was an ueid recovered from the ether(‘al residues 
which separatiMl from (‘thyl ae(‘tate-light j)(‘troleum in 
prisms, in p. 101-105® 

Found - C, 68.4; 11, 7 5 

Action of Triethylamine-Hydrogen Cyanide on 2-Phenyl- 
5-oxazolone (liaihw, Baker and Bradlev, CPS.4/^4). Neither 
anhydrous hydrogjui (*yaiiide (2 5 ee ) nor dry triethylamine 
(8 8 cc ) liad sejiarately any action on an ice cold solution of 
2-phenyl-5-oxazolone (10 g.) in dry benzene (50 ec.) but, 
w'hen b(»th were introdiie(‘d. a dark re<l oil wnis precipitated. 
The .sol\'(‘iit was remov(‘d in vacuo at room temperature and 
the r(‘smous lesidne triturated with dilute hydrochloric acid. 
The product was a mixture of acids. Extraction with cold 
methanol allorded a soluble fraction, m.p. 192 194®. 

Calc for (hollnf 

C, 63.9; H, 1.3; N, 14.9; neut. equiv., 188 
Found: (’, 63.4, II, 4.4; N, 13.9; neut (‘(piiv., 229 

This product is r(‘gnrd(Hl as N-(a -cy anoben z v li de n e )- 
glycine (XXXII, p 738). 

The nu'thanol-insoluble fraction (3 g.) was a colorless 
crystalline acid, m.p. 137®. 

fair, for ri«Hi404N2: 

67.0; 11, 4.3; N, 8 7; ncut. cupiiv., 322 
Found; (\ 68 1, 11, 1.5; N, 8.7; neut. equiv., 304 

The same acid w'a.s also ohtain(‘d hy the siireessive action of 
jiowdered potassium and methyl iodide on 2-phenyl-5- 
oxazolom* in Ixuizem* In alcoholic solution the acid gave a 
violet colouration with feme eliloride, the iron complex 
separating from .solution. The comph'x dissolved in ('ther 
and Ill benzene, forming violet solutions which were de- 
coloriz('d on addition of liydroehlorie acid. In contact with 
sodium hydroxide solution tlm acid combined after neutral¬ 
ization with another 1 mol. of alkali and the solution then 
gax'c on aeidifleation an acid, m.p. 206®. 

Calc, for CnlLoCLN*: 

(\ 60.5; II, 4.0; N, 12.8; lunit. equiv., 218 
Found: f, 60.5; 11, 4.8; N, 12.9; ncut. equiv., 212 

Further hydrolysis wuth boiling 6 N HCl yielded benzoic 
acid, a little ainiiionium chloride and a neutral substance 
ni.p. 188® (d(‘e.). 

3-^i-Caproylammo-2,4-diketopyrro]idine (Caproylamino- 
tetramic Acid) (Brodrick and Peak, CPS.92), Ethyl cap- 
roylammoaeetate (12 g.) in dry benzene (80 cc.) was wanned 
with “ molecular sodium (1.4 g.) until reaction commenced. 
The reaction was completed afterwards by warming on the 
steam bath. Next day acetic acid was added and the benz- 
€'no layer extracted with sodium bicarbonate solution. 
Acidification of the aqueous solution gave the crude product 
(2.8 g.), m.p. 160-170®. The pure substance crystallized 
from acetone in plates, m.p. 200.5®. 

Calc, for OioHjaOsNa: 

C, 55.6; H, 7.6; N, 13.2; neut. equiv., 212 
Found: C, 56.2; H, 7.5; N, 13.4; neut. equiv., 205 
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The substance gave a strong blue color with ferric chloride 
in aqueous alcohol. It was easily sohible in glacial acetic 
acid but, on the addition of a trace of hydrochloric acid, it 
separated in a much less soluble form. Hoih forma however 
had the same m.p. and showed no depression on mixture. 
The less soluble form crystallized unchanged from acetic acid 
but rev(‘rted to the more soluble form on crystallization from 
accton(‘ or by precipitation from bicarbomMtt* solution with 
acid 

Treatment of the tetramic acid with boiling acetic anhy¬ 
dride for fiv(* hours gave 3-acetylamino-2, l-diketo-l-acetyl- 
pyrrolidine crystallizing from acetone in irn'gular plates, 
m.p. 218^ 

Oalc. for r^HioOiNj: 

(\ 48.5; H, 5.1; N, 14.2: neul. equiv., 198 
Found: (\ 48,2; 11, 5.2; N, 14.4; neiit. equiv., 201 

This compound gav(' a violet h'rrie ehloridt* reaction and was 
solubh* with(>\it degradation in sodium fuearbouate solution. 

However, o!i hejiting for live hours at 75° with N .sodium 
hydroxide two equivalents of alkali were neutralized and 
aeidifieatiougave3-aeetylainmo-2, l-diketo])yiTolidine, which 
crystallized from water in prismatic needles, m.p. 258° 
(dee.). 

('ale. for (’aiKOiN*: 

(\ 46.2; IT, 5.1 ; N, 18.0; neut. equiv., 156 
Found: C, 45.7; 11, 5 3; X, I7.S. neut. equiv., 159 

It gave a blue color with ferric chloride and was r(‘eonverted 
to the diaeetyi compound by boiling acetic anhydride. 

('aproylaminotf'tramic acid wa.s not hydrolyzed by N 
alkali at 75°; thus it i.s probable that tlu' l-ac«‘tyl group was 
the labile oru*. 

The />-phenyIphcnaeyl ester ol vafiroylaniinotetramie acid 
crystallized from ?/“propvl alcohol in fine needles, m.p. 
220 227°. 

('ale. for ('v4ll,c()4N,: (', 70.9; Jl, 0.4; N, 0.9 
('tile, for ('.4ll2«(>4N2 ll2(): 07.9, U, 0.0; X, 0.0 

Found: (\ 07.5; 11, 0 4; N, 7.0; lo.ss in vacuo at 100°, 0.0 

It was insoluble in bicarbonate .solution and gave no ferric 
chloride reaction. 

('aproylamino tetramic acid and 2,4-dinitrophenyIhy- 
drazine in 5 N IK'l alTorded after several days a dinitro- 
phenyihydrazone, crystallizing from pyridine in orange- 
brown, hair-like needles, m.p. 330“ (dee.). 

Calc, for ('loIIioOtN*: (', 40.8; H, 3.4; N, 28.0 
Found: C, 40.8; H, 2.3; N, 28.1 

This appears to be aminotctraiiiic acid 2,4-dinitrophenyl- 
hydrazone. 

Caproylaminotctrainic acid readily reduced ammoniacal 
silver nitrate (cf. Benary, Ber., >{/, 2399 (1908); Gabriel, 
Her., 40, 1319 (1913); 4'^, 3033 (1914), for examples,of 
tetramic acids). 

Gaproylaminototramic acid (3.18 g.) was refluxed for 
three hours with 5 N ITC'l (90 cc.) during which carlmn 
dioxide was freely evolved. The mixture was cooled; extrac¬ 
tion with ether gave an almost quantitative yield of capruic 
acid. The aqueous layer was evaporated to dryness, 
finally over KOH in vacuo. The residue (2.45 g.) was 
extracted with hot absolute methanol (40 cc.) and the 
insoluble residue (0.3 g.) collected. It reduced ammoniacal 
silver nitrate and had m.p. 182° (dec.) (Franchimont and 
Dubsky, Rec. irav. chm.^ 178 (1911), gave m.p. 180° 
(dec.) for diaminoacetone dihydrochloride monohydrate). 
Iwioss at 65°/2 mm., 10.1. 

Calc, for CiHioONjCla-lHO: loss 10.1 

The dried substance was analyzed.^ 

Calc, for C,H,oON,Cla: N, 17.4; Cl, 44.4 
Found: N, 17.5; Cl, 40.8 


Synthesis of Caproylaminotetramic Acid {CRS/M). (Jon- 
densaiion of ri-caproyl chloridi* with diketopiperazine in 
acpieous alkaline' solution at - 5° and acidification of the 
reaction mixture gave a 64 S' vi(‘ld of N-a-caproylglycyl- 
glycine which eryslallized from wuitia- in colorless h'aflets 
rn.p. 182 183°. 

Cale. for ('ioHj804X"i: N, 12.2; nent. equiv., 230 
Found: N, 12.1; neut. (‘(piiv., 230 

This acid (1.15 g.) along with beiizenesulphonyl eliloride 
(1.77 g.), dry i>yri(lim‘ (2 ee ) .and alcohol-frei' chloroform 
(35 ee.) wa.s kept overnight and then refltixod for three hours. 
After some tinu' th<‘ solution was filterial and extracted with 
sodium biearhonali' solution. Tli(‘ extract W'as washed with 
ether, aeidifk'd and thoroughly (‘xtraeted witli henztw. 
Kvaporation of the drie<l benzene extract and crystallization 
of the re.sidue from methanol gave* colorless plates (20 mg.), 
m.p. 198-200' alone oi inixc'd with eaproylarninoti'tramic 
arid. Tire ferric chl()ri<lc reaction was also the .same as that 
of the tetramic acid. 

Benzoylamino-methylmaleic Anhydride {UoJJmann'a Coni'- 
pound) (Dewnir; Abraham. Ihiker, ('haiii and Hobirison, 
CPS.4^i^)' ]V(‘pai*e(l according to lOrleiirneyer (/icr., .5^, 
2484 (J{K)2)) the comi)ourid wars bc.st pur-ifieri by rccry.stal- 
lization from toluene (charcoal), forming larg(‘, eolorlejss 
jiri.sms, m.]). 159 159.5“. 

('ale. for ('UII9O4N: G, 62.3; H, 3.9 
Found: (', 62.5; II. 4.0 

The absorjition speetruin in ether had maxima at 2,370 A 
(Km 8,450) and 3,070 A (Em 10,140). 

With aniline in boiling toluene the phonylimide was 
formed, pale yellow^ prisms, m.p. 119 -120°, from alcohol. 

(^alc. for ('iHlluOaNj: (', 70.6; II, 4.6. N, 9.2 
Found: (\ 70.3; II, 4.1; x\, 9.2 

Cinnamoylamino-methylmaleic Anhydride {CPS.4i0). A 
mixture of pyruvic acid (8.8 g.), ciimamoylglycine (20.5 g.), 
fused sodium aeetatc' (8.2 g.) and acetic anhydride (30 ec.) 
wris heated until reaction began; vvlu'n it had subsided, the 
mixture was h(*ated for t('n minutes on a steam bath, cooled 
and digested with wniter. The orange powder (19.3 g.; 
75G ) was recrystallized from toluene, forming bright yc4Iow 
prisms, m.p. 205-206°, of the maleic anhydride. This was 
dried at 100°/0.1 inm. 

Calc, for ('u 1 I,i 04N: C, 65.4; H, 4.3; N, 5.4 
Found: C, 65.4; H, 4.5; N, 5.5 

The absorption spectrum in ether had maxima at 2,300 A 
(Em 9,260) and 3,210 A (Em 23,150). 

Reaction of Hoffmann’s Compound with Benzylamine 
(NlUtL, C.14)‘ The compound (2(K) mg.) was added to 
benzylamine (0.5 ee.). After standing overnight the result¬ 
ing mass of crystals was dissolved in ether and the solution 
extracted with an excess of dilute alkali. The other solution 
was then eoneentratt'd to giv<‘ a white powder (258 mg.). 
From this material wen' obtained two crystalline compounds, 
A and B4 m.p. 215-217° and 169-171 ° respectively; the latter 
was more soluble in acetone. Analyses (‘.orrc.sponded to the 
formulae CLXXII and CLXXIIl (p. 773). 

('ale. for ('33H340.,N4: (', 74.1; H, 6.4; N, 10.5 
Found for A: (', 73.6; II, 6.4; N, 10.3 

Found for B: C, 74.0; 11, 6.6; N, 10,2 

THl.\ZOLONES 

Condensation of Phenylthioacetylglycine and Ethyl Ortho¬ 
formate. Compound CLXXV (Abraham, Baker, C'hain and 
Bobinson, CPB.74)^ Phen34thinacetylglycine (2.09 g.), 
ethyl orthoformate (1.48 g.) and acetic anhydride (2.04 g.) 
were kept at 45° for one and one-half hours. On cooling and 
stirring red needles were deposited; these were collected 
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HTul washed well with cold alcohol. Addition of the wash- 
injijs to the filtratt) caused tho sc’paratioii of more material 
(0.4 g.; total 1.05 liocrystallization of the compound 
from benzene-liKroin gave orange needles by rapid eooling 
but highly refracting r(»d-bro\vn prisms on slow cooling; from 
alcohol it separated in hair-fine orange needles. All the 
specimens had m.p. 157-158*^. A sample from alcohol was 
analyzed. 

Calc, for CjiHieOaN^Ss: (\ 04.3; II, 4.1; N, 7.2; 8, 10.3 
Found: C, 64.5; II, 4.3; N, 7.8; 8, 10.7; OEt, 0.0 

2-Benzyl-4-benzVlidene-6-thiazolone (CPS.74). Phenyl- 
thioacetylglycine (2.10 g.), benzaldehyde (1.00 g.) and acetic 
anhydride (5 cc.) were kept f<»r two hours at 50®. After 
cooling, the product (0.62 g.) was collcct(‘d and washed wdth 
alcohol; after two crystallizations from alcohol it was ob¬ 
tained in long, very faintly yellow prisms, m.p. 96®. 

Calc, for CnUijONS: C, 73.1; H, 4,7; N, 5.0; S, 11.5 
Found: C, 72.8; II, 4.8; N, 5.3; 8, 11.0 

Higher reaction temperature gave an inferior product. 

Phenylthioacetylglycine Esters and Their Formylation 
Products (Squibb, 30; 32). The mctliyl ester was 

prepared by tho action of ethereal diazomethane on the 
acid; the ethyl ester by treatment of glycine ethyl ester wdth 
phenyldithioacetic acid. Both est<‘rs were obtained as 
uncrystallizable syrups. 

The methyl ester (1.1 g.) was added to a mixture of ethyl 
formate (1.5 cc.) and sodium ethoxide (from 0.11 g. Na) in 
alcohol (10 cc.). The mixture was kept for twelve hours in a 
n^frigcjrator and the brownish semicrystalline deposit 
(900 mg.) centrifuged and washed with ether. Addition 
of the washings to the original supernatant precipitated a 
second crop which wa.s collected and wa.shed with ether 
(1.0 g.). A solution of the first crop (500 mg.) in water 
(5 cc.) was gradually acidified with IV IICl. A small amount 
of gummy material, which was removed, was followed by pale 
yellow crystalline material, which was washed with water 
and recrystallized from methanol with the minimum 
application of heat. The rectangular prisms thus obtained 
(about 100 mg.), as well as the mother-liquor, tended to 
darken on standing. The product melted at 163-164® after 
darkening at 140®, It gave a strong violet FeCU reaction in 
ethanol, as did its sodium salt in water. 


Calc, for CnHoOjNS: C, 60.2; H, 4.1; M, 6.4 
Foxind: C, 59.6, 60.1; H, 4.1, 4.4; N, 6.6 

It W'as concluded that the substance is 2-benzyM-hydroxy- 
methylene-5-thiazolone. 

'The same compound could be obtaiiu'd from the ethyl 
ester with sodium ethoxide (suspended in benzene) and 
ethyl formate, but the product was not so readily purified. 
The ultraviolet absorption in ethanol showed maxima at 
2,450 A (Em 14,000) and 3,150 A (Em 15,600); minima at 
2,250 A (Em 9,500) and 2,800 A (Em 7,000). In 1 % NajCOi 
there were maxima at 2,320 A (Em 12,000) and 3,150 A (Em 
15,000), and a minimum at 2,530 A (Em 3,000). In 0.1 N 
HCl (Merck, Af.43) there were maxima at 3,225 A (Em 
11,200) and 2,900 A (Em 10,600), and minima at 2,525 A 
(Em 2,400) and 3,050 A (Em 9,100). 

With p-nitrophenylhydrazine in acetic acid a compound 
was formed, m.p. 163-165® after shrinking at 160° (orange- 
red platelets with bluish lu.stor from aqueous acetic acid or 
ethanol). 

Calc, for C,7Hi408N48*}h0: C, 54.8; II, 4.3; N, 15.1 
Found: C, 55.4; II, 4.2; N, 15.0 

On dissolving equimolecular amounts of tho thiazolone and 
of aniline in ethanol, removing the solvent after one hour and 
recrystallizing the residue from a little ethanol, 2-benzyl-4- 
anilinomethylene-5-thiazolone was olituined; m.p. 138-140® 

Cak\ for (^rHuO.NaS: (\ 69.4; II, 4.8; N, 9.5 
Found: C, 69.3; H, 4.7; N, 9.9 

The ultraviolet absorjition curve showed maxima at 2,470 A 
(Em 13,500) and 3,800 A (Km 32,500), and a minimum at 
3,100 A (Em 1,250). 

This product was .also obtained (M.47) when N-j)henyl- 
thioa(;etyl-i8,/5-dicthoxyalanine (10.0 g.) in ether (125 cc.) 
was treated with acetic anhydride (50 ee ), tht* mixture 
refluxed for twenty-five minutes, and the residue after 
evaporation at 35 -40® in vacuo treated with aniline (10.0 cc.). 
The resulting solid was recry.stalii zed from ethanol to give a 
light yellow crystalline product (5.0 g.), m.p. 124-125®. 

Found: C, 69.5; H, 4.7 

On warming with N sodium hydroxide the sodium salt of 
2-benzyl-4-hydroxvmethylone-5-thiazolone was formed; this 
was converted to the free acid, m.p. 103-164®. 
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D-2-Benzyl“4-carbomethoxy-5,5-dimethyl- 

thiazoline.879 

D-2-Plienylaeetylaminomethyl-4-carbometh- 

oxy-5,5-dimetRylthiazoline.879 

D-2-Phenylacetylaminomethyl-4-carbometh« 
oxy-5,5-dimcthyIthiazolidine.879 


Phenaceturylglyciue.879 

N-Phenaceturylcysteine; Attempted Cycliz¬ 
ation .879 

DL-N-lIippurylpenicillamine.880 

Benzyl Thioliiippurate.880 

Diethyl Pheiiylacetylaminomalonale. . . . 880 
Monoethyl Ester of Phenylacetylamino- 

malonic Acid.880 
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hydrazidic Acid.881 
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Phenyiacetylaininomalonic Dihydrazide . . 881 
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N-(N'-Plienylacoty!-cr-carbethoxyglycyl)-pcni- 

cillamino.883 
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2-PhcnyI-‘l-earbetho.xy-5-mcthoxy-oxazolone 883 
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onc with Ethanol.884 
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Methyl Ester of N-(N'-Benzoyl-a-carbeth- 

oxyglycyl)-penicillamine.884 

Methyl Ester of N-(N'-Benzoyl-a-carbo- 

methoxyglycyl)-penicillamine.884 

n-Caproylaminomalonic Derivatives. . . . 884 
n-Caproylaminocyanoacctic Derivatives . . 884 
N-(N'-Caproyl-a-carbethoxyglycyl)-penicill- 

amine.884 
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acetal .888 
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drochloride.889 
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Attempted Condensation of Diethyl Oxalate 

with N-Form.ylglycine Ester.890 

Attempted Condensation of Ethyl a-Chloro- 
phcnylacetylaminoacetoacetate with Peni¬ 
cillamine .890 

Attempts to Prepare the Diethyl Ketal of 
Ethyl Q:-Chlorophenylacet y laminoacet o- 

acetate.890 

Ethyl a-Chlorophenylacctylarninomalonato; 
Atlemptod (/ondensation with Penicill¬ 
amine Methyl Ester. 890 

Attempted Cyclization of a-Clilorophenyl- 
acetylaminornalonie Acid Ester . . 891 

Attempts to Prepare the Tricyclic Structure 891 


Action of Phosgene on Methyl 4-Carl)ometh- 
oxy-5,5-dimethyl-a-amino-2-thiazoli(line- 
acetate; Reaction of Product with Benzyl- 
magnesium Chloride.891 


The structures which received the most attention 
in the synthetic studies were the oxazolone-thiaz- 
olidine (I) and the /5-Iactam (II) structures. For 
a limited time some attempts were made to ])repare 
the tricyclic structure (L) (p. 859). Many of the 
procedures which involved a cyclization in the final 
step were theoretically (*a))able of yielding either 
the oxazolone-thiazolidine or the /tf-lactam struc¬ 
ture. For this reason the attempts to prepare 
these two ’structures are discussed in the same 
section. The experiments leading to the tricyclic 
structure are discussed at the end of the chapter. 

Xlsually biological testing of the reaction mixtures 
for antii)iotic activity rather than isolation and 
chemical characterization of the products was em¬ 
ployed to ascertain the potential usefulnc'ss of a 
reaction. Activity was found in some of the prod¬ 
ucts, but only in traces; in no reaction was an 
activity observed which was greater than 1 2 units 
per mg. of crude product. In the experiments dis¬ 
cussed in this chapter no concerted efforts were 
made to isolate the active component when activity 
was obtained. The synthesis and isolation of active 
material is described in Chapter XXIII. 


i»-LACTAM AND OXAZOLONE-THIAZOLIDINE 
STRUCTURES 

From Penicilloic Acids and Derivatives, (a) 

From Acids and Estkrs. Numerous experiments 
were performed in attempts to ** activate” peni¬ 
cilloic acids and their esters. Examination of the 
formula for benzylpenicilloic acid (III, R = il) 
shows that the formation of structures I and II 


CeHftCHaC^NCH—CIISC(CHa)2 



NH—CHCO 2 H 


requires the elimination of a molecule of water 
from the acid. Attempts were made to accomplish 
this dehydration directly and indirectly through 


intermediates such as tin* acid halide and anhy¬ 
dride. In order to avoid complications that might 
arise from the presence of the jS-carboxyl group, 
similar experiments Avere carried out on the/5-eslers 
(III, 11 - alkyl) of the penicilloic acid; the result- 

CelUCIIaCONHCn—CTISC(CI1,)2 

I I 1 

C;o— N- CU CO2U 

II 

C«H5Cll2CONH(Ml- 

I I I 

VO.U NII-CTICO2R 

III 

ing penicillin esters, if formed, could then be 
hydrolyzed to the penicillin by the Merck procedure 
8). In a number of experiments the stabil¬ 
ity of benzylpenicillin or its i^-ester under the 
conditions of operation was determined. The re¬ 
agents and procedures which were employed were 
those known to indu(*e azlaclonization of acylamino 
acids or produce /5-lactams ((’liapter XXVI); in 
addition novel methods wore used which might have 
yielded either structure. 

The azlactonizing agents included acetic anhy¬ 
dride alone and with pyridine, acid chlorides, 
phosphorus trihalides, phosphorus oxychloride, 
phosphorus pentachloride, thionyl chloride, azlac- 
tones, and aroyl azides. Yarious dehydrating 
agents and adsorbents (calcium chloride, copper 
sulfate, phosphorus pentoxide, aluminum oxide, 
silieagel, Nuchar, etc.) were also tried. The benzyl- 
pciiieilloic aeid or its esters was used in the form of 
racemic mixtures and of optically active isomers 
(Chapter XMII) Avhich were obtained syntheti¬ 
cally or prepared from natural bent} lpeni(‘irin. In 
addition various homologs and analogs of benzyl- 
penieilloic acid were used. 4 he experiments which 
were jierformed arc shown in Table I. When the 
product was an ester, it was frequently hydrolyzed 
in order to obtain the much greater activity of the 
penicillinic acid, if present. As 1 as already been 
mentioned, traces of activity were occasionally 
observed. One of the earliest such observations 
appears to be that recorded by the workers at the 
Imperial ('’ollege (CF<S.J, 3). 

In the few instances that the products were 
characterized, it was found that penicillcnates (IV) 
were produced, it is apparent that azlaclonization 

C«H5CH2-C==NC==(^dI HSC(CH.02 

III I 

O-CO NH-CIICO 2 R 

IV 

occurred at some stage of tlie reaction but the 
thiazolidine ring was broken. In a number of 
experiments the extent of azlaclonization was deter¬ 
mined from the yield of the a-benzylamide of 
/3-methyl benzylpenicilloic acid (V) which was 
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produced on treatment of the reaction products 
with benzylamine (Tables III and IV) (Merck, 
M. 4 O, 17). In order to prevent the formation of 

C,H,CH*CONHCH—CnSC(CH,)s 

I I 1 

CJIsCIIaNHCO Nil—CHCOsNc 

V 

penicillenates, it was planned by various investi¬ 
gators to utilize 6-alkylpenicilloic acids (VI) and 
their derivatives. However, not a single peni- 
cilloic acid of this type has been isolated; experi- 

11 

CaHjCHjCONHC-CI1SC(CH,)2 

I i I 

COjll Nil—CnCOjH 

VI 

ments on Ihe preparation of the 6-buty] compound 
(VI, R = Ai-butyl) have come close to the goal 
(Cook, Graham, and Heilbron, CP^.552, 2). 

No activity resulted when the following thio 
derivative (VII) was treated with silver benzene- 

CeHsClI-yCNHCIT- CUSCiClh)^ 

S I II 

CO 2 H Nil- CH COsIl 

VII 

sulfonate in pyridine in an attempt to abstract 
the elements oi hydrogen sulfide and form the 
oxazolone-thiazolidino structure (Brodrick, Peak, 
Whitmont, and Wilson, CPS.692, 2). Apparently 
no reactions have been carried out on the following 
a-thio ester (VIII), which was presumably produced 

CfilliiCONHCll-ClbSC(Cn3)2 

COBMc 

vm 

by the addition of methyl mercaptan to the 
penicillenate (Merck, M. 6 S, 25); it was hoped to 
form the /3-lactam structure by thermal treatment 
of the thio ester. 

The procedures designed particularly to give the 
/S-lactam structure included the action of Grignard 
reagents and other systems on the a-alkyl and the 
dialkyl penicilloates. It was hoped that the ele¬ 
ments of ROMgX could be split off from stnictures 
such as IX, which could be formed as intermediates 

CeHsCllsCONHCH-CHSC(Cll8)2 

' 1 i 

CO 2 R XMgN-CHCO 2 R' 

R = alkyl; R' « H or alkyl 

IX 

by the action of the Grignard reagent (see Chapter 
XX VI). Th6 various compounds, reagents and con¬ 
ditions which were employed are shown in Table I, 
In a variation of this type of experiment, the 


a-ester of bcnzylpenicilloic acid was treated with 
n-butylmagnesium bromide and the resulting 
NMgBr group was carbonated to yield presumably 
X. No activity resulted when the salt was py- 
rolyzed at 210-250° (Parke-Davis, PD.22, 0). 

CellBCHaCONHCII-CHSC(CH3)2 

I 1 I 

CO 2 VA N-CH COaMgBr 

COaMgBr 

X 

Of particular interest is the result of the reaction 
between jS-methyl benzylpeni(‘illoate and phos¬ 
phorus tribromide in dioxane (see full discussion in 
Chapler XXIV). A 5.G // band, which has been 
considered characteristic of the carbonyl group of 
/3-lactvims (Chapter XX VT), is observed in the infra¬ 
red spectrum of the product. Attempts to obtain 
active luatorial by treatment of the reaction mix¬ 
ture during the first few minutes with diazomethane 
or with bases (in order to remove the acidic by¬ 
products) were unsuccessful. In the reaction 
betw'ccn ketcn(^ and /3-mctliyl l)cnzylpenicilloate 
(Mich, (liern., 4), an intermediate structure 

appeared (not the /3-laetam structure) ])efore a final 
penicillenate structure was tormed. 

In order to prevent azlactonization, N'^-methyl 
imd NM3enzyl /3-methyl benzylpenicilloatc (XI) 
(U])john, 7; Merck, A/.9,}, 5; but see Copp, 

Duffin, Smith, and Wilkiruson, CPS. 6 J^ 2 , 3, who 
bolic\c the compounds may be the a-csters) have 
been submitted to the action of jdiosphorus tri- 
bromido, thionyl chloride, and isobutyryl chloride, 

R 

CeHeCIIz-CONCH-C41SC(CH8)2 

I I I 

('O 2 II NH—CHCOsMe 
R = methyl or benzyl 

XI 

but no activity was obtained. Likewise no active 
products were obtained when the diesters of these 
compounds were treated with Grignard reagents. 

The parent jS-methyl ponicilloate (XII) failed to 
yield active material wdien treated with phosphorus 

HCONIICH-CllSC(CHa)2 

I 1 I 

CO 2 H NH—CHCO 2 MC 

XII 

trichloride in pyridine (Merck, M.63, 27) and addi¬ 
tion of phenylacetyl chloride to the product was 
without effect. Pyrolysis of the parent dimethyl 
penicilloate (Upjohn, V. 22 , 4) or treatment with 
isopropylmagnesium bromide or with mesityl- 
magnesium bromide produced no activity (Upjohn, 
U.20, 3). Similar treatment of XIII and the 
corresponding dimethylamino compound was like¬ 
wise without effect. 
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H2NCIL 


<mBC{CUz), 


COoMe N1Cl 1 COaMe 

XIII 


A number of schemes were proposed for obtain¬ 
ing the /5-lactarn structure by initially forming a 
five to eight-membered ring of such a nature that 
the iS-laclam ring could be produced by elimination 
of the elements of carbon monoxide, carbon dioxide, 
nitrogen and the like. Se\eral such projects uti¬ 
lized /3-methyl benzylpenicilloate or its sodium salt. 
In one the /3-methyl benzylpenicilloate was treated 
with phosgene in the hope of obtaining XIV from 
which car})on dioxide could be eliminated. The 
ester, however, failed to react with phosgene in 

CflllhCIIsCONHCH-CHS.C(CIT3)2 

I I 1 

(H)-()CO-N -CIICO^Mc 

XIV 


dioxarie containing calcium carbonate; in pyridine 
a solid of unknown structure was produced (Parke- 
Davis, PI).22, 7). Treatment of the* sodium or 
the lead salt with phosgene fail(*d to give the desired 
result {PD 22, 7). 

The addition of oxalyl chloride to the sodium 
salt of /3-inethyl benzylpcnuMlIoate failed to give 
XV. It was planned to eliminate carbon dioxide 
and carbon monoxide from Ihe cyclic compound by 
pyrolysis (Merck, /lA.J?, 11). In another reaction 

CelLCHiCONIJCH- -CTI-S*C(CH3)2 

I I I 

CO O CO CO N- -Cll CO,Me 

XV 


the sodium salt of /3-methyl l)enzylpenicilloate was 
treated with a-bromobenzyl benzoate, C^IUCO- 
OCHBr (%H6, prepared from benzoyl bromide and 
benzaldehyde, in the hope of obtaining XVI, wliich 
was expected to lose the elements of benzaldehyde 


CeHfiCIIsCO-NILCH-CH-SC(CIl3)2 


COaCII—N-CIICOjMe 


CgHb 

XVI 


and form the /3-lactam structure (Mich. Chem., 
2). With aniline, a-bromobenzyl benzoate 
is reported to react in the following manner 
(Adams and Vollweiler, J. Am. Chem. Soc., Jfi, 1732 
(1918)): 

CaHaCH O CO C«Hb + 

Br 


CaHaCHNH-CaHi + CeHaCOOH 

Br 

By analogy the penicilloate was expected to yield 
the intermediate XVII, which would lose NaBr and 


form the desired compound When th(‘ leaction 
product was heated, only slight activity was i)ro- 
duced. In a similar type of e\i)eriment (Mich 
Chem., B.If), 1), the N^-methyl derivative was 
employed, the sodium salt w^as treated with o\alyl 
chloride in order to form the acid chloride and this 

(MisCiis CO Mi(^j] -(^11 St \n] 

I I I 

Nti(),(’ lirCIIN- ('HC’OiMe 

I 

eju 

XVII 

without isolation was treated with formaldehyde 
with the intended formation of XVIII. The 
product of the reactions, which was not isolated or 
charaeterizod, w’as treated w^ith pyridine to eflVed 


C6ll5Cil2 (n) N C'll-C'll S i\CUz)2 

I I I 

(’()..(’n.,ci MI- (’ll (’().,]\io 

XVIII 

ring closure, but no activity was piodueed. The 
supposed a-aeid i3-ester wdiich was used in the 
experiment had been prepared by half hydrolysis 
of the dicster; according to Copp, Duffin, Smith, 
and Wilkinson {CPS.G 42 f 3), the /3-cster grouj) of 
the NMnethyl derivative is hydrolyzed first 

(b) Fkom the a-AMiDE. Attempts to form the 
/8-lactarn structure by the action of heat (Calat 
and Elion, J. Am. Chem. Soc., 65, 1600 (1913)) on 
the hydrochloride of the a-amide of phcuiylpeni- 

RCONITCH-CnS(X( TL)2 

I I I 

CON Ha Nir-^-Cll COaR' 

XIX 

cilloic acid (XIX, R = CelR; R' == H) (Newbery, 
Nineham, and Raphael, CPB.67.i, 2) and by the 
action of the boron trifiuoride ether complex 
(Sowa and Nieuwland, J. Am. Chem. Soc., 59, 1202 
(1937)) on the a-amide of /3-methyl benzylpeni¬ 
cilloate (XIX, R = CellsCIIs; R' = CHs) (Merck, 
M.55f 18) were unsuccessful. No elimination of 
ammonium chloride took place on heating the 
hydrochloride of the amide alone or in a solvent; 
below 110° the amide was unchanged and above this 
temperature it suffered decomposition. In the 
boron trifluoride reaction there w'as no separation of 
BFa’NHa in dioxane at 100°, which should have 
occurred if the desired reaction had taken place. 

By the action of nitrous acid on the amide it was 
hoped (Squibb, S. 42 , 9; 44, LI; 47, 13; Mich. 
Chem., 73./^, 3) that the triazine (XX) would be 

CaHaCHa-CO-NHCH-CILS*C(CH8)2 

I 1 I 

CON=NN-CHCO,H 

XX 
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formed through the intermediate 4-nitroso deriva¬ 
tive. From the triazine the f?-lactam structure 
might be produced by elimination of nitrogen. 
Precedent for the formation of a triazine by this 
type of reaction was furnished by the following 
reaction in the aromatic series (Finger, J, prakL 
Chem,^ 37y 431 (1888)). Treatment of the supposed 


NH2 



IINO 2 


Nil 


CONHj 


CO 


+ 2 HsO 


4-nitroso derivative of the a-amide of /3-mcthyl 
benzylpenicilloate with methanolic potassium hy¬ 
droxide or with sodium hydroxide in dioxane and 
water yielded a crystalline material whose analysis 
agreed with that of the triazine except for rnethoxyl. 
No antibiotic activity resulted on thermal treat¬ 
ment of the compound (Squibb, S.44j lb). 

(c) From the a-HYDRAziDE. It was- not found 
possible to obtain significantly active material 
from the product obtained by the action of nitrous 
acid on the a-hydrazide of benzylpenicilloic acid 
and of phenylpcnicilloic acid. The supposed azide 

CeHfiCHjCONHCH-CHSC(CH3)2 

I I I 

CO N3 NH—CH CO2H 

XXI 


(XXI) was kept in pyridine (Mich. Chem., B.lSy 6; 
Merck, MMO, 17), in aqueous sodium bicarbonate 
(Mich. Chem., B.12y 7), in dry chloroform over¬ 
night, and in pH 7 phosphate buffer (Merck, M.60, 
17). In the latter solution a slight activity was 
obser\*ed, but it was suggested that sodium azide 
was responsible for this effect, since this salt has an 
apparent activity of 1.5 U/mg. (MMO, 17). An 
activity of 0.5 to 2 U/mg. was observed when the 
azide from the a-hydrazide of phenylpcnicilloic acid 
was placed in phosphate buffer (Copp, Duffin, 
Smith, and Wilkinson, CP 8 , 424 , 2). When the 
azide was extracted into chloroform and the solu¬ 
tion was allowed to stand for some time a small 
amount of the corresponding penicillenate was 
isolated. The N®-mcthyl and N*-benzyl 9-phenyl- 
pcnicilloates, compounds incapable of forming 
penicillenates, failed to form hydrazides (Copp, 
Duffin, Smith, and Wilkinson, CPS,642y 3). 

(d) From N ^-Acylrenicilloates. Stimulated 
by the successful preparation of model /^-lactams 
by pyrolysis of certain /S-acylamino acids (Chapter 
XXVI), the /S-methyl esters of N^-acylpenicilloic 
acid (XXII) were submitted to pyrolysis in the 

CelleCH^CO-NII-CH-CHSC(CH8)s 

COOH N-in COjMe 

I 

COR 


hope of eliminating the elements of the carboxylic 
acid RCO 2 H. No active material was obtained by 
pyrolysis of the N^-formyl and the NMsobutyryl 
compounds (Shell, Sh.9y 113; Merck, MMy 16). 
The failure may be attributed in part to the ease 
with which decarboxylation of the a-carboxyl group 
of penicilloic acids occurs. Pyrolysis of the diester 
of N^-acetyl-N®-methyl-9-phenylpenicilloic acid 
yielded slight antibiotic activity (Copp, Duffin, 
Smith, and Wilkinson, CPSM 42 y 4), but no activity 
was obtained from the corresponding NMsobutyryl 
comi)ound or from the amorphous acidic material 
formed from the first diester and one equivalent of 
alkali. 

N^-Carbobenzyloxybenzylpcnicilloic acid or its 
iS-methyl ester was treated with acetic anhydride, 
with benzoyl chloride, with phosphorus penta- 
chloridc, and with thionyl chloride, and the desdi- 
methyl compound was allowed to react with 
phosphorus trichloride in chloroform. It W'as con¬ 
sidered that the carbobenzyloxy group would stabil¬ 
ize the thiazolidine ring and thus make it possible 
to obtain an oxazolone-thiazolidine structure. It 
w^as planned to obtain the oxazolonc-thiazol- 
idinc structure by subsequent removal of the 
carbobenzyloxy group (preferably by catalytic hy¬ 
drogenation, although it had been found that 
dcbenzylation of the carl^obcnzyloxy group in the 
starting penicilloate could not be effected by 
hydrogenolysis). When N M)enzoylbenzylpenicil- 
loic acid was treated with acetic anhydride at room 
temperature and then with aniline, hydrogen 
sulfide was evolved and the anilide of N-benzoyl- 
amino-i9,iS-dimethylacrylic acid was produced (Cor¬ 
nell Bioch., 0,19,11). 


C(CH3)2 

II 

C,H»CO-NHCCONHCeH6 

Cyclization of the dimethyl ester of N^-carbo- 
phenoxybenzylpenicilloic acid through the Dieck- 
mann method failed with isopropylmagnesium 
bromide as the condensing agent (Merck, M.65, 
22); it w'as hoped to prepare X3QII, from which the 


COaMe 

C«H»CH»-CONHC—CHSC(CH,), 

H I I 

C«H6()0C—N-CHC 


COaMe 


COsMe 

CeH*CHs-CONH-C-CHSC’CCH,)* 

io—ll-CH-COjMe 

xxm 


xxn 


jS-lactam structure would be produced by hydrolysiB 
and decarboxylation. Similarly the dimethyl ester 
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of N*-methoxalylbenzylpenicilloic acid failed to 
cyclize to XXTV on treatment with sodium methox- 
ide, with triphenylmcthyl sodium, with boron 

COsMe 

C,II,CH,C0N11C-CHSC(CH,)i 

I I I 

COCON -CHCOjMc 

XXIV 

trifluoride, or with isopropylmagncsium bromide 
(Merck, M.6S, 22). From the cyclic compound it 
was planned to prepare XXV from which the 

CeH^CHsCONIICH-CHSC(CII,)s 

I I I 

COCON -CHCOjH 

XXV 

/9-lactam structure was to be obtained by dccarbon- 
ylation. It has been proposed to prepare the 
/8-lactam structure by electrolyzing XXVI (Merck, 
M.6S, 24), but no results have been reported. 

C.HsCH,CONHCH-CHS-C(CH,,)j 

I I I 

COr N-CHCOsMe 

(JOCO 2 - 

XXVI 

When the barium salt of XXVI was decomposed by 
heating for a few seconds at 270°, no biologically 
active material was formed (Merck, M.73, 7). 

From N-Penaldylpenicillamine. The possible 
preparation of the /3-lactam structure from XXVII 
(N - (N'-phoiiylacctyl-i3,i3-diethoxyalanyl)-penicill- 
amine) was envivsaged early. The desired com¬ 
pounds were made through the following sequence 
of reactions: 

RCO-NH*riIClI(OEt)2 

I 

COsEt 


penaldylpenicillamine was prepared (Mich. Chem., 
5), it w’as not identified, and the free aldehyde 
of this compound or of thcN-benzylpenaldylpenicill- 
amine compound has not been isolated. No signifi¬ 
cant activity resulted when various compounds of 
type XXVII (acetals of N-bcnzyli)enaldylpeni- 
cillamine, N-phenylpenaldylpenicillamine, N-ben- 
zylpenaldylcysteinc, etc.) were submitted to the 
action of heat (the dimethyl acetal of N-benzyl- 
penaldyl-D-penicillaminc at 150°/10 mil utes gave 
0.5 IJ/mg.; Squibb, S,S7, 3), to the action of 
acetic acid alone or with I % sulfuric acid, or to the 
action of pyridine, of pyridine hydrochloride (the 
dimethylacetal of N-benzylpenaldyl-D-penicillamine 
at 140°/5 minutes gave 0.21 U/mg.; Squibb, S.S7y 
3), or of hot acetic anhydride followed by heating 
in pyridine containing a trace of benzoyl chloride 
(trace of activity, Cornell Bioch., D.S7y 5). Treat¬ 
ment of the methyl ester was no better (5.5.9, 4). 
These results are in harmony with the difficulty of 
preparing N-acylthiazolidines from aldehydes and 
N-acylcysteine or N-acylpenicillamiiie ((Chapter 
XXV). 

Wlien the acetal of N-phonylpcnaldylpcnicill- 
amine was treated with acetic anhydride (cold or at 
35°) or with phosphorus tribromide, the product 
appeared to be the oxazolone XXVIII involving the 

C6ll5CONII.ril.(TI(()Eth 

I 

C--XCUC(CH,)2 

I I I 

O-(H) SH 

XXVIII 

penicillamine carboxyl group ((>opp, Duffiri, Smith, 
and Wilkinson, CPS.SJfOy 4). From 2-benzyl-4- 
methoxymethylene-5(4)-oxazolone and n-penicill- 
aminc methyl ester a sulfhydryl compound was 
obtained (Merck, M.40y 14) which appeared to^be 
XXIX. This on being warmed in ether was trans¬ 
formed into an isomeric product (possibly XXIXa 
or XXIXb) which gave no test for sulfhydryl. 


RCONHCHCH(OEt)2 

/lONHNHj 

RCONHCnCH(OEt)» 

io-N, 

RCONHCHCH(OEt)2 HSC(CH,), 

io-NH-iHCOtH 

xxvn 

The direct formylation of phenaceturylpenicill- 
amine by the action of ethyl formate and sodium 
on the ethyl ester was unsuccessful. Although a 
2,4-dinitrophenylhydrazone of the product obtained 
on mild add hydrolysis of the acetal of N4)enzyl- 


C.H5CII2CONH C--CHOCH, IIS-C(CH,)2 


CO 


-NH-CHCOOCII, 


XXIX 

OMe 

C.IItCIIs-CO'NH-CH—CIISC(CH,), 

CO—NH—CHCOaMe 

XXIXa 

CILOMe 

I 

C,H6CH*-C0NHC—S—C(CH,), 

ioNH-ilICO,Me 

XXIXb 
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Wh(m the isomeric product was heated with pyri¬ 
dine (75’'8()‘^/2 hours) or in xylene (16 hours) with 
a trace of diethylamine, no activity resulted 
(Merck, MJS, 26). 

In order to have a more reactive Nil ^roup for 
cyclization, attempts have been made to prepare 
the amidine XXX (Squibb, S.37j 5) but without 
success. 

C6H6Cll2C()-NHCHCH(OEt)2 1ISC(CH3)2 

I I 

1IN=-=C-NH(TI(X)2n 

XXX 

From Penicillenates. Attempts to effect cycliza¬ 
tion of penicillenates (IV) with the formation of a 
thiazolidine ring (by the addition of the C-SII group 
to the C'“=CH group) were fruitless. No activity 
resulted when methyl benzylpenicillenate was kept 
in pyridine at room temperature for a day. The 
amylpenicillenate was treated in a similar fashion 
(Merck, 26). From the crude reaction 

mixtures containing pcnicillenate which were ob¬ 
tained from penicillamine and 2-benzyl-4-alko\y-5- 
oxazolone, no activity was produced by heating in 
toluene alone or with ascaridole, benzoyl peroxide. 
N-ethylpiperidine, iodine or by treatment with 
pyridine and cupric acetate (Merck, M.23, 25). 

From Penillic Acid. The conversion of peni- 
cillinic acid into the isomeric penillic acid in acid 
solution (Chapter VI) prompted attempts to cause 
penillic acid to revert to penicillinic acid. The 
successful synthesis ((chapter VI) of dimethyl 
penillate would make such a method a feasible one 
for the preparation of penicillins. The following 
treatments failed to accomplish the isomerization; 
ultraviolet irradiation, aluminum chloride in diox- 
ane, aluminum tert.-butoxide in dioxAne, pyridine 
+ ascaridole, pyridine + perbenzoic acid (Lilly, 
L.P, 3), various acids in ethylene dichloride, boron 
trifluoride, phenyl isocyanate (Merck, M.53^ 1). 

From Oxazole-Thiazolidines, Treatment of the 
oxazole-thiazolidine XXXI with warm pyridine 


By Condensation of Substituted 4*Alkoxymethyl* 
eneoxazolones with Penicillamine. The formation 
of biologi(»ally active material with the properties 
of the ixniicillins trom these reagents is described 
in (/haptcr XXIII. 

By Addition of Thiazolines to Oxazolones, Ox- 
azoles and Ketenes. No activity was found in the 
products of the reaction between 2-benzyl-5-oxaz- 
olone and the metliyl ester of 5,5-dimethyl-AHhiaz- 
oline-4-carbo\ylic acid alone and in solvents under 
various conditions (heat; iodine; pyridine; tri- 
ethylamine; dibenzoyl peroxide) (Merck, M.dO, 12; 
63y 19; 60y 13). The product obtained by heating 
a mixture of the two components at 100° for ten 

CJI5CH2C--NCII2 (^1IS(XCI18)2 

I I + I! I 

O-CO N-CTI-COsMe 

minutes appeared to contain methyl benzylpeni- 
cillenate, which was considered to have been formed 
through an oxazolone-thiazolidinc intermediate 
(Merck. ALOSy 19). 

l''he similarity in stnicture between 5-alkoxyox- 
azoles and ketene acetal suggested the attemj.ted 
addition of the oxazole to a thiazoline However, 
no active products were obtained from the con¬ 
densation of equimolar (juantities of 2-phenyl- 
or of 2-w-amyl-5-etho\yoxazole and the methyl 
ester of 5,5-dimethyl-A2-thiazoline-4-carboxylic acid 
(Merck, M.63y 20). 

R C -N<TT 

I || U == phenyl or w-amyl 

O-COEt 

The preparation of /3-lactams by addition of 
ketenes to the (' ~N group of various compounds 
is discussed in Chapter XXVI For the prepara¬ 
tion of the iS-lactam structure it would be necessary 
to have acylaminokctenes for reaction with the 
methyl ester of 5,5-dimethyl-A2-thiazoline-4-carb- 
oxylic acid. Such substituted ketenes arc not 
known. In an attempt to form phenylacetylamino- 


CeHsC’-N'C 

I II 
o 


CCl NH 

XXXI 


cns-c(cii,)s 


COjH 


yielded material with slight activity (0.25-0.5 
U/mg.); the activity was destroyed by penicillinase 
(Goldsworthy, Robinson, Abraham, liaker, and 
Chain, CPSMO, 5). 

The prodviet of the condensation of 2-benzyl-4- 
oxazolecarbonyl chloride and penicillamine methyl 
ester was considered to be probably the acylpeni- 
cillamine derivative XXXII (Merck, M.63, 21). 


C.H,CHs-C=NC-CO 


i- 


-CH NH- 

xxxn 


IIS-C(CH,)j 

—in-' 


COsMe 


RCO-NH-CH CHSC(CH,), 

II +11 I 

0^0 N-CHCOsMe 

ketene (Mich. Chem., 1), phenylacetyl isocya¬ 
nate, C 6 lIbCIl 2 CONC(), was prepared from phenyl 
acetyl chloride and mercurous isocyanate, and 
treated with hydrogen chloride to give presumably 
phenylacetylcarbamyl chloride, C 6 H 2 CH 2 *CO Nn- 
COC^l. The chloride reacted readily with ammonia 
to yield phenaceturamide. The acid chloride was 
treated with an excess of diazomethane, and 
the supposed diazoketone, CeHsCHs-CO-NH-CO*- 
CHN 2 , without isolation or characterization, was 
rearranged with silver oxide in the presence of the 
methyl ester of 6,5-dimethyl-A®-thiazoline-4-carb- 
oxylic acid. 
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C,H*CH*C0NHC0CTIN2 


-►C6ll5CH2-CONIl-ril=C()(?) + Nj 


Although some activity was observed in the 
products, the results were not reproducible. 

From Oxazolone-Thiazolines. A number of in¬ 
vestigations were concerned with the prej)aration 
of a “dchydropenicillin” of the type XXXIIIa or 
XXXIIIb which on reduction would give the 


c,H6CH2C---n-(’II— cs-r(CTi,)2 


0 —CO N—CHCOJI 

XXXIIIa 


(’slltCIIj C- NC- -C ■ S • C(('ll8)2 

I I I I 

0—CO NH—CH(X)..n 

XXXIIIb 

oxazolonc-thiazolidine stnictiiro. In exploratory 
exporimonts N-phenacoturylpc'uicillarnino was pre¬ 
pared from plicnaceluryl azide and penicillamine. 
When the comi)ound was treated with an ethereal 
solution of hydrogen chloride (of. Merck, M.Sd, 1), 
a crystalline product was formed which had the 
correct analysis for the hydrochloride of XXXIV 
(2-i)henylacctylaminornet]iyI-r),5-dirnethyl-A^-thiaz- 
oline-4-carboxylic acid) (Mich. Chern., 3). 

The methyl ester of XXXIV was obtained by con- 

(^flllbCIIaCONirCHsC^O IIS(:(CH3)2 

I I 

Nil-CTICO 2 H 

C6n6Cii2CO-Niicii2(^*tS'C(cn3)2 

i| I 

N—CIICO^lI 

XXXIV 

densation of phenylacetylaminoacetimino ethyl 
and methyl ether and penicillamine methyl ester 
hydrochloride (Abraham, Baker, Chain, and Rob¬ 
inson, CPS,4^3, 3). A remarkable feature was the 

CeHftCHaCONH-CHgC—NH nSC(CH8)2 

1 + I 

OR HaNCHCOaMe 

Methyl ester of XXXIV 


malonic ester (XXXV) was half hydrolyzed to the 
acid ester (XXXVI), this was converted into the 
acid hydrazidc, and the azide (XXXVII) was 
coupled with penicillamine in dilute alkaline solu¬ 
tion to the desired compound In ethereal hydro- 

llaN-Cll CihKt CflUbCTIaC^O NH CTl CO.Kt 

1 I 

('‘OzKt CXIaEt 

XXXV 

CcrRCHsCXlNIICIlCXlaH 

COalCt 

XXXVI 

(^oIRC^H/Xl NII ('lI.(X)2ll pen.nllnimn^^ 

(X)N3 

XXXVII 

CbHsCIlaCONIICTI-(X) ITSXX(^ri.d2 

I I I 

CO.H Nil- VIICO 2 B 

XXXVIII 

gen chloride the compound appeared to react, but 
insuflicient crystalline material was isolated for 
characterization (Mich. Chem., 2). In a 

similar fashion the acid azide of benzoylamino- 
malonic acid was coupled with penicillamine and 
\vith penicillamine methyl ester but the products 
were not obtained in crystalline form (1 CM., 
CPSM34, 5) No definite products were obtained 
from the methyl ester of N-phenaccturylpenicill- 
amine and ethyl orthoformate, thioformamide, or 
chloroform (Merck, M,65y 14). 

Another approach employed the oxazolone 
XXXIX (2-benzyl-4-carbetho\:y-r)-oxazolonc) which 
was prepared from the half ester of phenylacetyl- 
aminomalonic acid and acetic anhydride (Mich. 
Chem., B.S, 4; Bentley, Cook, Harris, and Ileilbron, 
CPS.386, 5). The oxazolone, whieli was not ob- 

C6HbCH2-C--NCHC02Et 



XXXIX 


almost instantaneous formation of the imino ether 
hydrochloride from phenylacetylaminoacetonitrile 
and the appropriate alcohol and hydrogen chloride 
in dioxane. Reduction of the condensation prod¬ 
uct in moist ether by aluminum amalgam yielded 
methyl benzylpenilloate, the structure of which 
was established by its facile fission with mercuric 
chloride and the isolation of benzylpenilloaldehyde 
2,4-dinitrophenylhydrazone in 52% yield. 

N-(N'-PhenylacetyIcarboxyglycyl)-penicillamine 
(XXXVIII) was prepared through the following 
series of reactions: aminomalonic ester was pheiiyl- 
acetylated and the resulting phenylacetylamino- 


CeHsCIIzCO-NHCHCOsEt 

I 

C0NHC6H4‘CH8 

XL 

tained in crystalline form, reacted readily with 
p-toluidine to give presumably XL as a crystal¬ 
line derivative. With penicillamine methyl ester, 
N-(N'-phenylacetylcarbcthoxyglycyl)-penicilIamine 


CeHsCHsCO-NHCH-CO HSC(CH8)2 


COsEt Nil-CIlC() 2 Me 

XLI 
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methyl ester XLI was obtained in crj’^stalline form; 
the cysteine analog was prepared in a similar 
manner. Attempts to convert XLI into the thiazol- 
ine by ethereal hydrogen chloride were iinsiicessful 
(Mich. Chem.^ 3). Similar results were 

observed with the hippuryl analog (l.C.l., CP8.6S4y 
5); it failed to cyclize in methanolic hydrogen 
chloride. 

In another procedure an attempt was made to 
condense 2-phenyloxazolone uith 2-keto-5,5-di- 
methyIthiazolidine-4-carboxylic acid in the presence 
of acetic anhydride and sodium acetate, but no 

Cfill6C^---NCH2 OC • S • C(C1U)2 

I I + I I 

0- CO Nil—CHCO.II 

recognizable products were isolated from the 
reaction mixture (Newbery and Raphael, CPS.478, 
2 ). 

The desired oxazolone-thiazoline (XXXIIla or 
XXXIHb) was successfully synthesized from the 
thiazoline derivative XLII, which can be prepared 
from penicillamine methyl ester and diethyl mal- 
onate (Cook, Elvidge, Heilbron, and Levy, CPS44^y 
5), or from carbethoxyacetimino ethyl ether 
(Barltrop, Abraham, Baker, Chain, and Robin¬ 
son, CPS488y 3). The thiazoline was nitrosated 
and the resulting isonitroso compound (XLIII) was 
reduced by sodium hydrosulfite in ammonia 
solution to the amino compound (XLIV) ((^ook, 
Elvidge, and Heilbron, CPSM9, 2). Pfienyl- 
acetylation of XLIV yielded the diester of dehydro- 
benzylpenicilloic acid XLV (R - CelLCHs, R' 
= Et, R" = Me) (Cook, Elvidge, and Heilbron, 
CPS.680^ 4). The a-benzyl /9-methyl ester was 
prepared similarly from carbobenzylo.xyacctimino 
ethyl ether hydrochloride. 

CHa-CSC(Cir3)2 

I li I 

CO,Et N—CHCOjMe 

XLII 

HON—C-rSC(CIl3)* 

I II J 

COjEt N—CHCOiMo 

XLIII 

HsNCn-(’SCCCII,), 

I II I 

COjEt N—CH COjMe 

XLIV 

RCONHCH-CS(XC’Il,)j 

I II I 

COsR' N—CH COjR" 

XLV 

Unlike the diesters of benzylpenicilloic acid, the 
jS-ester group was preferentially hydrolyzed when 
XLV (R = C,HsCHs, R' = Et, R" = Me) was 
treated with one equivalent of alkali. When the 


diester was heated with phosphorus pentachloride 
in chloroform, the elements of ethanol and not of 
water were eliminated and the thiazoline-oxazolone 
structure was produced (Cook, Elvidge, and Heil¬ 
bron, CPS.680, 4). Similarly, when the «-benzyl 
/S-methyl ester (XLV, R = R' - CJIsCH,, R" 
= Me) was so treated, it lost benzyl alcohol and 
the same thiazoline-oxazolone was produced. This 
curious formation of an oxazolone rather than an 
oxazole suggested that the precursors may have the 
structure ^YI» when removal of alcohol offers the 
only opportunity for cyclization; the final prod¬ 
uct would then have the stmeture XLVIa (R 
= CJRCH,, ir = Me) rather than XLVIb. The 
p-nitrobenzamido analogs of XLVI and XLVIa and 
the corresponding compounds of the caproamido 
series were prepared similarly. 

RCONII f’ C S C(CH,), 

COjir Nil—CH-COsR" 

XLVI 

Rr--=N(• S ■ C(CHa), 

I I I I 

O-CO NH—(^IlCOaR' 

XLVIa 

RC---N-CII—(^•S(X(^H3)2 

I I II I 

O-CO N—ClICOiR' 

XLVIb 

The structures XLVI and XLVIa are favored by 
the absorption spectra of these and analogous 
compounds. Several further properties of XLVIa 
(R = C 6 n 6 CH 2 , R' = Me) are compatible with the 
structure suggested. When this thiazolincoxaz- 
olone ester was hydrolyzed, a single acid (XXXIHb) 
was obtained which appeared to form a hydro¬ 
chloride and a hemihydrate. Treating this acid 
with a deficiency of diazomethane regenerated the 
original ester but treating with excess of diazome- 
thanc afforded a mixture of two dimethyl derivatives. 
These were isomeric, and exhibiting ultraviolet 
spectra indistinguishable from XLVIa (R == C^Hs- 
CII 2 , R' == Me), they are regarded as stereoisomeric 
{cis and trans) compounds (XLVic). Finally, XLV 

CeHsCIIaC-^NC---—-=CSC(CH8)2 

II II 

0 -CO MeN—CHCOaMe 

XLVIc 

(R = R' = C.H,CH,, R" = Me) was saponified 
under mild conditions to the a-benzyl dehydro- 
benzylpenicilloate (XLV, R = R' « C«HsCH8, R" 
= H) which was cyclized to the thiazolinyloxaz- 
olone XXXmb, identical with that obtained by 
saponifying the oxazolone XLVIa (R «= C«HiCHt, 
R' = Me). 

Many attempts have been maxie to reduce 
XXXmb and the caproamido analog and thwr 
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methyl esters to the penicillins or their esters. 
Among the methods were use of aluminum amalgam 
in moist ether or buffered aqueous solutions, 
hydrogen sulfide at 40-50®, hydrogen and Adams 
catalyst at room temperature and 1-90 atmos¬ 
pheres pressure, Raney nickel, palladium on 
charcoal or barium sulfate. In no case was any 
appreciable biological activity developed and in 
most cases some at least of the starting material 
was recovered unchanged. More vigorous reduc¬ 
tion of the methyl esters with amalgamated alumi¬ 
num led to breakdown to unidentified products. 
It is noteworthy that vigorous reduction by 
amalgamated aluminum of 4-carbomcthoxy-5,5- 
dimethyl-2-nitrosocarbethoxymcthylthiazolinc led 
easily to the ihiazolidine which with phenylacetyl 
chloride afforded 4-carbomethovy-5,5-dimethyl-3- 
phenylacetyl - 2 - phenylacetamidocarbethoxymeth- 
ylthiazolidine. 

In another procedure, a microcrystalline solid 
was obtained from the reaction between the chloro- 
benzylpcnicilloic acid XLVII and acetic anhydride 
and pyridine (Newbery and Raphael, CPS.37Sj 4). 
This is considered to be XXXIIIb (apparently no 
comparison was made with the same compound 
obtained above), but in view of the formation of 
XLVIII from the analogous chlorophenylacctyl- 
alanine under the same conditions, the product may 
have the structure XLIX. All attempts to reduce 

CJIr>CH(^ONIICH-rHS(XCTl3)2 

Cl III 

(X),n NH—(UlCOjH 

XLVII 

(’»n6cn-=c N -c cii, 

I I 

() CO 

XLVIII 

c,n»c]i=cN---c— chsc(ch,)2 

I t I I 

0 CO NH—CIICOsIl 

XLIX 

the “dchydrobenzylpcnicillin” failed (Newbery 
and Raphael, CPS.478, 3). The methods tried 
included; aluminum amalgam and water (unchang¬ 
ed), sodium amalgam and acetic acid (unchanged), 
iron powder and hot acetic acid (decomposition), 
electrolytic reduction (unchanged), zinc and acetic 
acid (mostly unchanged), zinc in phosphate buffer, 
catalytic reduction (catalysts poisone<l, no uptake 
of hydrogen with a protected palladium catalyst). 

TRICYCLIC STRUCTURE 

None of the experiments which were performed 
yielded the tricyclic structure L. No active prod¬ 
ucts were obtained from the action of phenylketene 
dimethylacetal on LI, or of benzotrichloride on the 
sodium salt of LI in the presence of sodium bicarbon- 


OC-CII—CHSC(CH3)2 

11 N<^ 

0--C-N-CH-CO,H 

I 

CJIsCIls 

L 

llOjC-CH-CllS-CXCHs), 

I I I 

Nllj Nil—(UI COjMe 

LI 

ate, triethylamine, or pyridine (Merck, M.5S, 28). 
In another approaiih, LII, prepared in crystalline 
form from phosgene and LI (Merck, M.55^ 8), was 
treated with benzyl magnesium chloride (Merck, 
M.67y 7) in the hope that addition of tlic Grignard 
reagent would occur, with the formation of LIII 
which would then undergo cyclization to the methyl 
ester of L. However, no activity was found in the 

MeOsCCH—CII'S(XCll3)2 

HN<(^ I 

CO—N-CII-COjMc 

LII 

MeOaC-ClI—CHS( ’(CHa)s 

IIN<^ I 

(MMgOC:-N-(’II(X)jMc 

I 

CoH.CJHi 

LIII 

product of the reaction. Subseciuently it was found 
that LII possessed an active hydrogen, and it was 
proposed to try butenylmagnesiiim bromide (Young 
and Roberts, J. Am. Chem. Soc,, 66^ 2131 (1944)). 

EXPERIMENTAL 

ATTEMPTS TO ACTIVATE PENICILLOIC ACIDS 
AND DERIVATIVES 

The experiments reported below are representative of the 
many recorded in th(‘ Tables. 

Action of Phosphorus Tribromide and Pyridine on 
/5-Methyl i)- 7 -Benzylpenicilloate (Merck, M.S7, IS). To 

l. 8 g. of /5-methyl D- 7 -l)enzylpenicillonte (0.00322 mole) 
in 15 ec. of anhydrous pyridine, cooled in an loc-bath, 
0.48 g. of phosphorus tnbromidc (0.(K)18 mole) was added. 
An orange color was produced, and a wliite precipitate 
(pyridine hydrobromide) deposited. After standing ten 
minutes in the cooling bath and one hour at room tempera¬ 
ture, the mixture was filten'd. Tlie pyridine solution was 
evaporated and the residue dissolved in chloroform. After 
being washed with dilute hydrochlorn* acid and th(‘n with 
aqueous sodium bicarbonate, the chloroform solution was 
dried and evaporated. The residue was treati’d with ether. 
A few milligrams of a semi-solid material remained undis¬ 
solved. Renzylamine was added to a portion of the ether 
solution. AftcT standing for about thirty-six hours at room 
temperature, ball-shaped crystal masses had deposited, 

m. p. IH-llC®. On the micro-stage tlie substance was ob¬ 
served to melt at 112-116°. Or>'stals reformed at 130° and 
finally melted at 154-158°. On recrystallization from 
metlmnol-ether the melting point became 115-117" (capil- 
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lary); after a ftocond recrystallization, m<p. 154-”100®; third 
recrystallization, m.p. 154-160° with previous softening. 

C'hIo. for (\ 63.27; H, 6.42; N, 9.22 

Found: (\ 63.17; II, 6.33; N, 9.30 

This corresponds to the a-benzylarnide of /?-inetliyl benzyl- 
penicilloate. The crude benzylaniiin^ reaction product 
appears to be a mixture. 

The remainder of the* ethf'r solution of the enuh* azlacton- 
ization product was evaporated to dryness. A dark brown 
resin was obtained, wliieh was inactive on in vitro penicillin 
assay and which exhibited an absorption spectrum with a 
peak at 3,200 A, ]^:m 5,700. 

Action of Benzoyl Chloride and Pyridine on jCi-Methyl 
i>-Benzylpenicilloate (Mi'rck, MJ7, 20). A solution of 

l. 5 g. of the acid ester in 100 ml. of chloroionn was cooled to 
0° and 1 g. of pyridine was added. To this solution was 
added 0.57 g. of benzoyl chloride in 10 ml. of chloroform and 
the reaction was iiHowed to proceed for fiftet'n minutes at 0 ° 
with stirring. Washing with a phosphate buth'r of pll 7.0 
and with water, followed by conci'iitration of thc'chloroform 
solution, yielded 1.1 g. of gum. Small portions of the gum 
were taken for determination of the ultraviolet ab.s()rption 
and for bioassay. The remainder of the gum was redia.solved 
in chloroform and washed with 5 % sodium bicarbonate s(»lu- 
tion at 5°, then witli water. On concentrating, n yield of 
590 mg. of residue was obtained- Portions of tliis gum were 
also submitted for bioassay and determination of the ultra¬ 
violet absorption. Both residuevs were inactive tn vitro. 
The ultraviolet absorption apc'ctra of the residues were very 
similar. Maxima at 3,200 A (Km 15,000) and 23,00 A 
(h^M 8,000) wTre found and after the l)iearhouate treatment 
the maxima were 3,200 A (Em 18,000) and 2,350 A (Km 
8 , 000 ). 

A portion of the gurn jdelded a /^-phenylethylamide of 

m. p. 153° in approximately 70% yield. 

dale, for 64.22; II, 6.25 

Found: (\ 64.18; U, 6.65 

Another portion of the gum yielded the benzylamide in 
approximately 80% jdeld, but the product was not c*asy to 
recrystnllize because it tended to separate in a gelatinous 
form. The material was filtered and dried satisfactorily 
to a granular product of m.p. 116-118°. 

Calc, for C 24 li*t 04 N,S: C, 63.27; H, 6.41; N 9,22 
Found: C, 63.13; 11, 6.3J; N, 9.39 

Action of Mesitoyl Chloride on /3-Methyl n-a-Benzyl- 
penicilloate at Dry Ice Temperature (Merck, M.47, 30). 
Synthetic /3-metliyl D-a-benzylpeiiieilloate was treated in a 
mixture of pyridine and ethylene dichlorido with one mole of 
mesitoyl chloride at dry ice temperature for fifteen minutes. 
Removal of the solvents left an oil which, dissolved in 
cliloroform, was washed thoroughly wdth cold 5 % sodium 
bicarbonate, cold dilute hydrochloric acid, and finally 
with water. A yellow Huffy solid remained after removal 
of the dried chloroform. Bioassay as the ester showed no 
activity; bioassay after hydrolysis showed activity of ap¬ 
proximately 0.05 U/mg. 

Action of Benzoyl Chloride and Pyridine on /3-Methyl 
D-a-Benzylpenicilloate (Merck, M.47f 30), To a solution 
of 1.49 g. of j3-methyl D-cr-benzyipenieilloate (4.17 millimoles) 
dissolved in 50 ml. of chloroform cooled in ice, 2 ml. of 
pyridine and 0.64 g. of benzoyl chloride (4.59 millimoles) 
were added. After standing fifteen minutes in an ice bath, 
the solution was extracted with aqueous sodium bicarbonate 
and then washed with w'ater. The chloroform solution was 
dried and evaporated under reduced pressure leaving a 
residue of 1,10 g. This material was inactive biologically 
when assayed in uitro. The ultraviolet absorption spectrum 
exhibited a peak at 3,175 A, Em 6,750. 

A portion of the material was titrated with benzylamine. 
It consumed 87 % of the benzylamine calculated on the basis 
of pure ‘'azlactone.'' The benzylamide isolated from this 
expt^riment melted at 110-113° (micro-block). On recrys¬ 


tallization from methanol-ether, it melted indefinitely, 
becoming completely melted at 160° (micro-block). It ap¬ 
peared to be identical with the amide previously obtained by 
a similar procedure from /3-metUyl D- 7 -l)enzyl penicilloatc. 

Action of Acetic Anhydride and Pyridine on /^-Methyl 
n-a-Benzylpenicilloate (Merck, M,47, 30). To a solution 
of 1.41 g. of /3-Tnethyl D-a-benzylpenicilloate (3.80 millimoles) 
in 10 cc. of dry pyridine (;ool(‘d in ice, 0.79 g. of acetic an- 
hj'dride (7.72 millimoles) was added. After standing in ice 
for thirty minutes, tlie solvent was evaporated under 
reduced pressure. The residue was dissolved in chloroform, 
washed with aqueous sodium bicarbonate and then with 
water. The chloroform solution was dried and evaporated 
under reduced pressure leaving a ivsidue of 0.40 g. This 
inat,erinl was inactive biologically when assayed in vitro. A 
portion of the material was titrated with benzylamine. It 
consumed 73% of the benzylamine calculated on the basis 
of pure ‘'azlactone.'^ No crystalline benzylamide could be 
isolated from tins experiment. 

Action of Acetic Anhydride on i>-5-BenzylpeniciUoic Acid 
(Squi])b, S.SSy 3). A 50 mg. sample of the levorotatory 
i>- 6 -pemcilloic acid was dissolved in 50 cc*. of phosphate 
buffer (/dl 6.7) and 0.5 ec. of acetic anhydride added. 3'he 
solution was allow^ed to stand for two hours at room tomp(*ra- 
tiire, and the pll of the solution, which at that time was 
4.85, w^as adjusted to /^II 6.5. Bioassay on the solution 
showed no activity. A sample of impure sodium penicillin 
was treated in exactly the same manner, and bioassay 
showed that that sample retained about 85% of its activity. 

A 50 mg. sample of the levorotatory D-5-penicilk)ic acid 
was siisptuuled in 50 cc. of anhydrous benzene and 5 cc. 
of anhydrous ether and the solution cooled in an ice bath. 
I^pon the addition of 2 cc. of pyridine, complete solution 
was obtained. Then 2 cc. of acetic anhydride was aiided to 
the w*ell stirred solution and the stirring continued for 
two hours. The reaction mixtvm* was extracted with phos¬ 
phate buffer (pH 6.7). Ihoassay showed no activity. \ 
second experiment was carried out in which no pyridine was 
added, and again the bio-assay showed no activity. 

Action of Acetic Anhydride and Pyridine on /3-Methyl 
n-n-Amylpenicilloate (Merck, M.!i7y 31). To a solution of 
0,76 g. of /3-methyl r>-n-amylpenicilloate (2.2 millimol(‘s) in 
5 ml. of pyridine cooled m ice, 0.45 g. of acetic anhydride 
(4.4 millimoles) was added. AftiT standing in an ice bath 
for fifteen minutes, the solvent was evaporated under 
reduced pressure. The residue was taken up in chloroform 
and extracted with aqueous sodium bicarbonate and then 
washed with water. The chloroform solution was dried 
and evaporated under reduced pressure, leaving 0.31 g. of a 
reddish oil. This material was inactive biologically when 
assayed in vitro. A benzylamide, m.p. 167-168°, was formed 
when the oil was allowi'd to react with benzylamine in 
benzene solution. On recrystallization from acetone the 
eubstanee melted at 170-171°. 

Attempts to Azlactonize /3-Methyl N^-Acyl-o-benzyl- 
penicilloates (Merck, M.47y 31). j3-Methyl N^-benzoyl-D- 7 - 
benzylpcnicilloate and /9-inethyl N*-acetyl-i)- 7 -benzylpeni- 
cilloate were treated with benzoyl chloride and acetic 
anhydride under various conditions. No crystalline prod¬ 
ucts were obtained, nor could crystalline benzylamine 
derivatives be prepared from the azlactonization mixtures. 

Stability of Methyl Benzylpenicillin to Azlactonizing 
Agents (Merck, M.43, 9). Methyl benzylpenicillin was 
assayed after treatment with certain azlactonizing agents. 
This study was inadfj in order to determine whether the 
azlactonizing conditions for synthesis of methyl benzyl- 
penicillin would destroy any of this substance which might be 
produced by the reaction. The results arc summarized 
in Table II (p. 866 ). They indicate relatively good stability 
under the conditions tested. 

Azlactonization Experiments on ^-Methyl n-Benzyl- 
penicilloate (Merck, M.4.0f 17). The results of several 
azlactonization experiments on /S-methyl D- 7 -benzylpenicil- 
loate with various reagents are listed in Table III. Similar 
results from azlactonization experiments on various samples 



ATTEMPTED SYNTHESES OF PENICILLINS 


861 


TABTiK I 

Experiments with Penicilloic Acids and Homologs 
A. Benzylperiicilloic Acids and Derivatives 
CillfiCILCONHCll-—CH.S.C(CH,)2 


roAi 

ict) 


(fi) 


Compound 

Reagent 

Medium 

(\)nditions* 

Ucfcrence, 

at,/3-Diacid 





D. . 

AcC’I 

pyridine 


D.iy, -J 


.^CaO 

pH 6, 7phosphate buffer 

RT*/0.5-2 hrs. 

D.15, 3 


AcjO 

water 

Initial treatment of di- 

19 




acid with hICllO/O** 



Br^Clf 

pyridine 

Initial treatment of di- 

M.SS, U) 




acid with IICIIO/O** 



rov\2 

pyridine 


4 

Mono-Na Salt C^yiithotic 

2-benzyl-4-niethyl-5- 

AcOJI 


P.ld, 10 

and natural). 

oxazolone 

2-benzyl-4-metliyl-5- 

dioxane 


/^/^, 10 


oxazolone 




2-ben zy 1-4 -in eth y 1 -5- 

a ret one 


10 


oxazolone 
inositoyl fhloiidet 

pyridine 

O"/!.'; min., thon 75V3« 

15 




min. 



mesitoN 1 chloiitlt'1 

pyridine 

O'Vl.5 min. 

20 

N^-Benzoyl Di-Na salt... 

A<-.()/Ac()N!i 


RT/30 min. 

D./P, 11 

9-Thio . 

I’hHO.Vul- 

pyridine-ehloroform 


C/’S 'ills, 6 

D (from penicillin). 

' "Vc.Ot 1 

\czO 

TtT/2 (iays 

M.J/, 10 


1 2“l)eiizvl- l-methvl-r)- 

AcOlI 

UT 

rjj, 2 


oxazolone 



Mono-Na salt. 

2-l)onzvI- l-im‘lhyI-5- 

AcOIf 


r.ifi, 10 


oxazolone 

2-l)euzy 1-1-inet hyl-5- 

dioxane 


/‘.lO, 10 


oxazolone 

2-benz'v 1- l-niet \\y l-fi- 

acetone 


P.ir^, 10 


oxazolone 

asearidolef 

pyridine 

100''/15 min. 

> L.P, 4 



ether 

UT 

L.l). 4 



acetone 

UT 

L.9, 4 


CO( 

benzene; dioxane 

UT 

Ui, 4 


SO( 

dioxane 

UT 

L.9, 3 


Ao,()t 

AcaO 

UT 

Af IS, 10 


AczOt 


UT; N2 led through for 

M.IS, 10 




7.5 hrs. 


D -7 (and epimerizcd). 

AliO^; C^aCL; silica gel; 

buffered solutions; ben¬ 

0™-10“/6 hrs. 

SSI, 3 


nucliar, etc. (Tal>le V) 

zene; benzene-dioxano; 
chloroform; dioxane 


S.SS, 3 


rnesitoyl chloride f 

pyridine 

0710 min. 

M.S3, 19 

D-y 





N ^carbobenzyloxy. 

AciO 


warm 

Af.sr, 16 




IViCA 

pyridine 

0 ° 

A/.57, 15 

... 

AC 2 O 

ether-benzene 

072 hrs. 

S.S3, 3 


AC 2 O 

ether-bcrizeno-pyridine 

072 hrs. 

S.S3, 3 


AcaO 

! pH 0.7 phosphate buffer 

RT/2 hrs. 

S.SS, 3 

Racemic... . 

AcCl 

pyridine (trace) 


D.IS, 13 


2-bcnzyl-4-formyl-5- 

pH 0.1 buffer 

Iqo 

n.is, 13 


nxazolone 

PhC^HaOCOCl 

pyridine 

UT/15 min. 

T).16, 8 


SOCI 2 


5 rain. 

D.ie, 13 

o-Acid /3-Methyl Ester 





D. .. 

2-})en zyl-4-m ethyl-5 (4)- 
oxazolone 

benzene 

RT/5 min.; then 807^ 
min. 

Af.sr, 22 



BzCl 

CHri#-pyridine 

0715 min. 

A/.57, 20 


PBr, 

pyridine 

0715 min. 

Af.57, 18 


P 2 O 6 

(^HCla-pyridino 

071 hr. 

A/.57, 21 


SOCI 2 

ether 

RT/10 min.; product 
treated with pyridine 
UT/30 min. 

D.19, 7 


PhCHaOCOCl 

pyridine 

111720 min. 

D.19, 8 


♦ KT •• room temperature, 
t Slight antabjotie activity in the crude product. 
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TABLE I.— {Continued) 


Compound 

Reagent 

Medium 

("onditions^ 

Reference 

Sodium salt. 

PhiCCU, 

AciO 

Shaken RT/0 hrs. with 
AcONa, then cold/16 
hrs.; 8 hrs., shaking, 
cold 16 hrs. 

PV.S6, 2 


BzCl 

BzCl 

pyridine 

~>5®/l hr., 25®/16 hrs. 
Warmed to 50®, then 
RT/16 hrs. 

PD.gS, 2 
PD.m, 2 


PhCILOCOCl 

pyridine 

RT/15min. 

D.t9, 8 

D-tt. 

AC 2 O (2 equiv.) 

pyridine 

0®/30 min. 

M47y 30 


RzCl 

CTICla-pyridine 

0®/15min. 

M.47y 30 


mesitoyl chloridef 

CH,C'lC:HjC;i-pyridine 

dry ice tcrnp./15 min. 

M47y 30 

From penicillin. 

BzCl 

AC 2 O 

pyridine 

RT 

70® 

M.S9, 9 
M.S9, (» 


mesitoyl chloridef 

pyridine 

70® 

M.39, 9 


\\% 

pyridine 

0 ® 

M.39, 9 

From dimethyl 





D- 7 -penicilloate. 

AcaO 

chloroform 

25®/l hr. 

M4S, 14 


AciO 

chloroform 

75®/l min. 

14 


BzCl 

pyridine 

0°/15 min. 

Af4^y 14 


BzCl 

AC 2 O 

pyridine 

0 o 

M.4S, 14 

14 


AcaO 

pyridine 

0°/15 min. 

Af.+% 14 


AcaO 

pyridine 

25®/l hr. 

M43y 14 

From dimethyl n-pcnicilloatc 





(m.p. 113-114°). 

BzCl 

pyridine 

25®/] hr. 

M.4S, 13 

From methanol inactivation 

AcaO 

pyridine 

0®/16 min. 

Af4S, 12 

product, [a]D“ +90°. 

AcaO 

AcaO 

pyridine 

25®/30 min.; 1 hr. 

25®/5min.; 15min.; Ihr. 

A/. A 12 

12 


AcaO 

chloroform 

75°/l min; 25°/l hr. 

A/. 4 S, 12 


Bz(l 

pyridine 

0®/ir) min.; 30 min. 

M4^y n 


BzClf 

pyridine 

25®/30 min.; 1 hr. 

11 

From benzylaminonium salt 

AcaO 

pyridine 

0®/15 min. 

Af.A 13 

of methanol inactivation 

AcaO 

pyridine 

25®/ir> mm.; 1 hr. 

M4Sy 13 

product, +90®. 




From methanol inactivation 

AcaOf 


25°/l hr. 

M4Sy 12 

product, [a]D’‘ +80®. 

AC 2 O 

AcaO 

AcaO 

AcaO ' 

AcaO 


70®/30 min. 

0 ®/l hr. 

25®/50 min. 

75®/30 min. 

75®/30 min.; then 100 ®/] 
hr. 

25®/l hr. 

M 43 , 12 
M 43 , 12 

12 

M43y 12 
M 4 Sy 12 


Bz(^l 

pyridine 

M4S, 13 


mesitoyl chloride 

pyridine 

25°/! hr. 

A/. 45 , 13 


mesitoyl chloride 

pyridine 

70®/15 min. 

A/. 45 , 13 


mesitovl chloride 

pyridine 

72®/]5 min. 

A/.+9, 13 

From methanol inactivation 

AcaO ‘ 


25°/l hr. 

M4Sy 13 

product, +60®. 

AcaO 


25°/J hr., then dried and 
collidine 25®/1 hr. 

Af. 45 , 13 


AcaO 

pyridine 

25®/l hr. 

M4Sy 13 

From methanol inactivation 

AcaO 


25®/1 hr. 

M43y 11 

product, [a]r>®® +150® (a» 

AeaO 


70°/30 min. 

A/. 45 , 11 

methyl D-a-poniciiloatc). 

AcaO 


70-75°/30 min., thnn 
100°/10 min 

Af. 45 , 11 


AcaOf 

pyridine 

25®/l hr. 

M4Sy 11 


Bz(’l 

pyridine 

25°/30min.; 1 hr. 

M4Sy 11 


mesitoyl chloride 

pyridine 

25°/15 min.; 1 hr. 

M4Sy 11 


PCI 3 

pyridine 

0 ®/] hr. 

M4Sy 11 

. 

BzN, 

CHCL-pyridine 

temp, up to 70® 

M.50y 32 


p-N()2CJl4-C:ON3 

(^HC] j-pyridine 

temp, up to 70® 

M,50y 32 

d -7 (epimeriased). 

mesitoyl chloridef 

pyri<line 

0®/]5 min. 

A/. 44 , 20 


AcaO (2 equiv.) 

pvridine 

30®/] hr. 

A/. 44 , 21 


(1 equiv.) 

imvu 

0®/3 hrs. 

A/. 44 , 21 


(10 equiv.) 


30®/l hr. 

Af. 44 , 21 


t Blight antibiotic activity in the crude product. 
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TABLE I.— {Continued) 


Compound 

Reagent 

Medium 

Conditions* 

Reference 

i>-7. 

' ■ " 

PBr, 

dioxane 

ice box/3 days 

ri).w, 3 


Sn(U4 

ciicu 

RT/3 days 

PD.SO, 4 


PCI 5 

CHCl, 

ice bc)x/20 hrs. 

PD.m, 4 


son 2 

dimethylaniline 

ice-salt, then RT/20 hrs. 

rn.w, 4 


HzCl 

('^IlCL-pyrkline 

refluxed/5 min. 

MM), 32 



CHCL; dioxane 

0®/5 min. to 20 hrs. 

B.Sl, 4 


PBr, 

ether 

RT 

UJS, 16 





U.W, 28 


PBr, 

dioxane 

RT/5 10 min. 

R.10, 2 


PBr, 

dioxane 

RT 

B.2i, 4 


PBra 

dioxane with 7 -pyrone 

0V3 min., then poured 

B.21, 4 




into 5 % aqueous 





Nil n CO, 



PBra 

ether 

ItT; precipitate removed 

M.50, 23, 24 




and treated with diazo- 





methane 



(^ori2 

ether; dioxane; pyridine 

RT/1 hr.; C^aCOs present 

PD.SS, 7 

Lead Balt. 

VOi% 

(^JTCL 

ice bath/I hr. 

PUM, 7 

Sodium salt. 

Bzd 

(^IK^L-pyndine 

refhixing/15 min. 

M.BO, 33 

. 

phenyl isoijyanate 

benzene 

KT/18 hrs. 

M.U, 18 

d -7 (free acid and sodium 

AC2O 

AC 2 O 

0"; 25"; 00"; 80" 

18 

salt). 

AC2O 

pyridine 

0"; 25" 

M.S?!, 18 


Bz(’l 

pyridine 

0", 25 ' 

A/..W, 18 


BzCI 

dimethylaniline 

0"; 25" 

M.S3, 18 


P2O5 

CUiClCU^n 

RT/IO hrs. 

18 


('USO 4 

CHjClCHaCl 

RT/lChrs. 

M.sn, 18 

D-7 





N ^-acetyl. 

BzC^l 


Various conditions'^ 

MJ,7, 31 


\0:.() 


“Various conditions^’ 

M.^7, 31 

N ^-benzoyl. 

Bz(n 


“ Various conditions” 

A/. 47 , 31 




“Various conditions*' 

.I/. 47 , 31 

N^-benzoyl (fr(3e acid and 

AC 2 O 

AC 2 O 

0"; 25"; 00" ; 80" 

M.S3, 18 

sodium salt). 

ACaO 

pyridine 

0"; 25" 

M.3S, 18 


Hzd 

pyridine 

0"; 25" 

M.SH, 18 


l^z('l 

(\H6N(CHa)2 

0"; 25" 

M.SS, 18 


P^O. 

ClhirClhC] 

RT/lf> hrs. 

M.33, 18 


C^iS04 

OH./l.CJl2C^l 

RT/10 hrs. 

M.33, 18 

N^carbobenzyloxy. 

PC U 

ether-(UTCl, 

ice bath / I hr.; then heat 

DM), 0 




30 miu, in pyridine 



SOC’L 

ether 

RT, then 50"/5 min. in 

DM), 7 




pvridine 



SOCLt 

ether 

RT, then 80-90"/2.5hrs. 

DM, 7 




in pvridine 


NMorrnyl (free acid and 

AcjO 

AC 2 O 

0"; 25"; 00", 80" 

Af.SS, 18 

sodium salt). 

AczO 

pyridine 

0"; 25" 

M.3S, 18 


BzCl 

pyridine 

0"; 25" 

M.33, 18 


BzCl 

(LH 5 N(Cn ,)2 

0"; 25" 

MM, 18 


P20» 

CHsdCHjCI 

RT/IO hrs. 

MM, 18 


CUSO 4 

(^H2C1CH2C1 

RT/10 hrs. 

MM, 18 

N^-isobutyryl . 



heated at m.i)./2- 7 min. 

MM), 16 


AC 2 O 


heated 

MM), 16 



Me benzoate; Me i.so- 

heated 

Sh.9, 113 



i butyl ketone 



N'‘-oxalyl(Ba salt).. .. 



270"/few see. 

MM, 7 

Racemic 





Sodium salt. 

ro(i2 



B.i3, 4 


con 2 4- trietbylnmine 



BAS, 4 


PhCOiCHBrPht 


RT/24 hrs., filtered, 

BAS, 2 




heated alone and with 





solvents 


N^carbobenzyloxy. 

Ph,C==(^0 



BA7, 10 

N•-methyl sodium salt .... 

oxalyl chloride 


followed by HCHO, and 

BAS, 1 




product treated with 





pyridine 

1 

1 


t Sli'iKht antibiotio activity in the crude product. 
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TABLE lr—{Conilmiefi) 


('’om pound 

RoaReni 

Medium 

Conditions* 

Reference 

a*£ster /?-Acid 
a-Ethyl ester 





D 

Mr 

ether 

reflux/20 hrs. 

PD.ie, 2 


II 

ether 

reflux/17.6 hrs. 

P/)./d, 2 


MR-Mgl, 

ether 

reflux/1 hr. 

I’D.ie, 2 

D-7 

roc\, 

100 <; TLPOi 

5^ NslIICOb 

steam bath/30 mins 

F>I).$ 0 , 1 
PD.tS, 3 


w-hutyl MgBrf 

dioxane 

RT/18 hrs. 

pn.ss, 6 


n-butyl MgI5r 

dioxane 

treated with CO 2 , then 
200-210730 min. 

6 


EtMgHr 

dioxane 

reflux/18 hrs. 

PD.S2, 6 


EtMgBr 

cnru-CHCia 

1 GO-16571 hr. 

PD.S 2 , 6 


Et Mg Hr 

dioxane 

5674 hre., then 28716 
hrs. 

PD. 2 S, 2 


bis(2-ehloroethyl) 

sulfide 

water/N a H CO 8 

UT/18 hrs. 

D.SS, 10 


Ph('II,0(’0Cl 

None 

pyridiuc 

RT/15 mill. 

170”/15 mm./I mm. 

n.l6, 8 
D.SS, 16 

a*Mothyl ester 



Sodium salt 

mesitoyl chloridet 

pyridine 

0‘^/15 min., then 75°/30 
nun. 

M,37, 15 

D-a 

isobutyryl chloride 

CllCla-pyridinc 

then heated 

Af 73, 0 

0-7 

mesitoyl chloride 

(’'HCli-pyridine 

0715 nun. 

M.S7, 9 


mesityl MgBrf 

ether-dioxane 

7074 hrs. -|-RT/40hr& 

At 76, 5 

From penicillin 

AIXL 

kelono 

benzene 
et her 
ether 


LS, 8 

L8,{) 

L.8, 9 

Sodium salt 

(4 pqiiiv.) 

MoOH 


L.8, 8 

Racemic. 

TdMgBr (2 equiv.) 

ether 

reflux/l hr. 

w.n, 3 


(2 equiv.) 

benzene 

rotiux/l hr. 

W,t/,, 3 


(4 equiv ) 

ether 

reflux/I hr. 

W 14 , 3 


(4 equiv.) 

benzene 

reflux/l hr 

W. 14 . 3 

Diesters 

Dimethyl ester 

! 


1/ 

N ^-formyl 



shaken with AgjO/l hr. 
after refluxing with 

P^Sfi in benzene/1.5 hrs. 

UJ3, 4 

N*-benzyl 

EtMgBr 

ether 


M.G3, 5 

D-a.. 

MeMgl 

ether 

10 rnin 

M,76, 14 

a-Ethyl jS-metliyl ester 

EtMgBr 

None 

Nonet 

ether 

RT 

J 20°/1 hr , vac subl / 
0 01 mm. 

heated 210°/15 min. 

M.SO, 32 

1) S3, 16 

D,SS, 16 

D 

PhCIIaOCOCl 

pyridine 

RT/15 min. 

D,19, 7 


EtMgBr 

benzene 

refluxed/3 hrs. 

PDM, 1 


KtZnBr 

toluene 

RT/17 hrs. 

PD,23, 1 


PhCisCMgBr 

None 

Nonet 

ciher-anisole 

0°/l 5 hrs. 

refluxed 1 hr. with P 2 S 8 
in benzene, hydro¬ 
lyzed, then shaken 
with Ag 20 /ether 
shaken 20 hrs. with P 2 Sft, 
then 20 hrs. with 
Ag^O/dioxane 

PD.26, 1 
VJ 2 , 4-6 

UA 2 , 4-6 

D-7 

n-BuMgBr 

benzene 

7071.6 hrs. ‘ 

PD, 22 , 6 


«-BuMgBr 

xylene 

reflux/2 hrs. 

PDM, 6 


n-BuMgBr 

ether 

reflux/4 5 hrs. 

PD, 22 , 6 


n-BuMgBr 

pyridine 

135°/2 hrs. 

PD.22, 6 


n-Bu MgBr 

cthor-pyridine 

RT/17 hrs. 

160°/46 min. and vac. 
subl./O.l mm. 

PDM, 6 
D.S3, 16 


t Slight antibiotic activity in the crude product. 
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TABLK I.— (Coiilinued) 


('omj)ound 

Heagent* 

Medium 

( onditions* 

Reference 

Other Derivatives 





a-AmiHe iS-methyl ester .... 

Bp^a-ether complex 

dioxane 

100712 hrs. 

M.5S, 18 

D-a, a-Amide N^-isobutyryl 
/5-acid. 



[ nun. in vacuo 

.\f.sn, 2 



100^/5 min. in vacuo 
with powdered glass 

Af. 80 , 2 

d- 7, a-Acid /5-mcthy] ester 

isobutyryl siilfone. 



hoMted at m.p, 

1 

M.(i9, 11 


B. R CO NII CH-CH S C:(CIl.)j 

ioiii NH—ill coon 


R » n 





D-a-Acid/5-methyl ester. 

PCI, 

pyridine 

ltT/1.5 min. 

27 


PCUt 

pyridine 

BT/ir> min., tlion phen- 
ylacet vl chloride added 

^^.53, 27 

D-I)imi‘lhvl ester. 

isopropyl-MgBr 

PBr, 

benzene 

RT and boiling lienzene 
pyrolysis at min 

u.en, 3 
H.SS, 3 
U.S2, 3 

R w-C'filli, 




Diacid and a-idhyl ester. 

I’or'i, 

POCI,+P,Oj 


IIT; 00°: 100° 

00°: 100° 

CPS.r,, 3 

cy'.s’.-5, 3 


; vovu 

pyridine 

cold 

C/'iS 5, 3 


, PiOfi 

benzene 

h.p. 

CPS.d, 3 


Aid, 

CIKMs 

b.p. 

CPS.r,, 3 


H(OAc), 

CriCla-CeH, 

cold 1 

3 


1 HFt 

KtOAc 

cold 

C7^S^,^ 3 


PiS, 

benzene 

b.p./0.5 to 14 hours 

CPSf,, 3 

R - C.H5 j 



D-a-Acid /3-mctbyl ester.. 

Ac./) 

pyridine 

071 hr. 

M.S7, 17 


PBr, 

pyridine 

071 hr. 

M.H;, 17 

N*-methvl. 

KtMgBr 

isobutvryl chloride 

J'Br, ' 

SCK’la 

ether 

10 min. 

M.fuH, 4 

M fii, 4 

4 

M.OS, 4 

of-P^tliyl ^-methyl (jster 




N*-acel vl-N**-methyl. 



j pyrolysi.s 

CPS.G4^, 4 

N^-isobutyryl-N*-Tnelhyl. .. 



pyrolysis 

CPSJJ4^, 4 


C. 9-Benzylpenoic Acid C.H,C1J, C0 NII CH-CH S C:H, 

io,H NH—ill COjH 


Diacid 

DI. 

AcaO 

pyridine 

steam l)ath/3 min. 

M.eo, 16 


AcaOf 

pyridine 

RT/30 min. 

M. 39 , 16 


AciO 

pyridine 

07r) min. 

M.39, 16 


AcaOf 

Hz(^l 

pyridine 

O'*/5 min. 

0'’V5 min. 

ALS,% 16 

16 


POd, 

pyridine 

0®/] .25 hrs. 

S.30, 5 

tt-Ethyl ester /3-acid. 

vovu 

pyridine 

UT/overnight 

P. 14 , 11 

POd, 

pyridine 

0" 

S. 33 , 5 


C'uvSO* (anhyd.) 

xylene 

reflux/().5 hr. 

U.6, 23 


P/X 

benzene 

reflux/15 hrs. (no reac¬ 

U.S, 23 

tt-Ethyl /5-methyl ester. 

POCl, 

pyridine 

tion) 

O’’ 

S.ge, 6 


t Slight aatabiotio activity in the crude product. 
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TABLE 1.— {Continued) 


('ompoiind 


Fie«gent 


Medium 


(’onditions 


Reference 


I). 9-Phc‘ti3 Ipeiioic Aeid Cellk ('O NH (41-('ll 8 Clio and Derivative« 

d'OjFI NH ('ll COjH 


Diacid 





DL (25 mg.; 

AcjO (100 mg.) 

pyridine (5 ml ) 

25700 min. 

M,e9, 18 


Ac,() (1.0 g.) 

H28O4 (7 mg ) 

25"/15 min. 

M.S9, 18 


AcO (1 g.) 


9572 mm. 

M.S9, 18 


('«n»C()(M (14 mg.) -f 


05"/3 mm. 

M.S9, 18 


pvndine (1 ml.) 
C.H.COCl (14 mg ) 4 


i 

25700 mm. 



pyridine (2 ml.) 

AC 2 O (100 mg.) -f pyn- 


05"/3 mm. (10 U/mg.) 

M,29, 18 


dine (2 ml.)t 

8 imc, buffer extract of 


(0 U/iiig.) 

M.Z9, 18 


CHCU soln. 

AcaO (25 mg.) 4- pyn- 


25"/ 20 mm 

M.29, 18 


dine (1 ml.) 

succinic anhydride (20 


95°/3 mm. 

M.29, 18 


mg.) -bpyndine (2ml ) 
propionic anhydridc(100 


25°/2() nun. 

M,29, 18 


) 4 -pyridine (2ml.) 

1 AcaO 



B.^5 

N^acetyl 
a-Bster /9-Acid 

AcaO 



CPSM6, 6 

a-Ethyl ester 

CuSOi (anhyd.) 

xylene 

rcflu\/0.5 hr 

u.r,, 3 


PaOi 

ecu 

refluv/l5 hrs 

U.S, 3 


PiOa 

ecu 

RT/U>-20 hrs. 

U.6, 3 


P*04 

benzene 

reflux/15 hrs. 

U.5, 3 


PaOa 

ether 

iefiuK/15 hrs. 

U.5, 3 


liquid SOf 


100°/2 hi8. 

U.d, 3 


t UUght antibiotic activity in the crude product. 


TABLE II 



Assay results in 0.2 M 
phosphati* buffer 

Reagents and conditions used to 
test stability of methyl 
benzylpenicillin 

Assayed 
as ester 
U/mg. ^ 

Assayed 

after 

saponifi¬ 

cation 

u/mg. 

1. 155 mg. of methyl benzylpeni¬ 
cillin in 0.60 ml. of 10% benzoyl 
chloride in dry pyridine at 30°. 
Aliquot taken after 00 minutes.. 

53 

858 

2. 26 mg. of methyl benzylpeni¬ 
cillin with 25 ing. of pyridine and 
25 mg. of phenyl isocyanate in 
0.2 ml. of benzene for 1 hour at 
30®. 

62 

858 

3. 26 mg. of methyl benzylpeni¬ 
cillin with 28 mg. of acetic an¬ 
hydride at 30° for 1 hr. 

66 

875 

4. 25 mg. of methyl benzylpeni¬ 
cillin with 28 mg. of acetic an¬ 
hydride and 112 mg. of dry 
pyridine at 30° for 1 hr. 

66 

840 

6. Methyl benzylpenicillin control.. 

75 

860 

6. Sodium benzylpenicillin control.. 

(1,700 (in buffer alone) 


of /3-niethyl D-bcnzylponicilloatCB are listed in Table IV. 
The experimental procedun's used were very similar. In 
general, the reaction mixtures were evaporated under 
reduced pressure to riunove the solvent. The residue was 
dissolved in chloroform, and the chloroform solution 
washed thoroughly with cold aqueous sodium bicarbonate 
and then with water. Evaporation of the chloroform 
solution after drying with sodium sulfate gave a viscous oil. 
This material was extracted with other. Evaporation of the 
ether solution gave an oily residue which has not been 
purified further. This material is designated ‘‘neutral 
product” in the table. 

Titration of Neutral Product with Benzylamine. To 25 ml. 
of a benzene solution containing about 0.3 g. of benzylamine, 
a sample of the unknown (neutral product) was added. The 
size of the sample was chosen so that about 50% of the 
benzylamine would be consumed. After mixing, the sample 
dissolved, and the solution was allowed to stand eighteen 
hours. At the end of this time the benzene layer was 
extracted by shaking with a measured amount of standard 
acid more than equivalent to the benzylamine used. An 
aliquot of the acid solution was titrated with standard alkali 
using methyl red indicator. A blank run carried out in the 
same manner except that no sample was added, was neces-« 
sary for calculation of results. Some typical results are 
given below: 


Reagents used for azlactonization 

Yield of 
amide by 
direct 
isolation 

Amide 

formed 

(estimated 

from 

titration) 

Benzoyl chloride in pyridine, 0°.... 

59 % 

61% 

Acetic anhydride in pyridine, 0°... 

38% 

57% 

Acetic anhydride, 50°. u,.., 

14% 

60% 
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TABLE III 


Azlactoniz.ation 10xp(*rimontN on ^-Methyl D-^-Bonzylpcnirilloato (Morck, M 18) 


Reagont and conditions 


POCli (10% excess) in pyridine, —5", 15 min. 

PCli U 0 % excess) in pyridine, —5®, 15 min. 

PCL (1 equiv.) in pyridine, ~5®, 15 min. 

SOCl* ( 10 % excess) in pyridine, —5®, 15 min. 

PCI 3 (1 equiv.) in pyridine, 0®, 15 min. 

Acetic anhydride (2 equiv.) in pyridine, 0®, 15 min. 

Acetic anhydride (large excc«^s), 50®, 30 min. 

PBr, (15 % excess) in pyridine, —5®, 15 inin. 

Mesitoyl chloride in pyridine (1 equiv.), 0®, 15 min. 

Acetic anhydride, 60-70®, 30 min. 

Oxalyl chloride, pyridine, chloroform. 

Acetyl chloride (1 equiv.) pyridine, chloroform, 1.5 hrs. 

at 0 ®. 

2-Benzyl“4-methyl-5(4)-oxazolone, benzene, 25®, 2 days. 


^'ield of 
nculrid 
product 

Lit ra violet 
alisorption 

Yield of 

M.P. of 

Km (max.) 

3,200 A 1 

1 

crude amide 

amide 

39% 

0,570 

30';, 

112 163® 

429. 

13,S00 i 

60S' 

100-1.56® 

12*^ 

17,3.50 

, 62'’; 

105 135® 


12,500 

Oil 

— 

28 ^ 1 

10,50(t 

:i 7 % 

100-156® 

53 ^ 1 

8,000 

33 % 

122-144® 

55 

6.000 

1 1 

120-142® 

40^’; 

1 

91.1 % 

5,540 

27% 

112-158® 

Km 3,500 at 3,300 A 

59; 

142-144® 

about 50‘'i 



116-150® 

about 40% 

400 

35% by titration 

_ 

about 

400 

25‘>;, by titration 

— 


TABLE TV 


Azlactonization Experiments on Various Samples of /?-MethyI Bcnzylpenicilloate (Merck, M.1^0y 20 ) 


/3-Methyl D-bonzylpenicillonte 
origin 

Rcageni and conditions 

Yield of neutral 
product 

Benzylainidc 
yield by isolation 

Dimethyl u-benzylpenieilloate s<‘cured by 
reaction of estcr-azlactone eondeii.Hation 
product with methanol. 

acetic anhvtlride ten-fold weight 

J 2 hr. at *60- 70®t 

70.2^0 

none 

As above. 

lamzoyl chloride, pyridine, chloro¬ 
form, 15 min. at 0 ® 
acetic anhydride ten-fold weight 
}i hr. at 60-70® 

about 50 

- 

Methylated mutarotated a-rnethyl i)- 7 - 
benzylpcuicilloate. * 

73.3% 

— 

Dimethyl bcnzylpenicilloate, in.p. 113 114® 

lienzoyl chloride 1 equiv., pyri¬ 
dine 3 equiv., chloroform, 15 
min. at 0 ® 

7.5.0% 

Em (3,200 A) 
15,500 

(m.p. 116®) 

Methylated mutarotated a-ethyl i)- 7 -}»enzyl- 
pcnicilloate. 

phcnylacetic anhydride, 1 mole 
equiv.,benzene, hr.at 60-70®t 

benzoyl chloride 1 equiv., pyri¬ 
dine, chloroform, 15 min. at 0® 
acetyl chloride, pyridine, chloro¬ 
form, 30 min. at 25® 



Methylated miitarotated a-methyl 0 - 7 - 
benzylpenicilloate. 

about 90% 

81 ^ 

(m.p. 114 116®) 

As above. . 

about 30% 

Dimethyl n- 7 -i)enicilloate mutarotated in 

benzoyl chloride 1 equiv., pyri¬ 

about SOV-f) yielded ben¬ 

62% 

methanol with sodium methoxide. 

dine, chloroform 

zoic acid on standing 

1 or 2 days 

(m.p. 159-160®) 

Methylated mutarotated a-ethyl D- 7 -benzyl- 
penicilloaie. 

acetic anhydride 30 min. at 
6(4-70° 

93% 

36% by titration 

As above. 

acetic anhydride, chloroform, 30 
min. at 6(^70® 

96% , 

— 

As above. 

chloroform, pyridine, accdic an¬ 
hydride, 20 min. at 60-70®t 

89% 

70% by titration 


t Slight antibiotio activity in the crude product. 


Attempts to Azlactonize Benzylpenicilloic Acids by Ad¬ 
sorption (Squibb, 3; SHy 4). Since the various az¬ 

lactonization experiments that have been carried out with 
penicilloic acids or their esters yielded products with very 
low biological activity, an attempt was made to azlactouize 
penicilloic acids by absorption on various agents which may 
be capable of causing this chemical change. The following 
procedure was used in this series of experiments. 

A 50 mg. sample of the penicilloic acid was dissolved in 
30 cc. of solvent and 5-10 g. of the adsorbent added. The 
suspensions were stirred vigorously for six hours at 0 - 10 ®, 
and the solid then filtered off. The filtrate was then concen¬ 


trated under reduced pressure at 0 ®, the resulting residue 
dissolved in phosphate buffer and the pH adjusted to 6.2- 
6.9. This solution was then submitted for bioassay. The 
adsorbent was eluted (with 80% acetone), and the solution 
was then concentrated under reduced pressure at 0 ®. This 
residue was then dissolved in phosphate buffer, the pH 
adjusted to 6.2-G.9 and the solution submitted for bioassay. 
In several cases the eluted fraction and the non-adsorb^ 
fraction were combined and submitted for bioassay. The 
results of these various experiments are given in Table V 
for epimerized penicilloic acid and for D- 7 -penicilloio 
acid. The epimerized penicilloic acid was obtained by the 
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TAHI K V 

Action of Adsorbont^ on Bcn/> IpcnuMlloic \cids 
A On D-y-BenzvlponiciIloic And 



1 

1 

I BioaHsav 

Adsorbent 

Solv i lit 

1 Incnt^ 

— 



1 


Solution 

Eluate 

kUh 

bcn7ene-dio\ iTH* (2 1) 

A 

0 

0 


bon/eni-dioxane (2 1) 

A 

0 017 

0 017 

AI 2 O 1 

ben/ene-dioxani (2 1) 

A 

0 27 

0 06 

Nuchnr C-HJO-N 

beii/eiH-( hloiojoi in (2 1) 

A 

<0 02 

0 

PotasMurn acetate on l\uchai ('-PiO-N 

hon/(‘ne ihoxarie (2 O 

A 

<0 016 

<0 016 

I)ri<*ritc 

dioxane 

A 

0 06 

<0 016 

B On “ Mutarotated * Ben/\Ipeincillmc \cuK 




Nuchar ( 

biiflei solution, plJ 0 7 

1 

\ 

<0 01 

<0 02 

Nuchar ( -UHVN 

bufl< r solution, pll 6 7 

A 

<.0 017 

0 

Nucliar C'-IOO-N 

benzene 

A 


02 

ISiichar r-U)0-N 

ben/ene-ilioNane (2 1) 

A 

0 85 

0 03 

Pota'^sium acetate on Darco (l-OO 

bonzene-dioxane (2 1) 

A 

0 016 

0 016 

AljOs . 

1 b(‘u/i no-tlioxane (2 1) 

A 

0 

0 

Silica Gel 

bonzone-diox me (2 1) 

K 

0 

0 

Silica Gel 

bcnzcne-diox me (2 1) 

A 

0 03 

<0 017 

Florosil 

bcnz(»ne-dioxane (2 1) 

A 

0 63 

Trace 

Florosil 

chloroform 

A 

0 

0 

Powdered florid in 

benzene 

A 


0 

Powdered florid in 

bulTei solution, pll 6 7 

A 


0 

Florite desiccant 

benzene 

A 


0^ 

Florite desiccant 

bufler Molutiou, pH 0 7 

A 


<0 016* 

MkSO. 

benzeiie-dioxane (2 1) 

A 

0 

0 

CaCU 

benzene-dioxane (2 1) 

B 

<0 25 

0 

BaS04 

benzene-dioxane (2 1) 

A 

0 

0 

(NH4),S0, 

benzene-dioxane (2 1) 

A 

0 

0 

NajSO, 

benzene* 

A 


0* 

MgO 

benzene 

A 


<0 017* 

Magnesium trisihcate 

benzene 

A 


0* 

Activated flondiri 

benzene 

C 

0 

0 21 

Activated flondm 

benzene 

C 

<0 5 

<0 5 

Activated flondm 

bcnzene-dioxano (2 1) 

(’ 

Trace 

0 12 

Activated flondm 

benzene-dioxane 


<0 6 

<0 5 

Activated flondm 

chloroform 

A 

<0 5 

<0 5 

Activated flondm 

chloroform 

L) 

0 

Trace 

Activated driocel 

benzene 

C 

0 

0 

Activated driocel 

benzene-dioxane 

C 

0 

0 

Activated driocel 

chloroform 

A 

0 

0 

Activ^ated AhO* 

benzene 

1 

0 

0 44 

Activated AbOa 

ben zene-dioxan e 

1 c 

0 

0 

Activated AI 2 O 3 

chloroform 

1 A 

0 

0 

Nuchar (^-190-N 

chloroform 

A 

0 

0 

Nuchar C-190-N 

benzene 

C 

0 

0 


benzene-dioxane 

C 

0 

0 

Florosil 

benzene 

c 

0 

0 

Florosil 

bcrizen e-dioxane 

c 

0 

0 

Kleenflo M-t 

benzene 

c 

0 

0 

Kleenflo M-4 

benzene-dioxiine 

c 

0 

0 

Kleenflo M-4.,. 

chloroform 

A 

0 

0 


* A 80% acetone, B, 100% acutono, C, chloroform, D buffer solution, pH 6 7 
> The assay was made on the combined solution and eluate. 


hydrolysis of epimensed ethyl D- 7 -penicilloate as described 
previously (Squibb, S.27y 1 ). The bioassay results are 
expressed in Oxford Units per cc. of solution. 

Treatment of the ^-Andde of /9*Methyl n-Benzylpem- 
cilloate with Qoron Trifluoride (Merck, M 17). A 
dioxane solution (10 ml.) containing 401 mg. (1.1 milhmol.) 
of the a^amide and 156 mg. (1.1 millimol.) of the boron 
trifluoride-ether complex (^wa and Nieuwland, J, Am. 


Chem A’nc , 69, 1202 (1937) was heated on a steam cone. 
No immediate change took place. The solution finally 
began to turn yellow slowly. No separation of the boron 
tnfluoride-ammonia addition product took place as would 
have been expected if the reaction had followed the desired 
course. The heating was continued overnight. The solu¬ 
tion became brown. Only a dark oil was obtained on at¬ 
tempting to work up the mixture. 





ATTEMPTED SYNTHESES OF PENICILLINS 


869 


A mixture of 401 rag. of the amide, 78 mg. of the boron 
trifluoride-ether complex and 30 mg, of acetic acid was 
heated for several minutes on a steam cone. No sign of 
reaction appeared, and the amide was recovered unchanged. 

Attempted Cyclization of the a-Amide of 9-Phenylpeni- 
cilloic Acid Hydrochloride (Newbery, Nineham, and Raphael, 
5). The solid amide hydrochloride (0.5 g.) was 
recovered unchanged after being refluxed in toluene for 
two hours or after being heated in vacuo on a steam bath. 
When it was refluxed in xylene for two hours, the solid slowly 
changed into a dark tar from which no recognizable product 
could bo isolated. When the compound was heated in vacuo 
to 150° profound decomposition took place with the forma¬ 
tion of a viscous tar. 

Reaction of the a-Amide of Benzylpenicilloic Acid (from 
Benzylpenicillin) with Nitrous Acid (Squibb, 11; 

44t 14). The preparation of the starting amide has been 
briefly described in a Merck report 3). To a solu¬ 

tion of sodium benzylpenicillin (500 mg.) in 10 ml. of water, 
2.0 ml. of concentrated ammonia were added. The solution 
was allowed to stand overnight and lyophilized. The 
crystalline residue had +120° (in water) and contained 
water of crystallization. 

Calc, for Cj 6 H,o 04 N 3 SNa H20: N, 10.7 
Found: N, 10.4 

The benzylamine salt was prepared and melted at 114-115°; 
the Merck report gives m.p. 111-112° (micro). 

To a solution of the amide (215 mg ) in 2 ml. of water two 
equivalents of N hydrochloric acid were added. After chill¬ 
ing in an ice bath, 46 mg. of sodium nitrite (1 equivalent in 
1 ml. of water) was added dropwise will) stirring. A precipi¬ 
tate formed immediately, which tended to dissolve on stand¬ 
ing. It was filtered off, dried, and triturated with dry 
ethyl aeetate. On addition of hexane to the extract an oil 
separated which solidified on scratching. The semi-crystal- 
line product was further triturated with dry ether and then 
weighed 47 mg. after drying, [a]D®^ +00° (in ethanol). The 
original aqin^ous filtrate was extracted with ethyl acetate, 
and the residue of the latter was worked up in the same 
manner. A product having the same properties, but 
with [a]D +123° (ethanol) was obtained (58 rng.). 

Variations in reaction time, temperature and acidity were 
essayed but did not affect the results materially. The 
absorption spectra of all these products showed essentially 
the same characteristics, namely a shoulder extending from 
245 to 225 m/i with of 120 to 160, and a low but 

definite maximum at 370 m/x, Eicm.*‘"® 2 to 3. In contrast, 
the spectrum of a-methyl N-nitroso-D-y-benzylpenieilloate 
exhibits a maximum at 232.5 m/m « 148 (Merck, 

M,64i 8 )- The nitrogen content of the vacuum desiccator- 
dry products varied between 12.8 and 13.8 %. The a-amide 
of N-nitroso-benzylpenicilloic acid, C 16 H 20 O 6 N 4 S, requires 
14.7 %. The deficits are at least in part to be ascribed to the 
presence of water, as drying in vacuo at 100 °, which did not 
affect the absorption characteristics, improved the experi¬ 
mental fig\ires somewhat. 

Treatment at room temperature overnight with acetic 
acid (a solvent promoting the formation of azobenzene from 
nitrosobenzene and aniline, c/. Baeyer, Bcr., 7, 1639 (1874)) 
had no effect on the spectrum. The same was true of a 
solution of the nitroso-amide (4.6 mg.) in 0.1 N hydro¬ 
chloric acid (6 ml.) which was allowed to stand for twenty- 
four hours. On the other hand, when a suspension of 
10.2 mg. of the amide in water was treated with 0.3 ml. of 
0.081 N sodium hydroxide, evolution of gas was observed, 
and the spectrum underwent a marked change, A measure¬ 
ment after thirty minutes showed that the shoulder at 
225-245 mg had been obliterated, E at 215 in the end 
absorption part of the curve had increased from 190 to 260, 
and a new maximum at 287 with K 86 had appeared. 
The spectrum was the same after twenty hours, except that 


E of the maximum at 287 m/x had increased to 130. T^ater 
measurements showed no further change. 

A solution of 60 mg. of the nitroso derivative in methanol 
(1.0 ml.) was treated with ethereal diazomethanc (1.5 mole). 
The solution was diluted with ethyl acetate, washed with 5 % 
aqueous sodium bicarbonate solution and water, dried, and 
evaporated in vacuo. The absorption spectrum of the 
amorphous n'sidue was similar to that of the starting aeid 
(end absorption with shoulder at 225-240 rn/x, Eicm 130 in 
ethanol). A sample of the ester was diasolved in methanol 
and an equal volume of 5% acjuoous sodium bicarbonate 
solution was addi‘d. The absorption spectrum was deter¬ 
mined after one hour and was found to be unchanged. On 
the other hand, addition of two equivalents of methanolic 
potassium hydroxide to the methanolic solution of the ester 
produced within fifteen minuti's a band at 305 m/x, Eiom.^*^® 
250. No change in the spectuim was observed within the 
next twenty hours. 

The crude ester obtained from 200 mg, of the free acid was 
dissolved in 2.0 ml. of dry methanol, and 1.0 ml. of 1.05 A 
methanolic potassium hydroxide solution (2 moles) was 
added. After fifteen minutes the solution was diluted with 
10 ml. of water and extracted repeatc*dly with ethyl acetate. 
The combined extracts were dried over sodium sulfate and 
evaporated to dryness under reduced pressure. The residue, 
a yellow oil weighing 76 mg., was triturated with dry acetone. 
After filtering off a small amount of inorganic material 
and concentrating to a small volume hexane was added. 
Vellow crystalline material gradually separaU^d (33 mg., 
m.p. 120-124°, dec.) which on repeated recryatallization 
from acetone-hexane yielded 13 mg. of ('ompound A, melting 
at 133-134° with gas evolution. [a)i)*® +16° (0.49% in 
ethanol). 

Calc, for C, 7 ll 2 o 04 N 4 S: (\ 54.21; H, 5.36: N, 14.88; S. 8.51 
Found: C, 54.77; H, 5.50, N, 14.41; S, 7.85 

On two other samples of Compound A a rnethoxyl determina¬ 
tion was made. Found: OCH.- 1 , 17.2, 9.24 (calc. 8.30). A 
fourth sample (m.p. 133-134°) was obtained from 270 mg. of 
methyl o-arnido-N-nitroso benzylpenicilloatc by treating it 
with 1.40 ml. of N sodium hydroxide (2 ('fiiiivalents) in 5 ml. 
of dioxanc and 4 nil. of water and working up the mixture as 
previously described. 

Found: OCIIb, 11.2 

Two different preparations of the intermediate methyl 
ester gave the following rnethoxyl figures: 

Calc, for C,7H220fcN4S: OCH,, 7.9 
Found: OCH,, 8.5, 11.3 

Assay in phosphate buffer showed the product to be anti- 
biotically inactive. 

The ultraviolet absorption spectrum (ethanol) shows a 
maximum at 265 m/x, Kiom 420, with a small shoulder at 
275 m/x. Addition of one equivalent of methanolic potas¬ 
sium hydroxide left the maximum unchanged, but the 
shoulder was accentuated and extended to 285 m/i. 

In contrast to the starting product, the product m.p. 134° 
did not yield a color with phenol-sulhiric acid (Liebermann 
reaction). 

Compound A is unstable in the presence of water. Im¬ 
mediate gas evolution was observed when a solution of 5 mg. 
in 2 ml. of ethanol was diluted with 3 ml. of water. After 
fifteen minutes the Eicm.^'* of the maximum at 265 ra/x had 
decreased from 420 to 375, and after forty hours the band 
had disappeared completely. (Concurrently the end absorp¬ 
tion dropped from Ei om 500 at 215 ni/x to 276. On concen¬ 
tration of the solution some crystalline material separated. 

A weighed sample of Compound A was heated at 135° for 
thirty minutes in a tube swept with air-free CO* and the 
gas evolved during this period was collected in an azoto- 
meter. The volume measured corresponded to 4.06 % of the 
weight of the sample, or 0.54 mole of nitrogen per mole of 
substance.* 
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The alkaline solution from which the “triaasine^' had been 
extracted with ethyl acetate was acidified and extracted 
with chloroform, which on evaporation left a crystalline 
residue (73 mg.). After recrystallization from ethanol 
the melting point was 181-183°, The qualitative test for 
sulfur was negative. 

Calc, for CullioOiN,: C, 60.55; H, 4.62; N, 12.84 
Found: G, 60.40; H, 4.38; N, 13.23 

Pyrolysis or Compound A (Squibb, 16)* A suspen¬ 
sion of 23 mg. of Compound \ in 1.0 ml. of dry xylene was 
heated at 135° for fifteen minutes. The material went into 
solution with gas evolution and appearance of a brown 
color. After removal of the solvent in vacuo the residue 
was extracted three times with boiling ether. The ether 
residue, a straw-colored glass (11 mg.) yielded on evaporation 
of its solution in ethyl acetate-hexane or acetone some 
crystalline material embedded in oil.* Assay of the total 
product in buffer indicated no antibiotic activity. 

Effect of Other Bases on jS-Methyl N-Nitroso-a-amido- 
benzylpenicilloate (S 44 , 16). To 5 ml. aliquots of a 0.04% 
solution of the ester in methanol two drops of the reagents 
listed below were added. The following changes in the 
ultraviolet spectrum were observed. 


Base added 

Time 

Maxi- 

nmm 

h-* 1 otn ^ 

Tricthylamine. 

1 hr. 

305 

10 

Cone, aqueous NHj 

' 24 hrs. 

310 

90 

j8-Phenylethylamine. 

24 hrs. I 

285 

95 

Piperidine.... . 

24 hrs. 1 

285 

195 


A 6 mg. sample of the ester was dissolved in 1 ml. of 
piperidine. at 285 m^ was 450 after twenty-four 

hours (dilution with ethanol). 

Reaction of ^-Methyl N-Nitroso-a-amido-benzylpeni- 
dlloate with Piperidine (Squibb, jS. 44 , 16). The ester 
(350 mg.) was dissolved in 2.5 ml. of piperidine. After 
twenty-four hours the solution was diluted with benzene 
and lyophilized. The residue was dissolved in acetone, 
treated with Norit, and concentrated. Addition of hexane 
precipitated crystalline material which on repeated crystal¬ 
lization from acetone-hexane yielded 48 mg. of colorless 
crystals, m.p. 163-165°. The ultraviolet spectrum showed 
a maximum at 285 m/x, Ei 660. [aln*® -hl2° (0.62 % in 
ethanol). The product was found to be free of sulfur. 

Calc, for CmHioOiNx: C, 66.32; II, 7.59; N, 14.07 
Found: C, 66.59; H, 7.53; N, 14.15 

Treatment of the a-Hydrazide of Benzylpenicilloic Add 
with Nitrous Add (Mich. Chem., BJ3, 2). When a chilled 
solution of 366 mg. (1.0 millimole) of the a-hydrazide in 
4 ml. of 0.5 N hydrochloric acid was treated with a solution 
of 75 mg. of sodium nitrite in a little water, a solid precipi¬ 
tated immediately. It was filtered off, washed with water, 
and drieddn a vacuum desiccator; weight, 210 mg. 

When a little of the product was warmed in toluene and 
acetone (or cyclohexanone) on a steam bath for ten minutes, 
gas was evolved. After evaporation of the solution and 
trituration of the residue with a little ethyl acetate followed 
by slow evaporation, a solid, m.p. 145-148°, was obtained. 

The hydrazine salt of the a-hydrazide (m.p. 149-151°) 
(B.i^, 7) (p. 632 in Chapter XVIII) was treated in acid 
solution with nitrous acid and the product was treated with 
pyridine and with aqueous NaHCO« in an attempt to obtain 
either the azlactone or the lactam structure. The crude 
product as well as the presumed azide itself (dissolved in 
aqueous bicarbonate and used immediately) were tested, but 
no antibiotic activity was observed. 


Treatment of the a-Hydrazide of n-a-Benzylpenicilloic 
Acid with Nitrous Acid (Merck, M.60^ 17). In the pro¬ 
cedure below all solutions and solvents were maintained at 
6-2° unless otherwise stated. a-Hydrazide of D-a-benzyl- 
peuicilloic acid (45 mg.) was dissolved in 5.0 ml. of 0.2 N 
hydrochloric acid. To the solution was added 1.0 ml. of 
0.69% sodium nitrite solution. The mixture was shaken 
for one minute and then extracted with chloroform. The 
filtered chloroform solution was divided into two equal por¬ 
tions which were evaporated in ten minutes. One residue 
(A) was dissolved in 4 ml. of 0.2 M pH 7 phosphate buffer. 
After standing fifteen minutes at 0° and fifteen minutes at 
room temperature, appropriate dilutions were prepared for 
platt* assay. The second residue (B) was dissolved in 1 ml. 
of pyridine. After standing for fifteen minutes at 0°, the 
pyridine was evaporated in vacuo at room temperature in 
twenty minutes. Appropriate dilutions were prepared for 
assay. Activity was only found in the. highest concentra¬ 
tions of A and B submitted. It was not characteristic and 
might be ascribed to sodium azide which has approximately 
1.5 U/iug. apparent activity. 

Conversion of the a-Hydrazide of d-Methyl 9-Phenyl- 
penicilloic Acid to Methyl 9-Phcnylpenicillenate (Copp, 
Duflin, Smith, and Wilkinson, 2). The a-hydraz- 

ido of 9-phciiylpenicilloic acid was converted to its methyl 
ester by treatment with diazomf'tliane or by the direct 
action of diazomcthane on the hydrazine salt of the hydraz- 
ide. The hydrazido ester (0.6 g.) was dissolved in excess 
2 N hydrochloric acid (25 ml.) and treated at 0° with a solu¬ 
tion of sodium nitrite (0.11 g.) in a little water. An immedi¬ 
ate precipitate of a white solid was obtained and after 
fifteen minutes the mixture was extracted with chloroform 
(10 ml.). The chloroform extract was dried over a little 
anhydrous sodium sulfate, filtered and kept at room tem¬ 
perature overnight. The solution was concentrated in 
vacuo and the resulting resin dissolved in the minimum 
volume of dry ether. After standing in the ice-box for 
twenty-four hours a small yield of colorless prisms (about 
20 mg.) separated. The crystals were filtered off and 
washed with a little cold ether. The product melted at 
101-103° and showed no depression of melting point on 
admixture with a sample of methyl 9-pheriylpenicillenate. 
The residual rosin has not been characterized. 

In other experiments, a solution of the a-hydrazide of 
9-phenylpenicilloic acid in dilute hydrochloric acid yielded 
a white amorphous solid azide when treated with one mole 
of sodium nitrite. The product was readily soluble in 
chloroform and extractable from it with phosphate buffer. 
The phosphate extracts from a number of successive prepa¬ 
rations showed some biological activity in the plate test, 
activities varying from 0.5 to 2 U/mg. being found. No 
identifiable material was, however, isolated. 

Experiments on N-Isobutyryl- and N-Formyl- Deriva¬ 
tives of D-a-Benzylpenicilloic Acid a-Methyl Ester (Merck, 
M,66^ 14). A sample of 338 mg, of a-methyl n-a-benzyl- 
penicilloate was dissolved in 25 ml. of chloroform containing 
0.2 ml. of pyridine. This solution was treated dropwise with 
0.1 ml. of isobutyryl chloride at room temperature. After 
ten minutes, the solution was washed once with 10 rnl. of 2 % 
hydrochloric acid and twice with 10-ml. portions of water. 
The chloroform solution was dried by filtering through a 
fluted filter paper, then concentrated to dryness in vacuo to 
yield a colorless gum. A 5 mg. sample of this was heat(*d m 
vacuo at 160° for five minutes. The product was biologically 
inactive. Another sample (50 mg.) was saponified with 
0.1 A sodium hydroxide solution. After acidification with 
N hydrochloric acid, the product was removed by extracting 
with ether. The colorless gum obtained by concentrating 
the ether solution to dryness was heated to 160-165° for five 
minutes in vacuo. The product showed no bioaetivity. 

The remainder^of the colorless gum (260 mg.) was methyl¬ 
ated with 125 mg. of diazomethane in 25 ml. of ether an4 the 
dimethyl ester in ether solution was washed with 10 ml. of 
2 % sodium bicarbonate solution, then with 10 itil. of water. 
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The ether solution was concentrated to dryness to yield a 
colorless gum, which was saponified with 0.1 A' sodium 
hydroxide solution. The /3-methyl ester, obtained by 
acidification and extraction with ether, was hcaU^d in vacuo 
at 160-165** for five minute.s, but the product was biologically 
inactive. 

One hundred milligrams of a-m ethyl D-a-benzylpcnieil- 
loate was treated with 0,1 ml. of formic acid (9H-100%) 
room temperature. When the compound had dissolved, 
0.1 ml. of acetic anhydride was added and the resulting solu¬ 
tion was allowed to stand at room temperature for two hours. 
It was then concentrated to dryness in vacuo^ and the residue 
was flushed with ether, then dried in vacuo to produce a 
white amorphous solid that was not soluble in ether or 
benzene. 

A 5 mg. portion of the amorphous solid was heated in* 
vacuo at 150-155® for five minutes. The solid melted, a few 
bubbles agitated the melt which then became qui(‘scent. 
The product was biologically inactive. 

Another sample (25 mg.) of the amorphous solid was 
saponified with 0.1 A sodium hydroxide. The solution was 
cooled and acidified with 0.3 N hydrochloric ac.id, causing 
a white precipitate to separate. This product was removed 
by extraction with ether. C^oncentration of the ether solu¬ 
tion to dryness yielded a colorl(\ss gum, which was heated 
in an evacuat<id flask at 160“ for five minutes. This product 
was also inactive. 

A portion (60 mg.) of the amorphous solid was esterified by 
treating it with 50 mg. of diazomethane in 10 ml. of ethyl 
ether. The solid dissolved rapidly with a vigorous evolution 
of nitrogen. The ether solution of the ester was washed 
once with 5 ml. of 5 % sodium bicarbonate solution and once 
with 5 ml. of water. The ether solution was filtered, then 
concentrated to dryness to yi(*hl a colorless gum. This 
dimethyl ester was then saponified with 0,1 N sodium 
hydroxide solution mixed with 3 ml. of absolute methanol. 
After cooling and acidification with 0.3 N hydrochloric acid, 
the jS-mcthyl ester was isolated by extraction with ether and 
concentration of tlie other solution. This colorless gum 
was heated in an evacuated flask at 160® for five minutes, but 
the resulting product was inactive biologically. 

«-Methyl N-Isobutyryl-o-y-benzylpenicilloate (Merck, 
M.hVy 15). A solution of 36.6 g. of a-methyl n-y-benzyl- 
penicilloate in 500 ml. of chloroform was treated with 8 g. 
of pyridine and 10 g. of isobutyryl chloride w’as added drop- 
wise with stirring at room temperature. "I'lio solution was 
stirred for thirty minutes, then washed with ice-cold dilute 
hydrochloric acid and finally with water. The solution was 
dried with sodium sulfate and coneentrati^d under vacuum. 
An amorphous solid w'as obtained by pumping off the residual 
solvent under high vacuum; yield 45 g. 

Calc, for CtiHwOeNaS: C, 57.78; H, 6.46; N, 6.42 
Found: C, 67.72; H, 6.57; N, 6.39 

Dimethyl N-l 8 obutyryl-u- 7 -benzylpenicilloate (Merck, 
M.66f 16). A suspension of 45 g. of a-methyl N-iso- 
butyryl-i)- 7 -benzylpenicilloate in ether was treati'd with 
diazomethane. The ester crystallized readily; yield 16.5 g. 
After recrystallization from ether the melting point was 
constant at 123-124®. 

Calc, for CwHsoOeNsS: C, 58.65; H, 6.71; N, 6.22 
Found: C, 58.87; H, 6.76; N, 6.21 

The equivalent weight was found to be 455 (theory 450) 
by adding an excess of lithium hydroxide solution and back- 
titrating with hydrochloric acid. It appears that one ester 
group was readily hydrolyzed. 

/3-Methyl N-Isobutyryl-D-y-benzylpenicilloate (Merck, 
M.66f 16). Dimethyl N-isobutyryl-D- 7 -benzylpenicilloate 
(15 g.) was treated with one equivalent of sodium hydroxide 
bx methyl alcohol-water solution. The alcohol was removed 
by distillation, some unhydrolyzcd ester was filtered and one 
equivalent of hydrochloric acid was added to precipitate the 


acid as a syrup which crystallized on the addition of an ether 
layer to the mixture. After standing overnight, the mixture 
was filtered and the product was drii'd; yield 12 g. After 
recrystallization from ethyl acetate, the melting point was 
constant at 206-207“. 

Calc, for CjJIigOeNjS: C, 57.78; II, 6.46; N, 6.42 
Found (M.69, 11 ): C, 58.24, 57.98; H, 0.49, 6.18; N, 6.65 

When this acid ester was heated at its melting point for 
two or seven minutes, the product showed no antibiotic 
activity. After genth' heating of 1 g. of tliis acid with acetic 
anhydride a neutral oil was obtained. Treatment of this 
neutral oil with moist eth<‘r caused tlie crystallization of the 
starting acid. 

Pyrolysis of a-Ethyl ^-Methyl N^-Acetyl-N*-methyl-D- 
phenylpenicilloate (CJopp, Duthn, Smith, and Wilkinson, 
CPS.64^^ 13b a-Ethyl /3-methyl i\‘-acetyl-N*-methyl-i>- 
pheiiylpenieilloate was sublimed at 100“/0 001 nun. The 
sublimate (114 mg.) was a gum. It was dissolved in ice-cold 
pyridine (2 ml.) and caustic soda (0.1024 A, 3.2 ml.) added, 
and after standing at 0 ® for five minutes, poured into excess 
M/3 phosphoric acid and the solution extracted twice with 
ether. The ether solution was w^ashed with water and ex¬ 
tracted with 2 ml. of phosphate buffer solution (pll 7.1). 
Testing for antibacterial activity by the standard plate test 
gave an activity of 1 U/ml. Most of the material was un¬ 
changed during the hydrolysis since evaporation of the 
residual ethereal solution gave 100 mg. of a gum. 

Treatment of N^-Benzoyl-benzylpenicilloic Acid with 
Acetic Anhydride (C'ornell Hioch., 11). To 300 mg. 

of mouoethyl N^-benzoyl-n-benzylpenicilloate (m.p. 161- 
162®; Merck, M,23y 4) were added I ml. of water and 1.28 ml. 
of 0.1 N sodium hydroxide. After standing overnight the 
solution was dried in the frozen state. The residue was 
dissolved in 1 ml. of acetic anhydride and 10 mg. of sodium 
acetate were added. After fiv (5 minutes of stirring the 
solids were completely dissolved and the solution was pale- 
yellow. It was stirred for thirty minutes and was then con¬ 
centrated tn vacuo at about 40®. I'he dry residue was 
suspended in 3 ml. of aniline and stirred for one hour. 
About 35 ml. of water and sufficient hydrochloric acid to 
make the solution acid to ("ongo red were added. An 
amorphous orange solid which separated was oollecte.d and 
washed with alcohol. It was very slightly soluble in most of 
the usual soIv(*nts. 50 mg. were recrystallized from 50 ml. 
of hot ethanol. The product was in the form of prisms which 
auhlimed above 200 ® and possessed a micro midting point of 
289-290®. Purification could also be effected through sub¬ 
limation at 180° at pressures less than 1 iiim. 

Calc, for CislluO^Na: C;, 73.6; II, 6.17; N, 9.52 
Found: C, 74.0; H, 6.13; N, 9.34 

The compound yielded benzoic acid upon hydrolysis at 
100 ® in 20 % hydrochloric acid for eight hours. Its proper¬ 
ties agreed in all respects with those of authentic a-benza- 
mido-/3,^-diniethylacrylHnilide, the synthesis of which is 
described below. Repetition of this experiment yielded the 
same product, and evolution of hydrogen sulfide was detected 
at the time of the addition of aniline to the dry residue from 
the acetic anhydride treatment. 

a-Benzamido-/3,/3-dimethylacrylanilide (Cornell Bioch., 
I),Wj 12). To 200 mg. of 2-phenyl-4-isopropylideiic-5- 
oxazolone (D.8y 13) were added 5 nd. of aniline and a trace 
of aniline hydrochloride. The clear solution began to 
deposit crystals after one-half hour. After two days, 50 ml. 
of alcohol were added and 200 mg. of crystalline product 
were collected and were recrystallized from a large volume 
of alcohol. The prisms ol)taiii(‘<l sublimed above 200" to 
long thin needles, which melted at 288-289® on the hot stage. 

Calc, for CuHisOiNa: 73.6; H, 6.17 
Found: C, 73,1; II, 0.01 
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Attempted Preparation of BenzylpenicilUn (/3-Lactam 
Structure) from Dimethyl N-Carbophenoxy-D>'y-benzyl- 
penicilloate (Merck, 22). Dimethyl N-farbopheuoxy- 
D- 7 -bonzylpeiiicilloate (125 mg.) was dissolved in 3 ml. of a 
mixture of dry ether and ethylene dichloride. This solution 
was added to a stirred solution containing slightly over two 
equivalents of isopropyliiiagnesium iodide m 3 ml. of ether. 
A precipitate formed immediately and collected in gummy 
lumps on the sides of the reaction vessel. After the mixture 
had been stirred for a short time, water and more ether were 
added and the magnesium complex was (lecomposed by the 
gradual addition of 2 A sulfuric acid while the mixture was 
shaken in a separatory funnel. When the aqueous layer 
became neutral, the ether layer was separated, dried over 
magnesium sulfate, and concentrated at reduced pressure. 
The residue con.sisted largely of unchanged starting material, 
which crystallized when a small amount of ether was added, 
and was removed by filtration. The n'covcry amounted to 
100 mg. (80%). Concentration of the filtrate left a small 
amount of light-yellow gummy material. A 10 mg. portion 
was saponified in pyridine according to the procedure 
dp.scribed b.y Merck 8). No penicillin activity was 

found. 

Hydrazide of the Diethylacetal of Benzylpenaldic Acid. 

In one procedure (Mich, (^hem., B.S, 8) sufficient alcohol to 
give a clear solution was added to a mixture of 2.8 g. of the 
diethylacetal of ethyl benzylpenaldate and 0.6 ml. of 85% 
aqueous hydrazine hydrate (heating should be avoided). 
The following day the crystalline mass (very fine needles) of 
the hydrazide was filtered off. The diethylacetal of the 
hydrazide has a tendency to precipitate practically as a gel 
from warm alcoholic solution. By placing the flask con¬ 
taining a solution of the hydrazide in warm alcohol in a 
Dewar flask so that slow cooling re'sulted, readily filterable 
crystals were obtained; m.p. 164-165® corr. 

Calc, for C, 6 Hj 304 N,: C, 58.23; H, 7.49 
Found: C, 58.11, H, 7.54 

In another procedure (Copp, Duflin, Smith, and Wilkin¬ 
son, CPB,S8S\ 7) the diethylacetal of benzylpenaldate 
(3 g.) was suspended in hydrazine hydrate (20 ml,, 94 %) and 
sufficient dry ethyl alcohol was added to render the mixture 
homogeneous. The solution was refluxed on the steam bath 
for half an hour. On cooling the whole set to a solid mass. 
The material was filtered off and recrystallized frpm aqueous 
ethanol to give colorless prisms (2.6 g,), m.p. 165®. 

Calc, for CnlliiO.Ni: O, 58.2; H, 7.3; N, 13.6; OKt, 29,1 
Pound: C, 58.2; II, 7.4; N, 13.6; OKt, 28,4 

Coupling of the Acetal Azide of Benzylpenaldic Acid with 
DL«Penicillamine. Formation of N-(N'-PHBNYi.A.rKTyL 
-/3, /3-DiETuoxYALANYL)-PKNiriLLAMiNB. In One procedure 
(Mich. Chem., 5) a chilled solution of 2.5 g. of the di- 
ethvlacetal of the hydrazide of benzylpenaldic acid in an ice- 
cold mixture of 10 ml. of water and 15 ml. of 1.5 N hydrochloric 
acid was treated with a chilled solution of 0.65 g. of sodium 
nitrite. An oil precipitated immediately; it was taken up in 
ether (a solid forms on standing; m.p. 177-185®), the ether 
was evaporated and the oil was treated with a solution of 
1.67 g. of DL-penicillarninc hydrochloride in water containing 
1.56 g. of sodium carbonate monohydrate. After being 
stirred for one half hour the mixture was filtered and the 
filtrate was acidified. The product, which is presumably the 
diethylacetal of N-penaldylpenicillaminc, was an oil which 
was not obtained in crystalline form. It was lyophilized 
to a white powder; weight 1.55 g. It gave a dinitropbcnyl- 
hydrazone when warmed with aqueous acidic dinitrophenyl- 
hydrazine, was soluble in alkali, and gave a nitroprusside 
test. 

In another procedure (Copp, Duffin, Smith, and Wilkin¬ 
son, CPS,S88t 7) the hydrazide (4 g.) was dissolved in excess 
2 N hydrochloric acid. The solution was cooled in ice and 
with mechanical stirring sodium nitrite (0.523 g.) in a little 


water slowly added. The azide separated out as a sticky 
mass. After ten minutes the aqueous solution was decanted 
and the residual mass washed repeatedly with ice-water. 
To this azide was added a solution of penicillamine hydro¬ 
chloride (1.374 g.), sodium carbonate (0.80 g.) and sodium 
bicarbonate (0.637 g.) in 15 ml. of water and the reaction 
mixture stirred for two hours, filtered and the filtrate acidi¬ 
fied with dilute hydrochloric acid when a yellow gum 
separated out which on crystallization from 50% aqueous 
alcohol gave colorless needles, m.p, 67®. 

(^alc. for CsoHaoOiNaS: C, 56.3; II, 7.0; N, 6.4; S, 7.5 
Found: C, 56.6; II, 7.2; N, 6.6; S, 7.4 

Hydrazide of the Dimethylacetal of Benzylpenaldic Add 
(Merck, MMSy 21). Admixture of 8.0 g. of methyl N-phen- 
ylacctyl-/3,/3-diinethoxyalaninc, 10 ml. of methanol and 
1.1 ml. of 85 % hydrazine hydrate gave a clfsar solution which, 
on standing at room temperature, slowly deposited the 
hydrazide. After sixteen hours the product was filtered and 
washe<l well with methanol. It melted at 180®. The yield 
was 5.2 g. 

(^alc. for (hsHi. 04 N 3 : C, 55.50; II, 6.81; N, 14.94 
Found: (\ 55.86; H, 6.53; N, 14.86 

In another preparation (Dornell Bioch,, />.57, 9) it was 
found advisable to use 100% hydrazine hydrate (0.87 cc. 
for 5 g. of the ester in 5 cc. of methanol; yield 3.25 g.). 

N- (N '-Phenylacetyl-/3,(i-dimethoxyalanyl) -i>-penicillamine 
(XXVII) {MMS, 22). A solution of 500 mg. of N-phcnyl- 
aeetyl-/?,j3-dimethoxyalanine hydrazide in 8 ml. of 0.5 N 
hydro<‘hlonc acid, chilled to 0®, was treated with 130 mg. of 
sodium nitrite in 4 ml. of water. The azide immediately 
precipitated and crystallized on scratching. Within twenty 
minutes, the product was filtered, washed with water and 
added to a Solution of 306 mg. of D-penicillamine hydrochlor¬ 
ide and 260 mg. of anhydrous sodium carbonate in 10 ml. of 
water. After ten minutes stirring at room temperature the 
azide was completely dissolved. The solution was covered 
with ether and acidified in stepwise fashion until precipita¬ 
tion appeared complete. The ether layer gave 375 mg. of 
product which on crystallization from ether yielded 102 mg. 
of product melting at J02-103®. After recrystallization 
from benzene the compound melted constantly at 115-116®, 
4-24® (c = 1.0 in methanol). 

(;alc. for CiglltGO^NaS: C, 53.08; H, 6.55; N, 7.00 
Found: C, 54.41; H, 6.62; N, 6.81, 7.12 

Methyl N-(N'-Phenylacetyl-/3,^-dimethoxyalanyl)-i>-peni- 
cillamine {M 21). Asu.spcnsion of N-(N '-phenylacctyl-)3, 
j3-diraethox3’^alanyl)-i>-penicillamine in ether was methyl¬ 
ated with excess diazomethane in ether. The clear solution 
resulting was concentrated in vacuo. The residue was dis¬ 
solved in ether and washed with dilute bicarbonate and 
concentrated to a small volume. The ester crystallized on 
addition of petroleum ether. It melted at 96®, [aln” -f 36® 
(c “0.1 in methanol). 

Calc, for Ci.H^gOeNgS: C, 55.32; H, 6.84, N, 6.79 
Found: C, 55.69, H, 6.63; N, 6.68 

Reaction of i>-Penicillamine Methyl Ester with a-Phenyl« 
acetamido-/3,/3-dimethoxypropionyl Azide (Merck, ilf.55,12). 
The azide prepared from 1.07 g. of a-phcnylacetamido-/3,/3- 
dimethoxypropionic acid hydrazide was added to a solu¬ 
tion of 610 mg. of D-penicillamine methyl ester in 6 ipl. of 
chloroform. After standing five days at room temperature, 
the solution was washed, repeatedly with water, then evapo¬ 
rated to dr 3 rncss. The residue was crystallized from ether- 
petroleum ether, then chloroform-ether, giving 236 mg. of 
product melting at 122-123®. A subsequent recrystalUza- 
tion from methanol-water did not change the melting point, 
-27® (c “ 1.0 in methyl alcohol). The urea struc¬ 
ture, for the product, seems reasonable. 
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C,HtCHjCO-NHOHCn(OCII,), HSC(CH,)j 

i!iH-CO-NH^ICOOCII, 

Calc, for C„Hs,0,N,S: C, 53.38: H, 6.84; N, 9.83 
Found: C, 53.50; H, 6.88; N, 10.39 

Reaction of N-(a-Phenylacetamido-^,^-dimethoxypro- 
pionyl)*-D-penicillamine with Acetic Anhydride (M(Tck, 
12). N-(«-Pht'nylacctarni(!o-/3,i3-diniothoxypro- 
pionyl)-D-pcriicillannne (100 ing.) was dissolved in 1.5 ml. 
of acetic anhydride and the mixture was heated at 100®. 
Hydrogen sulfide was evolved. After thirty minutes the 
solvent was removed in vacuo and the residue crystallized 
from ether-iietrolcum ether, giving 32 mg. of product. 
After recrystallization from benzene-ether the compound, 
tan needles, melted at 151-152®. The product is neutral in 
reaction. 

Found: O, 62.01, 62.12; H, 5.86, 6.04; N, 8.53; OCHa, 4.35 

Attempted Ring Closure of N-(N'-Phenylacetyl-/?,^- 
dimethoxyalanyl)~D-penicillamine (Squibb, 3). Since 
the fusion of various acetals with penicillamine has resulted 
in the formation of thiazolidines, several atU'inpts have been 
made to form the /S-lactam structure by the fusion of 
N-(N'-phenylacetyl-j3,j3-diin ethoxy alanyl)-D-pemcillamine 
under similar reaction conditions. The compound showed 
considerable thermal stability. Xo observable change oc¬ 
curred in the melt during ten iiiinutes heating at 120®. The 
temperature was then raised to 150® during the next ten 
minutes. The reaction mixture was allow(*d to cool and was 
then submitted for bioassay, wduch indicated an activity 
of 0.5 a bioassay of the starting material showed no 

activity. The reaction mixture consisted largely ot un- 
rcacted starting material, whi<‘h was recovered by crystal¬ 
lization of the melt from benzeiH*. The njcovc'red material 
melted at 112-115°. [afo” +23° (c =« 1 in methanol). 
Previously reported ni.p. 111-114° (aS’.,^^, 5); 115-116" 
(Merck, M.63, 21). 

S<;veral other fusions were attempted. Fusion at 135° for 
twelve minutes or at 150° for eighteen minutes gave melts 
with no bioactivity. Since it has been reported that 
pyridine hydrochloride catalyzes thiazolidine formation, two 
fusions were earned out in w^hicli an equal wi’ight of pyridine 
hydrochloride was used. One fusion was carried out for 
thirty seconds at 130°; bioassay showed no activity. The 
second fusion carried out for five minutes at 140°, and bio¬ 
assay showed an activity of 0.21 U/nig. 

From these preliminary experiments it appeared that the 
conditions of reaction would be very severe and that most 
of the active material might be destroyed. Therefore the 
methyl ester of N-(N'-phonylacetyl-/?,^-dimethoxyalanyl)- 
D-pcnicillamine was prepared and ring closures on this ester 
were attempted. 

N-Benzoyl-i9,^-diethoxyalanine Ethyl Ester (Copp, Dufiin, 
Smith, and Wilkinson, CPS.$ 40 ^ 3). 2-Phcnyl-4-cthoxy- 
methylene-5-oxazolone (60 g.) was dissolved in 2 solution 
of hydrogen chloride in absolute ethyl alcohol (260 ml.) and 
allowed to stand at room temperature for two days. The 
solution was neutralized by addition of an alcoholic solution 
of sodium ethoxide, the bulk of the alcohol removed in vacuo 
and the residue treated with water and extracted with ether. 
The ethereal extract was washed with water, dried over 
anhydrous sodium sulfate and concentrated in vacuo. On 
allowing to stand, large colorless crystals were deposited 
which on recrystallization from ether-Hght petroleum (b.p. 
60-80°) gave colorless prisms, m.p. 48°. 

Calc, for CwHaaOfiN: C, 62.1; H, 7.4; N, 4.5; OEt, 43.6 
Found: C, 62.1; H, 7.2; N, 4.6; OEt, 41.3 

II-Benzoyl*iS,/3-diethozyalanylhydrazide (CPS.S 40 , 3). 
Crude N-benzoyl-/3,^-diethoxyalanine ethyl ester (10 g.) and 
hydrazine hydrate (25 ml., 90%) with sufficient ethanol to 
produce homogeneity were heated on the steam bath for one 


hour. On allowing to cool the reaction mixture set to a solid 
mass, which was filtered, washed with a little 50% aqueous 
ethanol and recryatallized from acpieous methanol to give 
colorless plates, m.p. 154-155°. 

Calc, for (^4112104X3: C, 56 0. II, 7.1; N, 14.2, OKt, 30.4 
Found: (', 56.0, 11, 7.1; N, 14.5; OKt, 2S.8 

2-Benzoylamino-3-pyrazolone 3). The above 

hydrazKh* (1 g.) wa.s Avarmed on the steam bath for one hour 
with 2 N hydroehlorie acid (10 ml.) and ethyl alcohol 
(10 ml.), the .solvent removed m vacuo to give a white solid 
and this recrystallized from hot watc*r to give colorless 
prism.s, m.p. 200-201® 

(‘ale for (‘loH^OsN.,: (\ 50.1; II, 4.1; X, 20.7 
Found: C, 58 0, II, 4.4, N, 20.4 

N-(N'-Ben2oyl-/3,ja-diethoxyalanyl)-penicillamine (CPS. 
340 , 3). N-Penzoyl-|(;y5-di(‘tiioxyala!>yI}iydrazide (0.06 g.) 
w'as dissolved 111 e\(*(‘ss ol 2 A' hydroidilonc arid. 4'he solu¬ 
tion wffs cooled in ice and witii eontmuous mechanical 
stirring HO<iiiim nitrite (2.31 g ) in a little water slowly added. 
The azid(‘ separated as a sticky ma.ss. Alter ten minutes the 
aqueous solv(*nt was deeant(‘d and the residual mass washed 
rep(‘atedly with lee-eold watiT. O'o th(‘ azuh* was then added 
a solution of penicillamine hytlroehloride (6.2 g.), sodium 
bicarbonate (2.81 g.) and sodium carbonate (3.5 g.) in 25 ml. 
of water and the n'action mixture stirn^d for two hours at 
5°. Tlie mixture was filtered and the filtrate aeidifitai wdth 
dilute liydrochloric acid when a white sticky mass separated 
and on erystaliization from aijucous ethanol gave colorless 
needles (52%). On heating the product melted initially at 
65®, tluai resolidified and finally melted at 150°. The 
product gave positive thiol reactions with hwe (‘hloride 
and sodium nitroprusside, was insoluble in water liut readily 
soluble in aqueous alkaline solutions. 

Oalc. for (hoIhTOoNaS: (‘, 55.5; H, 6.6; N. 6.8; S, 7.8 
Found: (‘, 55.4; H, 7.0; N, 6.5; S, 7.5 

Treatment with Acetic Anhydride (CPS.34()y 4). The 
above product (100 mg.) was maintained at 35° for 8 hours 
with acetic anhydride (2 ml.). The solution was then kept 
overnight at room temperature. The reaction mixture was 
concentrated in vacuo at room temperature and the residue 
dissolved in ether, the ethereal solution washed repeatedly 
with water and then extracted several times with phosphate 
buffer, pH 7.0. (Biological tests on the phosphate extracts 
proved to be negative.) The ether was dried over anhydrous 
sodium sulfate and concentrated in vacuo to give an alkali 
insoluble, thiol-containing resin which yielded an amorphous 
solid on precipitation from ether with light petroleum. 

Treatment with Phosphorus Tribromide (CPS.S 40 f 4). 
A solution of the penicillamine derivative (200 ing.) in dry 
ether (50 ml.) was treated at room temperature with 20 ml. 
of a solution of phosphorus tribromide (2.5 g.) in dry ether 
(100 nil.). After about half a minute the originally clear 
solution became cloudy and a white amorphous solid was 
deposited. The ether was decjanted and the residue 
washed thoroughly with dry ether and then filtered off, 
washed repeatedly with dry ether and dried over silica gel 
in a vacuum desiccator. 

Calc, for Ci.HzaOfiNjSBr: N, 5.9; S, 6.8; Br, 16.9 
Found: N, 6.1; S, 6.9; Br, 15.5 

When a suspension of the above solid in dry other was 
treated with an ethereal solution of diazomethane, the solid 
rapidly passed into solution. Evaporation of the ether 
gave a clear resin which yielded an amorphous solid on 
precipitation from ether with light petroleum. 

N- (N'-Benzoyl -j3,/3-diethoxyalanyl) -penicillamine Methyl 
Ester (Copp, Duffin, Smith, and Wilkinson, CPS.SSSj 6). 
An ethereal suspension of N-(N'-benzoyl-^,/3-diethoxy- 
alanyl)-penicillamine (1 g.) was treated at 0° with an 



874 


ATTEMPTED SYNTHESES OF PENICILLINS 


ethereal solution of diazomethane. The solid rapidly passed 
into solution with vigorous evolution of nitrogen. After 
half an hour the ether was removed in vacuo ^ to give a 
clear resin which on careful crystallization from aqueous 
alcohol gave colorless needles, m.p. 9(M)l®. The material 
showed no absorption in the ultraviolet in chloroform 
solution. 

Calc, for C,oH„ 06N,S: C, 56.4; H, 6.8; N, 6.6 
Found: C. 66.7; H, 6,8; N, 6.8 

Neither treatment with glacial acetic acid in the cold or 
hot, anhydrous pyridine nor acetic anhydride effected the 
required thiazolidine formation. 

a-£thylthiomethylene«N-benzoylglycine Hydrazide (f'opp, 
Duffin, Smith, and Wilkinson, CPS.542y 10). 2-Phenyl-4- 
ethylthiomethylene-5-oxazolone (3.6 g.) was suspcnd<‘d in 
dry alcohol (40 ml.) and hydrazine hydrate (94%, 0.99 g., 
1.2 moles) added. An immediate red solution was obtained. 
After keeping at room temperature overnight the solution 
was concentrated in vacuo and the residue crystallizad from a 
mixture of alcohol and ether to give colorless needles, m.p. 
143 -• 144 ^ 

Calc, for CiJlisOjNaS: C, 54.3; H, 5.7; N, 15.9; S, 12.0 
Found: C, 54.4; H, 5.G; N, 15.5; S, 11.8 

a-Ethylthiomothylene-N-benzoylglycinelydrazide (100 mg.) 
was boiled for two minutes in anisole (2 ml.). After allowing 
to stand overnight in the refrigerator a crystalline solid 
separated which was filtered off and washed with cold light 
petroleum. The product had m.p. 141® and a mixed m.p. 
with the starting material was 141-143®. 

Conversion of a-£thylthiomethylene*N-t>enzoylglycine 
Hydrazide to the Azide and Reaction of the Azide with 
i>L-Penicillamine Methyl Ester (CPS.542y 10). a-Kthyl- 
thiomethylene-N-benzoylglycine hydrazide (810 mg.) was 
dissolved in 2 N hydrocldoric acid (15 ml.), cooled to 0® and 
treated with a solution of sodium nitrite (210 mg.) in a little 
water. An immediate white precipitate of the azide was 
obtained and after a few minutes the solid was filtered off, 
washed with a little water and immediately dissolved in 
chloroform (10 ml.) and combined with a chloroform solution 
(10 ml.) of DL“penicillaminc methyl ester (prepared from 
penicillamine methyl ester hydrochloride (610 mg.) and 
sodium bicarbonate (257 ing.)). The reaction mixture was 
then k^'pt over a little anhydrous sodium sulfate at room 
temperature for twenty-four hours. Concentration in vacuo 
gave a pale yellow resin showing a positive nitroprussido 
reaction. The resin was extracted three times with cold 
light petroleum and the residue triturated with cold ether 
when a crystalline mass was obtained. The solid was filtered 
off and recrystallized from ether when colorless needles 
(100 mg.) of 2-phenyl-4-ethylthiomethylene-5-oxazolone 
(m.p. and mixed m.p. 121-122®) were obtained. (Further 
proof of the nature of the product was obtained by con¬ 
version to a-ethylthiomethylene-N-benzoylglycine benzyl- 
amide, m.p. 120®.) 

The ethereal filtratij was cooled to —30® for one hour, 
filtered and concentrated in vacuo. The resin (0.288 g.) was 
dissolved in dry pyridine (2.5 ml.) and cooled to 0® and 
treated for ten minutes with 0.1 N sodium hydroxide 
(15 ml.). The resulting red solution (with vivid blue 
fluorescence) was diluted with water, acidified to pH 2 with 
M/3 phosphoric acid and extracted with ether. The ethe¬ 
real solution was washed wuth a little water and extracted 
three times with 10 ml. portions of sodium phosphate buffer, 
pH 7.01, A sample of the phosphate example was sent for 
testing but was found to be biologically inactive. 

The phosphate extract was acidified to pH 2 with M/3 
phosphoric acid and extracted with ether, the ethereal 
solution washed with a little water, dried over anhydrous 
sodium sulfate and concentrated in vacuOy when a redn 
(80 mg.) was obtained, giving negative ferric chloride but 
positive nitroprusside and sodium azide/iodine reactions. 


The resin crystallized from toluene to give colorless needles 
(16 mg.), m.p. 156®, undepressed on admixture with an 
authentic specimen of a-othylthiomethylene-N-benzoyl- 
glycine (lu.p. 167-158®). 

N-(N-Phenylacetyl-i3,^-diethoxyalanyl)-cy8teine (Mich, 
('hem., B.8y 9). A chilled solution of 0.25 g. of N-phenyl- 
acetyl-j8,/3-diethoxyalanyl hydrazide in 4 ml. of 0.5 N hydro¬ 
chloric acid was treated with an aqueous solution of 65 mg. of 
sodium nitrite. The azide precipitated immediately as a 
gum which crystallized when stirred with a little ether. The 
ether was removed and the crystalline azide was added to a 
solution prepared from 130 mg. of cysteine hydrochloride and 
155 mg. of sodium carbonate monohydrate. Acidification 
of the filtered solution after a few minutes yielded a product 
which soon crystallized. After recrystallization it formed 
colorless plates, m.p. IfiS-lOO®. It gives a test with nitro¬ 
prusside and gives a diiiitrophenylhydrazone when treated 
with 2,4-dinitrophpnylhydrazine in aqueous acid. 

(’ale. for (JigHwOeNaS: (’, f>4.25; H, 6.58 
Found: O, 54.62; H, 6.23 

The compound was treated with dilute acid to effect con¬ 
densation, but the product was not characterized. 

Condensation of n-Penicillamine Methyl Ester Hydro¬ 
chloride with 2-Benzyl-4-methoxymethylene-6(4)-oxazolone 
(Merck, MJ^Oy 14; 47', 33; 5.9, 26). Twenty grams of n-peni- 
cillamine methyl ester hydrochloride and 22 g. of 2-benzyl-4- 
methoxyrnethylene-5(4)-oxazolone were dissolved in 100 ml. 
of pyridine which was then diluted with 100 ml. of methanol. 
The temperature of the solution rose to 45® over a period of 
one-half hour and then gradually fell. After one hour the 
solution was concentrated to a thick syrup which was taken 
up in chloroform and washed with water to remove the 
pyridine hydrochloride. The chloroform was removed 
under vacuum and the syrup was dissolved in 250 ml. of 
ether and allowed to stand overnight. After cooling in an 
ice bath, silky crystals separated and were filtered off and 
washed with ether and dried; m.p. 138-140®; yield, 2.5 g. 
Recrystallization from methanol and water raised the 
melting point to 140-141®, [ab” -f-100.7® (c - 1.45 in 
methanol). 

Calc, for (^,8H2406N2S: 

C, 56.82; H, 6.36; N, 7.37; OCH,, 16.3; MW, 380 • 
Found: 

C, 56.54; H, 6.12; N, 7.80, 7.63: OCH,, 17.7; 

MW, 321 (Hast); 352 (saponification equivalent) 

Although the analysis of this compound corresponds to 
dimethyl penicilloate its properties and reactions do not 
agree with the known dimethyl penicilloates. It gives a 
negative sodium azide test, and does not react with methyl 
alcoholic mercuric chloride solution. With aqueous methyl 
alcoholic mercuric chloride and 2,4-dinitrophenylhydrazine 
the product was not the same as that obtained from dimethyl 
D- 7 -penicilloato and a-methyl D-Y-penicilloate. Only phenyl 
absorption was observed in the ultraviolet absorption spec¬ 
trum and no change in absorption was obtained with the 
addition of mercuric chloride. 

The mother liquor from this preparation deposited dense 
square plates on further standing which melted at 108-109® 
and depressed the melting point of dimethyl n-benzylpenicil- 
loate to 104-106®. This compound (presumably N-(a- 
phenylacctylamino-|8-methoxyacrylyl)-penicillainine) gave a 
positive sodium azide test for a sulfhydryl group. On 
refluxing with other this compound was transformed into 
the feathery needles melting at 138-140® which gave a 
negative sodium azide test. 

In an attempt to obtain more of this compound for analy¬ 
sis and absorption spectra, the dimethyl D-y-penicilloate, 
m.p. 110-112®, was obtained instead. This compound 
agreed in its mercuric chloride reaction, ultraviolet absorp¬ 
tion, and rotation behavior with the known dimethyl 
i>- 7 *benzylpenicilloate. 
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In an attempt to hydrolyze the compound melting at 
138-140®, an insoluble needle-like compound separated 
at the neutral point. This did not melt above 300®. 

Calc, for C9 Hi408N2S: 

C, 46.94; H, 6.13; N, 12.17 
Found: C, 47.29; II, 5.88; N, 12.42 

This compound had lost both the phcnacetyl and a 
inethoxyl group, presumably to form a cy(*lic amide. 

The acidic portion after hydrolysis was treated with ben¬ 
zoyl chloride and pyridine in chloroform solution. After 
hydrolysis the assay was 0.14 U/rng. The solution was 
washed with water and sodium bicarbonate solution, dried 
and evaporated. The residue was dissolved in benzene to 
which a benzylamine solution was added and allowed to 
stand for a week. Dense square crystals separated that 
melted at 136-138®. 

On heating the compound ])elicved to have structure 
XXIXa or XXIXb in pyridine at 75-80® for two hours or in 
xylene containing a trace of diethylaniline for sixteen hours, 
no activity was obtained on bioassay. Starting material 
was the only substance which was identified, 

Hydrogenolysis of Compound XXIXa (or b) (Merck, 
M.4-7, 33). If structure IDCIXa or XXIXb is correct, the 
removal of the sulfur atom by the hydrogenolysis reaction 
should yield /3-niethoxy-N-phenylacetyl-alanyl-q-valine 
methyl ester. 

A mixture containing 50 ml. of methanol, about 20 g. of 
Ilancy nickel catalyst, and 0.45 g, of compound XXIXa or 
XXIXb was shaken for one hour. The catalyst was centri¬ 
fuged and thoroughly extracted with methanol wliich 
was concentrated. The residual oily product (0.22 g.) was 
dissolved in 2 ml. of ether and allowed to stand for forty 
hours in a refrigerator when it had crystallized in clumps. 
Aft(‘r two recrystallizations from ether it melted at 86*'87®. 

(^alc. for (hglljsOfcNj: C, 61.70; II, 7.48; N, 8.00; OCR,, 17.7 
Found: (^ 62.07; II, 7.80; N, 7.68; OCIL, 17.6 

This product was identical with a synthetic sample prepared 
as described below. 

Synthesis of /9-Methoxy-N-phenylacetyl-alanyl-D-valine 
Methyl Ester (Merck, MMO, 15; 22). To 6.0 g. of 

0-methyl serine, dissolved in 100 ml. of water solution 
containing 21 g. of sodium bicarbonate and cooled in an ice 
bath, was added 8 ml. of phenylacetyl chloride at a rate of 
about ten drops per minute. The mixture was stirred for 
two hours while the temperature rose to that of the room. 
After extraction with chloroform, the aqueous solution was 
acidified and extracted with chloroform. The material 
was rccrystallized several times from chloroform to a con¬ 
stant melting point of 143-144®; the yield of crude material 
was 3.59 g. 

Calc, for Cx 3 Hu 04 N: C, 60.75; H, 6.37; N, 5.90 
Found: C, 60.73; H, 6.26; N, 5.97 

The crude acid was dissolved in ether and treated with an 
excess of diazomethane. After removal of the ether, the 
residue was recrystallized from a mixture of methyl alcohol, 
ether and petroleum ether until the melting point was 
constant at 96-96®. 

Calc, for C11H17O4N: C, 62.13; H, 6.82; N, 5,68 
Found: C, 62.23; H, 6.68; N, 5.91 

The crude methyl ester was treated with 82 % hydrazine 
hydrate in methyl alcohol and was refluxed for one hour. 
After removal of the solvents the crystals were washed with 
methanol and ether; the a-phenylacetyl-j8-methoxyalanine 
hydrazide so prepared melted at 155-159®. The hydrazide 
was also prepared as follows: a mixture of 3.56 g. of the crude 
acid and 3.32 g. of phosphorus pentachloride in 35 ml. of 
dry ether was shaken for two hours. The ether was replaced 
with dioxane. After 1>^ hours, the dioxane was removed 


at room temperature and the residue was taken up in 80 ml. 
of dry methanol. After sixteen hours the methanol was 
removed in vacuo and the residue was taken up in chloroform 
and washed with sodium bicarbonate solution, .\fter 
evaporation of the chloroform, the crude ester (3.2 g.) was 
treated with 1.6 ml. of 82% hydrazine hydrate in 10 nil. of 
methanol and was refluxed for two hours. Thci residue from 
the methyl alcohol gave prismatic rods, m.p. 159-160®. 

Calc, for Cj,HnO,N»: 

C, 57.35; II, 6.82; N, 16.72; OCliz, 12.47 
Found: C, 57.62; H, 6.70; N, 16.87; OCIU, 11.8 

The hydrazine (3.2 g.) was dissolved in 12 ml. of glacial 
acetic acid, 40 ml. of watcT and 18 ml. of 2.5 N hydrochloric 
acid. A solution of 0.9 g. of sodium nitrite in 10 ml. of 
water was added dropWLsc, the azide precipitating immedi¬ 
ately as an oil. It was extracted witli chloroform and the 
extract was dried over sodium siilfati' and then allowed to 
react with 1.1 g. of i>-vahn(* methyl ester over a period of 
sixteen hours. After coneemtration, the residue was rocrys- 
tallized twice from ether and twice from ethyl acetate. The 
matcTial partially melted and underwent a transition at 
120-130® to long needles and finally inc'lted at 145-149® 
(micro-block), +16.3® (c 0.25 in methanol). 

Calc, for Ci,»H 2 , 04 N 2 : C, 61.70; II, 7.48; N, 8.00 
Found: C, 61.98; H, 7.59; N, 8.39 

A second isomeric methyl ester was obtained in the follow¬ 
ing manner: the preparation was repeated and the resulting 
esters were hydrolyzed by heating them on a steam bath 
with 20 ml. of N sodium hydroxide for twenty minutes with 
vigorous stirring. After ac^idification and extraction with 
chloroform, 2.3 g. of solid acids were obtained. These were 
dissolved in 40 ml. of benzene and passed over a 1.2 X 22 cm. 
column of acid-washed alumina. The chromatogram was 
developed with a 20% methanol-80 % benzene mixture. 
The first part of the eluates contained an acid which melted 
at 158-160°. This compound was esterified with diazo¬ 
methane to give an ester molting at 88-89® after recrystal¬ 
lization from ether containing a little petroleum ether. The 
melting point of the dcsthio derivative was 86-87® and a 
mixture of the two compounds melted at 86.5-88.5®. 

Attempts to Convert Methyl Benzylpenicillenate and 
r<-Amylpenicillenate to the /^'Lactams (Merck, MM?i, 26). 
A sample of 0.2 g. of D-penicillaminc methyl ester condensed 
with 0.24 g. of the benzyl oxazolone was allowetl to stand in 
44 ml. of pyridine in order to observe changes in absorption 
spectra. After one day at room temperature the maximum 
observed absorption at 3,150 A was Ki om 370. After two 
days the unheated solution showed an absorption of Ei 
187.5. A portion of the same solution which was heated at 
90® for six hours showed an absorption of Ei om.*"'® 205. No 
activity was ever observed on this ester condensation. 

The rotation of this solution when first prepared was 
lain’* +28.4®; hours later the [ajo** was +40; 40 hours, 
[ajD** +85®; 60 hours, Wd** +72®; 84 hours, fafe** +68®. 
After heating the solution it became too dark to observe the 
rotation. 

A solution of 0.2 g. of methyl n-amylpenicillenate in 20 ml. 
of pyridine showed an initial absorption peak between 
3,150 and 3,175 A of Eicm.^^'’ 845. After four days at 25® 
the absorption was 715 at 3,175 A, The rotation 

over this period remained constant; [a]D** +107®; fajo** 
+96° after eight days. After twelve days the absorption 
was 670 at 3,150 A. A portion of the solution was 

heated at 90° for six hours, when the absorption at 3,150 A 
felltoE,o».'%440. 

A 1 % solution of methyl n-amylpenicillenate in benzene 
was shaken for 1 hours with a several-fold excess of 3 % 
sodium amalgam. The absorption band at 3,150 A fell 
fromE,em'%940to 191.6. 

A mixture of 1.500 g. of 2-benzyl-4-methoxymethylone- 
5(4)-oxazolone and 1.160 g. of D-penicillathinc methyl ester 
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in 15 ml. of tolueno {M.23^ 25) was evaporattid to drynoss 
at room tcinperatun*. Samples (100 mg.) were refluxed for 
thirty minutes with the following solvent catalyst mixtiires: 

to ml. of toluene containing 9 ing. of ascaridole 

10 ml. of toluene containing 10 mg, of N-ethyl piperidine 

10 ml. of toluene containing 10 mg. of iodine 

10 ml. of toluene containing 10 mg. of benzoyl peroxide 

10 ml. of pyridine containing 10 mg. of cupric acetate 

Samples of ester and saponified ester were subjected to 
bioasaay. The results were negative. 

Behavior of Crude Methyl u-Benzylpenicillenate on Subli¬ 
mation (Merck, M.7(), 2). ("rude methyl o-benzylpeni- 
cillenat(* (540 mg., ultraviolet absorption maximum in 
etluinol Km 17,400 at 3,175 A, w'ashed wdth buffer, was 
heated for four hours in a sublimation apparatus under a 
pressure of 1-3 microns with a bath temperature of 125-130®. 
Light yellow material deposited on the condensing surface 
cooled with dry ice. The sublimate weighed 0.12 g. and had 
an ultraviolet absorption maximum in ethanol of Em 6,440 at 
3,125 A. Bioassay of a saponified portion of this material 
showed a trace of activity (0.2 U/mg.). The reddish residue 
weighed 0.40 g. and had an ultraviolet absorption maximum 
in ethanol of Km 7,800 at 3,225 A. No activity was shown 
by bioassay. 

Experiments on Methyl D-n-Amylpenicillenate (Merck, 
M.76», 2). The action of catalysts on this compound was 
of interest in two respects, namely, a study of the rearrange¬ 
ment to a penillonate and attempts to isolate methyl 
penicillin. Methyl penicillin has been postulated as an 
intermediate in one suggested mechanism for the penicil- 
lenate-peniilonato change. If this were the case, it might be 
possible to obtain evidence for the presence of penicillin, 
especially if the reaction could he carried out at rather low 
temperature and und(*r mild conditions. 

A solution of 0,50 g. of methyl n-n-amylpenicillcnate and 
10 mg. of iodine in 50 ml. of b<’nzcne was heated at reflux 
for one hour. Evaporation of the solvent gave a brown oil 
which was biologically inactive in vitro; [alD®** -fl88“ 
(c *» 0.825 in cliiorofonn). 

Another run was carried out at room temperature. The 
initial rotation of a solution of 0.25 g. of methyl D-n-amyl- 
penicillenate in 26 ml. of benzene was [ab*® +50®. Im¬ 
mediately after the addition of 5 mg. of iodine, the rotation 
was +64®; after seventy-two hours it w'as +76®. A portion 
of the above solution (after seventy-two hours) was heated 
for one hour on a steam bath; the rotation dropped to 
+68®. A portion of the solution was evaporated after it 
had stood for forty-eight hours, and the residue was sub¬ 
jected to bioaasay. A trace of activity (<0.2 U/rog.) was 
found in vitro after saponification. 

Further experinienis with other catalysts were carried out. 
Small amounts of chlorine gave traces of biological activity, 
but the results were erratic and the zones of inhibition on the 
assay plate were not always of the type characteristic of 
penicillin. The following substances gave no activity: boron 
trifluoride, bromine, piperidine, thionyl chloride, phosphorus 
tribromide, and acetyl chloride. 

Attempted **Activation” of Benzylpenillic Acid (Lilly, 
L.P, 3). No active products were obtained by subjecting 
benzylpenillic acid to (a) ultraviolet irradiation in acetone 
for 6 hours; (b) ultraviolet irradiation in phosphate buffer, 
pH 7, for 6 hours; (c) aluminum chloride treatment in 
dioxane at ice-bath temperature for 1 hours; (d) aluminum 
tert.-butoxide in dioxane at icc-bath temperature for 
hours; (e) pyridine containing 1 mg. of ascaridole per ml. 
at 110® for 15 minutes; (f) pyridine containing 1 mg. of 
perbenzoic acid per ml. at 75® for 3 hours. 

In other experiments (Merck, 1), no activity re¬ 

sulted on shaking a solution of benzylpenillic acid (15 mg.) in 
ethylene dichloride with two moles of acids of various 
strengths (p-tolueneeulfonic acid, acetic, perchloric, mono- 
chloroacetic, oxalic and hydrochloric acids) for four days. 


Irradiation of benzylpenillic acid in hot amyl acetate 
and ethylene dichlorido with sunlight and with a hot mercury 
are filtered with pyrex with and without traces of iodine, 
bromine, and benzoyl peroxide did not lead to biological 
activity. Likewise no activity resulted when penillic acid 
was treated with boron trifluonde or with phenyl isocyanate. 

2-(2'-Pbenyl-6'-chloro-4'-oxazolyl)-6,l^dimethylthiazol- 
idine-4-carboxylic Acid Hydrochloride (XXXI) (Goldsworthy, 
Ilobinson, Abraham, Baker, and Ghain, CPSMO^ 6). A 
mixture made by dissolving 2-phenyl-5-ehloro-oxazole-4- 
aldehydc (1.14 g.) in ethanol (5 ml.) and ether (10 ml.), and 
adding n-penicillamine hydrochloride (0.93 g.) in water (6 
ml.) and sodium acetate (0.65 g.) was shaken for four hours. 
The aqueous layer then gave no coloration with ferric chloride. 
The mixture was evaporated to dryness at low pressure, 
and the residue dissolved in N sodium bicarbonate solution, 
(20 ml.) with the addition of other. The ethereal layer was 
discarded, and the aqueous layer acidified to pH 2 by the 
slow addition with stirring of N hydrochloric acid. The 
precipitated thiazolidinc was collected, washed with water, 
and dried in vacuo at room temperature (1.5 g.). By passing 
hydrogen chloride into a filtered solution of the thiazolidinc 
in ether Iho hydrochloride was precipitated in fine rods, m.p. 
178® (deconip.). 

Calc, for CieHifiOaNiCLS: C, 48.0; H, 4.3; Cl, 18.9; S, 8.5 
Found! C, 47.8; H, 4.3; ("1, 18.7; S, 8.1 

Experiments on the Preparation of Biologically Active 
Products by the Action of Pyridine on the Thiazolidine 
Hydrochloride XXXI {CPSMfiO^ 6;. A description of a 
single experiment will bo sufficient to illustrate the general 
procedure. Dry pyridine was prepared by keeping commer¬ 
cial pyridine over freshly fused hariiiin oxide for five days, 
then decanting onto fresh barium oxide, refluxing for ten 
hours, and distilling (r/. Zerewitinow, Ber.47, 2417 (1914)). 
A solution of the thiazolidine hydro(‘hloride XXXI (125 mg.; 
Hooo mole) in pyridine (20 ml.) containing 6 mg. 
(^iooo mole) of water was heated in a stoppered flask for 
five hours at 60®. The solution of 6 mg. of water in 20 mi. 
of pyridine was made by mixing quickly 15 ml. of dry pyri¬ 
dine with 5 ml. of a solution made liy adding 0.12 ml. of 
water to 100 ml. of dry pyridine. The light brown solu¬ 
tion, originally colorless, was evaporated to dryness m vacuo 
over sulfuric acid. The solid residue was triturated with a 
mixture of 10 ml. of 0.1 N potassium bicarbonate solution 
(the equivalent of Hooo mole ("/O 2 H + ?;jooo mole IKl) 
and 20 ml. of 0.2 M pll 7 phosphaU*. buffer solution. The 
filtered solution (of which 1 ml. corresponded to 4 mg. 
of the thiazolidinc hydrochloride taken) was found to have 
penicillin activity of the order 0.25-0.5 U /mg. The active 
substance was quickly destroyed by penicillinase. It has 
been found that the activity is not altered appreciably 
when (a) the reaction is carried out at 25® for twenty-four 
hours, (b) the reaction is carried out at 0® for forty-eight 
hours and the reaction mixture evaporated to dryness at 
0®, (c) the reaction is carried out with anhydrous pyridine, no 
water added, at 60® for five hours, (d) the reaction is carried 
out with a mixture of 7 parts of pyridine and 1 part of water 
at 60® for five hours. 

Methyl Ester of the Thiazolidine Hydrochloride XXXI 
(CPS.660f 6). The crude free thiazolidine (340 mg.), pre¬ 
pared as described above, was treated with excess of diazo¬ 
methane in ether. The solution was evaporated to dryness 
in vacuOf and the residue, a gum, dissolved in dry ether. 
Hydrogen chloride precipitated the hydrochloride of the 
methyl ester, which was collected on a filter, and washed with 
ether; m.p. 120-122®. CuHigOsNaClgS requires equiv. 389; 
found 386. An experiment similar to the one described in 
the preceding paragraph showed that the product of the 
action of pyridine, containing one molar proportion of 
water, on the methyl ester was inactive. 

Reaction between the Add Chloride of 2«BenzyM* 
oxazolecartKucylie Add and o-PenidllanDiine Methyl Ester 
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(Merck, M.GO^ 8; OS^ 21). A Kuspension of 0.2 g. of 2-ben2~ 
yl-4-carboxyc)xazolc in 2 ml. of ihionyl chloride was 
warmed on a steam bath for five minutes. .The clear solu¬ 
tion was concentrated under reduc(»d pressure to an oil. The 
last traces of thionyl chloride were removed by flushing with 
toluene. A solution of the crystalline acid chloride in 5 ml. 
of benzene was treated with 0.4 ml. of benzylamine in 5 ml. 
of benzene. After washing with water and dilute hydro¬ 
chloric acid the benzene was removed and the residue 
crystallized from methanol, weight 0.19 g.; m.p. 120*121®. 
A melting point of a mixture with an authentic sample of the 
bonzylamidc of 2-benzyl-4-carboxyoxazole was not dt*pres.sed. 

A solution of 1 g. of the acid chloride of 2-benzyl-4- 
oxazolecarboxylio acid in redistilled ethylene dicliloride 
(5 ml.) was added to 0.9 g. of D-pcnicillamine methyl ester 
hydrochloride in 10 ml. of ethylene dichloride and 10 ml. of 
pyridine. After one hour at room temperature, the mixture 
was washed with tartaric acid solution and potassium bi¬ 
carbonate solution. The residue obtained by concentration 
was liistilled at 150® at 0.002 mm. The ultraviolet absorp¬ 
tion spectra indicated the presence of an oxazole (Em 14,100 
at 2,250 A), and the azide tost for the siilfhydryl group was 
positive. Although the material could not bc' cry.stallized 
and has not been obtained analytically pure, the structure is 
probably as follows: 

O-CH HSC(Cna)2 

C.H,OH,/!=NilcONn-(*)HC02CIl. 

This product was not converted to methyl benzylpenil- 
lonate l)y heating with iodine in toluene undiT conditions 
which elTect the isomerization of methyl benzylpenillonatc. 
The product is biologically inactive after saponification. 

ADDITION OF THIAZOLINES TO OXAZOLONES, 
OXAZOLES, AND KETENES 

Reaction of 2-Benzyl-5(4)-oxazolone with the Methyl 
Ester of D-6,6-Dimethyl-A^-4-thiazolinecarboxylic Acid 
(Merck, MM3, 19) and the Free Acid (M M9, 13). A solu¬ 
tion of 468 mg. of D-5,5-dimethyl-AM-thiazolinecarboxylic 
acid methyl ester and 444 mg. of 2-benzyl-5(4)-oxazolone in 
9 ml. of toluene w'as prepared. About 3-mI. portions of 
this solution were (A) refluxed ten minutes, (H) heated at 
100® for ten minutes, (C) heated at 05-70® for ten minutes. 
Samples of reaction products A, B, and C were saponified 
and assayed in vitro, but no activity was found. Product B 
showed an absorption peak at 3,150-3,175 A 36) 

in alcohol. This suggests penicillcnate formation through 
an azlactone-thiazolidinc intermediate. 

2-Benzyl-5(4)-oxazolone (M.50, 12) was mixed with an 
equimolar quantity of 5,5-dimethyl-AM-thiazolim'carboxylic 
acid methyl ester (1.3 g.) and the resulting oil was sub¬ 
divided equally into ampules and sealed under nitrogen. 
Two days at room temperature, one hour at 60®, five minutes 
at 85®, ten minutes at i 10° two minutes at 140° did not yield 
biologically active material after saponification. The addi¬ 
tion of traces of iodine, pyridine, triethylamine or benzoyl 
peroxide was ineffective at 60® and at 110°. Pyridine or 
benzene as solvents has pot given encouraging results. 

After 100 mg. of the methyl ester of 5,5-dimethyl-AM- 
thiazoliuecarboxylic acid and 112 mg. of 2-benzyl-5(4)- 
oxazolone were dissolved in 100 ml. of toluene and 5 mg. of 
iodine was added, the mixture was refluxed for three hours. 
After cooling, the solution was washed with 100 ml of 1 % 
aqueous sodium thiosulfate solution, follow’ed by washing 
with 100 ml. of water. The toluene solution was concen¬ 
trated to dryness in vacuo and the reddish-brown residue was 
treated with 150 ml. of ethyl other. After decolorization 
with 1,00 mg. of Norite, the ether solution was concentrated 
to dryness to yield 92 mg. of a colorless gum. All attempts at 
crystallization failed, and the addition of seed crystals of 
pure methyl benzylpcnillonate did not cause any crystalliza* 
tion to take place. 


A solution of 462 rag. of 2-benzyl-5(4)-oxHzolonc hydro- 
brorriido in 20 ml. of pyridine was mixed with 354 mg. of 
n-5,5-dimethyl-AM-thiazolinccarboxylic acid hydrochloride 
Aliquots of the reaction mixture were evaporated to dryness 
and prepared for bioassay after the following treatments: 
(1) the solution was allowed to stand for P 2 hours at room 
temperature; (2) the solution was allowed to stand for 1 
hours at room temperature then heated at 50® for 15 minutes; 
(3) the solution was allowed to stand for 1hours at room 
temperature then heated at 70® for 15 minutes; (4) the solu¬ 
tion was allowed to stand for IJ^ hours at room tcniperature 
then heated at 100® for 15 minutes. No significant plate 
activity w^as found for these preparations. 

Reaction of 5,6-Dimethyl-A^-4-thiazolinecarboxy]ic Acid 
Methyl Ester with 6-Alkoxyoxazoles (Merck, 20). 

Equimolar quantities of 5,5-fIimefhyl-A*-4-thiazolinecar- 
boxylic acid methyl ester with 2-amyI-5-melhoxyoxazole 
failed to yield active products under various temperature 
vanat ions. 

Preparation of Phenylacetylcarbamyl Chloride (Mich. 
Chem., B.K), 1). Phenylacotyl chloride (2.64 ml.) was 
added to a suspension of 4,85 g. of Hg-dNCOla (prepared 
from potassium cyanatc and mercurous nitrate) in 15 ml of 
dry benzene (or 60-75® petroleum ether wdiich gives a smaller 
yield of a much cleaner product) and tiie mixture was 
refluxed on a steam bath for thirty minutes. The solution 
w^as filtered and dry hydrogen chloride w^as passed into th(3 
clear filtrate; the solution became warm and the acid 
chloride precij)itated os a colorle.s8 .solid. The acid chloride 
was filtered from the cooled mixture, washed with benzene 
and dried in a vacuum desiccator over phosphorus pontoxidc; 
weight 2.4 g. (61%); m.p. 105-108®. The compound has 
not been purified further, an analysis for Cl (Found: 14% 
instead of 17.9%) indicated about 80% purity. The com¬ 
pound is extremely sensitive to moisture, by which it is 
converted to phenylacotamide. 

Phenylacetylurea (BJ6, 2). (a) From PnENYLACETyi^ 

CARBAMYL CuLORiDB. Whcii phenylacetylcarbamyl chlor¬ 
ide was added to cold concentrated aqueous ammonia, 
phenylacetylurea was formed; it crystallized from ethanol 
in colorless silky needle.s; m.p. 209-210®. 

Calc, for CJI 10 O 2 N 2 : C, 60.7; H, 5.66 
Found: C, 60.9; H, 5.67 

(b) Prom Phenylacbtyl Isocyanate. Dry ammonia 
was passed into the filtered benzene solution of the isocyan¬ 
ate obtained as described above; the phenylacetylurea 
(3.1 g. or 86%; m.p. 199-204°) after rocrystallizaiion melted 
at 20t)-210® alone and when mixed with the product obtained 
above and with the product prepared from phenylacctyl 
chloride and urea. 

(c) From PuENYLACETYn CJiiloridb and Urea. A mix¬ 
ture of 1.32 ml. of phenylacotyl chloride, 0.6 g. of urea and 
3 ml. of benzene wa.s refluxed for twenty-four hours. Petro¬ 
leum ether was added, the mixture was cooled and filtered 
and the product was recrystallizcd from alcohol-w^ater, yield, 
1,2 g.; m.p. 209*210®. 

N-Phenylacetyl Ethylurethane. (a) From Piienyi/- 
ArEiTrLCARBAMYL CiiLouiDK. Phenylacclylcarbamyl chlo¬ 
ride reacted rapidly with absolute ethanol and yielded the 
urethane, CeH^CllsCONHCOOEt; m.p. 110-111.® 

(b) From Phenylacbtyl (Jiiloridb and Urethane. A 
mixture of 90 g. (1 mole) of ethyl urethane and 132 ml, (1 
mole) of phenylacctyl chloride in 200 ml. of dry benzene was 
refluxed for twenty-four hours. The benzene was then 
distilled until crystallization began, and then 300 ml. of hot 
(60-75®} light petroleum was added. After cooling in a 
rcfrigc»rator, the solid moss was filtered, the lumps were 
broken up and triturated with 300 ml, of petroleum ether; 
yield of phenylacetyl urethane, 180 g. (86%); m.p. 105-108®. 
Recrystallization of a sample from alcohol-watcr gave silky 
needles melting at 110-111®. Kuhemann and Priestley 
(/. Chem, Soc.y 96, 449 (1909)) prepared this compound by 
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the reaction of ethyl phenylacetate with ethyl sodiourethanc 
and reported the melting point as 114-115®. 

Reaction with Diazomethane 3). Freshly pre¬ 

pared phenylacetylcarbamyl chloride (100 mg.) was added 
in portions to an excess of ethi'ieal diazomethanc; a vigorous 
reaction took place. After fifteen minutes the excess diazo- 
methane and ether were removed under reduced pressure and 
the residue was dissolved in 12.5 ml. of dry dioxane. The 
solution was added to the 5,5-dimothyl-4-carhornethoxy-A*- 
thiazoline which had been prepared by adding 0.1 g. of 
5,5-dimethyl-A*-thiazolme-4-carboxylic acid hydrochloride 
(obtained from N-formylperiicillamine and ethereal HCl) to 
an ethereal solution of diazomethane and evaporating the 
solution. About 10-15 mg. of dry silver oxide was added 
and the resulting mixture was tested both before and after 
refluxing for short intervals. For testing, 0.5 ml. samples 
were withdrawn and added to 0.4 ml. of 0.05 N sodium 
hydroxide at 0-5®; after thirty minutes, the mixture was 
diluted to 8 ml. with distilled water and 0.2 ml. of this solu¬ 
tion was diluted to 2 ml. with pH 7.0 phosphate buffer solu¬ 
tion. One ml. of the resulting .solut ion contained an amount 
of product corresponding to 0.1 mg. of total starting materials. 

Phenaceturyl Hydrazide (Mich. Chem., B.8^ 1). A small 
amount of alcohol was added to a mixture of 60 g. of ethyl 
phenaceturate and 20 cc. of 85% hydrazine hydrate. The 
mixture was heated on a steam bath until the alcohol began 
to boil: then sufficient alcohol was added to give a homogen¬ 
eous solution and the whole was allowed to cool; yield, 49 g. 
(m.p. 140-142®) + 4 g. (m.p. 135-137®). 

Calc, for CioIIuOjN,: C, 57.96; H, 6.32 
Found: C, 57.84; IJ, 6.57 

In another procedure (Merck, A7.55, 20) 20.7 g. of methyl 
phenaceturate was dissolved in 50 ml. of methyl alcohol and 
0.3 mole (15 g.) of hydrazine hydrate was added. After 
refluxing for one hour, the solution was cooled and a very 
gelatinous precipitate separated. It was recrystallized 
from isopnjpanol which also yielded a gelatinous product 
which wa.s dried and ground; m.p. 130-132°. 

n-N-Phenaceturylpenicillamine (Merck, M.55, 13). One 
gram of phenaceturyl hydrazide was dissolved in about 
26 ml. of water containing 2 ml. of glacial acetic acid. The 
mixture was warmed to effect solution and then cooled to 
room temperature when 0.4 g. of sodium nitrite was added. 
Crystallization of the azide commenced almost at once and 
then the mixture was cooled in an ice-water bath. After 
standing for one hour, the azide was filtered and washed 
well with water. The yield of the dry plienaccturylazide 
was 0.75 g.; m.p. 85-86°. The azide decomposes violently 
aljove its melting point. 

This product was added to a solution of 0.75 g. of D-peni- 
cillaminc hydrochloride in 25 ml. of water containing about 
1.2 g. of sodium carbonate. The azide dissolved on shaking 
for a few minutes leaving a small amount of fine precipitate 
which was removed by filtration. On acidification with 
hydrochloric acid the D-N-phenaceturylpenicillamino pre¬ 
cipitated as a gum. This gum crystallized on seeding with 
crystals obtained from the mother lupior of a previous run. 
If the mother liquor is allowed to stand, a nicely crystalline 
product will separate. Recrystallization of the solidified 
material has not proved satisfactory. The crystals melted 
at 121-123° and gave a positive sulfhydryl lest with ferric 
chloride solution. 

Calc, for Ci»H,o 04N,S: C, 65.62; II, 6.21; N, 8.64 
Found: C, 55.61; H, 6.20; N, 9.31, 9.14 

From 10 g. of phenacoturylhydrazide, 7.2 g. (44.6%) of 
crude crystalline acid was obtained. 

Methyl Ester of D-K-Phenaceturylpenidllamine (Merck, 
M»SSf 13). The crude n-N-phenaceturylpenicillamine 
(6.7 g.) was treated with diazomethane in an ether solution 
until further additions of diazomethane did not cause rapid 
reaction. The solution was decanted from a gummy residue, 


dried over sodium sulfate and the ether was evaporated. 
On standing, the residue crystallized and was triturated with 
ether; m.p. 91t-93°; yield 4.8 g. It gave a positive sodium 
azide test but a negative ferric chloride test for the sulfhydryl 
group. 

Calc, for (/ia]I 2204 ]N[ 3 S: 

C, 66.78; H, 6.56; N, 8.28 
Found: C\ 57.16, 56.85; H, 6.57, 6.41; N, 8.04 

[«li>” +15.3° (c « 2.816 in methanol) 

The i)roduct can be recrystallized by dissolving in a large 
volume of ether and allowing it to evaporate slowly. 

No definite products were obtained from the reaction of 
the methyl ester of phenaceturylponieillarninc with ethyl 
orthoformate, thioformainhle, or chloroform. 

DL-N-Phenaceturylpenicillamine (Mich. Them., B.S, 3). 
The azide from 1.03 g. of phenaceturylhydrazide (in 20 ml. of 
ice-cold water containing 0.9 ml. of concentrated hydro¬ 
chloric acid, then treated with 380 mg. of sodium nitrite 
in water) was added to a solution which had been prepared 
by mixing 0.91 g. of i>i.-penicillamine hydrochloride and 
0 62 g. of sodium carbonate rnonohydrate in 5 ml. of water 
and then adding 0.42 g. of sodium bicarbonate. After 
fiftf'en minutes of stirring, the resulting clear solution was 
allowed to stand for one hour, filtered and acidified (hood). 
The oil which precipitated soon solidified; yield 1.12 g.; 
m.p. 136-138®. 

The product was recrystallized by dissolving it in warm 
aqueous methanol; as the solution cooled sufficient methanol 
was Hdd(‘d to rcdissolve any oil which precipitated. When 
the temperature had fallen to 35-40°, the solution was 
placed in a refrigerator. The product which crystallized 
was filtered off and crashed with aqueous methanol, with 
ether and with petroleum ether; m.p. 137-140°. It gave 
an evanescent color with nitroprusside reagent. 

(;alc. for CiillioOiNiS: (\ 55.0; IT, C.17 
Found: 54.77; 11, 6.53 

Cyclization of DL-N-Phenaceturylpenicillamine to a De- 
hydrobenzylpenilloic Acid (Probably XXXIV) {B.8y 4). A 
mixture of 0.4 g. of DL-N-phenaceturylpenicillamine and 
20 ml. of saturated ethereal HCl was allowed to stand at 
room temperature for 5 days. There was present a gummy 
mass studded with small colorless crystals. The ether was 
removed in vacuOf fresh ether >vas added and removed, and 
the gummy residue was dissolved in a little absolute alcohol. 
The crisp gum which precipitated when the solution was 
treated with ether and chilled, was filtered off and redis¬ 
solved in a little absolute alcohol. On addition of a little 
ether, a snow-white solid (presumably the hydrochloride of 
2-phenylacctylaminomcthyl-5,5-dimethyl-A^-thiazolino-4- 
carboxylic acid) precipitated (about 0.1 g.; more from 
liquor); after being washed with 30-60° petroleum ether, it 
softened at 149° and melted indistinctly at 166-169° (mixed 
m.p. with N-phenaceturylpenicillamine, below 127°). 

The product gave no nitroprusside test. It was largely 
soluble in water and the solution gave a precipitate with 
acidic silver nitrate. Its analysis corresponds to that of the 
hydrochloride of dehydrobenzylpenilloio acid. 

Calc, for C»Hi 90 ,N,SC 1 : 

C, 52.6; H, 5.55; neut. equiv., 171 
Found: C, 53.36; H, 6.02; neut. equiv., 173 

Phenylacefylaxninoacetonitrile (Rarltrop, Abraham, Baker, 
Chain, and Robinson, CPS.463, 3). A solution of amino- 
acetonitrilo sulfate (100 g.) in water (500 ml.) containing 
sodium hydroxide (62 g.) was stirred at 6° and to it were 
added simultaneou&^y during one hour phenylacetyl chloride 
(125 g.) and an aqueous solution of sodium hydroxide 
(32 g.), the temperature being kept below 0°. llie solid 
was collected, dissolved in the minimum quantity of hot 
acetone and the filtered solution mixed with ether. The 
solid was collected and the filtrate concentrated and diluted 
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with water. A brown oil was deposited and soon crystal¬ 
lized; it was collected and triturated with a little ether. 
Phenylacetylaminoacetonitrile (70 g., m.p. 93“) crystallized 
from acetone in clusters of colorless rods, m.p. 93°. 

Calc, for C 10 H 10 ON 2 : C, 69.0; H, 5.7; N, 16.1 
Found: C, 68.9; H, 6.9; N, 15.8 

Phenylacetylaminoacetimino Methyl Ether Hydrochloride 

(CPS,403f 3). The above nitrile (7 g., 0,04 M) dissolved in 
dioxane (10 ml.) and dry methanol (1.3 g., 0.04 M) was 
cooled to 0 ° and treated with dry hydrogen chloride ( 2.2 g., 
0.06 M). The mixture rapidly solidified. After standing 
overnight in the refrigerator, the imino ether hydrochloride 
(8.5 g.) was collected and washed with ether. The analyti¬ 
cal specimen was obtained in the form of fine silky colorless 
needles, m.p. 168° (gas evolution), by solution in cold metha¬ 
nol and precipitation with ether. 

Calc, for rnllutLNrHC’l: T, 54.5; 11, 6 . 2 ; N, 11.5 
Found: C, 54.2; H, 6.4; N, 11.6 

Phenylacetylaminoacetimino Methyl Ether {CPS463^ 3). 
The hydrochloride was shaken vigorously with ether ancl 
excess sodium carbonate solution, the ethereal layer w'as 
separated, the aqueous solution washed with ether, and 
the combined extracts dried and evaporated, leaving a color¬ 
less oil which crystallized on triturating under light petro¬ 
leum. Solution in chloroform and precipitation with light 
petroleum gave long birefringeiit needles, m.p. 80-81“, 

(^alc. for CnlIi 402 N»: C, 64.1; II, 6 . 8 ; X, 13.6 
Found: C, 63.4; K, 6.7; N, 13.5 

Phenylacetylaminoacetimino Ethyl Ether Hydrochloride 

(CPS.403^ 3). A mixture of the nitrile (21 g.), ethanol 
(5.5 g.) and dioxane (50 ml.) was treated with a slight excess 
of hydrogen chloride at 0°. The imino-cthcr hydrochloride 
rapidly crystallized and on being isolated as above furnished 
29 g. of product. The substatu^e crystallized from methanol- 
ether as silky needles, m.p. 165“ after shrinking at 112°. 
On rapid heating, it melts at 112®, solidifies, and remelts at 
165°. 

Calc, for Ci 2 Hi 602 NrnCl: N, 10.9 
Found: N, 11.9 

Phenylacetylaminoacetimino Ethyl Ether (CPS.4G3y 4). 
The hydrochloride (5 g.), following the procedure for the 
methyl ether, yielded 3.3 g. of the free base, m.p. 91-92.5°. 
On recrystallization from ether it formed long silky needles, 
m.p. 95°. 

Calc, for CwHieOaN,: C, 65.5; TI, 7.3 
Found: C, 65.0; H, 6.9 

D«2-Benzyl-4-carbomethoxy-6,6-dimethylthiazoline 

(CPS.403y 4). D-Penicillamine methyl e.ster hydrochloride 
(2.6 g., 0.016 M) dissolved in water (2.5 ml.) was shaken for 
two hours at room temperature with phenylacetimino 
ethyl ether (2.4 g., 0.015 M) and ether (2.6 ml.). After 
dilution with ether, separation of the organic layer and 
washing with ether, the combined extracts were washed once 
with water and concentrated and distilled in bulbs. Un¬ 
changed imino-ether distilled first, followed by the thiazoline 
(1.5 g.), a light green fluorescent oil, b.p. 125°/0.006 mm. 
(bath). 

Calc, for CuHitOjNS: 

C, 63.9; H, 6.5; N, 6 3; S, 12 . 2 ; OMe, 11.7 
Found: 

C, 63.9, 63.9; H, 6.63, 6.7; N, 5.35, 5.3; S, 12.3; OMe, 11.3 

The thiazoline gave an oily hydrochloride, which on warm¬ 
ing with water and cooling gave a yellow oil, crystallizing 
on standing. The solid was purified by dissolution in warm 
methanol, addition of water to turbidity and seeding. 


Repetition of this process afforded fine, pale yellow nee¬ 
dles of D-N-phenylacetylpenicillamine methyl ester, m.p, 
120 - 121 °. 

Calc, for CiJIi^OaNS: C, 59.8; H, 6 . 8 ; N, 5.0; S, 11.4 
Found: C, 59.9; H, 6 . 8 ; N, 5.0; S, 11.1 

It gave no ferric chloride or nitroprussido colorations. 

D-2-Phenylacetylaminomethyl-4-carbomethoxy-6,5-di- 
methylthiazoline (CPS.403y 4). A solution of D-peiii- 
cillamine methyl ester hydrochloride (2 g.) in water (2 ml.) 
was shaken for two hours at room temperature with phonyl- 
acetylaminoacelimino ethyl ether (2 g.) and chloroform 
(2 ml.). The product was worked up as above and distilled 
in bulbs. The thiazoline fl.H g ), a yellow very viscous oil. 
was collected at 180-190“/0.1 inm. (bath). 

Calc, for Ci 6 ll 2 oO,N 2 S: 60.0; H, 6.3; N, 8.8 
Found: (\ 60.3; II, 6.3; N, 8.6 

D-2-Phenylacetylaminom6thyl-4-carbom6thoxy-6,6-di- 
methylthiazolidine (CPS.403y 4). The above thiazoline 
( 0.8 g.) dissolved in ether (100 ml.) was refluxed with alumi¬ 
num amalgam (4 g.) and w^atcr added in portions during five 
hours. (The Imperial College workers, CPS.^07y had pre¬ 
viously reduced 2 -methylthiazoline with aluminum amal¬ 
gam.) When the aluminum had all reacted, the solution 
was filtered, the alumina extracted (Hoxhlet) with ether, and 
the combined ethereal solutions evaporated, leaving a 
colorless oil (0.46 g.). On dissolving in ether and treating 
with hydrogen chloride a crystalline hydrochloride was 
precipitated, m.p. 85-95°. This was dissolved in water, 
filtered from the small amount of insoluble material, treated 
with mercuric chloride solution, and filtered. Addition of 
2,4-diuitrophenyihydrazine in 2 N hydrochloric acid precipi¬ 
tated a dinitrophenylhydrazone (0.46 g.), m.p, 195-198°. 
Recrystallization from ethanol furnished fine silky yellow 
needles, m.p. 202.5°, alone and mixed w ith authentic benzyl- 
penilloaldehyde dinitrophenylhydrazone. 

Phenaceturylglycine (Mich. C3iem,, B.8y 1). An ice-cold 
solution of 1.03 g. of phenaccturylhydrazicle in an excess of 
dilute hydrochloric acid was treated with a saturated 
aqueous solution of 0.35 g. of sodium nitrite witli stirring. 
After five minutes of stirring in the ice-bath, the white 
crystalline azide was filtered and w^ashed with water, fol¬ 
lowed by a little petroleum ether. The azide was used 
directly without further drying. When added to a solution 
of 0.4 g. of glycine and 0.4 g. of sodium carbonate mono- 
hydrate in 10 ml. of water, immediate reaction occurred. 
After thirty minutes of stirring or shaking, the solution was 
filtered and the filtrate was acidified with cold dilute hydro¬ 
chloric acid. The resulting phenaceturylglycine, CeHsCHa- 
CONIICH 2 CONIICII 2 COOH, weighed 0.55 g., and melted 
at 168-171°. 

H-Phenaceturylcysteine (B.8y 3). The azide from 1.03 g. 
of phenaceturylhydrazide was added to a solution prepared 
under nitrogen from 0.8 g. of cysteine hydrochloride and 
0.6 g. of sodium carbonate monohydrato in 15 ml. of water. 
After about ten minutes of gentle shaking, when essentially 
all of the azide had reacted, the solution was filtered and 
acidified, and the phenaceturylcysteine wjis collected by 
filtration, yield, 0.5 g.; m.p. 16^172°. It crystallized from 
water containing a little methanol in long nacreous needles; 
weight, 0.45 g.; m.p. 167-169°. 

In another run, 5.05 g. of phenaceturyl hydrazide in 
100 ml. of water containing 4.6 ml. of concentrated hydro¬ 
chloric acid was converted to the azide with 1.9 g. of sodium 
nitrite in water. The filtered azide was added (under a 
hood) to a solution prepared from 4 g. of cysteine hydro¬ 
chloride and 2.4 g. of sodium carbonate monohydrate in 
30 ml. of water. After about ten minutes of stirring, 5% 
sodium bicarbonate solution was added until a nearly clear 
solution resulted. On acidification of the filtered solution 
(hood) 4.75 g. of N-phenaceturylcysteine was obtained. 
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The compound is soluble in alkali, insoluble in aqueous 
acids and gives a strong niiroprusside test. 

Calc, for C 1 SH 16 O 4 N 2 S: C, 52.68; H, 5,44 
Found: 52.69; H, 5.50 

When treated with diazoniethane, N -phcnaccturylcystcine 
yielded colorless needles (crystallized from acetone-petro¬ 
leum ether, washed with ether); m.p. 104-105®. 

Attempted Cyclization of N-Phenaceturylcysteine to 
2-Phenylacetylaminometbylthiazoline-4-carbozylic Acid 
(B,8y 3). A mixture of 0.45 g. of N-phcnaceturylcystcine 
and 25 ml. of saturated ethereal was allowed to stand at 
room temperature for two days. The crystals were con¬ 
verted to a transparent gum by this treatment. The ether 
was removed, the residue was dissolved in absolute alcohol 
and ether was added. The gum which precipitated yielded a 
white solid when treated with ethyl acetate. The solid was 
insoluble in water, aqueous acids and alkalies, and gave no 
nitropruRside test. 

DL-N-Hippurylpenicdllamine (B.tOj 1). The azide from 
1 g. of hippuryl hydrazide was added to a solution of 1 g. 
of DT^penicillaminc h 3 Mlrochloride and 1 g, of sodium car¬ 
bonate in 15 ml. of water in an ice bath. After fifteen 
minutes of stirring, the niixturo was filtered and acidified. 
W^arm methanol was added to the mixture in order to dis¬ 
solve the gum which had precipitated and a current of air 
was used to remove the methanol slowly, whereupon the 
N-hippurylpenicillamine precipitated in crystalline form; 
weight, 0.72 g., m.p. 15t>-162®. 

Coupling of Hippuryl Azide with Benzyl Mercaptan. For¬ 
mation of Benzyl Thiolhtppurate (BJ2, 4). When hippuryl 
azide was added in slight excess to either alcoholic sodium 
benzylmercaptide or alcoholic-ethereal benzyl mercaptan 
and pyridine, a 20-30% yield of neutral colorless crystals 
was obtained; m.p. 90-91® after recrystallization from petro¬ 
leum ether. The analysis of the compound agrees with that 
of benzyl thiolhippurate. 

Calc, for CuHuOaNS: C, 67.4; H, 5.26; S, 11.23 
Found: C, 67.12; H, 5.21; S, 11.32 

Preparation of Diethyl Phenylacetylaminomalonate 

(Merck, M.23y 29). Diethyl aiiiinomalonate hydrochloride 
(212 g.) was put into solution in 1 liter of water containing 
265 g. (2.5 moles) of anhydrous sodium^ carbonate with 
cooling and stirring. The solution was then cooled in a 
dry ice-chloroform bath to 4-5® (inside temperature) and 
199 ml. (1.5 mole) of distilled phenylacetyl chloride intro¬ 
duced dropwise with rapid stirring during about one hour. 
(About 700 ml. more water was required to thin the mixture. 
The product came out in white granules accompanied by 
sodium bicarbonate.) The mixture was stirred for another 
hour without further cooling, and the solids filtered off. 
The moist mass was extracted between 1 liter of benzene 
and about 2.5 liters of water, counterextracting with small 
fresh portions. The benzene was dried and concentrated 
and the residue rccrystallizcd from ethyl ether, adding about 
an equal volume of petroleum ether. The product crys¬ 
tallized in a mass of fine needles, m.p. 67”68®, and several 
more crops appeared in the filtrate. (Two runs by essen¬ 
tially the same method gave yields of 75 and 82% theory; the 
one using only a 10 % excess of acid chloride gave the higher 
yield.) 

In another procedure (Bentley, Cook, Harris, and Heil- 
bron, CPS,SS6y 4) ethyl aminomalonate (1.8 g.) in ether 
(25 jnl.) was shaken with s<KJium carbonate (1.5 g.) in 
water (10 ml.) and phenylacetyl chloride ( 1.5 g.) added drop- 
wise. After warming to complete reaction, the ether layer 
was separated, dried, and evaporated to give ethyl phenyl- 
aoetylaminomalonate (1.8 g.), m.p. 65-66®. It crystallized 
from ether-light petroleum in long needles, m.p* 67-”68®. 

Calc, for CiiHitO»N: C, 61.4; H, 6.5 
Found; C, 61,16; H, 66. 


Preparation of the Monoethyl Ester of Phenylacetyl** 
aminomalonic Acid (Merck, M.^Sy 29), Diethyl phenyl¬ 
acetylaminomalonate (14.65 g.) Wfis placed in 20 ml. of 
ethanol and 50 ml. of 1 potassium hydroxide in ethanol was 
added, whereupon complete solution was effected, with an 
orange-yellow coloration apf)earing. The solution was 
seeded with the mono-potassium salt and let stand at room 
temperature. After thirty minutes precipitation had begun 
and on stirring and cooling in an ice bath, the solution 
became nijarly solid with precipitate after one hour. The 
solution was filtered after a total of two hours, and the salt 
washed with a little cold ethanol which removed most of the 
coloration. The mother liquor was allowed to stand over¬ 
night at room temperature in contact with a little of the 
previous precipitate. A small second crop was isolated. 
The dry mono-potassium salt melted at 131®. 

Without thorough drying, the precipitated salt was dis¬ 
solved in 15 ml. of water, filtered to remove a trace of insolu¬ 
ble matter, and added dropwise with good cooling and 
vigorous scratching and stirring to 40 ml. of 2.5 N hydro- 
chlori(‘ aciti. (The precipitation must be very slow at first, 
and works best if seed is already present, otherwise the ma- 
teiial will oil out, even at 0°. Once the solution is filled with 
crystals there is little trouble.) The precipitate was filtered 
and dried; yield, 7.43 g.; m.p. 107*”108®. The second crop of 
potassium salt was likewise dissolved in 10 ml. of water and 
added to the mother liquor of the previous precipitation, 
giving 0.90 g., m.p. 106.^107.5®. (Total yield, 8,33 g. or 
65% of theory.) The acid can bo rccrystallized from ether- 
petroleum ether. 

(‘ale. for (^,Hl606N: C, 58.86; H. 5.70; N, 5.28 
Found: C, 59.15; H, 5.97; N, 5.25 

The precipitation must be carried out “in reverse*' or the 
very stable compound comprising one mole of acid to one 
mole of mono-potassium salt (micro m.p. 129-130®, corr.) 
will precipitate. This material recrystallizes unchanged 
from water, and difficulty is met in attempts to reconvert. 

Calc, for C„n2»0,oN2K: C, 54.92; 11, 5.14; N, 4.93 
Found: C, 55.29; H, 5.46; N, 4.96 

In another procedure (Bentley, Cook, Harris, and Heil- 
bron, CPS.S86, 4) the ester (1.08 g.) in ethanol (5 ml.) was 
treated with ethanol (2 ml.) containing potassium hydroxide 
(0.21 g.) overnight. The neutral solution was taken to 
dryness, the residue dissolved in water, and the solution 
cooled and acidified. The acid (0.5 g.) was rccrystallized 
from chloroform-light petroleum to give prisms, m.p. 104- 
105°, of monoethyl phenylacetylaminomalonate. 

Calc, for CiallioOftN: C, 68.9; H, 5.65; N, 5.3 
Found: C, 59.05; H, 6.6; N, 5.46 

Occasionally rapid acidification gave a mono-potassium com¬ 
pound of the diester which crystallized from ethanol in 
prisms, m.p. 124°. 

Calc, for CuHuOaNK: 64.3; H, 6.4 
Found: C, 53.95; H, 6.3 

On digcjsting with water and acidifying, it gave the acid- 
ester. Other analyses on different preparations of the acid- 
estcr after drying at 50° in vacuo for two hours indicated the 
existence of a stable hemihydrate. 

Calc, for CuHi 50 ,N-HH 20 : 

C, 66.9; H, 6.8 

Found: C, 56.85, 66.5, 66.8; H, 5.7, 6*2, 6.6 

In the preparation of the diacid (Bentley, Cook, Harris, 
and Heilbron, CPS,S86\ 4), the diester (2.0 g.) was held 
overnight with 1.8 iV alcoholic potassium hydroxide (6.5 ml.), 
the solution evaporated, and the residue acidified to precipi¬ 
tate phenylaoetylaminomalonio acid (1 g.) which crystal- 



ATTEMPTED SYNTHESES OF PENICILLINS 


881 


iized from ether-light petroleum in deliquescent rosettes of 
needles, m.p, 109-110®. 

Calc, for CnllnOiN: C, 55.5; H, 4.7; N, 5.7 
Found: C, 55.7; H, 4.7; N, 5.9 

The phenylacetylaminomalonic acid was found by Merck 
30) to melt at 117 5-ll8.5® and to be much more 
soluble in water than the mono acid. 

Hydrazine Salt of Phenylacetylaminomalonhydrazidic 
Acid (Mich. Chern., H.8^ 4). A mixture of 1.32 g. of mono- 
ethyl ester of phenylacetylaminomalonic acid and 1 ml. of 
85% hydrazine hydrate was wnrmcid on a steam bath for 
about ten minutes, then dissolved in hot absolute alcohol and 
the mixture allowed to cool. After sov(*ral hours, 0.77 g. of 
colorless plates of the hydrazine salt of the acid hydrazide 
was filtered off; m.p. 127-130®. After recrystallization from 
alcohol the compound melted at 143-145®. It is very solu¬ 
ble in water and almost insoluble in alcohol. 

Calc, for CnH, 704 N 6 : C, 46.6; II, G.OO 
Found: C, 46.11; II, 6.08 

When ether was added to a solution of 0.66 g. of the mono¬ 
ethyl ester of phenylacetylaminomalonic acid and 0.15 ml. of 
85% hydrazine hydrate in cold absolute alcohol 0.33 g. of col¬ 
orless crystals of the hydrazine salt of the acid ester precipi¬ 
tated, m.p. 104-105®, dec. The salt is very soluble in acid; 
from its solution hydrochloric acid precipitates the acid 
ester. It is slightly soluble in absolute alcohol (more 
soluble than the above described hydrazide salt). 

Calc, for CialligOfiN,: C, 52.52; H, G.44 
Found: C, 52.58; H, 6.40 

In another procedure (Bentley, Cook, Harris, and Heil- 
bron, CPS.SHOy 4) when the diester (1.5 g.) was half hydro¬ 
lyzed and the neutral solution (23 ml.) refluxed for three 
hours with 50% hydrazine hydrate (1 ml.), decarboxylation 
took plae(‘, apparently on precipitation with acid, and 
phenaceturi(! hydrazide was formed. The hydrazide W'as 
characterized by shaking in dilute hydrochloric acid with 
benzaldehyde (1 mol. part). When the benzylidene deriva¬ 
tive separated; it separated from dilute ethanol in rosettes, 
m.p. 219®. 

Calc, for CnllnOzN,: C, 69.1; H, 5.75; N, 14.25 
Found: C, 68.6; II, 5.95; N, 14.2 

When the pure half-ester (0.5 g.) was refluxed for 1^^ hours 
with 50%, hydrazine hydrate (0.5 ml.) in ethanol (15 ml.) 
and the solution cooled, phenacetunc hydrazide separated, 
it crystallized from ethanol-ether in rosettes of needles, m.p 
142.3®. 

Calc, for CioHiaOaNa: C, 57.9; II, 6.3 
Found: C, 57.8; H, 6.4 

The material was identified with an authentic preparation 
from ethyl phcnacoturate, and gave the benzylidene deriva¬ 
tive described above. 

N- (Phenylacetylcarboxyglycyl) -cysteine (Mich. Chem., 
B.Sy 5). When a solution of 0.65 g. (nearly 2 moles) of 
sodium nitrite in water was added to an ice-cold solution of 
1.42 g. (1 mole) of the hydrazine salt of phenylacetylamino- 
malonhydrazidic acid in an excess of dilute hydrochloric 
acid, gas was evolved and only a slight precipitate formed. 
Addition of a third mole of sodium nitrite yielded a copious 
precipitate (1.5 g. when moist) of the azide. It was used 
immediately while still moist in the coupling reactions. 

The azide acid obtained above was added to a solution 
prepared from 0.8 g. of cysteine hydrochloride and 1.2 g. of 
sodium carbonate monohydrato in water in a nitrogen 
atmosphere. Acidification of the clear chilled solution by 
means of hydrochloric acid precipitated a mixture of gum 
and crystals; total weight, 0.95 g. The crystalline portion 
melted at 113-115® and gave a strong nitroprusside test. 


Calc, for CuHjeOftNaS: C, 49.4; II, 4.71 
Found: C, 49.5; H, 4.50 

Sodium Salt of Phenylacetylaminomalonhydrazidic Acid 

(B.3, 6). A mixture of 1.06 g. of the hydrazine salt of 
phenylacetylaminornnlonhydrazidic acid and 0.22 g. of 
sodium methoxide in methanol was heated for about ten 
minutes. The methanol was boiled off, finally in vacuo, 
fresh methanol vras added, th(‘ mixture was digested and the 
methanol removed again. The mixture was then digested 
with methanol and filtered while hot. The fine white 
platelets were dried in vacuo; weight, 1 g.; m.p. 16(1“172® dec. 

Calc, for CiiH, 204 N 3 Na: Na, 8.43 

Found: Na, 8 01 (weighed as Na2S04) 

Phenylacetylaminomalonhydrazidic Acid (B.8, 6). (a) 

From the Sodium Sai*t. A suspension of 0.2 g. of the 
above sodium salt in absolute alcohol was treated with 
0.33 ml. of 2.25 N hydroehlorie acid in absolute alcohol. 
The precipitate (0.25 g.) was digested with another 0.33 ml. 
of acid, and the filtered solution was treated with 3 drops of 
pyridine. The white precipitate (0.12 g.) of the desired 
hydrazidic acid melted suddenly at 146® with effervescence, 
the melt immediately resolidified and remelted at 195®. 

(b) From the Hydrazine Salt. A suspension of 1.7 g. 
of the hydrazine salt of phcnylacctylammomalonhydrazidic 
acid in 20 ml. of absolute alcohol was triturated with 
5.34 ml. of 2.25 N absolute alcoholic hydrochloric acid. 
After a few minutes of warming on a steam bath and then 
cooling, the white residual solid was filtered off and dis¬ 
carded. Addition of 0.5 ml. of pyridine to the filtrate fol¬ 
lowed by scratching precipitated 1.0 g. of the desired aeid in 
crystalline form. 

Calc, for CnH„ 04 N 3 : C, 51.15; H, 5.31 
Found: i\ 52.5; 11, 6.18 

N-(Phenylacetylcarboxyglycyl)-penicillamine (i5..9, 1). 
An ice-cold solution of 1 g of phenylacctylaminomalon- 
hydrazidic acid in 20 ml. of water containing 2 ml. of con¬ 
centrated hydrochloric acid was treated with a solution 
of 0.29 g. of sodium nitrite in a little water. The colorless 
crystalline azide which separated slowly was filtered off after 
one hour and added to a solution prepared from 0.74 g. of 
Dii-penicillamine hydrochloride and 1.2 g. of sodium car¬ 
bonate monohydrate in 10 ml. of water; a clear solution 
rcsulte<l immediately. After fifteen minutes the solution 
was acidified with hydrochloric acid and the precipitated 
product was dissolved by addition of a little methanol to the 
warmed solution. On chilling, 1.3 g. of colorless crystals 
precipitated. After recrystallization from aqueous methanol 
they melted at 152-153® (depressed when mixed with 
phenaceturylpenicillamine). The product gave a positive 
tost with sodium nitroprusside. 

Calc, for ri6H2o06N2S: C, 52.2; H, 5.44 
Found: C, 51.73; H, 5.52 

When the compound was kept under ethereal hydrochloric 
acid for several days it turned into an oil. After removal 
of the ether, the residue was dissolved in a little absolute 
alcohol and the solution treated with anhydrous ether, after 
several such treatments the product was a colorless solid 
which may be the hydrochloride of a dohydrobenzyl- 
penicilloic acid. 

Phenylacetylaminomalonic Dihydrazide (B.8, 6). A mix¬ 
ture of 0.5 g. of diethylphenylacetylaminomalonato and 
0.8 ml. of 85% hydrazine hydrate was warmed with 5 ml. 
of absolute alcohol for about five minutes on a steam 
bath. The white solid which precipitated on cooling was 
recrystallized from aqueous alcohol; hair-like crystals, m.p. 
17(^178®, weight 0.32 g. 

Calc, for C„Hu 08N»: C, 49.8; H, 5.70 
Found: C, 49.9; H, 6.12 
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When the dicstcr was treated with one mole of hydrazine, 
only the dihydrazido was formed. 

In another procedure (Bentley, C^ook, Harris, and Heil- 
bron, CPS.S86f 4) the ester (1 g.) in ethanol (20 ml.) was 
refluxed overnight with 50% hydrazine hydrate (0.36 ml.). 
On cooling the solid which separated was collected and crys¬ 
tallized from n-propanol; N-phenylaoetylaminomalonic di- 
hydrazide separated in small needles, m.p. 108-169® (yield 

0.2 g.). 

Found: C, 49.6; H, 6 . 8 ; N, 25.8 

Phenylacetylaminomalonyl Diazide (Mich. Chem., B,8f 6 ). 
The addition of 0.26 g. of sodium nitrite in aqueous solution 
to an ice-cold solution of 0.47 g. of phonylacetylamino- 
malonic dihydrazido in an excess of dilute hydrochloric 
acid caused the formation of a light emerald-green plastic 
material, which crystallized on standing in the ice-bath. 
When heated it deflagrated violently. 
Phenylacetylaminocyanoacethydrazide 4). 

CiHiCHtCONUrilCONHNH, 

(*;n 

One gram of phenylacetylaminocyanoacetic ester and 
0.6 ml. of hydrazine hydrate (85% aqueous solution) in a 
little alcohol were warmed on a steam bath for about five 
minutes. On cooling, tan crystals separated; weight, 0.5 g. 
After recry.stallization they shrank at 145® but were still 
solid at 240®. 

Calc, for CuVinOiN,: C, 56.9; H, 5.17 
Found: 57.23; H, 5.21 

In another procedure (Bentley, Cook, Harris, and Heilbron, 
CPS.S86y 5) the ester (1.5 g.) in ethanol (20 ml.) was 
refluxed with 50% hydrazine hydrate (I ml.), the hj'^drazide 
began to separate after fifteen minutes and was collected 
from the cooled suspension after refluxing for a further 
thirty minutes. The hydrazide separated from boiling 
water in stellate clusters, m.p. 235-240® (dec.) but was possi¬ 
bly not quite pure. 

Calc, for C,xHi,OaN 4 : C, 56.9; II, 5.2; N, 24.1 
Found: C, 66.3; H, 5,3; N, 23.8 

The original ester (1 g.) in chloroform (30 ml.) v,ras warmed 
(steam bath) for five minutes with phosphorus pentachloride 
(0.9 g.) and the solution poured into excess cold aqueous 
sodium hydroxide. Extraction with ether and removal of 
extractant left a granular residue which was repeatedly crys¬ 
tallized from chloroform-light petroleum in long needles, 
m.p. 124® after sintering at 115®. The compound was 
apparently isomeric with the original ester, a mixture with 
which melted at 95-*! 14®. 

Calc, for CnHuOiN*: C, 63.4; H, 5.7; N, 11.4 
Found: C, 62.9; II, 5.5; N, 11.6 

Ethyl phenylacctylaminocyanoacetate (1 g.) in ethanol 
(60 ml.) was held overnight with 1 equivalent of potassium 
hydroxide (CPS.386 j 4). Removal of solvent, solution in 
water, and acidification gave the acid, which was taken up in 
ether and crystallized from chloroform. Phenylacetyl¬ 
aminocyanoacetic acid separated in needles, m.p. 101-103® 
(with evolution of gas). 

Calc, for CiiHioOaN*: C, 60.6; H, 4.6; N, 12.8 
Found: C, 60.6; H, 4.7; N, 12.4 

H-(N'-Caproy]-a-carbozyglycyl)-penicillamine (Dewar, 
Abraham, Baker, Chain, and Robinson, CPS,512, 1 ). 
Caproic anhydride (4.5 g.) was added to a solution of amino- 
malonic ester (3.5 g.) in isopropyl ether (15 ml.) and the 
whole boiled for one hour under refiux. Cold light petro¬ 
leum was added; the acyl ester was collected and washed 


with light petroleum, forming colorless needles, m.p. 77®. 
The yield was 90% . 

Calc, for Cx,IL, 05 N : C, 57.1; H, 8.4; N, 5.1 
Found: C, 57.2; H, 8.3; N, 4.9 

The diester (4.05 g.) was hydrolyzed with an equivalent 
amount of alcoholic potash. Evaporation in vacuo, solu¬ 
tion in water, charcoal treatment, and acidification gave 
the half ester (2.87 g., 79%), m.p. 89-90®, not raised by 
recrystallization from benzene. 

Calc, for CnIIigOfcN: C, 63,9; H, 7.8; N, 5.7 
Found: C, 53.8; II, 7.8; N, 6.7 

A mixture of the half ester (1.87 g.) and hydrazine hydrate 
(1.5 ml.) was heated for fifteen minutes on a steam bath. 
The hydrazine salt of N-caproylcarboxyglycylhydrazide 
crystallized from warm alcohol in colorless needles (1.42 g., 
66 %), m.p. 103-105® (dec.). 

Calc, for C 9 II 21 O 4 N 6 .ILO: Cy 38.4; H, 8 . 2 ; N, 24.9 
Found: C, 38.7; H, 7.7; N, 25.1 

The hydrazine salt (5.62 g.) was dissolved in 2 A nitric 
acid (50 ml.) and converted to the azide by stirring 
at 0® while a solution of sodium nitrite (4.15 g.) in water 
(10 ml.) was slowly added. The azide was collected after 
one hour, washed with water, sucked dry, and added in on 
atmosphere of nitrogen to a solution of penicillamine hydro¬ 
chloride (prepared from the hydrochloride of the acetone 
derivative, 4.97 g.) and sodium carbonate (4.24 g.) in water 
(55 ml ). After one hour the solution was acidified and left 
in a refrigerator. The acylpenicillamine (3.15 g., 45%) 
gradually crystallized and was then recrystallized from warm 
dilute alcohol in colorless rhombs, in.p. 132® (dec.). 

Calc, for CMII 24 O 6 N 2 S: (\ 48.3; H, 6.9; N, 8 . 0 ; S, 9.2 
Found: (\ 48.1; II, 6.7; N, 7.9; S, 9.4 

In an attempted cyclization, the acylpenicillamine 
(3.15 g.) was left overnight in ether (200 ml.) saturated with 
hydrogen chloride. The ether was then decanted. The 
residual gum, which was not basic and contained no chlorine, 
did not crystallize. After drying in vacuo at 50® it was 
analyzed. 

Found: C, 47.7; H, 7.3; N, 9.4; S, 8.5 

Azlactone of the Monoethyl Ester of Phenylacetylamino- 
malonic Acid (XXXIX) (Mich. Chem., B.8y 7). A mixture of 
500 mg. of the acid ester and 5 ml. of acetic anhydride was 
heated on a steam cone for thirty minutes. The liquids 
were evaporated in a current of air while heating was con¬ 
tinued. The residual viscous oil appears to contain the 
desired azlactone, 2-benzyl-4-carbethoxy-5(4)-oxazolone, as 
judged from its reactions. 

For purposes of orientation the product was allowed to 
react with p-toluidine and with aniline. To the oil as 
obtained above was added 10 ml. of dry ether, followed by 
400 rag. of p-toluidine with swirling. After fifteen minutes, 
the solvent was removed and the product was crystallized 
from ethyl acetato-ligroin; weight, 230 mg. After another 
crystallization the ethyl ester p-toluidide of phenylacetyl- 
aminomalonic acid (XL) melted at 157-158.5®. 

Calc, for CaoHnOiNa: C, 67.78; H, 6.26 
Found: C, 67.66; H, 6.44 

From the reaction between the azlactone and aniline the 
corresponding anilide was obtained. It crystallized from 
ethyl acetate-ligroin in fine, colorless needles; m.p. 164-166* 
with previous shrinking. ' 

Calc, for Ci 9 Hjo 04 Na: C, 67.04; H, 5.92 
Found: C, 67.11; H, 6.87 

Similar results were obtained by Bentley, Cook, Harns» 
and Heilbron (CPS,S86, 5). Phenylaoetamidomalonie aoid 
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ester (hemihydrate) (1 g.) was wanned (steam bath) with 
acetic anhydride (10 ml.) for thirty minutes and excess 
reagent removed in high vacuum. Distillation in high 
vacuum at 60-60® gave ethyl phenaccturate as white 
needles, m.p. 79-80® identified with an authentic sample. 
The residue could be distilled but only with change in com¬ 
position and in later experiments the crude material ob¬ 
tained after removing acetic anhydride was used as “azlac- 
tone.” (Other attempts to azlactonize the acid-ester were 
made with phosphorus pentachloride but the results were still 
less promising.) A little of the azlactone was treated with 
aniline in ether and solvent, removed in vaevo after thirty 
minutes. Titration of the gum in ethanol with sodium 
hydroxide, avoiding excess, gave a cr 3 ’'Rtalline solid; phenyl- 
acetylaininomalonanilic ethyl ckUt separated from ethanol 
in fine needles, m.p. 156®. 

Calc, for r,«Il2o04N2: N, 8.2 
Found: N, 8.15 

When p-toluidine was used in place of aniline the ethyl 
ester-toluidide separated within a few minutes from the 
ethereal medium; it crystallized from ethyl acetate-light 
petroleum in rosettes of needles, m.p. 157-156®. 

Calc, for CjoHjjO^N,: N, 7.9 
Pound: N, 8.1 


It gave no color with cold alkaline nitroprusside or with ferric 
chloride, nor did it give the catalytic polarographic effect; 
it behaved normally, however, in the direct polarographic 
anodic oxidation. 

N - (N' -Phenylacetyl -a -carb e thoxygly cyl) -p enicillamine 

{CPS.S86, 6). The “azlactone” (from 1 g. of the monoethyl 
ester of phenylacetylaminomalonlc acid) was dissolved in 
dry pyridine (20 ml.) and warmed at 85-90° for two hours 
with free base isopropylidene penicillamine (0.7 g.). Pyri¬ 
dine was removed in vacuo, the residue taken up in chloro¬ 
form (25 ml.) and extracted with saturated aqueous 
bicarbonate (3 X 10 ml.). Acidification of the alkaline 
extract gave a solid (250 mg.) which crystallized from 
chloroform-light petroleum; the acid ester separated in small 
needles, m.p. 189-190®. 

Calc, for CaiHzsOcNjS: C\ 57.8; II, 0.4; N, 6.4 
Found: C, 58.1; H, 6.45; N, 6.6 

105 mg. was warmed for three hours at 50-60° with water 
(3 ml.) and 2 N sodium hydroxide (2 ml.) and the solution 
acidified. The precipitate was recrystallized from aqueous 
acetone when the acid separated in needles, rn.p. 193-194® 
(mixed m.p. with the original ester, 182—184°). 

Calc, for Cj»H240«N,S: (\ 55.9; H, 5.9 
Found: (\ 56.4; II, 6.0 


Methyl Ester of N-(N-Phenylacetyl-cr-ca^bethoxyglycyl)- 
cy8teine (B.8,7). A solution of the methyl ester of cysteine 
(from 690 mg. of the hydrochloride) in 15 ml. of benzene and 
6 ml. of ethyl acetate was added to the crude 2-benzyl-4- 
carhethoxy-5(4)-oxazolone prepared from 1 g. of the acid 
ester by means of acetic anhydride. After twenty minutes, 
the solution was washed twice with 5«;; hydrochloric acid, 
twice with 5% sodium bicarbonate* solution and then with 
water. The residue obtained by evaporation of the dried 
solution was treated with ether and chilled. The colorless 
crystalline solid (170 mg.) was filtered and washed with ether, 
m.p. 100-120° to an opaque liquid which cleared at 127° 
(with previous shrinking at 113®). 


Preparation of 2-Phenyl-4-carbethoxy-6 (4)-oxazolone 

(Merck, M.2S, 30). a-(’arhethoxyhippuric acid (5.0 g.) 

was heated on a steam bath for one-half hour in 15 ml. of 
acetic anhydride. In two or thr(*e minutes all the acid dis¬ 
solved and the solution acquired an orange color. After 
heating, the solvent was removed in vacuo and the syrupy 
product taken up in 20 ml. of ether, from which, on cooling, 
1.662 g. of product, faintly yellow needles melting at 142- 
145°, was obtained. Hecrystallization from benzene gave 
material melting at 117- 148°. The comfwund was soluble 
in sodium blearfionate, from whieli it was recovered by 
acidification. A green-blue color was produced by ferric 
chloride in methanol. 


Calc, for CiiHMOdNtS: C, 53,39; II, 5,80 
Found: C, 53.14; H, 5.83 

Methyl Ester of N-(N'-Phenylacetyl-«-carbethoxygIycyl)- 
penicillamine (XLI) (B.IO, 3). The azlaetone prepared from 
0.8 g. of the monoethyl ester of phenylaeetylaminomalonic 
acid was treated with a solution of the methyl ester of 
Di<-penicillamine (from 0.6 g. of the hydrochloride) in 10 ml. 
of benzene. After two hours the solution was washed with 
water, with 5% hydrochloric acid, wdth sodium bicarbonate 
solution, and again with water and then dried over mag¬ 
nesium sulfate. The filtered solution was warmed for five 
minutes with 3 ml. of acetic anhydride on a steam cone and 
the solvents were removed in a current of air. The residual 
oil crystallized when treated with ether; yield, 0.15 g.; m.p. 
134-135°. After recrystallization from ethyl acetate-ligroin 
it melted at 138-139°. 


Calc, for CifHjeOeNiS: C, 55.59; ?T, 6.39 
Found: C, 55.83; H, 6.47 

In another procedure (Bentley, Cook, Harris, and Ileil- 
bron, CPS.386, 6) the “azlactone” (from 2.5 g. of acid 
ester) was allowed to stand overnight in ether with peni- 
eillamine methyl ester (from the hydrochloride, 2.0 g.) and 
the solution extracted twice with 2 N hydrochloric acid and 
twice with saturated aqueous sodium bicarbonate. The 
ethereal residue on concentrating and diluting with a little 
light petroleum deposited crystals which were recrystallized 
from chloroform-light petroleum. The acyl compound 
separated in clusters of prisms, m.p. 128r-129®. 

Calc, for Ci,H,«O.N,S: C, 56.6; H, 6.3; N, 6.8 
Found: C, 66.3; H, 6,36; N, 6.8 


Calc, for CijHnOiN: 

C, 61.80; H, 4.76; N, 6.01; active H, 1; MW 233 
Found: C, 61.79; H, 5.02; N, 6.14; active H, 1.0; MW 261 

In the course of the study of oxazolones it was found 
(M.23, 31) that 2-phenyl-4-carbcthoxy-6(4)-oxazoloiJt* shows 
in alcohol solution a small 3,200 A band, which disappears 
on standing, probably by decomposition of the compound. 
In pH 8 buffer, strong bands are not(*d at 3,175, 2,725, and 
2,275. The tautomeric structures below are tentatively 
proposed since the absorption data seem to favor structure 
(a), while studies of a methylation product indicate the 
possibility of an ox azole structure (b). 


HO—OCaHfc 


N= 




O 


( 8 ) 


(!/eH« 


COOC 2 H. 


A 


N= 


:rC—OH 
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Preparation of 2-Phenyl-4-carbethoxy-6-methoxy-oxaz- 
olone (M.2S, 31). To a solution of 600 mg. of diazomethane 
in 50 ml. of ether was added 3.00 g. of 2-phenyl-4- 
carhethoxy-5(4)-oxazolone. After several minutes shaking, 
solution of the oxazolono was complete and nitrogen evolu¬ 
tion had ceased. Excess diazonujihane was boiled off and 
the solution was evaporated to dryness. A solution of the 
residue in ether gave by chilling in dry ice 1.020 g. of color¬ 
less product, m.p. 66°. Recrysiallization from ether-petro¬ 
leum ether gave a product melting constantly at 72®. 
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Calc, for Ci,Hi 804 N: C, 63.15; H, 5.31 
Found: C, 63.69; H» 5.85 

An oxazolc structure for this product is sugf^ested by 
absorption spectra, showing a 2,800 A hand character¬ 
istic of 2 -phenyloxazole 8 . 

Reaction of 2-Phenyl-4-carbethoxy-ozazolone with Ethanol 

(M,SSy 32). A solution of 50 mg. of 2-phenyl-4-carbothoxy- 
5(4)-oxazolonc was heated under reflux in 2 ml. of absolute 
ethanol for five minutes. Solvent was then removed in 
vacuo. The residue gave, from ether-petroleum ether, a 
product, m,p. 180°, which was not further investigated. 
The filtrate gave, from petroleum ether containing a trace 
of ether, 15 mg. of diethyl benzamidomalonate, in.p. 61°, 
showing no depression on mixed melting point with an 
authentic sample. 

Preparation of a-Carbethoxyhippuric Acid Benzylamide 

(M,SSj 32). To a solution of 963 mg. of benzylamine in 
20 ml. of ether was added 2.79 g. of diethyl benzamido¬ 
malonate, which readily dissolved. The solution was placed 
in a refrigerator and in several days deposited a mass of 
long needle crystals, m.p. 134°. The product was recrystal¬ 
lized from ethanol without change in melting point. 

Calc, for C,.H 2 o 04 N 2 : 67.06; H, 6.93 

Found: (’, 67.17; H, 6.45 

A suspension of 116 mg. of 2-phenyl-i-carbelhoxy-5(4)- 
oxazolone in 2 ml. of ether was treated with 0.2 ml. of 
benzylamine. The mixture was let stand for three hours at 
room temperature and the insoluble product then filtered 
off, m.p. 141-142°, needles. 

Calc, for Ch,Hio 04 N 2 : C, 67.06; H, 5.93; N. 8.23 
Found: C, 67.37; H, 5.90; N, 8.00 

Methyl Ester of N-fN'-Benzoyl-a-carbethoxyglycyl)- 
penicillaxnine (Boon, Carrington, Davies, Gaubert, .lones, 
Kamage, and Waring, CPS.GSiy 18). of-C^arbethoxyhip- 
puric acid was treated with acetic anhydride at 70° for 30 
minutes (r/. Merck, 30) and the resulting oxazolonc 

( 0.6 g.) was added to penicillamine methyl ester in benzene. 
Shaking with dilute hydrochloric acid and aqueous sodium 
carbonate, drying, and removal of the solvent gave a gum 
which crystallized on standing and was filtered (0.7 g.) and 
crystallized from benzene-petroleum ether, m.p. 124°. 

Calc, for C„H, 40 «NaS: C, 54.5; H, 6.1 
Found: C, 54.2; H, 6.0 

Methyl Ester of N-(N'-Benzoyl-a-carbomethoxyglycyl)- 
penicillamine (Boon, Carrington, Jones, llamage, Tyler, and 
Waring, CPS,69Sj 11). Methyl benzoylaminomalonate 
was prepared by dropping benzoyl chlori<le (28 g.) into a 
mixture of ether (200 ml.), the hydrochloride of methyl 
amiuomalonate (36 g.) and excess aqueous sodium bicarbon¬ 
ate, with shaking and ice-cooling. The product separated 
from the ether and was filtered, washed with water, dried 
(40 g.) and crystallized from benzene-petroleum other, m.p. 
101 °. 

Calc, for C„HuO*N: C, 57.4; H, 5.2 
Pound: C, 57.7; H, 5.1 

The dimethyl ester (28.3 g.) in methanol (130 ml.) was 
ice-cooled during the addition of a solution of potassium 
hydroxide (5.6 g.) in water (10 ml.) and methanol (20 ml.). 
After standing overnight most of the methanol was removed 
in vacuo and an aqueous solution of the residue (extracted 
with ether to remove unchanged ester) was acidified and 
extracted with ether. On removing the solvent the oil 
(24.5 g.) very slowly solidified and was crystallized from 
benzene-petroleum ether (18.6 g.) and was pure enough for 
the next preparation. PHire carbomethoxyhippuric acid 
was obtained, after two further crystallizations from ben¬ 
zene-ethyl acetate, as needles, m.p. 116°. 


Calr. for CuHnO^N: N, 5.9; Eq., 237 
Found: N, 5.9; Eq., 240 

Carbomethoxyhippuric acid (1.9 g.) was warmed with 
acetic anhydride (46 ml.) at 70° for fifteen minutes. A pale 
yellow solid separated during the course of the reaction and, 
after cooling, it was filtered and dried. The product (1 g., 
m.p. 175°) was mixed with penicillamine methyl ester (from 
1 g. hydrochloride) in benzene (20 ml.) and allowed to 
.stand. By the time most of the “oxazolone” had dissolved 
a new product began to separate. On standing overnight, 
however, a clear solution was obtained from which the 
solvent was removed completely. The residue was crystal¬ 
lized from methanol, m.p. 138°. 

Calc, for (:;, 7 ll 2 ?O.N 28 : C, 53.4; H, 5.8 
Found: C, 53,2; II, 5.5 

No evidence for the formation of a thiazoline was obtained 
when these esters were allowed to react with mcthanolic 
hydrogen chloride. 

n-Caproylaminomalonic Derivatives (Bentley, Cook, 
Hams, and lleilhron, CPS.S86\ 3). Ethyl n-caproylamino- 
malonate (0.5 g.) in ethanol was slowly treated with hydra¬ 
zine hydrate (0.93 g.) and the whole warmed for fifteen 
minutes. Removal of solvent and crystallization of the 
residue from ethanol-chloroform gave n-caproylamino^ 
malondihydrazide in microneedle.s, m.p. 194° (de.c.) 

Cale. for C, 44.0; H, 7.8 

Found: (\ 43.5; H, 7.8 

Ethyl n-caproylaminomalonic acid ester (1 g.) was 
warmed (steam-bath) for five minutes with hydrazine 
hydrate (1 ml.) and ethanol then added. Cooling overnight 
gave the hydrazidc hydraziniuin salt (1.3 g.) which sepa¬ 
rated from ethanol containing a little water in laths, m.p. 
126° with evolution of gas. 

Calc, for C 9 H 21 O 4 N,: C, 41.1; H, 8.05 

Found: C, 41.1; H, 7.8 

n-Caproylaminocyanoacetic Derivatives (CPS.386^ 5). 
Ethyl w-caproylaminocyanoacetate (Bentley, Catch, Cook, 
Heilbron, and Shaw, CPS.267, 5) (5 g.) was refluxed for 
ten minutes with ethanol (15 ml.) and hydrazine hydrate 
(2.5 ml. in 1.5 ml. of water) and the crystalline product 
collected. n-Caproylaminocyanoacethydrazide separated 
from water in shining plates, m.p. 260° (dec.). 

Calc, for C 9 H 16 O 2 N 4 : C, 51.0; H, 7.6; N, 26.4 
Found: C, 51.3; II, 7.4; N, 26.2 

The cyano-ester (5.2 g.) was held for twenty hours in ethanol 
(155 ml.) containing potassium hydroxide (1.26 g.), the 
neutral solution evaporated in vacuo, and the cyano-acid 
taken up in ether after Ulceration with mineral acid. n-Cap- 
roylaminocyanoacetic acid separated from chloroform-light 
petroleum in small needles, m.p. 79° (with evolution of gas). 

Calc, for C.HuO.Na: C, 54.5; H, 7.1 
Found: C, 54.3; H, 7.4 

N-(N'-Caproyl-a-carbethoxyglycyl)-penicillamine (CPS. 
386, 6 ). n-Caproylaminomalonic acid ester (1 g.) was 
warmed (steam-bath) for thirty minutes with acetic an¬ 
hydride (10 ml,), reagent removed in vacuo, and the residue 
distilled at 60-70° in high vacuum. 2-n-Amyl-4-carbethoxy- 
oxazolone was obtained as a colorless oil which could not be 
crystaUized, 

Calc, for CuHit 04 N: C, 58.1; H, 7.5; N, 6.2 
Found: C, 57.7; H, 7.4; N, 5.9 

The oxazolone (from 2 g. of acid ester) in pyridine (25 mL) 
was warmed with isopropylidene penicillamine ,(2 g.) for 
two hours. Removal of pyridine and addition of ether 
gave, on standing, crystals (400 mg.) m.p. 165°; the thiazoL 
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idine crystallized, from ethanol containing a little water, in 
clusters of fine needles, m.p. 167-108®. 

Calc, for C, 54.8; II, 7.7; N, 6.75 

Found: C, 54.85; H, 7 05; N, 7.1 

This thiazolidine, like the plienylacctyl analog, was very 
resistant to mercuric chloride and other cleavage reagents. 

2-AminocarbethoxymethyU4-carbomethoxy-5,6-dimethyl- 
thiazoline Hydrochloride (Cook, l^lvidge, Ileilhron, and 
Ix»vy, CPS.JfJtS^ 5; 45'f, 1; Cook, lOlvidge, and Iledhron, 
CP^.OJO, 2). Penicillamine methyl ester (3.2 g.) in ethyl 
malonate (5 ml.) was added dropwise to ethyl malonate 
(10 rnl.) at 176®. hiXeess ethyl iiialonate was removed in 
vacuo and the residue of basic oil (it gave no etlier-insoluble 
hydrochloride) was distilh'd ii) liigh vacuum, the ii-carh^ 
ethoxymelhyl- 4~carhomcthoxy~o^/) - di nu th ullhtazoline (XLII) 
being collected at 155® and redistilled (yield, 2.5 g.). It 
formed a very ]>ale od, b.p. 150®/0.018 inin , which set to a 
solid which could be, after washing witli water, crj^stallized 
from ethanobwater in needles, m.p. 10 !)~ 111 ®. 

Calc, for CiiH, 704 NS: C, 51.0; IT, 6 . 6 ; N, 5 1 
Found: C, 51.0; H, 6.5; N, 5.4, 5.8 

2-Carbethoxymethy 1-4-carbom el hoxy-5,5-di rn et h ylthiazo- 
line (10.2 g.) in ethanol (75 rnl.) and 2 A h\drochloric acid 
(75 ml.) was tn»nfed dropwise with stirring with sodmm 
nitrite (5.0 g.) in water (20 ml.) at 0®. After liftei'ii nunute.s 
water (100 ml.) was added and the nitroso eom]X)uinl filtered 
A further quantity w’as obtained by diluting the filtrate to 
500 ml. Total yield, 7.4 g. lAtraeting the final filtrate 
with ether gave more crystalline material (1 g.) contaminated 
with a red oil. i!i‘Nitro8ocarb<thoxynuihyl-4-carhomHkoxy-‘ 
ByB-dimelhylthiazoliru (XLIII) crystallized from ether-light 
petroleum in cubes or from etlianol-watiT in stellate clusters 
of prisms, m.p. 141®. 

Calc, for (^,Hu 05 N^S: (\ 45.8; H, 5.6; N, 9.7 
Found: (\ 45 8 ; 11, 5.7; N, 9.5 

When pure the conqiound w’as colorless or very pale green. 
In acetic acid it was red, in ethanol red with a green reflex, 
and in clilorolorm blue It gave the Liebermann reaction, 
gave an orange coloration with alcoholic feme chloride, and 
a rich deep brown w'ith alcoholic copper acetate. It w^as 
weakly basic, and altliough it separated from dilute acid in 
the free state, it gave a hydroehloride with ethereal hydrogen 
chloride. 

Reduction was attempted with Zn-AcOII, Sn<'lo-Et 20 , 
and SnClrMeOll, but the following procedure was finally 
adopted. The nitroso compound (0.4 g.) in 2 A' ammoiiia 
(3 ml.) was wanned on tlui steam-bath with sodium hydro- 
sulfite (1.2 g.) in water (5 ml.). After five to ten minutes 
the semi-solid deposit was extracted with ether and the 
extract eventually treated with dry ethereal hydrogen 
chloride. After rejecting the initial red-yellow gum, pale 
yellow crystals sepa ro ted. A minocarheihoxymeth yl-4^carbo- 
mcthoxy’-B^B-dirnethylthiazolinc hydrochloride (XLIV) (yield, 
100 mg.) was recrystallized from a mixture of chloroform 
(2-3 ml.) and dry ether (15-20 ml.) in clumps of prisms, 
m.p. 168-167® (dec.) depending on the rate of heating. 

Calc, for Cnni 904 N 2 SCl: C, 42.5; H, 6.1; N, 9.0 
Found: C, 42.8; H, 6.3; N, 9.1 

A further quantity was obtained by chromatographing the 
free base on alumina. It is interesting that the correspond¬ 
ing thiaeolidine forms a dihydrochloride under similar 
conditions. 

2-Carbethoxymethyl-4-carbomethoxy-5,5-dimethylthiazo- 
line (0.4 g.) in ethanol (8 ml.) was treated with benzene dia- 
jsonium chloride solution (2 ml., corresponding to 0.15 g. of 
Aniline) at 0^ and then with sodium acetate (2,5 g.) in water 
(10 ml.). A pale yellow crystalline precipitate ( 0.6 g.) 
aeparat(^ in needles, m.p. 115®. The azthcompaund re¬ 


crystallized very easily from hot etiianolin long needles, lu p 
120 ®. 

Calc, for CnlLi()4N3S: 56.2; H, 5.8 
Found: C, 56.4; H, 5.9 

In aiiutlier preparation of 3i-rarbethoxymffh>/Ui-carbo- 
viethoxy-b/i-diw>ihy{thi(Uoh7n (l^arltrop; Abraham, Raker, 
C^hani, and Kobiiison, ('PS 5), penicillamine methyl 
ester hydrochloride (5 7 g.; di.ssolved in water (6 cc ) was 
shaken for tw'o hour.s at room temperature wutli ether (4 cc.) 
and carbethowfieetinuno eth\l oth(*r (1.1 g.). The re.sult- 
ing ])aste was collected at tli(‘ jniirip, and WMslied with 
ethei to give a eolorh^ss civstaUine solid. The filtrate was 
washed with etlicr and tlie etlior dried and evaporated 
giving more crystalline mat (‘rial. The combined product 
was purified by (extraction (Sovlilet) woth ether. The tliiaz- 
oline (5 4 g.) had m.p. 103 104®. TIu' analytical .specimen 
crystallized from ether had in p 107®. 

Calc, for (^lT^ , 704 SX: C, 51 1; IT, 6 6; X, 5 4; () Mk, 29.3 
Found: C, 51.1; H, 6.6; X, 5.6; () \lk, 29.7 

The compound is soliibh* in dilute acids, but only sparingly 
so in AVIO hydrochloric acid. It is soluble in dioxane, 
benzene and chloroform, sparingly soluble in ether, and 
iiusohihle in light petroleum It has b p. 12.5 126® A). 14 mm. 

A mixture of tlic aliove thiazoline (5 g ), x\Iene (.'10 cc.), 
and (‘t]i>l nitrite (2 2 g ) was cook'd at 0® and add(‘d to an 
ice cold solution of potassium (0.()9 g ) in cthamd (3 0 cc.) 
and (‘ther (16 cc.). Kxi'css i'IIkt was added and tin* precipi¬ 
tated pofassium salt oj ^-^a-oxnmuocaihithoxymdhul-rcnrho- 
mHhoxy-5^5‘dimcthylthiazolinc (4.3g.'i colli*clcd, waslu'd with 
etlier and dried in vacuo. The an/dytical specimen was 
purified by dissolving in acetone, filtering, and pns'qiitating 
with ether. Two repetitions of this process yielch'd an 
orange-yellow powdtT m.p. about 90® (dec.) after Kinti'ring 
and .softening at 55®. 

Calc, for Ciilli 606 N 2 SK: N, 8.0; S, 9 8 
Found: N, 8.3; S, 9.7 

The compound was readily soluble in water giving an 
orange solution from which acid precipitated the free oximino 
compound as a reddish oil, wfiich wa.s isolated with ether. 

A solution of the fori'going oximino-ester (5.7 g.) in 
ether (150 cc.) w^as refluxi'd for eight hours with aliiminiirn 
amalgam (0.75 g.) and w.ater (2 cc.). The filteivd solution 
and (‘thanol wvishings of the alumina was conccntrat(‘d under 
diminished pressure and finally distilled in bulbs. The 
'Ji^amirwcarbethox ipnrthyl - 4^^‘a rh(tkoxy-B,n~d I mctkyfthiazoline 
was collected at ahout 120® (bath ti'iniierature)/O.OOl- 
0.01 mm. 

Calc, for C 12 H 70 O 4 N 2 S: (\ 50.0; 14, 6.9; S, 11.1 
Found: 49.5; 11, 6 . 8 ; S, 11.4 

This specimen w'as a red oil Init the color is doubtless not 
rharaetenstic of the substance. Further work is needed 
in order to determine the stage at w hich C^OiMe is replaced 
by C 02 Et. The above account of the oximmo-di'rivative 
and its reduction must therefore be regarded as pro\ isional. 

4-Carbomethoxy-6,5-dimethyl -2 - p -nitrobenzoylamino- 
carbethoxymethylthiazoiine (XLVi (Cook, Klvidgn, and 
Heilbron,(7^S\()7^,5). 2-ATmuocarl)ethoxyinethvl-l-eurbo- 
inethoxy-5,5-dimcthylthiazoline hydrochloride ( 0.1 g.), so¬ 
dium bicarbonate (0.15 g.) and p-nitrobenzoyl chloride 
(80 mg.) were shaken for ten minuti's with watiT and ether 
(10 ml. of each). The eth(*r layt^r was washed with water 
and ev’'aporated, Tlie pale 3 'ellow' residue was washed with a 
little ether (yield, 87 mg.) and crystallized twice from 
aqueous ethanol. Clumps of sm.all pale yellow needles, 
m.p. 163®. 

Calc, for CiiHaiOTNiS: C, 51.1; H, 5.0; N, 9.9 
Found: C, 51.1; H, 5.0; N, 10.0 
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The p-nitrobenzoyl derivative (226 m^.) in ethanol (6 ml.) 
was treated with 0,509 N sodhini hydroxide (1.05 ml. — 1 
equivalent) in 0.1 ml. portions at five minute intervals, the 
solution evaporated in vacuo at room temperature and the 
residue taken up in water (4 ml.). Acidifying the clear solu¬ 
tion at 0° gave a pale yellow precipitate (134 mg.) which was 
purified by repeated solution in aqueous sodium bicarbonate 
and acidification of the solution. The acid had m.p. 112®. 

Calc, for CuHirOTNaS: N, 10.6 
Found: N, 10.3 

Preparation of Thiazoline-Oxazolones (XVIa) (Cook, 
Elvidge, and Ilcilbron, CPS.68f)f 4). The half-hydrolysis 
product of 4-carbomethoxy-5,5-dimcthyl-p-nitrobenzamido- 
carbethoxymethylthiazoline was repeatedly dissolved in 
aqueous sodium bicarbonate and reprcci pita ted with acid; 
4“Carhoxy-‘5y6-dimethyl^2^p->nitrohenzamidocarh€thoxym€thyl‘ 
thiazoline \md m.p. 112®. 

Calc, for CnHitOTNiS-H'HiO: C, 48.8; H, 4.8; N, 10.05 
Found: C, 48.9; H, 4.8; N, 9.9 

The a(‘id on treatment with ethereal diazomethane gave 
ultimately 4- earbornethoxy- 5,5- dimethyl -2-p-nitrobenz- 
amidoearbethoxymethylthiazoline identical wnth the previous 
material. It separated from eth an ol-li groin in prisms, m.p. 
168-169® undepressed with the authentic material. Recrys¬ 
tallization gave the pure ester, m.p. 173". 

Calc, for CuILiOyNiS: C, 51.1; H, 5.0; N, 10.0 
Found: C, 51.0; II, 5.1; N, 9.0 

The preceding ester (4.23 g.) was shaken for fifteen hours 
with 0.51 N sodium hydro.\ide (39.4 ml.). On just acidifying 
the filtrate at 0° the acid was precipitated jis an orange-yel¬ 
low powder and was purified in the normal manner through 
its lead salt which was decomposed with hydrogen sulfide. 
4- Carhoxy-6^6 - dmcthyl-^-jj-mlrohcvzamidonuth ylthiazolme 
could not be crystallized satisfactorily though it separated 
from methanol in flocculent form, and softened at 110® 
without melting sharply. 

Calc, for CulIi^O^NiS-HIIjO: C, 48.0; H, 4.6; N, 12.1 
Found: C, 48.8; II, 4.7; N, 12.3 

4-Carbomethoxy-5,5-dimethyl-2-aminocarbethoxymethyl- 
thiazoline oxalate (1.8 g.) was stirred for 2’ ^ hours with ether 
(25 ml.), sodium bicarbonate (1.5 g.) in water (10 ml.), and 
phonylacetyl chloride (0,8 g,). The ether was washed with 
aqueous bicarbonate and water, dried, and evaporated, 
when the residue crystallized on rubbing with ligroin. 
4 -'Carbomethoxy-df6 - dimethyl-S-phenylacfiamidocarbethoxy- 
methylthiazoline (a-cthyl d~metbyl “benzyldehydropenicil- 
loate’’) separated from ethyl acetate-ligroin in clusters of 
needles, m.p. 136-137®. 

Calc, for Ci,H, 40 ,N 2 S: C. 58.15; H. 6.1; N. 7.1 
Found; C. 58.0; 11. 6.2; N, 7,0 

Caproylation was effected similarly. 4~Carbom€ihoxy-6y6- 
dimelhyUS-nrcaproamidocarbethoxymethylihiazoline separated 
from ether-ligroin in slender needles, m.p. 104-105®. 

Calc, for CiTH«0»NaS; C, 54.8; H, 7.5; N, 7.5 
Found: C, 55.0; H, 7.6; N, 7.3 

The preceding ‘‘dehydrobenzylpenicilloic ” ester, m.p. 136- 
137®, (0.6 g.) in ethanol (10 ml.) was treated with 0.51 N 
sodium hydroxide (3.06 ml.) for one hour. The filtrate 
was acidified with 1 equivalent of 0.5 N hydrochloric acid 
at 0® and the acid purified by repeated solution in aqueous 
bicarbonate and precipitation with acid. i-Carboxy-SyB-di- 
fnethyl-^-phenylacetamidoc(zrb€tkoxymeihylthiazoline softened 
at 90® and decomposed at 120-124®, 

Calc, for Ci,H„ 0*N8S->^H,0: C, 55.8; H, 5.9 
Found: C, 55.7; H, 6.1 


The acid in ethanol was treated with morpholine. The 
morpholine salt separated from ethanol-ether containing a 
little ligroin in clusters of needles, m.p. 173®. 

Calc, for CagH.iOsNaS: C, 56,7; 11, 6.7 
Found: C, 56.6; II, 6.8 

4-Carbomethoxy-5,5-dimethyl-2-nitrobenzamidocarbeth- 
oxymethylthiazoline (0.8 g.), dry chloroform (15 ml.) and 
phosphorus pentachloride (1 g.) was gently refluxed for one 
hour and the solution shaken for several hours with ice and 
aqueous sodium bicarbonate. On evaporating the dried 
chloroform solution a mixture of yellow prisms and deep 
red-orange needles remained. The latter piaterial was 
adsorbed chromatographically on alumina from chloroform, 
the filtrate yielding pale yellow prisms. 4-S'-{4'-Carbom€th- 
oxy-6\5'-dimethylthiazolinyl)-6-ei}ioxy-2-p-nilroph(myloxazole 
separated from ethyl acetate-ligroin in yellow prisms, m.p. 
205®. 

Calc, for CuH, 904N,S: C, 53.3; II, 4.7; N, 10.4 
Found: C, 53.5; II, 4.5; N, 10.7 

Ethyl cyanoacetate (30 ml.) was heated to 194-200® for 
three hours with benzyl alcohol (150 ml.) when ethanol 
(about 12 ml.) distilled off. Residual benzyl alcohol was 
removed by distillation through a short Fenske column at 
100®/18 mm., and benzyl cyanoacetate distilled as an oil, b.p. 
141®/0.5 mm., « 1.5206 (yield, 34 g.). 

Calc, for C10H9O2N: C, 68.6; H, 5.1 
Found: C, 68.9; II, 5.2 

The benzyl ester (17.5 g.) and dry ethanol (4.6 g.) were 
treated with dry hydrogen chloride (3.8 g.) overnight at 0® 
under stringently anhydrous conditions. On seeding the 
carhobenzoxyaceiamino ethyl ether hydrochloride set to a solid 
crystalline mass which w'as washed with dry ether and dried 
when it had m.p. 89® (with effervescence) (yield, 23.5 g.). 

Calc, for C,2lIi«0,NCl: N, 5.4 
Found: N, 5.4 

The preceding compound (5.1 g.), penicillamine methyl ester 
hydrochloride (4.0 g.), potassium acetate (2.5 g.), water 
(5 ml.), and ether (5 ml.) were shaken together for two hours. 
The ethereal layer of the filtrate was removed, washed with 
very dilute hydrochloric acid and with water, and evaporated 
to leave an oil. Solution of the latter in ethanol, addition of 
water until the solution was turbid, and cooling gave the 
thiazoline (3.0 g.); the yield was approximately the same 
when the condensation was carried out in chloroform. 4- 
Carbomethoxy-ByB - dimethyl - i?- carhohenzyloxymethylthiazoline 
separated from dilute ethanol in clusters of colorless prisms, 
m.p. 78®. 

Calc, for C,eH» 04 NS: C, 59.8; H, 5.9; N, 4.4 
Found: C, 60.0; H, 6.0; N, 4.5 

The preceding compound (5.2 g.) in warm ethanol (25 ml.) 
containing acetic acid (1.3 ml.) was treated with sodium 
nitrite (1.3 g.) in a little water. Crystallization soon oc¬ 
curred and on repeated crystallization from cthanol-light 
petroleum the product separated in prisms, m.p. 110®. 

Calc, for CiiHitOiNS: C, 59.8; H, 5.9; N, 4.4 
Found: C, 60.0; H, 6.1; N, 4.1 

The product was therefore isomeric with the parent thia¬ 
zoline. 

The thiazoline (35.6 g.), dioxan (100 ml.), acetic acid 
(16 ml.), and sodium nitrite (16 g.) were shaken together 
overnight. On pouring into ice-water, a nitroso compound 
separated as a red oil which could not be crystallized and 
was used directly. It was refluxed for four hours with ether 
(500 ml.) in presence of amalgamated aluminum (3.6 g.) 
while adding ethanol (95 ml.). The filtrate and washings 
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were treated with ethereal oxalic acid when a voluminous 
crystalline oxalate separated (attempts to prepare a crystal¬ 
line hydrochloride, picrate or styphriate were unpromising) 
(yield, l2.Sg.). 4“Carbomethoxy-o/t‘-(iimHhyl~fi’-amino-carho- 
benzyloxyviethyllhiazoline oxalate cryatallizod from acetone- 
ether in small clumps of prisms, m.p. 120-121*’; its behavior 
from other solvents was variable. 

Calc, for Ca4H420,2N4S2: C, 53.5; II, 5.5; N, 7.3 
Found: (\ 53.0; 11, 5.5; N, 7.5 

The oxalate (1.9 g.) in water (30 ml.) was stirred for two 
hours with sodium bicarbonate (2.0 g.), ether (30 ml.), and 
phenylacetyl chloride (0.8 g.). Tin* acyl derivative was 
obtained on evaporating the dried ether solution. J^-Carbo- 
meihoxy - ^ - dimethyl - 2-phenylacelam idocarbobenzoxymcthyl- 
thiazoline, crystallized from dilute ethanol in laths or ethyl 
acetate-ethcr-light petroleum in needles, m.p. 132-133°. 

Calc, for C24II26O5N2S: C, 63.4; II, 5.7; N, G.2 
Found: (\ 63.7; H, 5.8; N, 5.9 

4 - Carbomethoxy - 5 - dimeih yl - 2-n-caprnnmi docarbobemoxy- 
methylthiazoline, prepared similarly, crystallized from ethyl 
acetate-light petroleum in rosettes of hair-like needles, m.p. 
115°. 

Calc, for C22lIio06N,S: 0, 60.8; 11, 6.9; N, 6.45 
Found: C, 61.0; 11, 6.8; N, 6.5 

4 - Carbomethoxy-6/)-dimethyl-2-p-niirobenzamtdocarbobem- 
oxymethylthiazoline^ also prepared similarly, si'parated from 
ethyl acetate-ether as very pale yellow nc*(*dles, m p. 
182-183°. 

Calc, for CjJIjjOtNsS: C, 56.0; IT, 4,7; N, 8.7 
Found: C, 56.7; II, 4.8; N, 8.8 

The above phenylacetaniido derivative (m.p. 132 -133°) 
(15 g.) was refluxed gently for fifty minutes with chloroform 
(220 ml.) and phosphorus pentachloride (8.5 g.) and allowed 
to stand at room temperature for several hours. The solu¬ 
tion was shaken with aqueous sodium bicarbonate until 
excess was prosimt, and the waalied and dried chloroform 
solution chromatographed on aluinina (Spence, **Tvpc II*’)- 
The eluate was evaporated (an odor of benzyl chloride was 
noticed), and the residue treated with light petroleum. The 
crystals of oxazolone (0.0 g.) could be recrystallized from 
chloroform-light petroleum, from ethyl acetate-light petro¬ 
leum, or acetone-light petroleum in compact prisms, m.p. 
118-119°, though a clear liquid was only obtained at 123°. 

Calc, for Cx7Hi804N2S: C, 58.95; II, 5.2; N, 8.1 
Found: C, 59.0; H, 5.2; N, 8.2 

This product is regarded as the Ihiazoline-oxazolone (XLVla 
or b, R « C8lIf,CH2, R' ** Me). 4-Carbomethoxy-5,5-di- 
mcthyI-2-phenylacetamidocarbethoxymetliylthia7oline was 
treated similarly to yield the same thiazoliiie-oxazolonc, 
identified by mixed m.p. (yield, 1 g. from 2 g, of ‘‘dehydro- 
penicilloic'* methyl ethyl ester). 

Found: C, 59.1, 59.2; II, 5.7, 5.4 

4-Carbomethoxy-5,5-dimethyl-2-p-nitrobcrizamidocarbo- 
benzyloxymetbylthiazoline was similarly cyclized and the 
resulting neutral chloroform solution cliromatographed as 
above. Several orange bands were observed, the lowest of 
which on elution and evaporation gave hair-like yellow 
needles. The latter were crystallized from chloroform- 
acetone together with light petroleum when the thiazoline- 
oxazolone (XLVIa, R « p-N02C«H4, R' =» Me) separated in 
the same form; it had m.p. 235° but underwent change at its 
m.p. and on successive determinations complete melting was 
observed at progressively higher temperatures up to 265°. 

Calc, for ChHi»0«N,S: C, 50.9; H, 4.0; N, 11.1 
Found: C, 51.0; H, 4.15; N, 11.0 


The same compound (Found: C, 51.2; II, 4.1) was obtained 
by cyclizing 4-carbomethoxy-5,5-dimethyl-2-p-nitrobenz- 
amido<*arbethoxyiiicthyIthiazoIine and recovering material 
from the upper part of the column instead of taking a smaller 
cut as in the preparation of tlie thiazoline-oxazoh' above* 

4-Carbomethoxy-5,5-diiiieihyl-2-iaproamid()carbobenzyl- 
oxymethyltluazoline (4 g.) 111 dioxan (20 ml ^ was treateil 
with 0.533 N sodium hydroxide (17.3 ml.) in 1 ml. portions 
added at five minute intervals and then left overrughf. The 
solution was concentrated tti vacuo, added to water (75 ml.), 
a small precipitate filtered, and the filtrate acidified with 
0.565 N hydrochloric acid (16 3 ml.). The aeid was collected 
and recrystallized from ethyl acetate-light petroleum. 
4 -CarhoX7/-/), fi-d mieth yU‘2- n-ra p roam i doca rboberi zyloxymeth yl- 
thiazoline (XLV) separated m clusters of plates, m.p. 149-150° 

Calc, for ('2 iH.>kOsN 28: C, 59.95; H, 6.7; N, 6.7 
Found: C\ 59 8; II, 6 5; N, 6.9 

Treating the acid with excess of ethereal diazomethane re¬ 
generated the carbomethoxy compound. 

4-( ^arbomethoxy-5,5-<lim(»thyl-2-A/-caproam idocnrbobenzyl- 
oxymethylthiazolino (2 g.) and phosphorus pentachloride 
(1.2 g.) were refluxed for twenty minutes in dry chloroform 
(20 ml.) and the solution added to water (50 ml.) and sodium 
bicarbonate (3 g.). The chloroform solution was chromato¬ 
graphed on alumina and material from the yellow zone 
dissolv(*(l in a small volume of ether and cooled. The 
thiazolme-oxazolone (XLVia, R «= C'sHji, R' = Me) crystal¬ 
lized and was recrystallized from light i>etrolcum in rosettes 
of needles, m p. 87-88°. 

Calc, for (\6Tl220 4N2S: (\ 55.2; H, 6.8; N, 8 6 
Found: (’, 55.2; II, 6 7; N, 8.7 

The same oxazolone was obtained by eyehzirig the cor¬ 
responding 2-a-caproainidoearboethoxvmethylthijizoline. 
Tlie thiazoline-oxazolone ester (7l)0 mg.) in acetone (15 ml.) 
was treated with O.OSil A' sodium hydroxide (26 ml ) added 
in portions of 2 ml. at ten minute intervals and after standing 
overnight the solution was acidified. The gum was taken 
up in ether and allowed to crystallize. The* thiazoline- 
oxazolone acid separated from ethyl acctatc-light petroleum 
in long line needles, m.p. 89°. 

In phenylacetylating the product from a reduction of 
4-carbomethoxy-5,5-dimothyl-2-njtrosocarbeth()xvmethyl- 
thiazoline (85 g.) which had proceeded with unusual vigor a 
much smaller yield than usual of the “dohydropemcilloate*' 
(45 g.) resulted. The ethereal filtrate w'^as treated with more 
phenylacetyl chloride and shaken wdth fresh a(]U(‘ous sodium 
bicarbonate. The ether was separated, removed in vacuo 
and pentane added to the concentrate. The solid (12 g.) 
was crystallized several times from chloroform-light petro¬ 
leum to give 4'f'fJf‘homelhoxy-5/)-dimethyl-H-phcnylacetyl-2- 
phenylaceiawidocarbethoxymcthylihiazolidirie as prisms, m.p. 

115°. 

Calc, for C^TlIsaOflNaS: (\ 63.3; H, 6.2; N, 5.5 
Found: (\ C3.4; II, 6.4; N, 5.85 

4-Carbomethoxy - 5,5-dimeth yl-2-ph en y lacetamidoearbo- 
benzyloxymethylthiazoline (11.95 g.) in dioxan (70 ml.) was 
saponified by adding 0.533 N sodium hydroxide (45 ml.) 
slowly, allowing to stand, evaporating m vacuo, 'and aeidify- 
(>deld of crude acid, 7.5 g.). On rubbing with ether the 
aeid fell to a powder and was crystallized from I'ther con¬ 
taining a small quantity of chloroform. 4"Carboxy-5,5-di- 
meihyl-2-phrnylacetomidocarbobenzyloxymeihylthiazoline sepa¬ 
rated in small priKsms, m.p. 153-154°. 

Calc, for C^8H2406N2S*^n20: 61.5; H, 5.55; N, 6.2 

Found: C, 01.2; H, 5.4; N, 6.5 

The preceding acid (1.2 g.) in chloroform (60 ml.) was 
refluxed with phosphorus pentachloride (1.3 g.) for twenty 
minutes and the solution stirred with a small excess of satu- 
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rated aqueous sodium hicarhonato for several hours. The 
solid acid was extraeted with ether and the solution treated 
with lij!:ht petroleum. 7''he thiazoline-oxazolone arid 
(XXXIIlb) separated in iiiierocrystallinc form, in.p. 183 -185^, 
showing no depression with the material pr(*pared below. 
This aeid (215 mg ) was treated dropwise with 1 eipiivalent 
of diazoinethane in chloroform. On evaporating solvent 
and crystallizing the resalue from ethcr-liglit petroleum the 
meth\l ester of the oxazolone (UO mg.) was obtained giving 
no (lepre«si()n in m p. on mining with the authentic material. 
The acid (200 iiig ) was treated with c-rccs« of ethereal 
diazomethane and the solution evaporated to dryness, taken 
up in ether and diluted with light pctrol(*um. This formed a 
mixture of the (inneihyl drnvativrs (XLVic). The loss solu¬ 
ble fractions (00 mg.), m.p. 140-150", were combined and 
reiTystallized from chloroform-light pi'lroleum to give tlie 
dimethyl llcri^atlvc as prisms, m p. J51-152'". 

("ale. for (\8H.>o04N2S: (\ 00 0; If, 5 0; N, 7 8 
Found: (\ 50.<S; II, 5.0; N, 7.0 

The more soluble fractiorm (HO mg.), m p. 104-108", were 
similarlv crvstalhze«l to give tin* dimethyl derivative in 
aljeavt‘s o( laths, m p. 110 11 F’. 

Found: C, 50.8; II, 5.7; N, 7.5 

The thiazolinc-oxazolone ester (4 05 g.) in acetone (15 ml.') 
was hydrolyzed with 0 500 X sodium hydroxide (23 0 ml.) 
added in 1 ml. portions at intervals of ten minutes. After 
standing overnight the solution was evaporated in vacuOy 
the residue dissolved in water (60 ml.) and 0 47 N hydro¬ 
chloric acid (21 7 ml.) added. The crude acid (3 3 g.; was 
apparently the hcinihydrate (ni.p. 11 T, dec.) and was stirred 
with dry ether, when it had ni.p. 185", and crystallized from 


ehloroforrn-light petroleum, when the acid (XXXIIlb) 
separated in mierocrystalline form, m.p. 190". 

Calc, for CiolIiflOiNaS: C, 57.8; H, 4.8; N, 8.4 
Found: C, 57.7; H, 5.0; N, 8.6 

All ethereal solution of the acid gave a crystalline hydro- 
chloride on treating with hydrogen chloride; this crystal¬ 
lized from chloroform on adding a few drops of ethereal 
hydrogen chloride in fine needh's, m.p. 1C5" (dec.). 

Oalc. for (\ 50.9; II, 4.8; N, 7.4 

Found: C, 50.6; H, 4.8; N, 7.6 

Shaking an ethereal suspension of the hydrochloride with 
aqueous potassium acetate regenerated the free acid. The 
crude acid crystallized from ethyl acetate-light petroleum 
in micro needles, m.p. 122 123" (dec.) of the hemihydrale. 

(ale for C, 56.3; H, 5.0; N, 8.2 

Found: C, 56.5; H, 5.1; N, 7.9 

Methyl a-Chlorobenzylpenaldate Diethylacetal (Newbery 
and Kiipha(4, CPS.iSiHy 4). Diethoxyalanine (12 g.) was 

(Ml6ClI.CONH(’H.CH(OEt)2 

/■l ('’O.Mc 

dissolved in 2 equivalents (150 ml.) of X sodium hydroxide 
and ty-chioropheny la cetyl chloride (13.3 g.) added dropwise 
with cooling and stirring, the stirring was continued thirty 
minutes after the addition was complete. A small amount 
of alkali-insolnble oil was extracted with chloroform; the 
aqueous layer was acidified with 2 N sulfuric acid and the 
precipitated oil taken up in eth(*r and dried over anhydrous 
sodium sulfate. To the dry solution was added with shaking 


T\HLH VI 

Light Absorption Data (fook, Klvidge and Ileilbron, CPSMSOy 3fT.) 


('onipound 

S«)lvont 

Xnujt (m^) 

cm ^ *’ 

2-Phenylacetamidocarbethoxymethyllhiazoh‘ . 

Kthanol 

242 

220 

4-2'-Thiazolvl-5-et hox V- 2-ben zyloxazole . 

Ethanol 

278 

770 

4-('arboinethoxy-5,5-dimethyl-2-p-nitrobenzamulocarbethoxvmethyl- 

Ethanol 

282 

685 

thiazoline. 


288 (inflex.) 

660 

4-(^arboniethoxy-5,5-dimethyl-2-p-nitrobenzamidocarbobenzyloxvmethyl- 

Chloroform 

282 

560 

thiazoline. 


290 (inflex.) 

560 

4-2'-(4'-Carb()methoxy-5',5'‘dimethylthiazolinyl )-5-elhoxy-2-p-n it ro phenyl- 

Ethanol 

251 

400 

oxazole. 


280 (itiflfix.) 

280 



356 

350 

ThiazoUiio-oxazolone (XLVia or b, U = p-i\02CoFT4, K' — Me) . 

C’hloroform 

251, 322 

360, 260 



lO-J, 412 (inflex.) 

800, 820 

4-Carbomcthoxy-5,5-dimethyl-2-phcnylacetamidocarbobonzoxyraethyl- 




thiazoline. 

("liloroform 

201 

470 

4-Carbomethoxy-5,5-dimethvl-2-carbobenzyloivmethvlthiazoline. 

Ethanol 

288 

650 



242 

110 

4-Carbomethoxy-5,5-dimethyl-2-caproamidocarbobenzyloxymethylthiazoline 

Chloroform 

282 (infiex.) 

430 



290 

480 

4-Carboxy-5,5-dimethyl-2-caproamidocarl)obenzyloxym,ethylthiazoline. 

Chloroform 

282 (inflex.) 

460 



290 

500 

Thiazoline-oxazolone XLVIa or b (U =» w-CbHu, H' =* Me). 

Chloroform 

330 

670 



248 

150 

Thiazoline-oxazoloiic XL Vic (Form A) . 

Chloroform 

330 

800 



244 

180 



250 

180 

Thiazoline-oxazolone XLVIc (Form B). 

Chloroform 

330 

870 



242 

185 



244 

185 

Thiazoline-ox^zolone XLVIa (R »■ CeIT6CH2, R' « H) 




Anhydrous. . 

Chloroform 

330, 244, 248 

870, 185, 185 

Hemihydrate. 

Chloroform 

332, 244, 249 

730, 200, 200 

Hydrochloride. 

Chloroform 

330, 242, 245 

630, 185, 186 
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and cooling a slight excess of ethereal diazoinethane, and the 
solvent then evaporated off; the residual oil was distilled 
in high vacuum. There was obtained 12.6 g. (56%) of the 
pure acetal, b.p. 130-135” (baili temp.)/5 X mni., 
1.5130. On prolonged trituration with light petroleuni 
(l).p. 60-80°) a solid was obtained, which crystallized from 
the same solvent in tufts of needles, ni.p. 72-74°. 

Calc, for C,«n220ftNCl; C, 55.85; H, 0 4; N, 4.1 
Found: (\ 55.9; H, 6.5; N, 4.2 

The 2,4~dinitrophenylhy(lrazone made in the usual way 
in 6 N hydrochloric acid, crystallized in yellow needles, 
m.p. 153 154°, from absolute alcohol. 

Calc, for C, JTuOrNfiCl: N, 15.55 
Found: N, 15.5 

a-Methyl DL-a-Chlorobenzylpenicilloate Hydrochloride 
4). solution of the above acetal (3.3 g ) in 
glacial acetic acid (7 ml.) was tn'ated witli i)L-peuicillamiue 
hydro(‘hloride monoliydrate (1 5 g.) and the mnture heated 
on the sleam bath for thirty minutes. After being cooled, 
the solution was slowly droppial into dry ether (150 ml.), 
the precipitated solid washed In <l(‘cantation with ether and 
then filtered. The drv solid weighed 2 83 g. (81 ^t ); it 
began to sinter at 95° and d(‘coinpos(‘d at 180”. Attempts to 
crystallize the product were uiisueet‘.ssrul. 

Calc, for (\7lf220,N,(l2S*ll,0: 

(\ 41 8; 11, 5 3; N, 6.15, C\, 1.5.6 

Found: (\ 44.7, 44 8; If, 5 5, 5 8, N, 6.5, 6.2, Cl, 11 8 

nr.-Chlorobenzylpenicilloic Acid (XLVII) ((U*S.S78, 4). 
cy-Methyl i)i.-chloroljenzvlpenieilloate hydroehloride (10.52 
g.) was tn'ated wdth three equivalents (69.3 ml.) of N sodium 
li.>dr()Xide and allow'ed to stand overnight. The iee-cold 
solution was then neutralized slowly with two equivalents 
(46.2 ml ) of N hydrochloric acid The floeculent precipi¬ 
tate' was filtered off, washed with ice water, and dried in 
vacuo. There was obtained 5 2 g. (58%) of white solid 
decomposing with vigorous effc'rv esci'iice at 85-90”. At¬ 
tempted purification by crystallization and fractional 
precipitation resulted in tin* production of gums. For 
analysis the crude product was dried in high vacuum over 
sulfuric acid for twenty-four hours. 

Calc, for ChJl,9(),N2ClS: C, 49,65; H, 4.95; N, 7.25 
Found: C\ 50.0, 11,5.6; N, 7.4 

On treatment with alcoholic mercuric chloride solution 
a vigorous effervescence occurred, and addition of water 
precipitated a mercury complex. The supernatant liquid 
was poured into alcoholic 2,4-(iinitrophenylhydrazine sulfate, 
and the resulting yellow floeculent precipitate was filtered, 
washed with alcohol, and erystallized from glacial acetic 
acid to give yellow needles, in p 185-186”, undepressed 
by nutlieiitic u-ehloroplienylacetylaminoacctaldeliydc 
2,4-dinitrophenylhydrazone. 

a-Chlorophenylacetylaminoacetal (CPS.STS^ 5). a-C liloro- 
phenylacotyl clilorido (9.45 g.) was slowly dropped into a 
solution of amiiioacetal (6.65 g.) and pyridine (4 g.) in dry 
ether (75 ml.) with shaking and cooling. After one bourns 
standing the precipitate of pyridine hydrochloride was 
dissolved by addition of water and the ethereal layer washed 
with water, then with sodium bicarbonate solution, and 
finally dried over anhydrous sodium sulfate. The oil ob¬ 
tained on removal of the ether decomposed on attempted 
distillation. A repetition of the experiment led to the forma¬ 
tion of 11 g. of oil (78%) which was not distilled. 

The 2,4-dmitrophenylh3"drazone, made in the usual way 
with alcoholic 2,4-dinitrophenylhydnizinQ sulfate, crystal¬ 
lized in yellow needles, m.p. 185-180”, from glacial acetic 
acid. 

Calc, for CuHuOjN*Cl: N, 17.9 
Found: N, 18.0 


“Benzyldebydropenidllin” (XXXIIIb /) (CPS.37S, 5;. 
nL-('hlorobenzylpenicilIoic acid (5.2 g.) was treated wuth a 
mixture of pyriditie (10.8 g.) and acetic anhydride (35.2 ml.) 
with shaking and cooling. After thret* hours at room tem¬ 
perature the dark reaction mixture w'ua poured into cold 
water, stirred until all the acetic anhydride had decomposed 
and tlie precipitated dark oil taken up in chloroform and 
dried over anh,\ droiis sodium sulfate. Kvaporat ion in vacuo 
yielded a dark gum which hardened on prolong«*d trituration 
with light petroleum. The brown powder so obtanu'd was 
extracted with boiling ether and the product precipitated 
from .solution with light petroleum (b.p. 40-60”) Solution 
in etb(‘r and cooling to 50’ yielded a pale vellow, nnero- 
ervstalliiH* solid (1 6 g : 3(P ) .sint(*ring at 80 , in p 90 95” 
(dec ). It did not eontain cldorine. 

Ciilo for (\oHifl 04 NiS: 

C, 57 8: 11, 4.85; N, S. l; 1\T W. 332 

Found: 

r, 57.6, 57 2, 11. 5 G, 5.3; N, S.2; MW (ebull. in acetone), 338 

With fi'iTic chloride Die product gave a brilliant, dark 
green coloration, unchanged after six (lavs and extractable 
bv organa* solvc'iits V nitroprussidi* ti‘st was negative. 
The substance immediately dei‘oloriz('d a solution of bromine 
in chloroform. The eompound di.ssolvial with effervescence 
in sodium bicarbonate solution and was precipitated iin- 
eluinged bv h;vdroc'ldoiic acid. An ('theri'al solution gave 
m» precipitate with ethereal b\drogi‘U chloride There 
was no decomposition b\ 2 N sodium hydroxide afti'r five 
hours, as shown by re(‘o\ery of the uTK'hanged material oil 
acidification. 

Ozonolysis of ‘‘Benzyldehydropenicillin” (Newbery and 
Raphael, CPS 478, 3) A solution of (he “dchvdropi'nieil- 
Im’* (100 mg.) in glacial acetic acul (2 ml ) was ozonized. 
The resulting solution was poun*d into alcoholic 2,4-dini- 
trophenylh> draziue sulfate. No derivative ayipeared; on 
prolonged standing (three days) a very small amount 
(2*-3 mg.) of a red (’ompound, m p. 296-300' (d('(* ), came 
dowui. It was identifi(‘d by its coloration with caustic soda 
and by mixed melting point as glyoxal 6i«-2,4-dinitrophenyl- 
hydrazono. 

Ozonolysis of 4-Metbyl-2-benzylidenepseudoxazolone 

{CPS.478, 3). A solution of pseudoxazolone (100 mg ) in 
glacial acetic acid (2 ml.) was ozonized. The resulting solu¬ 
tion was poured into alcoholic 2,1-diiiitrophenylhydrazine 
sulfate. The crystalline orange precipitate was filtc'red, 
w^ashed wdth alcohol, and dried (48 mg., 32%.). It formed 
needles, m p, 237-238”, after crystallization fr un glacial 
acetic acid, undepressed on admixture with benzaldehydo 
2,4-dinitr()phcuylhydrnzone. 

Attempts to Reduce “Benzyldebydropenicillin” (CPS, 
478, 3). (a) The ^‘dehydropenieillirF* (600 mg.) w^as dis¬ 

solved in a little benzene (about 1 ml ), drv ether (50 ml.) 
added, and amMlgamated aluminum foil (300 mg.) placed in 
the solution followed by a few drops of water. Reduction 
was allowed to procec'd for three liours at room t('mperature. 
Twice-normal sulfuric acid was add('d to dis.s()lve the alu¬ 
mina, the ethereal layer washed well with water and dried 
over anhydrous magnesium sulfate. Evaporation of the 
ether in vacuo yielded unchanged material (530 mg.). 

(b) ^‘BenzyldehydropcuieilliTi” (500 mg.) was dis8()lved 
as in (a) and glacial a<*etic acid (250 mg.) added. Sodium 
amalgam (7 g ; 3%) was then added slowdy with cooling. 
Wlieri the reaction had ceased, the ethen*/d layer was washed 
with twdce-normal sulfuric acid, then with water and dried 
over anhx'’drou8 magnesium sulfate. Evaporation in vacuo 
furnished unchanged material (400 mg.). 

(e) ^‘Benzyldehydropcnieillin(500 mg.) was dissolved 
ill glacial acetic acid (4 ml.) and zinc dust (200 mg.) added 
with vigorous stirring. After three hours the solution w’-aa 
poured into water, acidified with twice-normal sulfuric 
acid and extracted with chloroform. Evaporation of tlie 
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washed and dried chloroform layer yielded unchanged 
material (270 mg.)* 

(d) “Benzyldehydropeuicillin” (500 mg.) was dissolved 
in glacial acetic acid (4 ml.), the solution heated to 90” and 
iron powder (200 mg.) added with vigorous stirring. After 
one hour at 90° the solution was poured into water, acidified 
with twicc-normal sulfuric acid, and extracted with chloro¬ 
form, Kvaporation of the w'^ashed and dried chloroform 
layer furnished a small amount (about 50 mg.) of a dark 
viscous liquid from which no recognizable product could be 
obtained. 

(e; Electrolytic Reduction. ^‘Benzyldehydroponicillin^* 
(500 mg.) was dissolved in a small volume of sodium bicar¬ 
bonate solution and the solution poured into the catholyte 
of an electrolytic cell. (The cell was of the usual mercury 
cathode-copper anode type with 10<^^ sodium sulfate solution 
as electrolyte.) A current of 0.4 amp. was then passed for 
two hours; current density 0.02 amps ^cin.*. The catholyte 
was then poured off, acidified with 2 N sulfuric acid and 
extracted with chloroform. 10\aporation of the washed 
and dried extract furnished unchanged material (310 rag.). 
A similar result was obtained on doubling the current 
density. 

Attempted Azlactone Synthesis on 6,6-Dimethyl-4- 
carbomethoxythiazolidone-2 (CPS.47S, 4), An intimate 
mixture of the thiazolidone (1.2 g.), hippuric acid (1 44 g.\ 
and fused sodium acetate (0.44 g.) was treated wdth acetic 
anhydride (5 ml.) and refluxed for ninety minutes. The 
cooled reaction mixture was poured into water, extracted 
with chloroform, and the extract waslu‘d with sodium bi¬ 
carbonate solution. Evaporation of the w^ashed and dried 
chloroform layer yielded a dark viscous oil from which no 
recognizable compound could be obtained. 

Ethyl a~Chlorophenylacetylaminoacetoacetate (CPS.478, 
4), A mixture of aniinoaectoacetic ester hydrochloride 
(46 g.), ohlorophenylacetyl chloride (50 g.) and benzene 
(500 ml.) was refluxed until no more hydrogen chloride 
was evolved (about 5 hours). The benzene solution was 
washed lirst wnth water and then with sodium bicarbonate 
solution and dried over anhydrous magnesium siilfale. 
Evaporation of the benzene furnished a dark oil wdiich dis¬ 
tilled at 135-'!40” (bath temp.)/10"* mm. to give a viscous 
pale-yellow liquid solidifying to a crystalline mass which 
crystallized from cyclohexane in needles, ni.p. 67-68”. 

Calc.’ for CuHuOiNCl: C, 56.45; ll, 5,4; N„4.7 
Found: C, 56.6; H, 5.3, N, 4 9 

It gave an intense purple-red coloration with ferric chloride 
solution (Newbery, Ninehara, and Raphael, CPS.674, 3). 

The 2,4-dinitrophonylhydrazone, made in th(» usual wav 
from alcoholic 2,4-dinitrophenylhydraziiie sulfate, formed 
yellow needles, m,p. 190-191”, after rccrystallization from 
glacial acetic acid. 

Calc, for CjoHsoOjNaCI: N, 14.65 
Found: N, 14.65 

Attempted Condensation of Diethyl Oxalate with N- 
Formylglycine Ester (Newbery and Raphael, CPS.4?8j 4,, 
Powdered sodium (11.5 g.) under ether was treated wuth 
absolute alcohol (23 g.) and the solution refluxed gently for 
three hours. The resulting suspension of sodium ethoxi<le 
was cooled to 0” and a mixture of N-formylglycine etliyl 
ester (65 g,), diethyl oxalate (90 g.) and dry other (150 ml.) 
dropped in slowly with stirring. A rapid reaction ensued 
with the separation of thick masses of black tarry material. 
After two hours stirring the ethereal solution was decanted 
off and the black tar treated with 2 N sulfuric acid in which 
it was completely soluble. The precipitated oil was taken 
up in ether, washed with sodium bicarbonate solution and 
dried over magnesium sulfate. Evaporation yielded a pale 
yellow oil (26 g.) which gave no coloration with ferric chloride 
solution and produced no 2,4-dinitrophenylhydrazone when 
treated with alcoholic 2,4-dinitrophenylhydrazine sulfate. 


Attempted Condensation of Ethyl a-Chlorophenylacetyl- 
aminoacetoacetate with Penicillamine (Newbery, Nineham, 
and Raphael, CPS.674t 3). (a) A mixture of penicillamine 

hydrochloride (1 g,), the keto ester (1.8 g.) and glacial acetic 
acid (10 ml.) was heated on Ihc steam bath until a clear 
solution was obtained (about om* hour). The cooled solu¬ 
tion was then dropped into dry ether and the precipitated 
solid washed well with ether. The solid was extremely 
hygroscopic and gave a strong thiol test with ferric chloride. 
On warming a solution of the solid in acetom* a crystalline 
precipitate formed. This had rn.p, 197-199” (d(*c.) alone 
and in admixture with authentic 2,2,5,5-tetramethyl- 
thiazolidiiie-4 -carboxylic acid hydrochloride. 

(b) Pctiicillamine liydrochloride (1 g.) and the keto ester 
(1.8 g.) were intimatt‘ly mixed and lieated on the steam 
bath in vacuo (15 mm.) for two hours. Vigorous effer¬ 
vescence occurred, and the resulting warm viscous gum 
triturated with dry ether and the resulting solid w’ashed with 
ether. As m (a) th(‘ solid was very hygroscopic and gave 
a strong thiol test. 

(c) Penicillamine hydnxdilondi* (1 g ), the keto ester 
(1.8 g ), and fused potassium acetate (0.0 g.) witc dissolved 
in 75% alcohol and allowed to stand for three days. The 
solution was evaporated to dryness, the residue extracted 
with aleoliol, and the alcohol (‘vaporated. The rc'sidual 
oil gave a strong ferrii* (‘blonde coloration and distillation 
gave unchanged keto i*ster (1.2 g.), rn p. 66-68” after crystal¬ 
lization from cyclohexane. 

(d) J\*nicillaniine methyl ester (1 g.) was slowdy dropped 
onto the keto ester (2 g.) heated to 175” in an oil bath. A 
vigorous effervescence oecuired. The cooled reaction 
mixture was dissolved in chloroform and light petroleum 
(b.p. 40-60”) added. The small amount of precipitated 
dark solid gave a strong nitroprusside reaction and attempts 
at crystallization proved abortive. 

Attempts to Prepare the Diethyl Ketal of Ethyl a-Chloro- 
phenylacetylaminoacetoacetate {CPS.674^ 4). (a) A mix¬ 
ture of the keto ester (3 g.), ethyl orthoformate (12 g.) and 
absolute alcohol (8 g.) was refluxed for threi‘ hours with a 
few mg. of p-toluenesulfonic acid. The cooled solution was 
treated with saturated sodium bicarbonate solution, the or¬ 
ganic layer extracted with ether and dried over anhydrous 
potassium carbonate. Evaporation of the ether yielded 
unchanged keto ester. 

(b) The above preparation using ammonium chloride or 
ammonium nitrate as the catalyst furnished a similar result. 

(c) The keto ester (2 g.) was allowed to stand in alcoholic 
hydrogen chloride solution (10%; 25 ml.) for sixteen hours. 
The solution was evaporated to dryness, the residue neutral¬ 
ized with sodium bicarbonate solution and extracted with 
ether. After drying and evaporation there remained un¬ 
changed keto ester. 

(d) A mixture of the keto ester (3 g.), dry methanol 
(5 ml.) and dimethyl sulfite (5 g.) was treated with saturated 
methanolic hydrogen chloride (0.1 ml.) and the solution 
allowed to stand for forty-eight liours. It was then heated 
on the steam bath for one hour w'ith dry carbon dioxide 
passing through and made alkaline with caustic soda (20 ml. 
of 2 A). The organic layer was extracted with ether and the 
extract dried with potassium carbonate. Evaporation of the 
ether furnished an oil that did not solidify; it boiled over a 
range of 120-155”/0.02 mm. Fractions were taken at 5” 
intervals but all gave a strong purple coloration with ferric 
chloride. 

Ethyl c»-Chlorophenylacetylaminomalonate {CP8.674^ 4). 
Ethyl nitrosoinalonate (200 g.) was treated with amal¬ 
gamated aluminum foil (from 42 g. of aluminum foil and 45 g. 
of mercuric chloride) in other (2.5 liters) and water (250 ml.) 
slowly added. The resulting mixture was filtered, the 
ethereal layer removed, and the ether evaporated. The re¬ 
sulting crude aniinomalonic ester was shaken with sodium 
bicarbonate solution (152 g. in 2 liters of water) and a-chloro- 
phenylacetyl chloride (107 g.) added in small portions with 
vigorous shaking, ice being added from time to time to main- 
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tain the temperature at about 25®. The reaction mixture 
was allowed to stand overnight and tlien extracted with 
chloroform. After drying over anhydrous magnesium sul¬ 
fate and evaporation of the chloroform there remained a 
yellow oil which soon solidified. Crystallization of this 
from cyclohexane gave needles, m.p. 94-95® (92 g,; 31 %). 

Calc, for CuHigOftNCl: N, 4.3; Cl, 10.8 
Found: N, 4.3; Cl, 10.6 

Attempted Condensation of Ethyl «-Chlorophenylacetyl- 
aminom^onate with Penicillamine Methyl Ester {CPS.6/4i 
4). (a) A mixture of penicillamine rruithyl ester (1 g.) and 

the acylarninomaIonic e.ster (2 g.) was gradually heated to 
180® in an oil hath. Fusion was eomjdcte at 110® and a 
yellow solid began to separate at 170-175°. Heating was 
continued at 180® for thirty minutes. The coohui product 
was wa.shed with ether and filtered, giving 70 mg. of a solid 
identified as ammonium chloride. The residual oil after 
removal of the ether distilled at 90-110® (hath temp.)/ 
0.001 mm. The analysis did not correspond to that of the 
desired ihiazoline. 

Calc, for CialLaOiClS: N, 6.5; Cl, 8.3 
Found: N, 5.4; C’l, 2.9, 3.0 

(b) A prc[)aration performed by dropping penicillamine 
methyl ester onto the acylaminomalonic ester heated to 180® 
led to a similar result. 

(c) Penicillamine methyl ester (3 g.) and the aeylamino- 
malonic ester (6 g.) were dissolved in dry xylene (50 ml.) and 
the solution refluxed for four hours. A fluorescent, lemon- 
yellow solution was obtained containing a small amount of 
crystalline ammonium chloride*. The xylene was distilled 
off under reduced pressure and the remaining reddish oil 
distilled in high vacuum. An orange oil (about 5 g.) was 
obtained which rapidly crystallized. Oystallization from 
cyclohexane gave^ needles, m.p. 93-94® undepressed by 
admixture with ethyl a-chloroplienylacetylaininomalonato. 

Attempted Cyclization of <Y-Chlorophenylacetylamino* 
malonic Acid Ester (CPSM74) 6). Ethyl a-chlorophenyl- 
acetylaminomalonatc (16.3 g.; 0.05 mol.) was treated 
with sodium hydroxide solution (50 ml. of N sodium hydrox¬ 
ide; 0.05 mol.) and the mixture allowed to stand for three 
days at room temperature. It was then acidified, extracted 
with ether, and the dried ethereal extract was evaporated. 
An orange oil resulted which did not crystallize; further 
purification was not attempted. The oil was then treated 
with a mixture of pyridine (7.5 ml.) and acetic anhydride 
(10.5 ml.) with cooling. After standing overnight, the mix¬ 
ture was poured into dry ether (200 ml.) and the yellow, 
voluminous, precipitate filtered. The solid rapidly darkened 
and became sticky on contact with the air. It was redis- 
Bolved in a little alcohol, reprecipitated with ether, filtered 
quickly and transferred to a vacuum desiccator. The 
resulting dark brown powder resisted all attempts at 
crystallization. 

ATTEMPTS TO PREPARE THE TRICYCLIC 
STRUCTURE L 

Methyl n-4-carbomethoxy-5,5-dimethyl-a-amino-2-thiaz- 
olidineacetate (LI) (Merck, M.SO^ 1) was dissolved in 
ethyl alcohol and saponified by the gradual addition of one 
equivalent of 1 A aqueous sodium hydroxide solution. The 
addition required about one hour and the mixture was al¬ 
lowed to stand for an additional thirty minutes before the 
solvents were removed at reduced pressure. The orange- 
red glass which remained was powdered and washed with 
ether. 

Attempts to cause the crude product to react with ben- 
zotrichloride failed to produce any well-defined products 


or any material with a significant amount of penicillin 
activity. Water, dioxane-water mixtures, and pyridine were 
used as solvents; and sodium carbonate, sodium bicarbonate, 
triethylamine and pyridine wijre used as basic reagents in the 
reaction. Both reactants are (|uitc soluble in pyridine, but 
no reaction appiMired to occur in this medium at room tem¬ 
perature, and the reaction mixture darkened rapidly when 
the tempeiature was raised to 80®. 

An att6*mpt to bring about a model reaction of this type 
between <r>,jS-diaminopropionic acid and benzotrichloridi* also 
appears to have been i]nsue(‘essful. «,^^-l)iaminopropioiiic 
acid was dissolved in an aijueoiis solution containing three 
equivalent.s of sodium carbonate, ;iTui the solution was stirred 
vigorously for eight hours with a solution of one equivalent 
of benzotrichlf)ride in ether. Most of the benzotrichloride 
was a])parcntly unchanged 28). 

Reaction of Methyl 4-Carbomethoxy-5,6-dimethyl-«- 
amino-2-thiazolidineacetate with Phosgene. Formation of 
LII 8). A solution of 12.7 g. of methyl 4-carbo- 

methoxy-5,5-dimethyl-fy-anuno-2-thiMzolidineacctate in 25 
ml. of dioxane was added to a solution of 12.7 g. of potassium 
bicarbonate in 250 ml. ol water. Phosgene was passed into 
the cooled (0-5°) mixture until precipitation of the gum was 
complete. The product was extracted with two 75 ml. 
jwrtions of ethylime dichloride. After drying and removal 
of most of the solvent und(*r reduced pressure the residue 
amounted to 18.2 g. After standing for two days the oil 
crystallized partially. Dilution with ether yielded colorless 
needles, weight, 1.6 g.; m.p. about 160° (dec.). Recrystal- 
lizatioii from ethyl acetate brought the melting point to 
108-160® (dec.), [aW^ 4-215® (ethanol). 

Calc, for CnHifiOaN.S: C, 45.82; H, 5.60; N, 9.72 
Found: C, 45.88; 11, 5.48; N, 9.61 

active liydrogen (ZerewitinofT, room temperature) 1.06; 
bound (Irignard, room temperature, 2.1; active hydrogen, 
95®, 1.94. 

The ultraviolet absorption spectrum in ethanol was as 
follows: 


Wavelength (A) 

Em 

2,500-2,800 

<50 

2,400 

100 

2,300 

315 

2,250 

550 

2,200 

840 


It is obvious that the characteristic bands of benzyl- 
penillic and benzylisopenillic acids are absent. The azide 
test for a sulfhydryl group was negative. The saiwnilica- 
tion equivalent, determined potentiometrically, indicated 
that both ester groups arc removed in an excess of 0.1 N 
sodium hydroxide in 20% ethanol in forty hours at room 
temperature (Calc.: 144.2. Found: 146). During this 
process the rotation did not change appreciably. 

Reaction of LII with Benzylmagnesium Chloride (M.57,7). 
Samples of Compound LII (ilf.55, 8) were treated for two 
hours at room temperature in ether-benzene with one, two, 
and five equivalents of benzylmagnesium chloride. After 
hydrolysis with ammonium chloride solution, 87 % of some¬ 
what impure starting material was recovered from the one- 
equivalent run. Some starting imidazolidone was also 
isolated after treatment with two equivalents of Orignard 
solution. A gum was obtained from the experiment using 
five equivalents. 

All reaction mixtures after saponification were biologically 
inactive. Assays in vivo at the level of 25 U/mg. were also 
inactive, as was Coinpouzid LII. 
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INTRODUCTION 

In the early stages of thc^ investigation of the 
chemistry of penicillin, the oxazolone-thiazolidine 
structure (I) was highly favored by the majority of 

R—C=N—(^II-CII—S~C(CH3)2 

O-CX) Nil— —CHCOOII 

I 

laboratories as representing the structure of penicil¬ 
lin. Efforts were concentrated on the synthesis of 
this oxazolone-thiazolidine compound. One ap¬ 
proach to the synthesis of such a compound was the 
condensation of an appropriate oxazolone, possess¬ 
ing a potential aldehyde group, with penicillamine 
(II). In attempts to prepare an azlactonc from 

(CH3)2C-CHCOOII 

ill lijHj 

II 

benzylpenaldic acid acctal, it was found that one 
alcohol ^roup split out to give an alkoxymethylene 
oxazolone (in), which condensed readily with amino 
compounds. 
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C 6 H 6 CH 2 C--N—C--CHOR 



III 


In January 1944 the Merck group (J/./O, 12) 
report( mI that “D(4")-penicillamine hydrochloride 
and the azlactonc (2-benzyl-4-rncthoxyiiiethyleno~ 
5(4)-oxazolone) have been reacted to give a product 
showing 0.5 U/mg. in vitro biological activity by the 
standard assay for penicillin O (benzylpenicillin). 
This low order of activity has been obtained re¬ 
peatedly and is believed to be real. Tin* active 
substance has properties similar to that of penicillin 

or 

In March 1911 the Oxford Univ^ersit}" group 
(Robinson, Abraham, Baker, ('hain, and Jtobinson, 
C7^S.,95) reported the production of activity from 
4-etho\ymethylene-2-styryl-5( l)-oxazolone. “It 
condenses with penicillamine in cold acetic acid 
containing sodium acetate t o a prod act {hiAwvod t o be 
IV) which is a yellow powder. In the plate test 
this gave a perfectly definite positive result showing 
bacteriostatic properties of [)enicillin type.“ 


Bioch., D,27), It was found that when the active 
synthetic material and benzylpcuiicillin were treated 
with methanol, acid, or diazoinethane, there was no 
difference in the gross rale of disappearance of the 
two activities. Furthermore, both natural benzyl- 
penicillin and the active synthetic material were 
stabilized in methanol solution by the addition of 
5(1)-oxazol(mes. 

The r(‘Iative nntibiotic activities of benzylpenicil- 
lin and the active synthetic material were also 
compared against a series of microorganisms {D,27y 
15). It had already been demonstrated (NRRL, 
C,12, 1) that two of the natural penicillins (A'-*- 
pentenyl-, benzyl-) showed different relative anti¬ 
biotic activiti(‘s toward different microorganisms. 
Thus the differential microbiological assay reflected 
differences resulting from very minor structural 
variations in the pcmicillins. It was possible that 
two dissimilar antibiotic agents might coincide in 
their activity against a pair of microorganisms. 
H()\v(wer, by increasing the number of organisms 
employed, the chance of uncovering a relative dif¬ 
ference between two antibiotic substances was 


O—CO -(II—CMI^S-(TC1T3)2 

I III 

C„IhCH---('II—(’Fl=-= N Nil - CnC’OOlI 

IV 


Concentration of the activity in the product from 
the condensation of o-penicillamine and 2-benzyl-4- 
methoxymcthylene-5( l)-oxazulone by chromato¬ 
graphic adsorption was reported in March, 1911 by 
the Merck group 17) to give a product with 

an activity of 3.0 units/mg. 

During the ensuing year a considerable number of 
experiments w^re reported in which the conditions 
of the reaction were changed, but no improvement 
in the yield of activity was obtained. It was also 
recognized that the routine assay methods in use 
wore not specific for penicillin activity. \ arious 
compounds not structurally similar to penicillin 
possessed a low order of antibiotic activity by these 
methods. For example, glycolaldehyde showed an 
antibiotic activity of 3.7 “pcnieillin'' units'mg. 
(Merck, M.33^ 19); 2-bcnzyl-4,4-dimethyl-5( 4)- 
Oxazolonc and several similar azlactones inhibited 
the growdh of Staph. aurcuR at a dilution of less than 
1:2,000 (Winthrop, W.IO, 12); and 2-benzyl-4- 
thiazolidinecarboxylic acid and several related 
compounds had an antibiotic activity of approxi¬ 
mately 1.3 units/mg. (Lilly, L.-9, 0). The antibiotic 
activity of these compounds raised the (luestion 
whether the activity obtained in the condensation 
reaction between n-penicillamine and 2-bcnz3d-4- 
methoxymethylene-5(4)-oxazolone was due to syn¬ 
thetic benzylpenicillin or an antibiotic of low 
intrinsic order of activity. 

In March 1945, study of the microbiological 
activity and the stability of the active synthetic 
material was reported by the Cornell group (Cornell 


vastly increased. It might be expected that such 
an approach could b(' utilized to obtain evidence 
as to the idiaitity or non-ideiility with boiizyl- 
penicillin of the active agent in the synthetic 
mixture. 

The activity of benzylpenicillin and the synthetic 
material were compared against seven bacteria: 
Staph, aureus //, Strep, faecalis /?, Strep. faecaliSy 
Strep, (unidentified), L. aratnnosusy L. caseiy and 
K. coli. The results were expressed as a “bacterial 
spectrum,as showm in the graph. Figure 1. The 
“spectra^^ for the activity from the condensation 
of penicillamine and the methoxjmiethylonc oxaz- 
olone and for benzylpenicillin were identical within 
experimental error. On the other hand, the “spec- 
1 rum ' ^ of 2-ben zyl-4-thiazolidinecarboxylie acid 
(Cornell Bioch., l).27y 12) differed widely from that 
of benzylpenicillin. 

In November 1945 further evidence for the iden¬ 
tity of the active synthetic material and benzyl- 
penicillin was obtained by use of the isotope 
“tracer^' tecJinique (Cornell Bioch., D.SO). dl- 
Penicillaminc was synthesized with radioactive 
sulfur and w^as then condensed with 2-bcnzyl-4- 
methoxymethylene-5(4)-oxazolone. Natural benz¬ 
ylpenicillin was added to this condensation product 
and the rc'sulting mixture was purified by a series of 
recrystallizations of the tricthylamine salt. If the 
active material in the condensation product were 
identical with benzylpenicillin, it should be chemi¬ 
cally inseparable from the natural benzylpenicillin. 
The purified isolated benzylpenicillin should then 
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be radioactive by virtue of the presence of a trace 
of synthetic radioactive benzylpenicillin. On the 
other hand, loss of the radioactivity in the isolated 
benzylpenicillin would alTord absolute proof that 
synthetic benzylpenicillin was not present in the 
condensation product. 

The benzylpenicillin recovered from this mixture 
in the form of its triethylamine salt did possess 
radioactivity. The compound was still radioactive 
after purification by extensive recrystallization. It 
was then converted sucjcessively to two derivatives, 
namely, sodium benzylpenicillin and benzylpenillic 
acid. Within experimental error, the radioactiv¬ 
ity of these two derivatives remained constant. 
Furthermore, the amount of antibiotic activity 
produced in the original condensation reaction, as 
determined by bioassay, agreed with the value cal¬ 
culated on the assumption that the radioactivity of 
the purified derivatives was due to the presence of 
synthetic benzylpenicillin. 

Further evidence for the identity of this 
synthetic active material with benzylpenicillin 
was obtained through inactivation of the activity 
by the enzyme penicillinase (Abraham, Baker, 
Chain, and Robinson, CPS,648). The penicillinase 
rapidly destroyed the activity obtained wheh 
D-penicillamine was condensed with 2-benzyl-4- 
methoxymethylene-5(4)-oxazolonc and with the 
2-propyl and 2-amyl analogues. 

This evidence toward identity of benzylpenicillin 
and the synthetic active material stimulated further 
investigation of the conditions of the condensation 
reaction. Although a tremendous volume of ex¬ 


perimentation was carried out with various solvents, 
temperatures, concentrations, catalysts, reaction 
times, and separation of the reaction into two stages, 
no significant improvement in the yield of activity 
was obtained. 

In spite of the preponderance of evidence in 
favor of the synthesis of benzylpenicillin by this 
condensation reaction, it was recognized that the 
only uneciuivocal confirmation of this conclusion lay 
in the actual isolation of crystalline synthetic peni¬ 
cillin from the reaction mixture. Therefore, at¬ 
tempts were made to concentrate the activity 
obtained in such low yield from the condensation. 

In November 1915 the F^pjohn group reported 
{U:26, 10) the purification of tlie synthetic mixture 
by solvent extraction, charcoal adsorption, and 
various types of chromatography. The purest 
fraclion obtained was a sodium salt having an 
activity of 0 units/mg. Partition chromatography 
over sili('a at pH 7 resulted in the ultimate isolation 
of a sodium salt with an activity of 44 units/mg. 
(Upjohn, IJ,27). 

Infrared measurements carried out in the Physics 
Department at the UnivcMsity of Michigan on this 
material compared favorably in the critical 5.G3 g 
region with the values for natural benzylpenicillin 
diluted with biologically inactive material from the 
condensation mixture. The presence of the same 
band was noted in material with an activity of 
30-35 units/mg. submitted by the (>)rnell group to 
the Michigan laboratory at about the same time 
{D.S6\ 15). The latter material was obtained by 
fractionation of the condensation mixture by means 
of the counter-current distribution method used 
by Craig (J. Biol. Ckcm.^ 155y 519 (1944)). Con- 
centrat^es with activities from 30 to 50 units/mg. 
were obtained quite readily, and in one instance 
a fraction with an activity of 275 units/mg. was 
isolated {D,38^ 3). 

Comparison of the distribution coefficients of 
two materials between a series of immiscible solvent 
pairs afforded an extremely sensitive criterion 
of identity. No difference was encountered in the 
distribution of the activity of natural benzyl- 
penicillin and that of the synthetic mixture in five 
different solvent pairs {0.38,1) 

This overwhelming accumulation of evidence 
toward identity of the synthetic activity with 
benzylpenicillin warranted the conclusion that the 
condensation of D-penicillamine hydrochloride and 
2-benzyl-4-methoxymethylene-5(4)-oxazolone rep¬ 
resented a synthesis of benzylpenicillin, although 
in minute yield. 

Condensations of penicillamine with oxazolones 
in which the 2-po8ition was substituted with amyl, 
methyl, p-nitrobenzyl, p-nitrophenyl, p-nitrostyryl, 
phenyl, /3-phenylethyl, propyl, and styryl groups 
have all been reported to yield antibiotic activity 
(Table XIX, p. 908). Small amounts of activity 
(Table XX, p. 908) were also obtained when n- and 
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DL-cystcine, thiothreonines (Carter, Stevens, and 
Ney, J. BioL Chem. 139^ 247 (1941)) or |3-mercapto- 
leucine were condensed with 2-bcnzyl-4-methoxy- 
methylene~5(4)-()xazolone. It is significant that 
condensations in which li-pcnicillamino (Merck, 
3; Abraham, Baker, Chain and Itobinson, 
CPS,64<^) and L-cysteine 3) wore used did 

not give any activity. 

On the basis that the condensation of n-penicill- 
amine and 2-benzyl-4-mcthoxymc‘thylene-5(4)-ox- 
azoione yielded benzylpenicillin, the condensation 
of the above-mentioned 2-substituted oxazolones 
with D-pcnicillamine and of the specified a-amino- 
/8-mercapto acids with 2-benzyl-4-methoxymethyl- 
ene-5(4)-oxazolone may be regarded as constituting 
the synthesis of a variety of new bicjlogically active 
penicillins. 

E X P K. n 1 M E N T A L 

Production of Antibiotic Activity by Condensation of 
D-Penicillamine and 2-Benzyl-4-methoxymethylene-B(4)- 
oxazolone. Inttiai. Condensation. The proceduro used 
for the first condensation reaction to yield jictivity was as 
follows (Merck, 13): “d(4 )-Feni(‘illaTnine and tlie 

methyl ether of penaldie (1 azlaetone in pyridine were heatc'd 
at 75” for It^ hrs. The pyridine was removed under 
vacuum and finally at 60” at 1 inm. pressure when the 
product froths and dries so that it can he powdered. This 
product is nearly etlier insoluble although tlie activity may 
be partially extracted into ether. This product w^as more 
readily fractionated with ethyl acc'tate which deposited an 
inactive residue, leaving the activity in the ethyl acetate. 
The potency w as about I U/mg. m vitro and about 10 11 /mg. 
in vivo. This product lias about 2.2 % methoxy, 1 % amino 
nitrogen and 9.44% total N. The etlier and ethyl acetate 
products w\'re not erysialline and analyzed only approxi¬ 
mately for the expected condensation product. The product 
is readily solubh* in chloroform, insoluble in carbon tetra¬ 
chloride and sparingly soluble in ether and ethyl acetate. 
The material in ( H(4.i gave an [ali> ~ 4-7o!s”. After 
washing the (’IKllj with 2.5 N IlCl the rotation was 
-h42.8”. This material gives a negative snlfhydryl test 
with FeCb and nitroprusside and a positivi* test with 
NaNsIo solution. The material lias an absorption band 
at 3,200 A of about 8,000 Em which closely resembles the 
absorption hand also at 3,200 A for crystalline fA (S-benzyl 
bcnzylpenicillenie acid)] and (11 (2-benzyl-4-benzylamiiio- 
methylcne-5(4)-oxa2olone)]. The Em of [A] is about 
18,000. On the basis of the absorption spectra in compari- 
«on to [A] and the related benzylamine derivative [B], it is 
concluded that the condensation product has slrurture [CJ 
(benzylpcnicillenic arid)]. . . . The sodium salt of (("] was 
prepared and an attempt was made to fractionate with 
acetone, but the residues and soluble portions were of about 
equal potency.** 

The level of antibiotic activity in this initial condensation 
product was 0.06% of the activity of natural benzylpenicillin. 
Condensations of 3-bcnz>l-4-niethoxymethylcne-5(4)-uxazo- 
lone with D-penicillamine were subsequently carried out in 
a number of other laboratories (Squibb, S,W^ 4; ('ornell 
Bloch., D.^7f 1; Upjohn, U,SGf 10; Oxford University, 

1) under the same or 8lightl3" diff(*rent conditions, 
but no significant improvement in the yield of activity was 
achieved. As evidence accumulated for the identity of the 
active synthetic material with benzylpenicillin, attempts to 
improve the yield of activity from this reaction increased in 
number and scope. 

Extensive studies of the condensation reaction were car¬ 
ried out, using various solvents, concentrations, reaction 


times, temperatures, and eain]y.sts. In addition, experi¬ 
ments were devised to test the (‘ffi'ct. of the order of addition 
ol this reagents and the preseiiei* ol impurities in the reactants 
upon the yield of antibiotic* activity. Oxazolones substi¬ 
tuted in the 4-poHition with other groups in place of the 
methoxy methylene group were also condensed with n-peni- 
eillamini*. It is indeed rern.arkable that in all these experi¬ 
ments the yield of activity w'as never materially increased. 

The large, mass of experiin(*ntal data from these empirical 
studies is summarized briefly in the following seel ions. 

Solvents. The following solvents were used, either 
singly or in combination, in place of pyridine in the condensa¬ 
tion mixture. Ko signific'ant improvement in the yield of 
activity was obtained. 

CJuinoliiie, dimethylanihne, triethylamine, tripropylamine, 
benzene 4* 1% N-ethylpiperidiiie, liquid ammonia; metha¬ 
nol, ier/.-butanol, isopropanol, dimethylaminoethanol, di¬ 
et hylaminoi‘thaiiol; acetone, methyl ethyl ketone; glacial 
acetic acid, hydrofluoric acid, acetic aeid-anliydride, liquid 
sulfur dioxide; dioxane, aqui'ous dioxane, various phosphate 
buffers; methyl acetate, ethyl acetate; fonnamide; nitro¬ 
benzene, chloroform, and 2-methylthiazole. 

Composition of the Condensation Mixtuhb. It was 
early recognized (Merck, 4/.i5r, 17) that variation of the 
volume of pyridine in the condensation riiixt ure had a definite 
effect upon the yield of activity at 75”. 

(kmdensation of 10 mg. of D-peiiicillaniine and 14 mg. of 
2-benzyl-4-methoxymetliylene-5(-l)-o\azoloiie in 2 ec. of 
pyridine at 75” for 1 hour gave a product wdth an activity 
of approximately 1 unit/mg. \\ hen the volume of pyridine 
was decreased to 0.2 ee., the activit.y fell off twentyfold. 

This observation was borne out by the results of later 
experiments, in w'hich pyridine volumes ranging from o.2 tO 
20 ec. were used in condensations at 110”. The highest yield 
of activity from 10 mg. of D-penicillanune hydrochloride and 
12 mg. of the methoxymeihylene oxazolone was obtained 
in 1 to 2 cc. of pyridine (Cornell Bioch., />.57, 15). 


TABLE 1 


Volume of pyridine 

Total activity, unites 

cc. 

Staph, aureus 

B. suhhlis 

1 

0.2 

4.0 


0.25 

7.0 


0.50 

13.0 


0.75 

18 0 


1.0 

17.0, 22.0 

29.2 

2.0 

19.0 

21.6 

3.0 


12.6 

4.0 


12.6 

6.0 


9 6 

8.0 


6.2 

10.0 


5.6 

20.0 


3,0 


Mixtures of 10 mg. of D-penicillamine hydrochloride and 
12 mg. of 2-benzyl-4-mctlioxymethylene-5(4 )-oxazolone w-ere 
dissolved in the volumes of py ridine indicated in Table I. 
The solutions were then heated at 110” for 15 minutes and the 
^•toial activities*'* of the condensation products were 
determined. 

Early work showed that the presence of an excess of 
oxazolone in the condensation mixture did not appreciably 
affect the yield of activity (Merck, M.^S^ 20). 

Condensation of D-pcnicillainiiu* hydrochloride with a 

■Foi (i«U*rinination of “total acd^’ity“ the condeneration mixture wa« 
evaporated in voetio to a RUfti which was diasolved in the minimum 
amount of acetone and diluted witii 1 phosphate buffer (pH 6) for 
assay. 
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TABLE II 


Moles of D-penicillainine per 
mole of oxazolone 

Total activity,’* units 

1 

32 

2 

24 

3 

9.5 

4 

4,6 

5 

3.0 


TABLE III 


Moles of oxazolone per mole of 
n-penieillamine liyilrochloiide ^ 

'lV)tal iieti\ity^ units 

1 0 

20 

1.5 

22 

2.0 

20 

3.0 

16 

4.0 

18 

10 0 

7,5 


TABLE IV 


Time of heat- 

Tempera- 


Activity, 

ing, min. 

turc, °C. 

Catalyst 

units/mg. 

15 

110 

Ascaridole 

2 3 

60 

no 

Ascaridole 

1 

16 

110 

Sulfur 

0.26 

60 

no 

Sulfur 

0.22 

30 

105 

Benzoyl peroxide 

1.5 



(irradiated) 


60 

105 

Benzoyl peroxide 

0 8 



(irradiated) 


120 

105 

Benzoyl peroxide i 

0.1 



(irradiated) 


240 

105 

Benzoyl peroxide 

0. 



(irradiated) 


15 

75 

Ascaridole 

0.7 

60 

75 

Ascaridole 

1. 

180 

75 

Ascaridole 

1.5 

15 

75 

Benzoyl peroxide 

0.6 

60 

75 

Benzoyl peroxide 

1.5 

180 

75 

Benzoyl peroxide 

2.0 

16 hours 

25 

Ascaridole 

0.15 

3-15 days 

25 

Ascaridole 

0,5 


fivefold excess of the meihoxymethylene oxazolone in 
pyridine at 75° for 1 hour gave material with an activity of 
1.5 units/mg. 

In a more detailed study on the effect of an excess of either 
penicillamine or oxazolone in the condensation mixture, 
optimum activity was obtained when equimolar quantities 
of oxazolone and n-penicillamine hydrochloride were used 
{D.S7, 4). 

The amounts of n-penicillamine hydrochloride correspond¬ 
ing to the concentrations given m Table II were heated 

* See footnote 2. 

* See footnote 2. 


with 12 mg. of the 2-benzyl-4-methoxymethylene-5(4)- 
oxazolone in 2 cc. of pyridine for 15 minutes at 115-120° 
(D.Sr, 20 ). 

Similar condensations were carried out in 2 cc. of pyridine 
with 10 mg. of i)-pcnicillaminc hydrochloride and varying 
amounts of 2-b('nzyl-1-mcthoxyTnethylene-5(4)-oxa2olono 
correspontinig to the ratios shown in 'table III. The solu¬ 
tions were heated for 15 minutes at 110° (D,S7\ 20). 

Efi<’E(’t of iMcruiTiEK IN THE Reactants. The presence 
of an impurity in the reactants used in the condensation was 
investigated to determine if the activities obtained were due 
to minute amounts of compounds other than the oxazolone 
and penicLllaniinc ((‘oriudl Bioch , l).H7j 0). 

Crude 2-benzyl-l-methox ymetliyl(Tie-5(4)-oxazolone, pre¬ 
pared by evaporating to a gum the solution obtained by 
heating the (iimetli>l acetal of benzylpenaldic acid with 
acetic aidivdiide, was c(mdensed with n-penicillamine 
hydrochloride. 'I'he reaction yielded approximattdy the 
same amount of activity as was obtained when crystalline 
oxazolone was used /-l-Midhoxw-ty-phenylaeeianndoaerylic 
aeid, a probable imjmiity m the (oxazolone. gavi* no activity 
when it was eondensed wiih n-pennillammc {DjU, t)). 

n-penicillamine disullide, a probable imjuiiity in the 
n-penicillamine, likewihe gave no aniibiotic activity when it 
was eondensed v\itli tl»e oxazolone {!) /L', D). Eaeli of these 
compounds, when mixed with its related material, exerted 
merely a diluting and not an inhibitory effect on the produc¬ 
tion of antibiotic acti\ity when the mixture was used in the 
comleiibation 2). 

The 2-benzyl-4.methoxymethyIene-5f4)-oxazolonp was 
then purified both by sublimation and by rcrrystallization. 
'Phere was no change in the amount of activity produced in 
the condensation after either of these treatments. The 
effect of oxygen was determined by bubbling the gas through 
an ethyl acetate solution of the oxazolone for 4-5 hours. 
'Phere w’as no loss in the ability of the oxazolone to produce 
antibiotic activity when it was eondeuMHl with n-pencill- 
ainine (D.87, 2). 

Variations of Rraction Time and Temckiiature. 
The effect of temperature on the amount of activity pro¬ 
duced by the condensation and on its rate of formation was 
investigated. At 5° only a slight amount of activity was 
produced over a period of 22 days (Clornell Bioch., I).37, 16). 
At 110° in the presence of ascaridole an activity of 2.3 
units/mg. was obtained after 15 minutes (Merck, M.^3, 20). 

The condonsalion mixture was heated at the temperatures 
and for the periods of time indicated in Table IV 20). 

(The concentration in pyridine was about 10 mg. of <'on- 
densation product to I cc. of solvent.) 

Activity was also obtained when the condensation mixture 
was heated at 110° for 15 minutes in the absence of ascaridole 
16). Further heating at 110° resulted in a slow 
decline in activity. At 160° the rate of formation of activity 
was more rapid, the maximum activity being obtained in 4 
minutes. When heating was continued at this temperature 
the antibiotic activity decreased rapidly {D,37f 16;. 

A condensation mixture of 10 mg. of D-peiiicillamine 
hydrochloride, 12 mg. of 2-benzyl-4-inethoxymethylene-5(4)- 
oxazolone and 2 cc, of pyridine was heated at the tempera¬ 
ture and for the time indicated in Tabic V. 

Order of Addition of Reagents. Several experiments 
were carried out to determine whether more activity could 
be obtained from the condensation reaction if the reagents 
were heated in the solvent before they were mixed. The 
slow addition of the oxazolone or the n-penicillamine hydro¬ 
chloride to each other in hot pyridine was investigated. In 
addition the mixed reagents were added portionwise to the 
pyridine. The yield of activity under these various condi¬ 
tions was not found to be any greater than that obtained 
when the reagents were mixed before they were heated 
(Cornell Bioch., D.STy 19). 

12 mg, of the 2-benzyl-4-methoxymethylene-5 (4)-oxa2- 
olone and 10 mg. of n-penicillamino hydrochloride were 
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heated separately in l-cc. portions of pyridine at 75° for 
30 minutes, 'fhe solutions were then mixed and heated for 
an additional 30 minutes at the same temperature. The 
total activity was 3 units. 

Two condensations in which the oxazolone solution was 
added dropwise to the solution of the n-penieillamine hyrlro- 
chloridt^ were carried out in a sinular manner, Wlum the 
addition time was 40 niimitcH and th(‘ total time of heating 
at 75° was 60 minutes a total activity of 8 units was generated; 
an addition time of 11 minutes and a total heating time of 15 
minutes at 110° gave 16 units of activity. 

A solution of 12 mg. of the oxazolone and 10 mg. of n-peni- 
cillainiiie hydroidiloride in 2 cc. of pyridine was heated for 
15 minutes at 110°. An additional 10 ing. of o-penicill- 
amine hydrochloride and 12 mg. of the methoxymethylene 
oxazolonc w(‘r<' then addl'd. Ifeating at 110° was continued 
for an additional 15 minutes. A total activity of 22 units 
was obtained. A similar condcnsatim was carried out at 
76° in which the twMi Inviting pi'riods were 60 minutes in¬ 
stead of 15 niinutes. Tlic total activity generated was 23 
units. 

To 2 cc. of pyridine at 75° a mixture of 10 mg. of n-jienicill- 
aminc hydrochloride and 12 mg. of the metlioxymcthylene 
oxazolone was added in fiv(‘ equal portions over a period of 
40 minutes. 'I'ln' heating at 75° w'as tlnai continued for 
another 20 minutes. The total activity obtained was 
6.5 units. In a similar condensation at 110°, the reagent 
mixture wais added to the pyndiin* ovi'r a period of 10 
minutes and the heating was eontinued for an additional 
5 minutes. The total activity was 10 units 

'I'o 12 mg of t lu* oxazolone in 1 C(‘ of p> ikIiik', a solution of 
10 mg of n-penieillarnine hydroelilondi* in 1 ee of pvndine 
was added dropwise over the pt'iiod of tune indicated in 
Table VT. After an additional heating jienod the product 
was assayed. The results are summarized in Table VI. 

Sepauation of the (>o\nEN.s\Ti()N Reaction into Two 
Staoes. \ two-stage condensation jiroeedure for olitaining 
activity was reported (Robinson; Abraham, Baker, (/hain 
and lb>binson, 1). “ The usual mixture of a ])cm- 

cilhimine h\droeUioride (1 mole^ jivndiue, and <‘thoxy- 
methylene-])hen>loxazolone f4“('t}io\> inetli^ leiie-2-phenyI-5- 
(4)-oxazoluriel (1 mole) w'as boiled for 20 seconds under 
nitrogen, cooled, mixed with ether and aqueous potassium 
bicarlxmate, and the aqueous layer washed several times 
with ether. The separated aqueous layer was acidihed 
with hydruehloi’ic acid, extraelc'd w ith etl er, and the solution 
washed wuth a small volume of acpH'ous bicarbonate. 
Acidification of this solution gave a vi*ry pale yellow chalky 
precipitate wdiich wvis soinctinu's collected, washed and 
dried in vacuo, and on other oe<‘nsion8, dissolved in pure 
ether, the solution dried and evaporated in vicuo. Typical 
analyses of different specimens are: (56.3, 56.2; H, 5.3, 5.4; 
N, 8.0, 8.4; S, 8.2, 8.0%. 

‘‘This is biologically inactive !)ut can be ac’tivated to about 
the usual extent by heating with pvridine at 70°. This acid 
may, and probably does consist largf'ly of pei)icillenic-<AS acid 
[synthetic phenylpenicillenic acid!, but wo are not con¬ 
vinced that a ponicillonic acid analogue is tlie effective 
intermediate. The thiol reai'tions were always weak and it 
is conceivable that the intermediate is a small relative 
amount of the thiazolidine-oxazolone-^.*' 

This activity was abolished bv pci icillinaee. 

Effect of Catalysts. A, Halide Salta (Cornell Bioch., 
2>.37, 17). It was found that the yield of activity was also 
dependent upon the amount of hydrogen chloride present in 
the condensation mixture. When D-penicillamine was 
substituted for n-pcnicillamine hydrochloride in the con¬ 
densation mixture, only a trace of activity was produced. 
However, when pyridinium chloride was added to the reac¬ 
tion mixture of 0.054 millimole of o-penicillamine and of the 
oxazolone in 2 cc. of pyridine, the antibiotic activity was 
increased to the amount obtained with D-penicillamine 
hydrochloride. In pyridine the presence of from one to three 


TABLE V 




Tota2 activity,“ units 

Time of 

Temperature, 



heating, min. 

°C. 

Staph, anreus 

B. auhiiha 

5 

110 

6.5 

5 2, 6.0 

10 

no i 

15.5 


15 

no 

21 0 

17.0, 23 0 

20 

no 

21 0 


30 

no 

21 0 

17.5 

45 

no 

i — 

15.5 

60 

no 

- 

14.0 

1 

L50-160® 


5.5, 6.8 

2 

150-160® 

— 

11.0, 16.0 

3 

150-160“ 


20.0 

4 

150-160“ 

~ 

22.5 

5 

150-160“ 

~ 

12.3, 18.0 

7.5 

250-160“ 

— 

14.2 

10 

150 160“ 


8.5, 9.0 

25 

150-160“ 

— 

3 0 

20 

150-160“ 

" - 

<2.5 


TABLE VI 


Addition 
time, min. 

Total time 
of heating, 
mm. 

Temperature, 

°C. 

I'otal 

activity,^ 

units 

40 

60 

75 

8.0 

14 

19 

no 

21 

11 

15 

no 

19 

n 

16 

no 

21 

11 

21 

no 

16 

n 

26 

no 

17 


TABLE VII 


HCl content of conden¬ 
sation mixture, equiva¬ 
lents per mole of 
penicillamine 

Total activity* from 0.054 milli¬ 
mole of reactants, units 

Staph, aureus 

B. subtihs 

0 ! 

<2.5, 2.5 


0.25 

7.0 

— 

0.5 

13.7 

16.0, 18.0 

0.75 

18.5 

— 

1.0 

19.5, 23.5 

28.0 

1.3 

20.5 

— 

2.0 

— 

25.7, 41.3 

2.3 

30.0 

— 

2.6 

28.0 

— 

2.9 

30.0 

— 

3.0 

— 

27.0, 28.0 

4.2 

— 

17.7, 26.5 

7.4 

— 

16.5 

11.3 

— 

22.5 

15.1 

13.0 



» See footnote 2. 

* Sample was heated in a sealed tube. 

* Bee footnote 2. 

* See footnote 2. 
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TABLE VllI 


Total activity* from 0.054 milli¬ 
mole of reactants, units 


HCl content of conden¬ 
sation mixture, equiva¬ 
lents per mole of 
penicillamine 

0.2 cc. pyridine 

20 cc. 
pyridine** 

Ebtp. 

Exp. 2'» 

0 

6.0 

7.7 

<2.5 

0.1 

5.0 

— 

— 

0.2 

— 

8.5 

— 

0.3 { 

5.0 

— 

— 

0.4 

— 

9.0 

— 

0.5 

4.0 

— 

3.5 

0.6 

— 

7.0 

— 

0.7 

8 5 

5.5 

— 

0.8 

— 

4.5 

— 

0.9 

2.5 

— 

— 

1.0 

<2.5 

3.7 

3.0 

5.0 

— 

— 

8,5 

10.0 

— 

— 

10.0 

21.0 



12.0 


TABLE IX 


Pyridinium salt 

Total activity** per 0.054 millimole 
of reactants, units 

With 1 equivalent HCI 

Without HCl 

Sulfate. 

24.0-36.0 

17.0 

<2.5, 4.5 
<5.0 

6.0 

Phosphate. 

27.0 

Nitrate. 

24.0 

0 

Acetate. 

25.0 

0 

Trichloroacetate.. 

29.0 

4.8 

Fluoride. 

24.0 

7.0 

Chloride. 

28.0 

30.0** 

Bromide. 

25.0 

16,5 

Iodide. 

27.0 

19.5 


equivalents of hydrogen chloride per mole of penicillamine 
gave maximum activity. These results are summarized 
in Table VII. Similar experiments in which 0.054 milli¬ 
mole of reactants in 0.2 cc. and in 20 cc. of pyridine respec¬ 
tively were used arc summarized in Table VIII. 

In order to determine whether other salts would be as 
effective as the hydrochloride, a number of pyridinium salts 
were tried. Of those tested only the bromide and iodide 
were effective in increasing the yield of activity from the 
condensation of n-penicillaminc and the methoxymethylene 
oxazolone, and these seemed to be somewhat less effective 
than the chloride. 

0.08 millimole of each of the salts Ibted below was added 
to the mixture containing 0.054 millimole of D-penicillamine 
hydrochloride and the oxazolone before it was heated at 
110® for 15 minutes. Parallel experiments were carried out 
using D-penicillamine in place of the hydrochloride and com- 

• footnote 2. 

Aafiayed with Staph. aurtuB* 
u Assayed with B. Bubtilu. 

>s See footnote 2. 

For this experiment, 0.11 mole of pyridinium chloride was used. 


parable amounts of the pyridinium salts, as indicated in 
Table IX. 

B. Other Catalysts. None of the catalysts which were 
used in the Condensation mixtures effected any significant 
improvement in the yield of activity. These are listed below. 


pyridine acetate 
copper acetate 
copper sulfate 
ascaridole 
benzoyl peroxide 
t-butyl hydroperoxide 
hydrogen peroxide 
oleyl peroxide 
acetic anhydride 
phthalic anhydride 
phosphorus pentoxide 
phenyl isocyanate 
pho.sgene 
ferric chloride 
benzoyl chloride 
methyl magnesium bromide 
sulfur 
iodine 

red phosphorus 
Darco 

graphite powder 
Norite 

Raney nickel catalyst 
silver g(*l 
phenol 

mercuric chloride 
hydroquinone 

C. Surface Catalysts. The possibility that the condensa¬ 
tion might be surface-catalyzed was considered, and in addi¬ 
tion to the catalysts listed above that might function in this 
manner, several different container surfaces wt*re tried. 
Tubes of soft glass, pyrex, silica and various metals such as 
tin, copper, and platinum were employed (D.37^ 11). 

Modification of the 4-8ubstituent of the Oxazolone. 
Numerous condensations were carried out in various labora¬ 
tories using oxazolones in which the 4-rn ethoxy methylene 
substituent was replaced by other groupings. No significant 
increase in the yield of antibiotic activity resulted. The 
condensation of 2-benzyl-4-hydroxymethylene-5(4)-oxazol- 
one wuth D-pe.iiicillamine did not produce any antibiotic 
activity. 

The oxazolones whi(*.h were condensed with D-penicillamine 
are listed in Table X with the appropriate reference. 

Condensations Usino d-Pknicillamine Methyl Ester. 
D-Penicillamine methyl ester was used in condensation reac¬ 
tions with 2-bcnzyl-4-methoxymcthylene-5(4)-oxazolone 
(Merck, M.lSa^ 15). In none of many such experiments was 
any antibiotic activity detected. Saponification procedures 
{M.23^ 26) which were known to hydrolyze methyl bonzyl- 
penicillinatc were applied to many of the synthetic mixtures, 
but no antibiotic-activity was obtained. 

Microbiological and Stability Studies. Determination 
OF **Bacterial Spectra'^ (Cornell Bioch., D.37), The 
microorganisms and the various media which were used for 
the determination of the “bacterial spectra” are listed in 
Table XI. The relative activities of the compounds or 
solutions to be compared with benzylpenicillln were obtained 
by the B. subtilis cup method (Foster, J. W., and Woodruff, 
H. B., J. Biol. Chem.f 148y 723 (1943)) with the modification 
suggested by Vincent and Vincent (Proc. Soc. Exp. Biol, and 
Med.f 55, 162 (1944)). After the approximate activity had 
been determined, the unknown was compared with natural 
benzylpenicillln by turbidimetric assay against the seven 
microorganisms. A constant ratio was maintained between 
the units of penicillin activity and the amounts of the un¬ 
known antibiotic. Thus, 0.1 cc. of unknown was compared 
with 0.1 unit of penicillin by their effect on an unidentified 


sodium rncthoxide 
barium oxid(3 
load monoxide 
aluminum oxide 
nickel oxide 
carbonyl iron 
cerium oxide 

copper-chromium-barium ox¬ 
ides 

platinum oxide 
palladium on barium sulfate 
chromium oxide gel 
coppcr-nickcl-zinc-barium- 
chromium oxides 
silver and cobalt oxides on 
super col 
nickel sulfide 
molybdenum sulfide 
“Triton B” 
hydrofluoric acid 
pyrophosphoric acid 
sodium pyrophosphate 
dibanum adeno.sine. triphos¬ 
phate 

ultraviolet light 
Photoflood irradiation 
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strain of Streptococcus (No. 1 of Table XI); 0.2 cc. of un¬ 
known with 0.2 unit of penicillin on Staph, aureus Jf (No. 2 
of Table XI); and 1.0 cc. of unknown with 1.0 unit of penicil¬ 
lin on the other five microorganisms (^7 of Tabh^ XI). The 
experimental procedure was as follows. 

The proper dilution of the antibiotic material in 1 % phos¬ 
phate buffer (pH 6) was placed in 15 X 125 mm. pyrex test 
tubes, and the volumes were adjusted to 1.0 cc. with 1% 
buffer. All tubes were prepared in duplicate. In addition, 
normal growth was determined for each organism in tubes 
containing 1.0 cc. phosphate buffer as the only addendum to 
the medium. One tube for each organism was prepared by 
adding 1.0 cc. of 0.1 M sodium azide in pH 6 phosphate 
buffer; since this concentration of azide prevented growth, 
this tube was used to set the zero point on the colorimeter. 
Before incubation, 5 cc. of the inoculated medium were 
added to each tube. The organisms were allowed to grow at 
37® until the growth in the control tubes registered approxi¬ 
mately 100 units in the Klett-Summerson colorimeter. The 
incubation period was dependent on the microorganism (sec 
Table XI). 

The growth of cultures containing antibiotic was converted 
to a value proportional to normal growth taken as 100. Two 
samples of natural benzylpenicillin were always compared 
with each other whenever an unknown was tested and the 
test was discarded if the “spectra” of the two penicillin 
solutions were not identical. Th(‘ n'lative effects on the 
seven microorganisms of the natural benzylpenicillin and of 
the other antibiotic could then be graphically represented, 
either as per cent of normal growth or as per cent inhibition of 
normal growth. 

The “bacterial spectra” of the sodium salt of mitural 
benzylpenicillin and of the activ(' product from the condensa¬ 
tion of D-penicillamine hydrochloride and 2-benzyl-4- 
incthoxymc‘thyleno-5(4)-oxazolonc are plotted in Figiiro 1. 
In a similar experiment in which the activity of benzyl- 
penicillin was compared with that of 2-b(?nzyl-4-thiazohdine 
carboxylic acid against these seven microorganisms, the 
“bacterial spectra” varied widely 12). 

Stabilizing Kffeot of 6(4)-(3xazolones on Methanol 
Solutions of Benzylpenicillin Activity (Ckirnell Bioeh., 
10). A sullicient amount of the active mixture from 
the condensation of 2-bcnzyl-4-m('thoxyniethyl(‘ne-5(4)- 
oxazolone and n-penicillaminc hydroidiloride was dissolved 
in 5 cc. of anhydrous methanol to give a solution with ap¬ 
proximately 2 units of penicillin activity per cc. against B. 
suhiilis. This solution was allowed to stand at room tem¬ 
perature and 1-cc. portions were removed at varioiis time 
intervals. At the time of removal, each 1-cc. portion was 
evaporated to dryness in vacuo. The rivsidue was dissolved 
in 3 drops of acetone and 1 cc. of pll G phosphate buffer, and 
the resulting solution was assayed. The activity of the 
synthetic mixture decreased to half its initial value in 
approximately 4 days. 

A solution of natural benzylpenicillin in anhydrous metha¬ 
nol with an activity of 2 units/cc. was carried simultaneously 
through this procedure. This solution was found to be 
completely inactive within 0,5 hour. Mixtures of natural 
benzylpenicillin and the active synthetic material were 
prepared in ratios of 5 to 1 and 1 to 1. The activities of 
both these mixtures showed a “half-life” of 4 days. 

A mixture of natural benzylpenicillin and 2-benzyl-4- 
methoxymethylene-5(4)-oxazolone was prepared by the 
evaporation of an ether solution of 0.01 mg. of bonzylpenicil- 
lin and approximately 5 mg. of the azlactone. The mixture 
was dissolved in 5 cc. of anhydrous methanol at room tem¬ 
perature and samples were removed at intervals for assay. 
The **half-life” of the penicillin activity in the presence of 
2-benzy]-4-methoxymethylene-5(4)-oxazolone was approxi¬ 
mately 4 days. 

Table XII summarizes the various inactivation experi¬ 
ments which were carried out under essentially the same 
conditions as those outlined above. 2-Phenyl-4-ethoxy- 
methylene-5(4)-oxazolon€, 2-phenyl-4-benzyl-6 (4)-oxazolono, 


TABLE X 


5(4)-OxazoIono 


2-Bon zy 1-4 -hydroxy me thy len e. 

2-Benzyl-4-ethoxymcthylcnc. 

2-Phenyl-4-cthylmercaptom ethylene. 

2-Ben zyl-4-ethylmercaptomc thy lone. 

2-Phcnyl-4-bcnzylmnrcaptoniethylcne.... 

2-Benzyl-4-carbcthoxymethylmcthylcne.. 
2-Ben zyl-4-acetoxy methylene. 

2-Phenyl-4-mercaptomf'tliylenc. 

2-Phenyl-4-(N-acetylanilinomethylene).. 

2-BenzyI-4-(N-acetyl-2',4'-dichloro- 
anilinomethylene). 

2-Amyl-4-n-butyl-4-(/3,/3-(liethoxymethyl) 

2-Benzyl-4-n-butyl-4-(/?,/8-diethoxy- 
mcthyl). 

2- Phenyl-4- (0, /3-dicthoxy ethyl) am ino- 
methylene. 

2-Benzyl-4-bonzylaminomethylcne. 

2-Benzyl-4-benzoyloxym ethylene. 


Reference 


NURL, C. 8 , 9 
Mich. C'hem., 
R.f, 9 
Wellcome, 
CFS.7^, 3 
Cornell Bioch., 
J).S7, 21 
Wellcome, 

CBS. 7^, 3 
Merck, 20 

Mich. Chern., 
R.5, 3 
Oxford, 

CPS.G49, 3 
Oxford, 

CFS.G40, 3 

Oxford, 

CFS. 040 , 3 
Imp, Coll. Sci., 
CFS.562, 2 

Imp. Coll. Sci., 
CFS.nri2, 2 

May and Baker, 
CFS.09I, 13 
Upjohn, U.fi, 29 
Cornell Bi(>ch., 
D.S7, 21 


TABLE XI 


OrguiUBm 

Stock culture 
media 

Inoeula** and 
test media 

Incu¬ 
bation 
period 
at 37°, 
hrs. 

1. Unidentified Strepto¬ 
coccus. 

Dextrose-yenst 
agar stabs** 

1Jextrose-yeast * * 

4-6 

2. Staph. aureuB U . 

Nutrient agar 
slants** 

Nutrient-broth** 
with 0.6% dex¬ 
trose 

3-«4 

3. Strep. faeeaXie R ATCC 
8043. 

Dextroso-yeast 
agar stabs 

Dcxtrose-yoasi 

4-6 

4. Strep, faeealio ATCC 
4081. 

Dextrose-yeast 
agar stabs 

Dextroso-yeast 

6-7 

5. L. arabinoeua 17-6 . 

Dextrose-yeast 
agar stabs 

Dextrose-yeast 

3-4 

6. L. eaaei e . 

Dextrose-yeast 
agar stabs 

Dextrose-yeast 

4-6 

7. E. eoli . 

Nutrient agar 
slants 

Nutrient-broth 
with 0.6% dex¬ 
trose 

2-3 


and 2-benzyl-4-hydroxymethylene-5(4)-oxazolone were 
found to stabilize natural benzylpenicillin in methanol. 
However, the stabilization effect was greatest in the case of 
the 2-bcnzyl-4-methoxymcthylene-5(4)-oxazolone. 

The stabilization of penicillin activity by the latter oxaz- 
olone was the same with the sodium salt of benzylpenicillin as 
with the free acid. p-Hydroxybenzylpcnicillin activity was 
also protected by the addition of 2-benzyl-4-inethoxymethyl- 
cno-5(4)-oxazolonc to a methanol solution (see Table XII). 

A 16> to IS-hour culture of each mioroorganiem grown in the respec¬ 
tive medium was used for the inoculum. C.5 00 . of this culture were 
added to 100 cc. of test medium. 

Shull, Hutchings, and Peterson, J. Biol. CAsm., 14g, 918 (1042). 

M McMahan, J. Biol. Chom., J6S, 240 (1944). 
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Stahili/jiig 1 fTt(t of 5(i)-Oxa/olon(s on Me thanol So)uliori‘s of Natui'il Penicillins (D 27 10) 


f orm ol jiciiK illin 

1(1) ()\a7olonc 


Original 

H tn , 

Approximate 
‘‘JJalf hfe^' 

Ben/\ lp( ni( lUin 11 i (( leid) 

Substituciils 

( oTU( ntintioii 
TUK unit 

units (c 

2 

a( tivity 

5 ininuftH 

Bon/x Ipenu ilUn (Inc u id 

2-b( n/\ 1-4-mc tho\^ mt t li \ U iit 

0 001 

2 

10 miiiutts 

Bcn/> lp< nu illin (hi<c add 

2 bdi/yl-l imfboxMix tl \ kin 

0 5 

2 

4 days 

Bcn/\lpc ni( illin (I Id idd) 

2 pin n> l-4-ctho\\ iin tin k lu 

0 5 i 

2 

10 hours 

Ben/ylptnu illin (1 rit m id) 

2-phdi%l-4 l)tn/\l- 

0 5 j 

2 

10 houis 

Ben7\lpdUdllin (lut uid) 

2 b( n7\ 1-4 hy drox’vnu tin k lu - 

0 5 

2 

10 hours 

B(n/\Ipomtillin (I nt uid) 

— 

— 

100 

4 hours 

Ben/ylpc nu illin (1 n ( hkI) 

2-lHn/\I-4 m< thow nu tin knr 

0 02 

100 

12 hours 

Brn/vlpdiidllin (hiet idd 

— 


1000 

3 da^ s 

B( n7> IpciiK illin (lid acid) 

2 bcn/>l-4-m(11ioxAnut1 vkiu 

0 005 

1000 

6 d ly h 

Btn/vlptnicillin (1 rd uid) 

— 

1 ra( ( 

2 

5 minutes 

B(n7\lpeni( illin (1 rte acid 

2 b( n/^ l-4-in( tkox'V nictkx Idit - 

forma ld( In df 

0 5 mg u 4* 

2 

4 days 

Soduiin be n/ylpf me dim 

_ 

forniakk In dc 

2 

Sminiitfs 

Sodium bfn/\ Ipcmcdlin 

2-bf n/\ 1-1 methox^ mctln k ii( 

0 5 

2 

4 da\s 

Bcn/ylpcnicilhn nu th'vl fsttr 

— 

— 

2 

No inaftivation 

p-ll> drox>ben/vip( nicdlin 


_ 

2 

m h dsjs 

1 hour 

p-II\dro\'vbtn/> Ipt nn dim 

2-b( n7\l 4 ni( thowiiK tin k n(- 

0 5 

2 

> 1 da> 


1 \Bi r Mil 





Radioactivity 






dctci mmations 

Samph 




Kchi- 

Perce nt 

Per ee lit S* in 


R( cr'v stalli/ ition 

I rae- 

Weight, 

ti\e 

S* in 

total sullur 


soh i lit 

tion 

mg 

ddu 

total 

(corrected for 



No 


tlDIl 

sulfur 

dilution) 

isopropyhdem dim iti\€ ol di- ptnicillainine h>- 







drochloriiU 


— 

140 

- 

100 


Tnethylamine salt of ben/ylpi nudlia 


1 

1S5 

1 

- 


Tnethylamme salt of bi u/ylpeiui dim 


2 

158 

1 

0 216 

0 216 

Tneihylamme salt of ben/ylperiu dim 

Aictoni-ether 

3 

166 

4 

0 071 

0 284 

Tnethylamine salt of bdi7Ylpem( dim 

All tom-ethi i 

4 

136 

4 

0 024 

0 096 

Tnethylamme salt of benzylpenu illiii 

Aietoni -cthir 

5 

— 

4 

0 016 

0 064 

Tnethylamine salt oi ben7ylpenit dim i 

A(c tone-f thii 

6 

119 

4 

0 028 

18 

Tnethylamine salt of btii7ylpenicillin 

Acetom-ithii 

7 

106 

4 

0 036 

18 

Tneth\lamme salt of ben7vlponi( dim 

Acetono-ethir 

8 

98 

4 

0 096 

18 

Tnethylamme salt of ben/\ Ipemcilliu 

Acetone-tthcr 

9 

1 no 

6 

— 

_ 

Tnethylamme salt of benzylpenii dim 

Acetone-etlie? 

10 

— 

6 

— 

— 

Tnethylamme salt of bcn/jlpcnicillm 

Acetone ether 

! 11 

— 

6 

0 0056 


Tnethylamme salt of ben7ylpinicdlm 

Acetone-edher 

12 

91 

6 

0 0043 


Tnethylamme salt of benzylpenicilhii 

Ac etone-ether 

13 

81 

6 

0 0044 


Tnethylamme salt of ben7ylperucdlin 

Ace5tone-€*tlu r 

14 

68 

6 

0 0045 


Sodium ben/ylpemcillm 

95% Acetone 

15 

_ 

6 


— 

Sodium benzylpemcillm 

95% Acetone 

16 

27 

6 

0 0042 

0 025 

Sodium benzylpeniciUm 

95% Acetone 

17 

14 

6 

0 0042 

0 025 


Fraction No ia synonymoua with the number of orystalUsationa 

Tliose fractions were contaminated by extraneous radioaolivity from rubber tubing This source of contamination was located and removed from 
interference with subsequent results 
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Stabilization of bonzylpenicillin was effected by the oxaz- 
olone, whether the solvent was commercial anhydrous meth¬ 
anol or methanol distilled from sulfuric acid or magnesium 
methylate. Addition of formaldehyde had no effect upon 
the half-life^' of the activity. 

Radioactivity Studies (Cornell Bioch., D.36). Conden¬ 
sation OF dl-Penicillamine Containing Radioactive 
Sulfur with 2-BBNZYL-4-METHOXYMBTHyLENB-5(4)-OX- 
AZOLONE. 64 mg. of sulfur containing approximately 0.3 
millicurie of radioactivity were prepared in the form of 
barium sulfide. This material was introduced into a 5-cc. 
flask which was connected to a small flask containing 250 mg. 
of freshly prepared 4-isopropylidene-2-methyI-5(4)-oxaz- 
olone in 1 cc. of anhydrous methanol. The methanol solu¬ 
tion was cooled in a dry ice bath and the system was 
evacuated through a stopcock by means of an oil pump. 
The system was isolated and the dry ice hath was replaced 
by an ice-water bath. 3 cc. of 100% phosphoric acid were 
added to the radioactive barium sulfide by a side-arm ar¬ 
rangement. While the hydrogen sulfide was being evolved, 
the apparatus was shaken gently. After the reaction had 
subsided somewhat, th(i gas-generator flask was immersed 
in a bath at 50-55° for an hour. The apparatus was then 
allowed to come to room temperature and to stand for 24 
hours. At the end of this period, the methanol was distilled 
into the gas generator by gentle warming and the reaction 
flask was isolated from the system by means of a stopcock. 
The remainder of the system was preserved under nitrogen 
at atmospheric* prc8.sure for recovery of th(i excess hydrogen 
sulfide. The reaction mixture was heated with 1 cc. of 
water under nitrogen for 15-20 minutes «t 90°. Darco was 
add(*d and the solution was filtered. 1’he product ery.stal- 
lizcd during this proc(‘ss and was n'coven'd from the charcoal 
by washing with ethanol and hot water. The eombined 
washings were concentrated to dryness and 1 ee. of hot water 
was added to the residue. Wh(*n this solution was cooled, 
220 mg. of crystalline N-acctyl-DL-peiiicillamine, rn.p. 168- 
174° (cap.), 175-180° (micro), were deposited. This ma¬ 
terial was heatfid under nitrogc'ii wdth 3.1 cc. of 2 A" hydro¬ 
chloric acid in an oil bath at 125° for 6 hours. The solution 
was extracted twice with ethc’r and was then evaporated to 
dryness in vac.uo. The solid residue was dried in vacuo 
overnight, apd then w'as dissolved in boiling acetone. The 
acetone solution was concentrated to a volume of 1-2 cc. 
and cooled. After 2 hours, 152 nig. of the crystalline iso- 
propylideiie derivative of DL-pcnicillarnine hydrochloride 
(2,2,5, S-tetramethy 1-4-thiazolidinecarboxy lie acid h yd ro- 
chloride) were collected. The crystals were dissolved in a 
minimum of methanol containing a trace of dry hydrogen 
chloride. Slow addition of acetone followed by ether caused 
crystallization of 148 rag. of product. A portion dried in 
vacuo at 50° for an hour melted at 157-160° (micro). An 
authentic sample of this thiazolidine heated under identical 
conditions showed the same melting point. Klcmentary 
analysis reflected the variable composition usually observed 
for this compound. 

Calc. CgHuOjNSCl: C 42.45, H 7.14 
Found: C 40.02, H 7.62 

A sample of 0.150 7 of thi.s material was used as a reference 
standard for radioactivity determinations (vide infra). 

The isopropylidene derivative (140 mg.) was dissolved in 
3 cc. of 1 AT hydrochloric acid and this solution was heated to 
boiling for 2 minutes. Evaporation of the residue to dry¬ 
ness and heating to 90° in vacuo over phosphorus pentoxidc 
for 2 hours yielded 113 mg. of DL-penicillamine hydro¬ 
chloride labelled with radioactive sulfur. This material 
was dissolved in 23 cc. of dry pyridine, 138 mg. of 2-benzyl- 
4-methoxymethylene-5(4)-oxazolone wore added, and the 
mixture was heated to 110° for 18 minutes. The pyridine 
was evaporated in vacuo. A 25-cc. chloroform solution of 
the residue was cooled in an ice bath and was washed 
successively with 25 cc. of cold 1 N hydrochloric acid, 2 cc. 
of ice water, and two 5-cc. portions of saturated sodium 


chloride solution. The cold chloroform layer was dried over 
magnesium and sodium sulfates and then was evaporated to 
dryness without warming. The residue was dissolved in 
about 1 cc. of acetone and 30 cc. of anhydrous ether were 
added. The solution was filtered to remove the .sludge thus 
precipitated and then was diluted to a volume of 50 cc. An 
aliquot showed an activity of 104 Oxford units of penicillin 
activity for the entire solution upon assay by the plate 
method with B. siibtiliSf and 122 Oxford units by the tur- 
bidimetric method with Staph, aureus. Meanwhile a solu¬ 
tion of free benzylpenicillin in ether was prepared from the 
sodium salt according to the usual method. Bioassay 
of thii- solution showed a total unitage of 276,000 units by the 
plate method and 285,000 units by the turbidimetric method. 
The ether solutions containing 273,000-283,000 units of 
natural and 100-117 units of synthetic antibiotic activity 
were mixed and evaporated to a volume of about 60 cc. 
When thLS solution was cooled in dry ice, a slight cloudiness 
due to ice crystals resulted and therefore the mixture was 
dried over magnesium sulfate. To the dried solution (85 cc.) 
was added an excess of 10% tricthylamine solution in ether. 
After the inixtun* had b(*en cooled overnight, the crystalline 
tricthylamine salt of benzylpenicillin (triethylammonium 
bonzylponicillinate) was separated from the mother liquor 
and washed witli ether. The yield was 271 mg. After this 
material was washed with two portions of dry acetone total¬ 
ling 5 cc., 185 rag. of crystalline material remained. This 
product was recrystallizc'd from ac(‘tone-ether. 158 mg. of 
recrystallizod material with a labell(‘d sulfur (S*) content of 
0.216 % of the total sulfur were obtained. The product was 
separated into two parts, A and B. 

Part A (50 rng.) was diluted with 150 mg. of the nonradio¬ 
active tricthylamine salt of benzylpenicillin prepared sepa¬ 
rately. This mixture was recry.stallized and radioactivity 
determinations were carried out in eonjuuction with succes¬ 
sive purifications (see Table XIII). An 84-mg. sample of the 
recrystallized salt (Fraction No. 8) was diluted with 43 mg. 
of non radioactive triethylamme salt, and the mixture was 
recrystallized until constant radioactivity was ofitaincd for 
three successive fractions (12, 13, and 11). A 51-ing. sample 
of this tricthylamine salt of constant radioactivity (Fraction 
No. 14) was converted to sodium benzylpenicillin (sodium 
benzylpenicilliriate) by the method described by the Ileyden 
group (B.4j 2). Radioactivity determinations on two suc¬ 
cessive reiTystallizations of this sodium salt (27 mg.) from 
95% acetone are indicated in Table XIll (Fraction Nos. 
16 and 17). The radioactivities of the triethylamine salt and 
the sodium salt of benzylpf5nicillin were adjudg(‘d constant 
within the limits of experiimmtal error. The sodium salt 
was analyzed. 

Calc. Ci6Hu704N2SNa: C 53.94, H 4.77 
Found: C 54.23, H 4.81 

The sodium bonzylpenicillin, micro m.p. 214-210°, had a 
rotation of la|/>*^ « -4-289° (0.606% in water). The 

mother liquors were evaporated to dryness, acidified to 
pH 2, and extracted into ether. From the ether, 8 mg, of 
crystalline sodium benzylpenicillin w(»re recovered. 

Part B (103 mg.) was diluted with 103 mg. of triethylamine 
salt prepared from natural noiiradioactive benzylpenicillin 
(see Table XIV). This mixture was recrystallizod six 
times and then was converted to sodium benzylpeniinllin 
in the manner described above. 99 mg. of crystalline sodium 
salt (Fraction No. 9, Table XTV) were obtained. Radio¬ 
activity values on the second and third recrystallizations 
of the sodium salt from aqueous acetone? (Fraction Nos. 10 
and 11) indicated that some of the radioactivity was lost 
upon conversion of the triethylamine salt to the sodium salt. 

A 51-mg. portion of the sodium btmzylpcnicillin remaining 
after another recrystallization (Fraction No. 12) was con¬ 
verted to bonzylpenillic acid by dissolving it in 4 cc. of 
water and adding one equivalent of 0.1 N hydrochloric acid. 
19 mg. of benzylpenillic acid in the form of stubby prisms in 
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Per cent S* in 

Sainjile 

Recrystallization 

tlOll 

Weight, 

live 

S^in 

total sulfur 

soK ent 

Iso >» 

mg 

dilu- 

total 

(corrected for 





tion 

sulfur 

dilution) 

l8oprop\ lull ne derivative of di -pciiicilLimme by- 







drochloridc 

Ml thanol-acetonc 

— 

140 

— 

100 

— 

Trieth> lammc salt ol ben/y Ipeniiillin 

All 1 tom -ether 

1 

IS) 

1 



Tnethylamine salt of bem/yIpi nicillin 

Aiitonc-cthir 

2 

ris 

1 

(» 21(i 

0 216 

Tnethvlamine salt of boIl/^ Ipenicilliri 

All tom-ethc! 


19S 

2 



Tru th\lnmme salt of benzy Ipenicillin I 

Ac i tone-ether 

4 

172 

2 



Tnethvlamme salt of benzylpcnicilhn 

( hlorolorm-caibon 

5 


2 




ti traihloiidi 






Tnethvlamine salt of ben/vlperiKillin 

( lilorolorm-etlu 1 

6 

164 

2 

0 029 

0 058 

Trie thy lainine salt ot ben/y Ipi nuillm 

( hloi oforrn-etlu 1 

7 

152 

2 

0 029 

0 058 

Trieth\lainine salt ol lun/y Ipenicillm 

( hloroform-itlu 1 

S 1 

141 

2 

0 030 

0 060 

Sodium bcn/ylpinuillin 

All tone water 

9 

1 

99 i 




Sodium ben/vlpenicilliii 

Aiclont -water 

10 , 

91 


0 OIS 

0 036 

Sodium ben/ylpenii illiii 

Aii'tono-water 

n 

81 

2 

0 017 

0 034 

Sodium benzylpenu illin 

Ml tb iiiol-etby 1 

I 12 

60 

2 




ill t tate 






Benzy Ipenillic acid 

Watii 

13 

19 




Ben/vlpenillic acid 

\\ atcr 

11 

17 

2 

0 010 

0 032 

Benzylpenillic acid 

Watt r 

15 

10 

2 

0 015 

0 030 


rosettes were obtained aftei 24 houis This mateiial ^as 
dissolved m slightly more than one equivalent of 0 1 N 
sodium hydroxide, the solution was filtered, and sufficient 
1 N hydrochloric acid was added to neutralise the alkali 
In a short time slemde^r prisms of bemzylpcmillic acid began 
to separate The' lecove ry was 17 mg , micro in p 182-184® 
After removal of a sample for radioactivity determination, 
the matoiial was recrystalhzed 10 mg of benrylpenillic 
acid, micro m p 181-184®, were obtained A radioactivity 
determination on this fraction (15) showed constancy of the 
value for the sodium bt'nzylpenuilhn and thexbenzylpenilhc 
acid 

Orientation Experiments A solution of benz> Ipenitil- 
Im in ether was prepare*ei from 200 mg of sodium benzyl- 
penicilhn The ether solution was dried over magnesium 
sulfate and diluted to a volume of 50 cc Assay of an aliquot 
by the plate method showed that most of the* acti\ ity had 
been rf*rovered This ethereal solution was poured into a 
flask containing 3 963 mg of radioactive sulfui-containing 
Di/-2,2,5,5-tctramethyl-4-thiazolidinccarboxylic acid hydro¬ 
chloride 1 cc of 10% tnethylanmie solution in ether 
was added m 0 l-cc portions The tnethylamine salt 
began to crystallize at once After the mixture had been 
cooled for 2 hours, the mother liquors were decant(*d and the 
crystals were washed with ether and dried m vacxio (228 mg ) 
The product was dissolved in 10 cc of hot acetone and the 
solution was filtered and evaporated in vacuo until the 
product began to crystallize Three volumes of ether were 
added and the resulting mixture w as cooled overnight The 
mother liquors were decanted and the c rystals were washed 
with ether and diied tn vacuo for 1 hour Approximately 
78of the salt was lecovered in the rocrystallization A 
10-mg sample was analyzed for radioactivity RecrystaJ- 
hzation was repeated twice and a sample was removed each 
time for radioactivity analysis, as mdicated m Table XV 

The rcmaming 74 mg of the tnethylamine salt were con¬ 
verted to benzylpcnilhc acid by dissolving the matenal 
in 7 5 cc of water, adding 1 66 of 0 103 V hydrochloric acid, 

•• Fraction No la aynonymoua with the number of orystalUsstiona 


and allowing the icsuiting solution to stand overnight 
Large rosettes formt d Iht motlid liquors were dec anted, 
and the ciystals wire washed witli water and diied The 
yield was 20 mg, 36 per cent of the theoretical amount 
Till* ben/ylpcmllic acid was recr> stalh/ed by dissolving it in 
0 60 Cl of 0 100 N sodium hydioxide, filtering the solution, 
adding 0 06 ic ot 1 0 A hydrochlorii acid, and cooling the 
mixture overnight The mothei liquors were then decanted 
and the ciystals weie wa&liid twice with water and dried tn 
vacuo at 85® (19 mg ) A sample was removed for analysis. 
The benzylpenillic and was recrystallizcd again and the 
resulting sample was aimh/id foi radioactivity The re¬ 
sults are summarized in Tabic XV 

1 86 mg of a sample of nir-2,2,5,5-tetramethyl-4-thjazol- 
idinecarboxylic and hydroihloric labelled by radioactivity 
were added to 873 mg of a nonradioae live sample of the 
I isomer, and the mixture was repmtedlv roi ry stallizcd by 
dissolving it in a few diops of methanohe hydrogen i blonde, 
adding several drops of acetone, and preeipitating the com¬ 
pound with ether Samples wire analyzed for labelled 
sulfur (8*) after each reciy&talh/ation Originally the 
labelled radioactive ni compound w as present m the mixture 


TABLE XV 



Number of 

Weight 

Per cent S* 

Compound 

crystalhza- 

in total 


lions 

mg 

sulfur 

Tnethylamine salt of 




benzylpcnicilhn 
Tnethylamine salt of 

1 

178 

0 0584 

benzylpcnicilhn 
Tnethylamine salt of 

2 

120 

0 0142 

benzylpcnicilhn 

3 

74 

0 0097 

Benzylpenillic acid* 

4 

20 

0 00020 

Benzylpenillic acid* 

5 

9 

0 00015 
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TABLE XVI 


Number of crystallizations 

Per cent S* in total sulfur 

1 

0 190 

2 

• () 15'J 

3 

0 143 

4 

0 155 

5 

0 133 

0 

0 159 

7 

0 1()() 


to the extent of 0.213%. Itesults from six recrystallizations 
are rioted in Table XVI. 

Mbthodr Used Uadioactivity Detekminations 
For radioactivity dc^torminations, 5- to 10-nig. samfdes ol 
the pure crystalline comjiounds were oxidized by the Uariuh 
method and precipitated as benzidine sulfate. If the samph‘ 
contained less than 0.7 mg. of sulfur, it was supplemented 
with inactive, carrier sodium sulfate. The benzidine sulfate* 
was collected on a disk of filter pajier and w'as ilried. The 
“count** was then di'ti'nnined with a Cn'i^er-Muller tube 
similar to that described by Uopp and (Jreenlierg {Rtv. Sci. 
Imt., 14} 205 (1943)) and expressed in “counts per minute** 
in the usual manner. 

The radioactivity “counts’* on successive rc'crystalliza- 
tions of the penicillin derivatives w'cn* correlated in the 
following manner. An aliquot of the ni>-2,2,5,5-tetra- 
methyl-4-thiazolidinecarboxylic acid hydrochloride used 
in the condensation reaction w’as oxidized and converted 
to benzidine sulfate. This firiqiaration represented a 
“standard** sample of the labelled sulfur by w'hich it was 
possible to determine the number of “counts** given by a 
known amount of the original sulfur of the penicillamine (8*) 
at any given time. I'he amount of sulfur originating in the 
penicillamine could then be calc'ulated for any of tlio peni¬ 
cillin diTivativcs by the following relationship: 

CIT* 

(1) ^90^ per cent S* in total sulfur of compound 

where C =* “count** of sample 
^ “count** of standard 
W* ^ weight of S* in standard 
W = total weight of sulfur in sample 

For the biological assays, aliquots w^ere removed from the 
ether solutions of the synthetic antibiotic and the natural 
benzylpenicillin before mixing. From the results of the 
assays, the activity in each solution was expressed in terms 
of sodium benzylpenicillin by means of the following 
relationship: 

1 Oxford unit s O.67 sodium benzylpenicillin 

After mixing, the resulting biological activity was expressed 
as follows: 

A* 

(2) 100“^ ■■ mole per cent “synthetic benzylpenicillin*' 

where A* weight of “synthetic benzylpenicillin** added 
A ao total weight of “synthetic “ and natural benzyl- 
pencillin 

In these experiments, the contribution of the species to 
the average atomic weight of S* and of total sulfur was so 
small that it could be neglected for all practical purpos<*s. 
Therefore, in equation (1), thi‘ per cent of S* in the sample 
can be taken as numerically equal to the mole per cent S* in 
the compound. It follows that if the 8'*‘ determined by 
radioactivity represented synthetic penicillin alone and if the 
antibiotic activity exhibited by the synthetic mixture repre¬ 
sented synthetic penicillin alone, then 


lOOA* lOOCir* 

A ” r.ir 

Thus, a comparison of the values obtained by the two inde¬ 
pendent m»‘thods W'as significant in determining wdiether the 
radioactivity retained in the samples n*pres('nti‘d synthetic 
beiizyljienicillin. 

Evaluation op Besults. It should be noted that these 
experiments rc'presiait the converse of the “isotope dilution** 
method of Rittenbcrg and Foster (J, Biol. Chtm.^ tJS, 
737 (It) 10)) Tn the latter, a definite amount of a pure 
sample of the compound to he determined is added to a 
mixtire of unknown content. In tliesc experiments, a 
known weight of the compound to be deteimined (]>enicil]in), 
w'hich had no nidiosultur content, was added to a mixture 
which contained an unknowm amount of synthetic penicillin 
lal)ell(‘d with radiosulfur. 41i(* other constituents of this 
penicillin mixhirc also contained tlie labelling radiosulfur. 
Less than 0.1'; of the sulfur lah(“ll(‘d bv radioactivity could 
be attributed to synthetic penicillin and 99 9' [ of the sulfur 
could lie found in other compounds in the mixture. Hence 
the possible error w'as of greater magnitude than that en¬ 
countered in the “isotope dilution*’ method. The validity 
of the pr(‘a(*nt in(‘thod de])(‘nded upon tin* diuiionstratioii 
that the penicillfn isolated was free of all sullur-coiitaining 
impurities. If this was accomplished the residual radio¬ 
activity m th(‘ isolated compound could be ascribed to the 
presence ol radioactive benzylpenicillin “washed out’* of 
the condensation mixture. The difhculties in obtaining an 
organic compound in a state of 9t).99'; purity are incr(‘ased 
by the presence of relati'd acids In this case, lieiizyl- 
penicillenic, -ptuiicilloic and -penilloic acids and possibly 
traces of stereoisomers of benzylpenicillin were probable 
contaminants of the mixture. 

Th(‘ usual criteria of purity su<’h as optical rotation, 
analysis and molting point did not suffice m tlu'se I'xpcri- 
nients. It was necessary to rely on constancy of radio¬ 
activity between successivi' rccrystalhzations fif a derivative 
for evaluating the purity of the compound. There was 
still the possifiiliiy, how ever, that the impurity might crystal¬ 
lize along w'ith tlie bimzylpi'nicillin derivative in a constant 
ratio to it. .Accordingly the criterion of purity w'as modi¬ 
fied to r(*quire that the radioactivity values remain constant 
not only through successive rccrystallizations of the same 
derivative but also through th(» process of converting the 
beiizylpeniJlin to other derivatives. 

‘ It was possible to isolate a triethylaTnino salt of benzyl- 
penicillin w hich after a dilution of 1 to 0 (Table XIII) showed 
constant radioactivity through three successive recrystal¬ 
lizations and retained the same radioactivity through the 
process of conversion to sodium benzylpenicillin. At a 
dilution of 1 to 2 (Tabic XIV) the tricthylainine salt show'ed 
a constant radioactivity value on three successive recrystal¬ 
lizations hut underwent a loss of radioactivity m conversion 
to sodium benzylpenicillin. The low^ored radioactivity value 
of the sodium bcnzylpimicillin was adjudged constant on the 
basis of tw’o rccrystallizations. This contention was justi¬ 
fied by the appearance of the same radioactivity value in the 
benzylpenillic acid obtainc'd from this sodium salt. 

The odds that a chance contaminant w'ould survive 
repeated rccrystallizatioii and chiunical reaction without 
any variation in its ratio to tin* host compound was wwthy of 
speculation and (*xperiment. iSev«Tal of the possifile con¬ 
trol experiments along this line were carri(*d out. A solu¬ 
tion of benzylpenicillin was contaminated by the addition of 
approximately 3.1 lahell(*d sulfur in the form of 2,2,5,5- 
tetrainethyl-4-thiazolidinecarboxylic acid hydrochloride. 
The benzylpenicillin was eonvert(‘d to triethylamin<» salt. 
/\ft<T one n'crystallization the contaminant had fallen to 
0.06^;, and after three rccrystallizations to 0,01%. This 
material w'as then converted to benzylpenillic acid. The 
product after recr3'stallization gave a radioactivity value 
(0.0002%) which closely approached the background 
“count,** 
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Thc«5 orientation experiments indicated that neither 
repeated recrystallization nor chemical transformation singly 
carried out would necessarily remove significant impurities, 
but the combination of these operations sufficed to remove 
the impurities below the level of significance. Another 
orientation experiment was porforinod in which the impurity 
was the enantioinorph. Nonradioactive L-2,2,5,5-tetra- 
methyl-4-thiazolidinecarboxylic acid hydrochloride was 
mixed with 0.213 mole per cent of the dl ihorncr labelled 
with radioactivity. The loss of u isomer was gradual and 
incomplete after seven recrystallizations. 

Comparison of MioROBionoGiCAL Activity with Kadio- 
ACTiviTY Data. The assays incorporated in the experiments 
arc summarized and compared with radioactivity data in 
Table XVII. 


TABLE XVII 


Experiment 

Mole per cent 
“synthelic penicillin 
(radioactivity, E(|. 1) 

Mole per cent 
‘'synthetic peiiicilliiU’ 
(bioassay, Eq. 2) 

Part A. 

0 025 

, 0 041*’ 



0 037*'> 

Part B. 

0.030 

0 041*’ 



0.037*“ 


Concentration of the Activity from the Condensation of 
D«Penicillamine Hydrochloride and 2-Ben2yl-4-methoxy- 
methylene-6(4)-oxazolone. C/Hroviatographic Adsorp¬ 
tion OVER Acid-wASHED Alumina (Merck, M.loCy 17). 
An ethyl acetate solution of the crude condensation mixture, 
which had an activity of 1 unit/mg., was passisl over a 
column of acid-washed alumina. A colored band moved 
slowly down the tube, and the active material collected 
largely in the lower half of the colored band. Extraction 
with buffer, acidification, and extraction into ether fol¬ 
lowed by extraction with water plus enough alkali to give a 
neutral solution gave a product which had an activity of 3.6 
units/mg. after freeze drying. The top part of the tube 
contained a considerable amount of gummy material which 
was insoluble in both chloroform and ether and had an 
activity lower than 3.(5 units/ing. » 

Ether Partition (Cornell Bioch., 20). A 50-mg. 

portion of the residue, obtained upon evaporation of the 
pyridine from the condensation rnixtun', with an activity of 
0.35 unit/mg., was extracted repeat edlj" with several 
portions of peroxide-free anhydrous ether totalling 15 cc. 
The residue (Fraction No. 1) was dried, weighed, and 
assayed- The ether solution was evaporated to 3 cc., and 
the solid (Fraction No. 2) was collected and washed with 
two 2-cc. portions of ether, dried, weighed, and assayed. 
The remaining other filtrate and washings were combined 
and evaporated to dryness. The residue was cxfract<Nl with 
two 2-cc. portions of ether. The residue (Fraction No. 3) 
was dried, weighed, and assayed; the etlier extracts were 
evaporated to dryness and that residue (Fraction No. 4) 
was also weighed and assayed. The results are summarized 
below. 


Fraction No. 

Weight, mg. 

Activity, unit/mg. 
of solids 

1 

22 

0.15 

2 

10 

0.35 

3 

11 

0.55 

4 

7 

0.80 


w Plate mctbotl. 

Turbkhmetric method. 


Organic Solvent Partitions, Charcoal Adsorption, 
AND Various Types of Chromatography (Upjohn, U,26, 
10). A condensation product Mith an activity of approxi¬ 
mately 0.7 unit/mg. was obtained by* the usual procedure 
(Merck, MA2ay 13). An attempt was made to characterize 
the activity in this material by investigation of its behavior 
toward standard methods for the purification of natural 
berizylpenicillin. These procedures included solvent ex¬ 
traction, charcoal adsorption and various types of chromato¬ 
graphy. It was pointed out that "the behavior of the 
synthetic activity appears to be quite similar to that ob¬ 
served for penicillin-(!.” 

The results obtained with live ilifferent lots of the reaction 
mixture arc suininarizcd in Table XVIll. The highest 
activity obtained was 6 uiiits/mg. The final sodium salts 
of lots 2 and 3, which posses-Mcd activities of G.l and 3.9 
units/mg., respectively, were subjected to diffrrenfial assay. 
The values obtained for the B, suhtilis/Staph avrevs 
ratio wore 0.96 and 1.07, respectively. The value for natural 
sodium benzylpciiieillin, wbieh was determined in parallel, 
was 1 02. 

The techniques described above were later applied to 
130 gin of the condeiLsation product having a total activity** 
of 80,(KK) units (Supplcmontar\ Ki'port from Ilpjolm, 17.^7, 
Nov. 30, J945). A sodium sfdt with an activity of 15 
units/mg. was obtained by partition chromatography 
over silica at 7>H 7 with extensn c development using rnetha- 
nolic chloroform. The majority of the biological activity 
was extracted from this material with absolute acetone. 
The resulting product bad an activity of 44 units 'mg. This 
material behaved like natural beiizylpenieillin in all stages of 
its purification. 

Application ok the Counteu-i urrent Distribution 
Method (("ornell Bioch., DJS). In the counter-current 
distribution method of fractionation ((Vaig, L. C, J, BioL 
Chem.y 166y 510 (1944); C’raig, riolumbic, Mighton, and 
Titus, J. BioL Chem,, Uily 321 (1915)) the material to be 
purified is equilibrated repeatedly lu'tween two immiseiblc 
solvents. The method exploits any difT(*rene(*s w'hich may 
exist in the distribution eoefbei(*nts of different eompononts 
of the mixture betw^een the tw'o solvents. The apjilication 
of this technique to the condensation product w'as tw^ofold; it 
offered a means of concentrating thi* activity and also pro¬ 
vided further evitlence for identity of the synthetic active 
material with natural benzyliHUiicillin. 

By the procedures described below’, using separatory fun¬ 
nels or glass-stoppered vials in iilncc of the stainless steel 
apparatus described by CVaig, concentrates with activities of 
30-50 nnita/mg. wen* obtained (juite readily and in one 
instance a fraction with an activity of 275 units/mg. was 
isolated. In addition, the distribution of the activity of 
natural beiizylpenieillin and of the activity in the synthetic 
mixture w^as the same in all of the six pairs of solvents 
studied; namely, ethyl acetate (pH 5.2 phosphate buffer), 
chloroform (pH 4.0 phosphate buffer), ether (pH 4.0 phos- 
pliate buffer), methyl ethyl ketone (pH 5.2 phosphate buffer), 
and cyeloliexanoue (7>H 7.5 phosjihate buffer). 

The distriliutiou co(‘ffieients of the activity of natural 
benzylpenicillin w^ere determined in systems of ethyl 
acetate and phosphate buffers and in systems of chloroform 
and phosphate buffers. Benzylpenicillin was found to 
distribute about 1:1 in ethyl acetate (19% pH 5.2 phosphate 
buffer) and in chloroform (12% pH 4.0 phosphate buffer). 
Products from the condensation of D-penicillamine hydro¬ 
chloride with 2-benzyl-4-mcthoxymethylene-5(4)-oxRzolone 
in pyridine were put through 7-plate distributions in ethyl 
acetate (pH 6.2 phosphate buffer) and in chloroform (pH 
4.0 phosphate buffer). In each of the systems the activity 
of the synthetic mixture had the same distribution coeffi¬ 
cient as the activity of natural benzylpenicillin. Also, 
each of the distributions resulted in considerable concentra¬ 
tion of the activity. Considerable material, probably of the 
penicillenate type, had a distribution coefficient much in 
** See footnote 2. 
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TABLE XVIII 



Amount of 
penicillamine 
hydrochloride 
used, gm. 



P'inal sodium salt 

Ijot 

No. 

Preparation of solution 
for fractionation 

Process 

Overall 
recovery of 
activity, 

% 

Activity, 

units/mg. 

1 

I 1 

Chloroform solution direct 
from reaction 

Single chloroform-silica pll 6.2 
chromatogram 

50 

4 4 

2 

1 

(Chloroform solution direct 
from reaction 

Two consecutive chloroform-silica 
pH 6.2 chromatograms 


C.l 

3 

1 

Original chloroform solution; 
transferred to buffer; then 
back to chloroform 

Single chloroform-silica pH 6.2 
chromatogram 

32 

3 9 

4 

5 

Sodium salt prepared from 
ether 

1 Adsorption with equal wt. of charcoal 
Adsorbed activity 

Non-adsorbed activity 

14 

33 

3 2 

3 0 

5 

5 

Sodium bait prepared from 
ether 

Adsorption with four times wt. of 
charcoal; all activity adsorbed 

31 

4 8 


favor of the organic solvent in each of tliese systems and 
hence was found at the end of the distribution series* 

The experimental procedures for the isolation of material 
with an activity of 275 units/mg. from the crude condensa¬ 
tion product by this counter-current distribution method 
are noted in the following sections of this chapter. In 
addition the results of several chemical and physical tests 
and one in vivo experiment on concentrates with activities of 
30-60 units/mg, are described, and infrared measurements 
on the concentrates are discussed. 

A. Isolation of a Concentrate with an Antibiotic 
Activity of 275 Units/mo, /. Condensation and Equilibra¬ 
tion of the Condensation Material between Chloroform and pH 
5.2 Phosphate Buffer, A 3-liter, three-necked round-bot¬ 
tomed flask was equipped with a soda-lime drying tube, a 
glass stirrer, and a thermometer. 1,500 cc. of pyridine were 
placed in the flask and heated to 110®. 20 gm. of u-peni- 

cillamine hydrochloride and 24 gm. of 2-benzyl-4-methoxy- 
methylene-5(4)-oxazolonc were added with an additional 
600 cc. of pyridine. Heating was continued, with the oil 
bath temperature at 130®, for 20 minutes after the reactants 
were mixed* The solution temperature rose from 101® to 
115® during the first 10 minutes and remained at 115® 
for the remaining 10 minutes. At the end of the heating 
period the solution was quickly transferred from the reaction 
flask into a flask cooled in an ice bath. The pyridine solution 
was concentrated at 20 mm. pressure, using a still with the 
receiver cooled in a dry-ice bath and with the distilling flask 
warmed in a bath at 45-50®. The syrupy residue was dis¬ 
solved in 1,200 cc. of cold chloroform and the chloroform 
solution was washed with one 2,500-cc. portion of 10% 
phosphoric acid which had been cooled to 5®. The chloro¬ 
form solution was cooled in a dry-ice bath until the aqueous 
material had frozen and the solution was quickly filtered 
with suction. The solids were washed with similarly cooled 
chloroform. 

The chloroform solution was diluted to 1,750 cc. and con¬ 
tained 51,000 units of activity according to biological assay. 
It was extracted at room temperature with 1,900 cc. of 
19 % pH 5.2 phosphate buffer. The buffer phase was washed 
with an additional 500 cc. of chloroform and the combined 
chloroform solutions were extracted with an additional 
500 cc* of buffer. The chloroform solution retained approxi¬ 


mately 10% of the biological activity. There was no appre¬ 
ciable loss of activity in this step. 

The buffer solution (total volume, 2,400 cc.) was acidified 
at room temperature with 150 cc. of 10% phosphoric acid, 
bringing the pll of the solution to 4.2. The acidified 
solution was extracted with two 1,400-cc. and two 1,100-cc. 
portions of ethyl acetate. The extracts were combined, 
dried over magnesium sulfate, and concentratc*d in a still 
which had the receiver immersed in a dry-ice bath. The 
bath temperature around the distilling flask was maintained 
at 25-30®. The concentrated ethyl acetate solution, 425 cc., 
was stored at 5®. Assay on the following day indicated that 
the solution contained a total of 51,000 units. 

II, 16-Plate Ethyl Acetate (pH 5.2 Phosphate Buffer) Dis¬ 
tribution, The ethyl acetate solution from the above 
experiment was diluted to 450 cc. and was plac*cd in the first 
of ten 1-liter separatory funnels. In each of the other 
nine separatory funnels were placed 450 cc. of ethyl acetate 
previously saturated with 19% pH 5.2 phosphate buffer. 
450 cc. of 19% pH 5.2 phosphate buffer saturated with ethyl 
acetate were then added to the first separatory funnel, which 
contained the solution of the synthetic material, and the 
funnel was shaken for 1 minute. After the layers had 
separated the buffer layer was run into the second separatory 
funnel and a fresh 450-cc, portion of pH 5.2 buffer, previously 
saturated with ethyl acetate, was added to the first funnel. 
The two separatory' funnels were shaken for 1 minute each. 
The buffer layer in the second funnel was run into the third 
separatory' funnel, and the buffer layer in the first was then 
run into the second funnel. A fresh 450-cc. portion of buf¬ 
fer, saturated with ethyl aci*tat(’, was added to the first 
funnel and the shaking was repeated. This process was 
continued until all ten separatory funnels were in use. 

When this point was reached, the buffer layer in number 10 
was run into a 3-liter flask, the other buffer lay<'rs were 
tran*sferred down the .series, and a fresh portion of buffer 
was added to the first s<*pnratory tunnel. Again each of the 
t^ii funnels was shaken for 1 minute. The process was 
repeated until six 450-cc, portions of buffer had been run 
into the 3-hter flask from separatory funnel number 10, i.e. 
five more times. However, after three portions of buffer 
had been run into the 3-litcr flask no more fresh portions of 
buffer were added to the first w'paratory funnel. Therefore^ 
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consecutively numbers 1, 2, and 3 \v(‘re left with no bufftT 
solution and were not shaken. 

After the final l-mirmte shaking period the ethyl acetate* 
layers from separatory funnels 4 through 9 wore placed in 
separate flasks and the buffer layers were returned to their 
respective funnels. Each buffer layer was acidified to pH 
4.4 with 28 cc. of 10% phosphoric acid and was extracted 
with three 400-cc. portions of ethyl acetate. The ethyl 
acetate extracts were added to the respective original ethyl 
acetate layers and the combined solutions were dried over 
magnesium sulfate and concentrated to dryness in the distill¬ 
ing apparatus described above for the concentration of th(‘ 
first ethyl acetate solution (part 1) The residues were 
weighed and then dissolved separately in 5-cc. portions of 
acetone and stored at 5°. 




Activity 

Fraction from 
funnel No. 

Wt. of 

material, mg. 

Units 

Units/mg. 

4 

292 

3350 

11 5 

6 

263 

6500 

24 8 

6 

255 

7850 

30 4 

7 

266 

8000 

30 1 

8 

318 

8800 

27 7 

9 

560 

5950 

11 6 


Ill Second Ethyl Acetate (pH 5.2 J*liosph(itf Buffer) 
Dislribulirm, The acetone solutions of fractions 5, 6, 7, and 
8 from the aliove (iistribution (part II) were combined. 
Assays of these fractions had indicated 31,000 units of activi¬ 
ty originally, but after the solutions had been standing over¬ 
night re-assays indicated only 25,000 units. The acetone 
was removed in vacuo and the material (1.10 gm.) was dis¬ 
solved in 100 cc. of ethyl acetate. This solution was placed 
in the first of ten 250-cc. separatory funnels. The other 
nine funnels contained 100-cc. portions of ethyl acetate, 
previously saturated with 19% pH 5.2 buffer, A 100-cc. 
portion of 19% pH 5.2 phosphate buffer saturated with 
ethyl acetate was added to the first separatory funnel, A 
15-plate distribution was carried out in a manner identical 
with that of the first distribution (part 11), 

The fractions of material in funnels Nos. 4 through 9 were 
isolated. The cithyl acetate layers were separated and the 
buffer layers were acidified with 5.5 cc. of 10% phosphoric 
acid and extracted twice with 90 cc. and once with 70 cc. 
of ethyl acetate. The ethyl acetate solutions from each 
fraction were combined, dried over magnesium sulfate, and 
concentrated to dryness in vacuo. The residues were 
weighed and assayed and then each was dissolved in 0.5 cc. 
of acetone and 3 cc. of 15% pll 6,2 phosphate buffer and 
stored at 6®. 




Activity 

Fraction from 

Wt. of 



funnel No. 

material, mg. 

Units 

Units/mg. 

4 

79 

950 

12 

5 

83 

2350 

28 

6 

79 

3550 

45 

7 

83 

3900 

47 

8 

76 

3800 

50 

9 

79 

3300 

42 


IV, Third Ethyl Acetate (pH 5.2 Phosphate Buffer) Dis¬ 
tribution. The solutions of Fractions 6, 7, 8, and 9 from the 
second distribution (part JII) were combined and most of 
the acetone was removed in vacuo. The solution was care¬ 
fully acidified to pH 5.2 with 1.5 cc. of 10% phosphoric acid. 
The buffer solution was diluted to 25 cc. with 19% pH 6.2 
phosphate buffer. The solution was placed in the first of 
ten 60-cc. separatory funnels and 25 cc. of ethyl acetate 
were added. .Another 15-plate distribution was carried 
out in exactly the same way as the first two distributions 
(parts II and 111). After the distribution was completed 
the fractions of material in separatory funnels 5 through 9 
were isolated. The ethyl acetate layers were separated and 
the buffer layers were acidified with 2 ee. of 10% phosphoric 
acid and extracted three times with 25-cc. portions of ethyl 
acetate. The ethyl acetate solutions of each fraction were 
combined and dried over magnesium sulfate. Fractions 
6, 7, and 8 were combined and the cthvl acetate solution of 
these fractions as well as the* solutions of Fractions 5 and 9 
were concontrail'd to dryness in vacuo. The residues were 
weighed and assayed and each residue was dissolved in 
0,5 cc of acetone and 5 cr. of 15% pll 6.2 buffer and stored 
at 5”. 


Fraction from 
funnel No. 

Wt. of 

material, mg 

Activity 

Units 

Units/mg. 

5 

31 

1500 

49 

6, 7, 8 

100 

6300 

63 

9 

32 

1700 

53 


V. 16-Plate Chloroform {pH Jf.O Phosphate Buffer) Distri¬ 
bution. The buffer solutions of Fractions 5 and 9 from the 
third ethyl acetate—pll 6.2 buffer distribution (part IV) 
were combined. The solution was evacuated for a few 
minutes to remove most of the acetone and then was cooled 
to 5® and acidific'd with 2 cc. of cold 10% phosphoric acid. 
The solution was extracted once with 15 cc. and three times 
with 8 cc. of ethyl acetate. The extracts wore combined 
and the solution was dried over magnesium sulfate and 
concentrated to dryness in vacuo. 'I'he residue (59 mg.) was 
dissolved in 3 cc. of chloroform and the solution was placed 
in the first of sixteen 8-cc. glass-stoppcjred vials. This 
entire distribution was carried out at 7®. Three cc. of 
chloroform, saturated with 12% pH 4.0 phosphate buffer 
(125 gm. of potassium dihydrogen phosphate in 1 liter of 
solution), were placed in <»ach of the other 15 vials. Three cc. 
of 12% pH 4.0 phosphate buffer, saturated with chloroform, 
were added to the first vial. The 16 vials were arranged in 
two 250-cc. beakers so that 8 vials could be shaken at once. 
Only the first 8 were shaken during the first 7 plates of the 
distribution, and all 16 were shaken for the rest of the 15- 
plate distribution. After the first 1-ininute shaking 
period the buffer layer in vial No. 1 was pipetted into vial 
No. 2. A fresh portion of buffer, saturated with chloroform, 
was added to vial No. 1. The distribution was continued 
according to the usual procedure until finally, after 15 sets 
of transfers had taken place, the buffer layer which was 
originally in vial No. 1 was in vial No. 16. A sixteenth 
shaking period completed the distribution. 

The chloroform layers were separated and the buffer layers 
were extracted three times with 2-cc. portions of ethyl 
acetate. The ethyl acetate extracts were combined with the 
chloroform layer from the corresponding vial and the com¬ 
bined solutions were dried over magnesium sulfate. The 
solutions were evaporated to dryness and the residues were 
weighed and assayed. 
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Fraction from 
vial No. 

Wt. of 
material, mg. 

Activity 

Units 

Units ^mg. 

1 

19 

Low 


2 

5.5 

Low 

— 

3,4 

5.9 

175 

30 

5, 6 

3.7 

370 

100 

7, 8, 9, 10 

5 5 

1240 

225 

11, 12 

2 0 

290 

145 

13, 14, 15, 16 

2.6 

Low 

— 


Tl\e above procedure was repeated with 61 iur. of maU'rial 
isolated from about half of the solution of fraction Nos. 6^ 7, 
and 8 of the third ethyl acetate (pH 5.2 buffer) distribution 
(part IV). 


Fraction from 
vial No. 

Wt. of 

Material, mg. 

Activity 

Units 

! 

Units/mg. 

5, 6 

4 7 

500 

107 

7, 8, 9, 10 

7 5 

2150 

275 

11, 12 

2 3 

450 

200 


B. Additional Distributions. Distributions were also 
carried out in th(* following systems with various fractions of 
material which had activities greater than 20 units/mg.: 
ether—12% pll 4.0 phosphate buffer, isopropyl acetate— 
19% pH 5.2 phosphate buffer, methyl ethyl ketone—10% 
pH 5.2 phosphate buffer, and cyclohexanone—25% pH 7.5 
phosphate buff(T. None of these procedures resulted in any 
great purification of the material. The distribution coefTi- 
cients of natural benzylpenicillin were determined in the 
ether (pH 4.0 buffer) system, methyl ethyl ketone (pH 6.2 
buffer) system, and cyclohexanone (pll 7.5 buffer) system, 
and were found to be the same as the distribution coefficients 
of the activity of the synthetic material. 

C. Tests on the Concentrates. I. Chemical and 
Physical Tests on a Concentrate with an Activity of 30-S6 
Units/mg. (Cornell Bioch., D.55, 13). 

(а) Add Extraction. 80 mg. of the concentrate were 
dissolved in 10 cc. of chloroform. The chloroform solution 
was cooled to 5° and extracted with 10 cc. of cold 10% phos¬ 
phoric acid The material re-isolated from the chloroform 
weighed 75 mg. 

(б) Iodine Titration, The above 76 mg. of material were 
dis^lved in a few drops of chloroform and the solution was 
extracted with a total of 5 cc. of 15% pH 6.2 phosphate 
buffer. The buffer solution was diluted with 10 cc. of 
water. The addition of 0.8 cc. (0.04 milliequivalcnt) 
of 0.05 N iodine solution maintained an excess of iodine for 
10 minutes. This represented less than 0 25 equivalent of 
iodine per equivalent of organic material (assuming a molecu¬ 
lar weight of 350). 

(c) Fluorometric Assay. A solution of the sodium salt 
was assayed both by the fluorometric method (Merck, M.71; 
Scudi and Jelinek, J, Biol. Chem.^ lG4t 195 (1946); Chapter 
XXIX) and by the biological method. The fluorometric 
method indicated an activity of 9 units/cc., while the bio¬ 
logical method indicated 3 units/cc. A study of the rate of 
reaction with the amino-acridine indicated no perceptible 
difference in the rate of reaction of the synthetic material as 
compared with a standard solution of natural benzylpenicillin. 


(d) Analyses. Nitrogen nnd sulfur analyses of thPMxliuin 
salt of the concentrate indicated a nitrogen: sulfur ratio of 
2.27:1. 

Found: N, 5.04; S, 5.99 


(e) TUtraviolet Absorption Spectra. An ultraviolet absorp¬ 
tion spectrum w^as determin(‘d on an aquc'ous solution of 
0.08 mg. of the concentrate per cc. 


W’'av(‘ length, niM 

Optical density 

350 

12 

330 

51 

320 

57 

310 

48 

290 

30 

270 

35 

260 

40 

250 

53 

240 

55 

220 

1.30 


The sodium salt of the concentrate was prepared by ex¬ 
tracting a chloroform—ether solution of the coru'entrate 
with 0.015 N sodium hydroxide. The extract (pH 6.9) 
was lyophilized to a powdery solid which possess(‘d an 
activity of 33 units/mg. This material was subjected to 
the following tests. 

7. Polarographic Determination. Polarograms were 
determined on a solution of the sodium salt of the concintrate 
in Brdicka solution after various pi‘riods of time (('ornell 
Bioch., D.6y 5). There was no initial w^ave, but a catalytic 
maximum slowly developed, ("omparison after 19 hours 
with a polarogram of a standard solution of nnturnl benzyl¬ 
penicillin indicated that the synthetic material gave a wave 
equivalent to that obtained with about 5% natural benzyl¬ 
penicillin (by weight). The biological assay \aluc of 
30-35 units/mg. of this material w^as equivalent to 2% 
benzylpenicillin. 

II. Diazomethane Treatment of a Concentrate with an 

Activity of 60 Units/mg. Approximately 1,200 units of a 
concentrate wdth activity of 60 onits/mg. w^a8 esterified 
with diazomethane by the usual procedure for the prt‘para- 
tion of benzylpenicillin methyl estcT (Merck, 1). 

The oil so obtained had an activity of 0.34 units/mg. (6.5 
units of total activity*^). 

III. In Vivo Excretion of Synthetic Antibiotic Activity. 
5 cc. of a saline solution containing COO units of activity were 
injected intrapcritoiieally into a rabbit. Tlie total urine 
voided over a 19-hour period was collected and was found to 
contain 133 units of activity. The same rabbit was injected 
with 10 cc. of the above saline solution containing a total of 
1,200 units of activity. After 7 hours, the urine was col¬ 
lected and was found to contain 220 units of activity. The 
ratio of excreted activity to that administered w as the same, 
within experimental error, in a series of control rabbits in¬ 
jected with natural benzylpenicillin. 

D. Infrared Measurements on the Concentrates. 
In the infrared studies on natural benzylpenicillin (Chapter 
XIII), a characteristic absorption band was found to occur 
at 5.63 M* This band was attributed to the carbonyl group 
of a particular anhydride-type linkage which occurs in the 
penicillin molecule. When concentrates of the synthetic 
active material were obtained, they were Submitted to infra¬ 
red analysis and the results were compared with the infrared 
spectrum of natural benzylpeni(nliin, special emphasis being 
placed upon the critical region around 5.63 g. 

The Upjohn Co. (Suppl. Report, U.27, Nov. 30, 1945) 
submitted samples of the crude condensation product and of 


M See footnote 2* 
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TABLE XIX 


6(4)-Oxazolone 

Peni¬ 

cilla¬ 

mine 

isomer 

Solvent 

Reac¬ 

tion 

tem¬ 

pera¬ 

ture 

Reac¬ 

tion 

time, 

hra. 

Biological 

activity 

Reference 

2-Styryl-4-ethoxymethylene . 

DL 

Acetic acid- 
sodium acetate 

Room 

28 

— 

Oxford, CPSM, 2 

2-p-Nitro8tyryI-4-ethoxymethyl€ne.. .. 

Dli 

Aqueous dioxanc | 

— 

— 

— 

Wellcome, CPS.S^l, 6 

2-p-Nitrophenyl-4-hydroxymethylone 

DL 

Aqueous dioxane 

Room 

24 

— 

Wellcome, CPS.SJ^l, 0 

2-Amyl-4-inethoxymethylenc 

D 

Formamide- 

pyridine 

— 

— 

0.2 U./mg. of 
product 

Merck, M.76^ 7 

2-Amvl-‘l:-hydroxvmethylenc . 

— 

Isoamyl acetate 

Room 

24 

— 

Oxford, CPS.69, 2 

2-p-Nitrobeuzy 1-4-ethoxy methylene. . 

d-HCI 

Pyridine 

70® 

1 

0.7 U./mg. of 
product 

Cornell Bioch., D.S2^ 3 

2-Methyl-4-cthoxy methylene. 

d-HCI 

Pyridine 

75® 

1 

0.25 U./mg. of 
product 

Cornell Bioch., D.S2^ 6 

2-PropyM-hydroxy methylene. 

DL 

Isoamyl acetate 

Room 

15 

0.05 U./mg. of 
oxazolone 

Oxford, CPS.68, 2 

2-Phenvl-4-ethoxvmethylene. 

DL 

(^old pyridine 

— 

— 

— 

Oxford, CPS.26^ 1 

2-/8- Plicny lethy 1-4-methoxy met hylene. 

D 

Pyridine 

65- 75® 

1 

■— 

Oxford, CPS.649, 3 


concentrates with activities of 6, 15 and 44 units/mg. to the 
Department of Physics, University of Michigan for infrared 
analysis. Two samples of natural benzylpcnicillin, diluted 
with biologically inactive material, with activities of 62.6 
and 260 units/mg. were examined concurrently. Evidence 
for a 5.63 ix band was obtained for all except the 6 units/mg. 
sample. A barely distinguishable inflection was obtained 
for the 15 units/mg. material. The 44 units/mg. fraction 
exhibited a pronounced inflection at the point where the 
6,63 n band was expected, and this inflection was quite com¬ 
parable to that obtained in the standard sample of diluted 
natural benzylpcnicillin having approximately the same 
activity. 

The Cornell group also submitted a sample of a concen¬ 
trate with an activity of 30“35 units/mg. for infrared analysis 
at this time (D.SS^ 15). This concentrate showed “a trace 
of what might be the characteristic bands of sodium penicil¬ 
lin at 6.63 M, 6.90 m, 6 68 m, aud 7.64 (private communica¬ 
tion from Dr. H M. Randall, Nov. 27,1945). » Assuming the 
synthetic material to be benzylpenicillin, the activity was 
estimated by the infrared group to lie in the range 10-100 
units. 


Condensation of Various Oxazolones with n-Penicillamine. 

A number of condensations were carried out, using oxaz¬ 
olones with other groups in place of the 2-benzyl substit¬ 
uent. When these reactions produced antibiotic activity, 
the condensations represented the synthesis of new penicil¬ 
lins in minute yield. References to the first reports of 
activity from condensation of these oxazolones with penicill¬ 
amine are listed in Table XIX. 

Condensation of Various cr-Amino-/?-mercapto Acids with 
2-Benzyl-4-methoxymethylene-5(4)-oxazolone. The con¬ 
densation of certain a-amino-/3-nuTcapto acids other than 
penicillamine with the methoxymethylene oxazolone has 
resulted in antibiotic activity (Table XX). Small amounts 
of activity were obtained from D-cysteine (Cornell Bioch., 
D.27f 9), DL-cystoine (Merck, M.7S, 1) and i>L-thiothreoriine 
(isomer A) (Carter, Stevens, and Ney, J, Biol. Chem.^ ISOj 
247 (1941)) in condensations at 75® {D.27, 9). Similar 
results were obtained at 110®; DL-thiothreonine. (isomer B) 
was found to give an amount of activity equal to half that 
obtained from the A isomer 21). DL-/?-Mercaptoleu- 

cine also yielded appreciable antibiotic activity in the 
condensation (D.S7, 21). 


TABLE XX 


Amino acid 

Solvent 

Reaction 

temperature 

Reaction 
time, hrs. 

Biological 

activity 

Reference 

n-Cysteinc. .... 

Pyridine 

75® 

1 

0.002 U./mg. of 
product 

(^oruoll Bioch., D.27, 9 

DL-Cysteine HCl. 

Form amide- 
pyridine 

Room 

temperature 

Overnight 

<0.2 U./rng. of 
product 

Merck, M.78, 1 

DL-Thiothreoninc (isomer A) . 

Pyridine 

75® 

1 

0.01 U./mg. of 
product ! 

Cornell Bioch,, D.27, 9 


Pyridino- 
pvridinium 
chloride | 

110® 

0.25 

0.34 U. /mg. of 
thiothreon in p 

Cornell Bioch., D.S7, 21 

DL-Thiothreonine (isomer B) . 

Pyridine- 

pyridiiiium 

chloride 

no® 

0.25 

0.17 U./mg. of 
thiothreonine 

Cornell Bioch., D,57, 21 

DL-/8-Mercsptoleucine (isomer B).... 

PjTidine- 

pyridinium 

chloride 

110® 

0.25 

0,43 U./mg. of 
mcroaptolcucine 

Cornell Bioch., D.S7, 21 
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EARLY VIEWS ON THE STRUCTURE 
OF PENICILLIN 

In the midsummer of 1944 the trend of views on 
the structure of penicillin had converged more or less 
upon three formulas^ (I, II, III, in wliich R = benz¬ 
yl, 2-pentenyl, r/-heptyl, etc.). Of these the 
oxazolone-lhiazolidine structure (I) was an early 
and, for a time, an almost universal choice. Most 
of the degradation data could be interpreted in the 
light of this structure, and for many months it was 

0-CO Nil- (HLCOzII 

III I 

KC—-N—CH—CIl- S—(XCH,)2 

I 

CO -N-CIl COjPI 

I I I 

K(X)NI1CH—cn-s—C(CH,)j 

II 


O-CR- N 

/ 

HN 

\ 

CO— ClI 


CH- C^OjH 


CH—S—C(CH.,)2 

III 


the objective of the majority of synthetic ap¬ 
proaches. However, as the absence of basic prufjer- 
ties in penicillin could not be reconciled with the 
azlactono structure (I), the d-lactam formula (11) 
and the tricyclic structure (III) soon received more 
consideration. 

The v'lilue of an unequivocal proof of any one of 
these three structures is obvious. Since azlactones 
had been reported to react characteristically with 
anhydrous hydrogen chloride, the effect of this 
reagent on methyl benzylpenicillinate was investi¬ 
gated. An antibiotically inactive degradation prod¬ 
uct was obtained which possessed certain properties 
expected of the oxazolone-thiazolidine structure. 
This material was given the name methyl benzyl- 


* The penicillin dealt with in this study was in all cases the methy 1 
ester of benzylponicillin acid (penicillin G methyl ester). 
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pscudopeiiicillinate/ At the same time a similar 
product was obtaine<l synthetically from the reac¬ 
tion of ph()spht)rus tribromide and /j-methyl 
benzylpenicilloate (IV). This material (inactive) 
was in every way analogous to the degradation 
product and was t)l)tained by a reaction which 
was expected to give the oxazolone-lhiazolidine 
structure. In this chapter it is proposed to submit 
evidence indicating that under certain (‘onditions 
methyl benzylpenicillinate may be converted to an 
oxazolone-thiazolidinc structure, and that this 
compound may also be synthesized from i3-methyl 
benzylpenicilloate. However, these conclusions 

CO2II NIT ~™CnC02CH3 

I I I 

CellbCHjCONII-CII— CII-S 

IV 

were reached only alter extensive' stud> of model 
compounds which led to a new concept of the r('a(‘- 
tions of oxazolones with hydrogen halides. These 
model studies will be reviewed briefly as a basis for 
considering the reactions of methyl bcnzylpc'nicil- 
linate witli hydrogen chloride. 

It has been reported (Mohr, Her., 4A 2521 (1909); 
J. prakL Chem,, [2] 81, 49, 473; 82, 322 (1910)) that 
the action of dry hydrogen chloride on an oxazolone 
results in ring fission to yield the corr('sponding 
acylamino acid chloride. Accordingly, if methyl 
benzylpenicillinate is rci)resented by the oxazolone- 
thiazolidinc structure, tlien treatment with anhy¬ 
drous hydrogen chloride would be expected to 
yield /3-methyl penicilloyl chloride (V) or its hydro¬ 
chloride. An early attempt to effect this con- 

COCl NIT - CHCO2CH3 

1 I I 

C6II5CH2CONIICH-CIJ—S—C(CH 3)2 

V 

version (Merck, M.22, 0, 7) yielded a substance or a 
mixture of substances for wdiich the analytical data 
were not in good agreement with the values calcu¬ 
lated for the acid chloride hydrochloride. 

Following an interval during which no further 
mention of the reaction was made, reinvestigation 
of this degradation was undertaken by another 
group (Upjohn, UAO, 8, 9). Under milder condi¬ 
tions than those employed previously, methyl 
benzylpenicillinate was converted into an anti- 
biotically inactive ether-insoluble chlorine-con¬ 
taining solid, the chlorine content of which was 
lower than that required by theory for the acid 
chloride (V), its hydrochloride, or for /3-methyl 
benzylpenicilloate hydrochloride. Drying this 
product in vacuo for approximately twenty-four 
hours materially diminished its chlorine content. 
Such properties were not in keeping with those of an 
acid chloride but were of interest when considered in 
the light of certain observations made by the British 

^ «In the original OSRD and CPS reporto, the name appeared ae 
methyl peeudopenioiUiii G. 


in their study of the action of gaseous hydrogen 
chloricle on azlactones. 

Harbor, Slack and Stickings {CPS.55, 4, 9) had 
shown that gaseous hydrogen chloride reacted with 
2-phenyl-l-ethoxymethylene-5(4)-oxazolone (VI) to 

O-CO 

I I 

CjlIjC^-N—C—-CHOCjHa 

VI 

O-CO 

I I 

C6ll5C~N~ C--CIINIICJU 

VII 

O- CO 

I + I 

CeHB-C—NH- C^lIOCalU 
C1- 

VIII 

produce a crystalline solid wliich was only sparingly 
soluble in nonpolar solvents, but which reacted with 
aniline and with water to give 2-phenyl-l-anilino- 
mcthylene-5( l)-oxazolone (VII) and 2-phcnyl-4- 
hydroxymethylene-5(4)-uxazolonc, respectively, 
'rhese reactions and the analytical data indicated 
that the original reaction product was the hydro¬ 
chloride salt of 2-phenyl-4-cthoxymethylene-5(l)- 
oxazolono (VIII). Auotlu'r British group (BDH, 
CPS.56, 4) reported that whondry hydrogen chloride 
(or hydrogen bromide) was passed into a benzene 
solution of 2-phcnyI-1-iso-pr()pylidene-5(4)-oxazol¬ 
one a colorless crystalline halogen-containing solid 
was formed. Storage m vacuo caused the loss of 
significant amounts of halogen. Washing with 
other or benzene likewise caused a loss of hydrogen 
halide with recovery of the original azlactone. 
These workers also believed they had isolated the 
hyilrohalide salts of the feebly basic oxazolone. 

Such observations suggested the desirability of 
further model study of the reaction of anhydrous 
hydrogen halides with oxazolones and the study of 
oxazolone salts in general. 2-Benzyl-4-methoxy- 
methylene-5(4)-oxazolone was found (Upjohn, U.IO, 
9) to yield an ether-insoluble halogen-containing salt 
upon treatment with hydrogen chloride. This ma¬ 
terial lost all of its halogen after drying in vacuo for 
several days. The NIIRL group reported (CJO, 2, 
3) that dry hydrogen chloride reacted with 2-benzyl- 
4-hydroxymethylene- and 2-benzyl-4-aminomethyl- 
ene-5(4)-oxazolones to yield hydrochloride salts, 
the ultraviolet absorption spectra of which were 
qualitatively identical with those of the original 
oxazolones. These and other data (cf. Chapter 
XXI, p. 731) demonstrate that oxazolones react 
with hydrogen halides to produce salts and not 
acylamino acid halides. 

Attempts were also made to prepare acylamino 
acid halides by the action of phosphorus halides on 
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acylamino acids. A study of the product obtaiiu^d 
from the reaction of phosphorus tribromide and 
a-phenylacetamido-i^^/^-diethoxypropionic acid af¬ 
forded interesting and valuable information in this 
connection. The crystalline product was considered 
at first to be a-phenylacetamido-/S-ethoxyacrylyl 
bromide (IX). Later it was recognized that the 
same product was obtained by treating 2-benzyl- 
4-ethoxymethylene-5(4)-oxazolone with anhydrous 

COBr 

I 

cdhcihoomic-cuoc^iu 

IX 

hydrogen bromide (Merck, M.33, 15, 10). The 
salt-like solubility characteristics of the product 
indicated the oxazolone hydrobromide structure 
(X). The formation of this compound is explained 
logically by the following sequence of reactions. 


COoH 

(’.lhCHsCONH-Cn (’H(()(%H..h 
r 0-CO 

I + I 

C6U5Cii2C=Nn- (ticii(0C2H6)2 
Br" 

0- --CO 

I + I 

(\II5Cll2C -Nil C + C.IUOH 

Br 

X 

The rapid elimination of a molecule of ethanol from 
a i^-alkoxyazlactone is characteristic of such com¬ 
pounds. This view was soon confirmed in the case 
of the corresponding 4-methoxymethylene deriva¬ 
tive (Upjohn, LI.13a, 9, 10). a-phenylacetamido- 
/8,i3-dimethoxypropionic acid was treated with 
phosphorus tribromide in dioxane solution; the 
resulting salt was then freed of hydrogen bromide 
by reaction with diazomethane or silver oxide to 
give an excellent yield of 2-benzyl-4-mcthoxy- 
methylene-5(4 )-oxazolone. 

During this period the British (especially the May 
and Baker group) were actively engaged in similar 
studies and reported the implications of their 
results promptly and concisely. It was observed 
(Barber, Gregory, Slack, Stickings, and Woolman, 
CPS.234, 3-5, 15) that ^‘hippuryl chloride” 
(Fischer, Ber., 38, 612 (1905)), on treatment with 
water or sodium acetate,® was converted to 2-phenyl- 
6(4)-oxazolone before passing to hippuric acid. 
Similarly, a-benzamido-jS,j3-diethoxypropionic acid, 
on treatment with phosphorus tribromide, gave an 

* These investigators remarked on the use of diasomethane for ob¬ 
taining 2-phenyl-5(4)-oxasolone from “hippuryl ohloride'* (cf. Widmer 
and Karrer, Hdv. Chim. Aota, B4. 646, (1941)), but expressed preference 
for aqueous sodium aoetato. 


ether-insoluble precipitate which, on contac.t with 
water, yieldec 1 2-phenyl - 4-oth oxy me th ylene-5 (4) - 
oxazolone. 2,4-Diphenyl-5(4)-oxazolone was pre¬ 
pared analogously by the action of phosphorus 
tribromide on a-phonylhippuric acid. Those and 
other similar findings led the May and Baker group 
{CPS. 234 , 1) to report ^' . . . we have made the 
surprising (at first sight) observation that the so- 
called acid chlorides of the acyl or aroyl amino acids 
are in fact oxazolone hydrochlorides.” 

Subsequent work in this field provided further 
support for the l^ritish statement. For example, 
the azlactone of phcnaceturic acid, 2-benzyl-5(4)- 
oxazolone, resisted preparation by ordinary meth¬ 
ods, but treatment of phcnaceturic acid with phos¬ 
phorus tribromide gave good (about 70%) yields 
of the crystalline azlactone hydrobromide (Upjohn, 
IJ.lSa, 9, 10; Merck, M.50, 12). Treatment of this 
salt with anhydrous diazomethane, pyridine, or 
silver oxide gave 2-benzyl-r)(4)-oxazolone. This 
compound, being an exceedingly reactive staurated 
azlactone and lacking the resonance stability of the 
2-phenyl derivatives, \vas never obtained in the 
crystalline state.® However it reacted very rapidly 
wdth water (even witli traf‘es of moisture in non¬ 
polar solvents) to >deld the parent acid, and with 
ammonia and primary amines to form the cor¬ 
responding ami(ies, thus leaving little doubt as to its 
constitution. 

Supported by these model studies, the course for 
furthfT investigation of the reaction of anhydrous 
hydrogen chloride with methyl benzylpenicillinate 
was clearly indicated. First of all, however, these 
studies indicated that the oxazolone-thiazolidine 
structure should be inordinately unstable with 
respect to both rings. For example, 2-benzyl-5(4)- 
oxazolone and similar saturated aliphatic azlactones 
enjoy only transitory existence in the pn'scnce of 
such reagents as water and primary amines: 


rOoH 


0 - 


Ln—(!:hr' 


CO 


RCH2CONHCHR' 


RCHjC 

CONHR 

I 

RCHsCONUCHR' 

R = alkyl or aryl; R' = alkyl or substituted alkyl 


With regard to the stability of the sulfur-carbon 
linkage adjacent to the 4 position of the oxazolone 
ring, it appears most unlikely that it should persist 
intact in view of the well-established lability of such 
compounds (Carter, Handler, and Melville, J. Biol. 
Chem., 129, 359 (1939), viz.: 

*The 78-79° melting oryatals which were originally believed to be 
2-bencyl-5(4)-oxaKolone (Upjohn, U.tSa, 1, 8, 9) were later identified 
an inothyl phonaceturate (m.p, 82-83°). 
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COsH 

R 

CeHiCONllCH—inoR - 

(SR) 


O- 


-CO 


R 


I ' J, 

C.HsC^N—CH—C 
-CO 


H—OR 
(SR)J 


O 


R 


C.HsC-=N—Ci-CH + ROII 
(RSH) 


However, in spite of these indications, if methyl 
benzylpenicillinatc is correctly represented by the 
oxazolone-thiazolidine structure, then reaction with 
anhydrous hydrogen chloride should be expected 
to yield a salt (XI or XII). If the salt were not 
antibiotically active itself, treatment with a suit¬ 
able dehydrohalogenating agent should lead to a 
regeneration of the original biologically active ester. 

O-CO NH-CHCO 2 CH 3 

1 + I I I 

CeHsCHsC—NII--CII—CH~-S--*C(Cll3)2 
Cl' 

XI 


+ 

O-CO NHs-CIICO 2 CH 3 

J + I I I 

Cell 5 CH 2 C=NII—CH- CH-S—C(CH 3)2 
2C1~ 

XII 

Methyl benzylpenicillinate was indeed found to 
resemble simple oxazolones, for addition of dry 
hydrogen chloride to an ethereal solution of the 
ester produced a salt-like precipitate from which a 
halogen-free substance was obtained by the action 
of diazomethane or silver oxide (Upjohn, UJSa, 2, 
3, 12). But these products were completely devoid of 
antibiotic activity. They were given the trivial 
names, methyl benzylpseudopcnicillinate hydro¬ 
chloride and methyl benzylpseudopcnicillinate. 
While the nature of this reaction and the exact con¬ 
stitution of the products were not understood clearly 
until considerably later, the fact that they were 
without biological activity indicated that reconver¬ 
sion to the original ester had not occurred. This 
was therefore considered as evidence against the 
oxazolone-thiazolidine structure for penicillin. 

Moreover, in contrast to the model oxazolones 
which were precipitated immediately from ether 
on treatment with hydrogen chloride, it was ob¬ 
served and emphasized (Upjohn, U.lSa, 12) that 
treatment of methyl benzylpenicillinate with an¬ 
hydrous hydrogen chloride yielded a precipitate 


only after a characteristic interval of three t6 five 
seconds. This was also considered as evidence 
that the reaction was not a one-step transformation. 
At that time it was postulated (Upjohn, U.lSa, 6) 
that the reaction involved conversion of methyl 
benzylpenicillinatc to the oxazolone-thiazolidine 
hydrochloride (3CI or XII) which then passed to the 
free base on treatment with diazomethane. 

This announcement stimulated a vigorous, though 
in general short-lived, interest in this degradation 
reaction and the synthetic work which paralleled 
it. In a short time it became apparent that the 
reaction was more complicated than supposed 
originally. The various groups had difficulty in 
duplicating results (o.g., Upjohn, U.lSa] Abbott, 
AJf>; Merck, M49, 11, 16; 50, 23, 24; 51, 8, 9; 
Pfizer, P.19, 15, 16; Squibb, S.S4, 9, 11, 12). Evi- 
denc.e was soon presented to show that the hydrogen 
chloride inactivation product of methyl benzyl- 
penicillinate was not a homogeneous compound but 
a rather complex mixture (Abbott, A.15, 6). 
C/lear-cut experimental data were exceedingly diffi¬ 
cult to obtain because of the unstable nature of 
the primary product. However, after a period of 
several months and with the advancement of 
knowledge in the entire field of penicillin chemistry, 
a tenable explanation for the methyl benzylpseudo- 
penicillinate problem finally evolved (Upjohn, U.26, 
1). The ecpiations on page 913 illustrate the ap¬ 
parent course of the principal reactions. 

Treatment of methyl benzylpenicillinate (XIII) in 
ethereal solution with one or two equivalents of 
hydrogen chloride under rigorously anhydrous 
conditions results in the formation of an unstable 
salt that appears to be the oxazolone-thiazolidine 
hydrochloride (methyl benzylpseudopcnicillinate 
hydrochloride (XI). The acid chloride (XIV), 
presumably formed as a transitory intermediate, 
would, as indicated by the model studies, sponta¬ 
neously rearrange to the oxazolone salt. The salt 
was obtained as an antibiotically inactive, amor¬ 
phous, white precipitate from ether. Upon ex¬ 
posure to the moisture of the air or traces of water in 
solvents it, is hydrolyzed rapidly to /3-methyl 
benzylpenicilloate hydrochloride (XV). Because of 
this extreme sensitivity to water, evidence for the 
existence of XI hud to be obtained through the 
formation of derivatives and by the use of physico¬ 
chemical measurements. 

The hydrolysis products of methyl bcnzylpseudo- 
penicillinate hydrochloride (XI) were obtained 
readily and identified. The use of commercial 
“anhydrous*’ ether in the reaction proved to be a 
good method for obtaining substantially pure 
/3-methyl benzylpenicilloate hydrochloride (XV). 
An equally good method involved the use of 
Grignard-dried ether for the preparation of XI, col¬ 
lection of the precipitate by ordinary filtration or 
centrifugation methods and exposure of the product 
to the air of the laboratory. The j3-methyl benzyl- 
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CO—N-CHCOsCH, 

1 I I 

C.HsCHjCONHCH—CH—S—C(CII, 


3)2 

xin 

HCl (anhydrous) 

COCl Nil-CH CO 2 CH 3 

C.lIeCHsCONHCII-CII-S-CCCHs), 

XIV 


0 - 




_C0 NH-CHCO 2 CII, 

CaII»CH 2 C-=NH— in— S—i(CHs )2 (or XII) 

\ 


ci- 


IIOII/^l- 


CO 2 H mu- —CHCOaCIIj 

CsHsCHjCONH-CH-ill- S- C(CH,)s 

XV 


CFIjN, 


YT \ 

XI 

\ 

O-CO Nil-CHCO 2 CH, 

III I 

C,H 6 CH 2 C==N—CH—CII—S~ C(CH 3)2 

XVII 


C 0 ..CH 3 NH-CllCOjCH, 


CeHaCHiCONHCH- 


XVI 


-ClI-S C(CH ,)2 


o-CO Nil-CIICO 2 CH, 

I I I I 

C 6 HiCIl 2 C--N—C-==CH IIS-C(CH 3)2 

XVIII 


(JelliClIsNJL 


CellBCHaNHCO NH-- - CH COjCII, 

I I I 

CeHaCHsCONIICH-CH—S-C(CH3)2 

XIX 


penicilloate liydrochlorido thus formed was char¬ 
acterized by analytical data and by direct 
comparison with an authentic sample by means of 
infrared absorption. The hydrochloride (XV) was 
also converted to derivatives: the benzylammonium 
salt of ^?-mcthyl benzylpenicilloate and dimethyl 
benzylpenicilloate (XVI). 

More convincing evidence for the presence of an 
oxazolone-thiazolidine compound as a component of 
the reaction mixture was obtained by converting 
at least a part of this antibiotically inactive product 
to the a-beuzylamide of /3-mcthyl benzylpcnieil- 
loate (XIX) on treatment with benzylamine 
(Abbott, AJ5, 4). The compound giving rise to 
this benzylamide appears by the process of elimi¬ 
nation to be XI, for the absence of both antibiotic 
activity and of an absorption peak in 3,200 A 
region, eliminate unchanged methyl benzylpeiiicil- 
linate and methyl benzylpenicillcnatc as the 
precursors. 

A study of the ultraviolet absorption spectrum of 
the methyl benzylpenicillinate-hydrogen chloride 
precipitate and the product obtained after treat¬ 
ment wth diazomethane also indicates that XI is a 
component of the degradative mixture. In no case 


did the salt show an absorption maximum in the 
penicillenate region (3,100-3,200 A).^ 'Hiis obser¬ 
vation is an extremely critical one in that it elimi¬ 
nates methyl benzylpenicillenate (XVIII) as a 
contaminant of XI which otherwise^ might have 
been responsible for the production of the a-bcnzyl- 
amide of / 8 -methyl benzylpenicilloate (XIX), How¬ 
ever, after mild mercuric chloride degradation or 
even after treatment, with anhydrous diazomothane, 
pyridine or phosphate buffer, penicillenate absorp¬ 
tion was observed. Further to charac?terize the 
material absorbing at 3100-3200 A as methyl 
benzylpenicillenate (XVIII), it was converted, a) 
to the a-benzylamide of /if-methyl benzylpenicilloate 
(XIX) by the action of benzylamine, and b) to 
2-benzyl-4-hydroxymethylcne-5(4)-oxazolone by al¬ 
kaline hydrolysis. 

The conversion of the oxazolone-thiazolidine 
hydrochloride (XI) to the penicillenate (XVIII) by 
mild mercuric chloride degradation with or without 

f In moat oasea, the ultraviolet abnotptton of the aalt in ethyl acetate, 
chloroform or propionitrile exhibited, in addition to cud-abHorption, a 
low maximum in the region of 2,860-2,<»00 A. Since this 2,860-2,900 A 
peak could be attributed to neither j9-niethyl bonaylpeniciUoate hydro¬ 
chloride (XVj nor to the oxanolono-thmzoltdine salt (XI), it waa con¬ 
sidered as evidence for the presence of small amounts of a third compo¬ 
nent (Upjohn, 6). 
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intermediate treatment with diazomethane involves 
no theoretical difficulty. The conversion of XI to 
the penicillenate by means of diazomethane (or any 
other suitable dehydrohalogenating agent such as 
anhydrous pyridine) alone assumes spontaneous 
ring opening of tlie intermediate oxazolone-thiazol- 
idine as was to be expected on the l)asis of the model 
studies (cf. Equation on p. 912; also Merck, 

6; Harvard, \Vo.:2, 3). 

Attempts to use infrared measurements to detect 
the presence of methyl benzylpseudopenicillinate 
in tlie hydrogen chloride degradation product led 
to no clear-cut conclusion, but. interesting observa¬ 
tions were made. The early work (Shell, Sh.5, 41; 
Upjohn, 5) was inconclusive because of the 

lack of adecpiate models. Later a careful study of 
the infrared absorption of the methyl bcnzylpcnicil- 
linate-hydrogen cliloride inactivation product was 
made by the University of Michigan group in co¬ 
operation with the Upjohn group. It was ob¬ 
served that the spectrum of the ether jjrccipitated 
product was that of /fcl-methyl benzylpcnicilloate 
hydrochloride (Mich. Phys., 11). This was 
not surprising, for other saturated azlactonc hydro¬ 
halide salts were also found to hydrolyze to the 
parent acids during the preparation of the sample 
for analysis^ Mich, l^hys., R,2y 10, 11). To obviate 
the necessity of handling the extremely moisture- 
sensitive precipitate, the reaction was carried out in 
spectroscopically pure dioxane. Under these condi¬ 
tions the reaction product remained in solution and 
it was possible to carry out the reaction in the 
absorption cell. The spectrum thus obtained was 
remarkably like that of methyl benzylponicillinate 
itself throughout the double bond region, including 
the critical 5.00 fi band. On standing exposed to 
the moisture of the air, the spectrum gradually 
shifted to that of jC^-methyl benzylpenicilloate 
hydrochloride. The interpretation of these data is 
not apparent on the basis of the information now 
available. 

SYNTHETIC METHYL 
BENZYLPSEUDOPENICILLINATE 

Just as the model work discussed previously had 
suggested an interesting degradation study, it also 
pointed to a possible method for the synthesis of 
the oxazolone-thiazolidine structure. For accord¬ 
ing to the model studies, the only requirement would 
be the conversion of j^-methyl benzylpenicilloate 
to the corresponding acid halide, and this should 
spontaneously rearrange to the oxazolonc-tliiazol- 
idine salt. 

About the time the degradation work on this 
subject was initiated (Oct. 1944) satisfactory meth¬ 
ods for the S 3 rnthetic preparation of pure /S-raethyl 
benzylpenicilloate had been developed (Merck, 

• For the one exception. 2'^phenyl>5(4)-oxaeulone hydrobromide, » 
■pectrum was obtained indioatma a mixture of the aslaotono salt and 
hippuno and (Mioh. Phye., R.g, 10, 11). 


M.29, 5; SS, 6; 47, 12; Upjohn, V.lSh, 3, 10; 75, 6; 
16, 19). 

Treatment of analytically pure /3-methyl benzyl¬ 
penicilloate in ethereal solution with one or more 
equivalents of phosphorus tribromide caused the 
formation of an amorphous w4iite precipitate wdiich 
was in every w''ay analogous to that obtained by 
treating methyl benzylpenicillinatc with anhydrous 
hydrogen chloride. Hydrolysis by traces of w^ater 
yielded the penicilloate hydrohromide, treatment 
wdth bcnzylamine yielded the a-bcnzylamide of 
/3-methyl benzylpenicilloate (XIX), and treai.ment 
wdth diazomethane under anhydrous conditions 
yielded methyl benzylpenicillonate (XVIII). The 
ultraviolet absorption of the precipitated synthetic 
product was qualitatively identical with that of the 
‘^naluraU' product. Likewise the early interpreta¬ 
tion of the reaction was subject to the same con¬ 
fusion as existed for the degradation product. 

These reactions of the synthetic product require 
little discussion because they jjarallel those of the 
degradation prodind so closely. But the infrared 
studie.s of the synthetic reaction warrant more 
detailed consifleration. Eiforts directed towards 
the detection of the oxazolone-thiazolidine structure 
in the ether-precipitated synthetic substance came 
to the same end as in the case of the degradative 
material. The hydrolysis product, j0-methyl benz- 
ylpenicilloate hydrohromide', w^as the only detect¬ 
able compound. Again, 1o avoid manipulations 
involving the unstable pi*e(‘ipitate, the reaction w^as 
carried out in purified dioxane. Under these 
conditions a substance wais produ(*ed w^hich gave 
rise to an infrared absorption spectrum possessing 
all of the double bonds of methyl benzylpenicillinatc 
together with those of /3-methyl benzylpenicilloate 
(Mich. Phys., Upjohn, Mich. Chem., Joint Report, 
RAO), The 5.60 fx and 5.96 fx bands were appar¬ 
ently identical with those in methyl bcnzylpenicil- 
linate and both were clearly resolved from the 
penicilloate spectrum. A hydrogen bromide band 
could also be accounted for, but no evidence for the 
presence of methyl bcnzylpenicillenate could be 
detected in the ultraviolet absorption. 

The group concerned with the infrared spectra 
(Mich. Phys.) was confident that methyl benzyl- 
penicillinate w'^as present in the reaction mixture,® 
but repeated attempts to isolate antibiotically active 
material from similar reaction mixtures failed even 
when ^‘naturaU' j^-methyl benzylpenicilloate was 
used.^® Since no product has been isolated pos¬ 
sessing the absorption spectrum characteristic of the 
original dioxane reaction mixture, no conclusion can 
be reached as to the identity of the component 
giving the penicillin-like absorption in the infrared. 

* Such deductions based on infrared absorption data had proved valid 
in the ca^e of another synthetic reaction, namely, the condensation of 
2-bensyl-4-methoxymoihylen(v-5(4)>oxasolone and i>>penieillamine hydro¬ 
chloride, With this reaction product, the intensity of the 5.6 absorp¬ 
tion was directly proportional to the antibiotic activity. 

*• In one run, using "natural” /8-methyl bensylpenicilloate, a low order 
of activity was detected, but these results were never duplicated. 
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EXPERIMENTAL 

From the experimental data on this subject which 
appeared in the OSRD and CP^ reports only those offering 
pertinent facts and conclusive results arc reproduced here. 
In some instances the present interpretation of these results 
varies somewhat from the original. While it is not practical 
to refer directly to all of the reported results, it should be 
mentioned that the present interpretation for the reactions 
outlined on page 913 is consistent with virtually all of the 
data available. On the other hand, the authors admit that 
the data supplied herein do not offer final and unequivocal 
proof for this hypoth(‘sis. 

MODEL STUDIES 

The. Action of Anhydrous Hydrogen Halides on Az- 
lactones. 

2-PuKNyL-4-Hyi)HOXYMETIlYLi:NE-5(4)-()XAZOIX)N10 HYDRO¬ 
CHLORIDE (Barber, Slack, and Stickings, CPS.65, 9). The 
oxazolone (1.0 g.) was dissolved in glacial acetic acid (10 cc.) 
containing a trace (0.1 cc.) of acetic anhydride. After 
saturation with dry HCM gas at 10° the rnixiure was left to 
stand at room temperature. Crystals began to separate 
after a few hours and were removed after the mixture had 
been standing overnight (0.0 g.). A further crop of less 
pure material was obtained by removing excess hydro¬ 
chloric acid from the liquors. After crystallization from 
acetone, the colourless crystalline material melted at 
153-154° (dec.). 

Calc, for CioITtOiN-HCI: N 6.2; Cl IG.O. 

Found: N 0.0, 0.1; Cl 14.8 to 17.1. 

The product gave a strong greenish-blue color with ferric 
chloride solution and, oii standing for 2 hours with water, 
gave 2-phenyl-4-hydroxyrnethyjene oxazolone, in.p. 138-140° 
(undepressed with authentic specimen j. The acpieous 
liquors contained 0.75 mol. proportion of free HCl. The 
free hydroxymethyleiie compound was also formed by the 
action of dilute sodium carbonate solution. 

2-Phenyl-4-iso-propymi>kne-5(4)-oxazolone Hydro- 
halides (BDH, CPS.dGj 4). Dry hydrogen chloride passed 
into a biuizeno solution of 2-phenyl-4-iso-propylidcne- 
oxazolone rapidly precipitated a colorless crystalline solid, 
probably the hydrochloride of the oxazolone. A similar 
product formed witli hydrogen bromide. The hydrochloride 
lost hydrogen chloride when it was washed with other or even 
with benzene. A specimen kept in vacuo during 3 days 
contained only 4.8% of chlorine; rocrystallisatiou from 
benzene then gave the original azlactone. The azlactonc dis¬ 
solved in cold concentrated hydrochloric acid forming a 
solution from which a mixture of the azlactone and 
a-benzoylominodimethylacrylic acid was precipitated on 
adding water. A colorless insoluble product formed when a 
benzene solution of the azlactone was shaken with con¬ 
centrated sulfuric acid. A product crystallised rapidly when 
ethereal solutions of the azlactone and p-tolucncsulfonic acid 
were mixed but, after separating and washing with ether, the 
composition did not correspond with that of a simple salt. 

2-Brnzyl-4-etiioxymbthylene-5(4)-oxazolone Hydro¬ 
bromide (Merck, M.SSy 15,16). Dry hydrogen bromide was 
passed into an ether solution of 2-benzyl-4-ethoxymf‘thyIenc- 
5(4)-oxazolone. A white precipitate immediately resulted. 
This product is apparently the same as the one obtaiiiecl by 
reacting phosphorus tribroinidc with the diethylacetal of 
penaldic acid in dioxaiM^, as the products from its re»actions 
with aniline, morpholine, piperidine, and benzylaminc give 
the same products as those already prepared. Previously 
this product was assumed to be a-phenyIacotylamino-/3- 
ethoxyacrylyl bromide, but much evidence indicates that it 
may be 2-bcnzyl-4-ethoxymetliylcne-5(4)-oxazolone hydro- 
bromide. Three facts which suggest that it is an oxazolone 
hydrobromide are: 


1. Ethanol is split out when the product is formed from the 
diethylacetal of penaldic acid. 

2. It is almost insoluble in organic solvents such as dioxane 
and ether. 

3. In many n*acti()ns it gives the same products as 
arc obtained from 2-berizyl-4-h>'droxymethylcne-5(4)- 
oxazolone. 

Azlactonization of Acylamino Acids with Phosphorus 
Halides. 

2-PiiENYL-5(4)-oxAZOLONE. Action of Phosphorus Tri^ 
bromide on Hippuric Acid (Barber, tlrcgory, Slack, Stick¬ 
ings, and Woolnian, CPJS.dd/j, 15). Hippuric acid (2.0 g.) 
in dioxane (15 cc.) was tr(*afed with pliosphorus tribroinidc 
(2.0 (*(*.). All tlie acid nipidly passed into solution and a 
crystalline precipitate s(‘pjirated almost immediately. This 
was filtered, washed with diy ether, and treatc'd wuth excess 
aqueous sodium acetate and ether. The ethereal solution 
was washed once with watt*r, the solution dried and evapo¬ 
rated at a low temperature to giv(* 2-pl)enyloxazolone (1.0 g.) 
m.p. 86-88°, undepressed by admixture with an authentic 
specimen (see also, Upjohn, U.lSa, 10. 11). 

Action of Phosphorus Pentachlonde on Hippuric Acid 
{CPS.2SJf^ 15). Finely ground hippuric acid (4 6 g.) in acetyl 
chloride (45 ec.) w'as treated with pliosphorus pentachloride 
(5.0 g.). After shaking for sevcTal hours, parctically all of 
the hippuric acid had dissolved and a ctilorless crystalline 
material slowly separated. This was collected after standing 
overniglit at room temperature (3.3 g.), washed witli petro¬ 
leum ether (40-00°) and poured into excess aijueouB 
sodium acetate solution and ('tlu^r. The ethereal layer w^as 
washed onee with w'aler, dried and evaporate<l as in the 
previous experiment to give 2-phcnyloxazolone, m.p 85-87°. 

2-Benzyl-5(4)-oxa/ol()nb Hydrobromidb (Upjohn, 
U.lSa^ 8). Phosphorus tribromide (7.1 g.; 0.026 mole) was 
added to a solution of 5.5 g. (0.028 mole) of recrystallized 
phenaeeturic acid in 50 ml. of purified, anhvdrous dioxane 
at room !< mjH niture The char colorh'ss solution soon 
b(‘caiiie somewhat yellow^, and in about fifteen minut(‘S color¬ 
less needles began to deposit. AftcT one to two hours the 
needles were centrifuged, the dioxane decanted, and the 
product washed thoroughly with etlicr by centrifugation. 
The product, m.p. 137-138°, was extremely sensitive to air, 
rapidly becoming gummy on exposure. 

A portion of tliis product, Busp(‘iid(‘d in dry ether, w^as 
treatexl with pyridine. The mixture was filtered and » few 
drops of benzylamine w^ere added to the clear, halogen-free 
filtrate. Within a few seconds, fine needles separated. 
After being washed w'ith ether and dried, the product melted 
at 107-170°. One recrystallization from ethanol gave 
glossy colorless plates, m.p. 175-176°, alone and upon ad¬ 
mixture with an authentic sample of ph<*naeeturic acid 
benzylamide. The overall yield of benzylamidc was about 
70%. Upon addition of gaseous ammonia to a similarly 
prepared ethereal solution, the amide of phenaeeturic acid 
was obtained, m.p. 173-174°. Water converted the crystal¬ 
line hydrobromide to phenaeeturic acid, m.p. 143-143.5°. 
Neither derivative depr('ss(‘d lh(‘ melting point of an authen¬ 
tic sample. 

Diazomethane and silver oxide were also used to remove 
the hydrogen bromide. When an ethereal solution of 
diazomethane (dried over soda lime) w^as used to liberate 
the free oxazolone from its hydrobromidc salt, con cent ration 
of the resulting solution in eocuoyielded a mixture of crystals 
and oil. These crystals, m.p. 77-78°, were identified as im¬ 
pure mctliyl ph(*naceturate resulting from hydrolysis of the 
azlactone by tlie traces of w^ator in the ethereal solution and 
methylation by the diazomethan(‘. 

These results have been verified in several laboratories, 
e.g., by the Merck group (MM), 12). By taking added 
precautions against the presence of small amounts of water, 
a material was obtained which exhibited properties expected 
of the oxazolone. In this experiment the phosphorus tri- 
bromide precipitate was washed with dry dioxane, Suspended 
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in dry ether, and treated with an excess of ethereal diazo- 
methane whicli had been dried over sodium wire and redis¬ 
tilled. The solution was decanted from a small amount of 
solid which had not dissolved and evaporated under reduced 
pressure. The product was a yellow-orange oil which 
became darker and viscous on standing overnight. This 
material reacted with benzylamine in benzene as would be 
expected of the oxazolonc. A freshly prepared sample 
showed 71% azlactone equivalent; another sample which 
had been kept in a stoppered flask for several days and had 
become quite viscous showed an azlactone equivalent of 
67%. A qualitative test for phosphorus on the original oil 
was negative. The benzylamide isolated from the reaction 
with benzylamine melted at 162-170°. On recrystallization 
form acetone-chloroform it melted at 170-172°. 

2-BBNZYL-4-MKTHoxyMBTHYLEisrE-5(4)-oxAZOLONK (Up¬ 
john, U.lSa, 9). To a solution of 3.0 g. (0.011 mole) of the 
dimethylacetal of benzylpcnaldic acid in 25 ml. of dry, freshly 
purified dioxane was added 6.1 g, (0.022 mole) of phosphorus 
tribromide. Crystallization commenced within a few 
minutes. After standing overnight in the refrigerator, the 
crystals were removed by filtration, washed thoroughly with 
dry ether and, while still covered with ether, tran8f<‘rred to a 
desiccator and dried in vacuo at room temperature; yield, 
2 9g.;m.p. 118-120°. 

A 2.0 g. portion of the above product was suspended in dry 
ether and treated with ethereal diazomethane. The reagent 
was decolorized rapidly and gas was evolved. Addition of 
diazomethanc was continued until the yellow color persisted 
and virtually all of the solid had dissolved. C'oncentration 
of the ethereal solution in vacuo gave 1.4 g. (96%) of very 
pale yellow crystals, m p. 91-93° (undepressed on admixture 
with an authentic sample). 

Another portion of the product from the action of phos¬ 
phorus tribromide on the propionic acid derivative was 
shaken with dry silver oxide in anhydrous ether. The 
precipitate of silver bromide and excess oxide was removed 
and the clear filtrate concentrated in vacuo. The pale 
yellow, crystalline product melted at 88-90°, On admixture 
with 2-benzyl-4-methoxymof hylene-5(4)-oxazolone (m.p. 
91-93°) the melting point was 90-92°. 

Other examples f)f azlactonization of acylainino acids by 
the action of phosphorus tribromide are listed below. 


Acid 

Azlactone 

Ref(*rence 

Diethylacetal of 

2-Phpnyl-4-eth- 

Mav and Baker, 

benzylpcnaldic 

acid. 

oxymcthylone- 

5(4)-oxazolone 

CPS.234, 15 

a-Phcnylacetamino 
iso-butyric acid 

2-Benzyl-4,4-di- 
methyl-5(4)-ox- 
azolone 

Pfizer, P.Sl, 9, 10 

Mandelylalanine 

4-M ethyl-2-benz- 
ylidene pseudo- 
oxazolone 

Oxford, CPS.491, 
1,2 

N '-of-Benzamido- 

2- (N-Benzoyl-d,3- 

Wellcome Chem. 

/S,3-diethoxypro- 

diethoxyalanyl)- 

Research Lab., 

pionyl penicill¬ 
amine. 

4-dimethyl thio- 

methyl-5(4)-ox- 

azolonc 

CPS.S/A 3 

a-Phenylhippuric 

2,4-Diphonyl- 

May and Baker, 

acid. 

5(4)-oxazolonc 

CPS.SS4. 15 


DEGRADATION STUDIES 

Formation of Methyl B^nzylpseudopenicillinate Hydro¬ 
chloride and Its Conversion to /^-Methyl Benzylpenicilloate 
Hydrochloride by Traces of Moisture (Upjohn, f/./5a, 12, 
13; 4). To a solution of 400 mg. (1.24 m. mole) of 

methyl benzylpenicillinate (m.p. 91-92°, activity 40 U./mg.) 
in 40 cc. of commercial anhydrous ether, in a centrifuge tube 


cooled in an ice-bath, was added 28.8 cc. (1.28 m. mole) of 
anhydrous hydrogen chloride gas. Within three to five 
seconds, but not immediately, the solution became cloudy 
and a flocculent white precipitate formed. The reaction 
mixture was allowed to stand for fifteen hours in the refriger¬ 
ator, and the powdery white precipitate was then separated 
by centrifugation. After washing several times with dry 
ether the product was dried in a desiccator. Yield, 389 mg. 
(91%), m.p. 101-103° (dec.). The ultraviolet absorption 
spectrum in purified ethyl acetate indicated the presence of a 
trace of an unidentified impurity. In addition to typical 
pcnicilloate end absorption a weak maximum (Eioui.^^ 
about 30) was observed at 2,850 A. Initial rotation, 
+67°. 

Calc, for CivILsN^O^SCl: 

0, 50.68; H, 5.75; N, 6.95; S, 7.06; Cl, 8.80; OCH,, 7.96 
Found: 

C, 50.53; II, 6.07; N, 7.04; S, 7,30; Cl, 8.19; OClla, 8.01 

Formation of Methyl Benzylpseudopenicillinate Hydro¬ 
bromide and Its Conversion to ^-Methyl Benzylpenicilloate 
Hydrobromide by Traces of Moisture (Upjohn, f/./6*, 12). 
A solution of 165 mg. (0.47 m. mole) of methyl benzylpenicil- 
linate in 15 cc. of commercial anhydrous ether was cooled 
and treated with 12.1 cc. (0.51 rn. mole) of anhydrous hydro¬ 
gen bromide gas. A precipitate formed at onec. After 
standing in the cold for several hours the precipitate was 
collected by centrifugation, washed w'ell with dry ether, and 
dried in vacuo. Yield, 132.9 rng. (62%); m.p. 103-105° with 
sofUming at 95°. As in the ease of the hydrochloride, ultra¬ 
violet absorption analysis of this sample showed in addition 
to the typical periieilloate end absorption a maximum at 
2,860 to 2,880 A with Ejem.* 41 (in ethyl acetate). 

(^alc. for (hTlInNaOiSBr: 

C, 45.7; II, 5.18; N, 6.27; S, 7.12; lir, 17.85 
Found: C, 45.4; II, 5.15; N, 6.28; S, 7.10; Br, 16.49 

The infrared absorption of a similarly prepared sample was 
determined by the Universitv of Michigan Physics group, 
using Nujol smears and chloroform solutions. It was found 
to be identical throughout the entire 2 /i lo 12 m region with 
nn authentic synthetic specimen (Mich. Phys., R.2, 11). 

Conversion to Dimethyl Hen/ylpenicilloate (Up¬ 
john, UJS, 12). Treatment of the hydrochloride obtained 
as above with excess ethereal diazomethane, filtering the 
solution, and eoneentrating it in vacuo yielded an oil which 
failed to crystallize, llowi'ver, the analytical data are 
in fair agreement with those calculated for dimethyl 
benzylpenicilloate. 

Calc, for Ci8H24N20fcS: C, 56.80; II, 6.37; N, 7.36; S, 8.43 
Found: C, 57.87; H, 6.42; N, 7.81; S, 8.61 

A sample of the hydrobromidc after treatment with 
diazomethane was found to exhibit the “pcnicilloate effect*' 
(Merck, M.ldy 3) in the same way as did a sample of syn¬ 
thetic dimethyl benzylpenicilloate (Upjohn, (7.17, 1, 3-4). 

Control Experiment To a solution of 0.361 mg. of di¬ 
methyl D-y-benzylpenicilloate in absolute ethanol was added 
0.257 mg. of mercuric chloride in absolute ethanol. The 
volume was made up to 10 cc. After seventy minutes the 
reaction mixture showed an absorption maximum at 2,800- 
2,810 A E,cm.'258. 

Reaction with the Diazomeihane-treated Hydrohromide* An 
excess of ethereal diazomethanc was added to 0.459 mg. of 
the hydrobromide. After removal of excess reagent and 
solvent, the residue was taken up in absolute ethanol and 
treated with an absolute alcoholic solution of 0.278 mg. of 
mercuric chloride. The reaction mixture was made up 
to 10 cc. After sixty-four minutes, the reaction mixture 
showed a maximum at 2,820-2,840 A with E 227, 

Reaction of Hydrogen Chloride-inactivated Methyl 
Benzylpenicillinate with Benzylamine. The reaction of 
benzylamine with this antibiotically inactive, penicillenata* 
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free degradation product to produce the benzylamide of 
/9-methyl benzylpenicilloatc provides convincing although 
not conclusive evidence that methyl b<*nzylpseudopcnicil- 
linate hydrobromide is a component of the degradation 
mixture. In the following experiment (Abbott, 4) 

ether dried with ethylmagnesium bromide was used through¬ 
out. To a solution of 556 mg. of benzylpcnicillin methyl 
ester in 50-55 cc. of ether one equivalent of HCl dissolved 
in ether was added. In a few seconds a turbidity appeared. 
The reaction mixture was kept ov(*rnight in the refrigerator. 
The precipitate was collected, washed with ether and dried 
leaving a non-hygroscopic, non-crystalline powder, m.p. 
93-106“, isomeric with the hydrochloride of ^-methyl 
penicilloate. 

Calc, for C, 7 H 2 o 04 N 2 S HC1HjO: 

C, 50.7; H, 5.77; N, 6.06; S, 7.05; Cl, 8.81 
Found: C, 50.37; H, 6.09; N, 6.81; S, 7.92; Cl, 8.36 

To a suspension of 108.6 mg. of the above product in 2 cc. of 
dry ether, 100 mg. of benzylamine dissolved in 1 cc. of ether 
were added. The suspended material immediately became 
gummy. It was triturated with 0.5 cc. tert.-butyl alcohol 
until it became friable. After standing, the ether solution 
was washed with dilute HCl, with buffer pH 7 and finally 
with water. After being dried with sodium sulfate*, the 
solution was evaporated, leaving 45 mg. of product. Crys¬ 
tallization from methanol-ether gave 20 mg. (tight ball of 
needles) melting at 104°-112®. Recrystallization of this 
from methanol-cthcr gave 7.3 mg. of product melting at 
163-165° and which gave no depression of melting point 
when mixed with the high melting form of the a-benzylamide 
of /9-methyl penicilloate. 

Calc, for (^24H2»04N,S: N, 9.23 
Found: N, 9.54 

No pure 116-118° melting isomer could be obtained. 

Reaction of Diazomethane-treated Methyl Benzylpseudo- 
penicillinate Hydrochloride Mixture with Benzylamine. 
The formation of the a-benzylamido of /9-methyl benzyl- 
penicilloato bv Iht* action of benzylamine upon the diazo- 
methanc-treated hydrochloride presumably involves the 
intermediate formation of methyl b(*nzylpenicillenate as 
shown in the flow sheet (page 913, XI —» XVII —♦ XVIII —► 
XIX). The following experiment ivas carried out in the 
Abbott Laboratories {A Jo, 10) An ethereal solution of 
121 mg. of the diazomelhane-treated hydrogen chloride 
degradation product was treated wuth benzylamine. After 
standing for sevt'ral days the solution was diluted with 
Skellysohe R, whereupon 24 mg. of a product melting at 
111-116° was obtained. On standing, the mother liquor 
deposited an additional 7.2 mg. of crystals which softened 
slightly at 115° and melted at 128-131°. Upon recrystal¬ 
lization from methanol-ether, the material melting at 111- 
116° yielded 6.2 mg. of needles melting at 161-164°. A 
mixed melting point with the a-bcnzylamide of ^-methyl 
benzylpenicilloatc melting at 163-165° showed no depres¬ 
sion. None of the isomer melting at 116-118° w&a obtained. 

Under the conditions used for this experiment a consider¬ 
able amount of dimethyl benzylpenicilloatc would un¬ 
doubtedly arise from hydrolysis of the salt to /9-inethyl 
benzylpenicilloatc hydrochloride and subsequent cst<*rifica- 
tion and dehydrohalogenation by the action of diazomethane. 
The following experiment (Upjohn, post-contract work) 
indicates that the procedure employed above does not con¬ 
vert dimethyl benzylpenicilloatc to the o-benzylamide. 
Dimethyl n-y-benzylpenicilloate (432.8 mg.*) was dissolved 
in 60 ml. of commercial anhydrous ether by warming and 
treated with 0.4 ml. (3.7 equiv.) of benzylamine. The solu¬ 
tion was allowed to stand at room temperature for twenty- 
four hours. No solid separated. Removal of most of the 
ether in vacuo yielded a slurry of crystals. High boiling 
petroleum either was added, the crystals collected and 
washed with high boiling petroleum ether. Further con¬ 


centration and cooling yielded a second crop of colorless 
crystals. After thorough drying, the total recovered diester 
weighed 419.9 mg. (97%). This material melted at lUF 
111° alone and on admixture with the starting material. 
No evidence for the formation of the a-benzylamide was 
detected. 

Evidence for the Spontaneous Conversion of Methyl 
Benzylpseudopenicillinate to Methyl Benzylpenicillenate 
(see p. 913, XVII -♦XVIII). The isolation from in(*thyl 
benzylp(‘nicillniat{' (Abbott, A.Sy 2, 3) and characterization 
(Merck, M 40\ 1-14, et srq ) of methyl benzylpenicillenate 
have been accomplished admirably by tlie Abbott and Merck 
groups. Abundant data are available to show that methyl 
benzylpseudopcnicillmate hydrochloride (XI) yields methyl 
benzylpenicillenate upon treatment with any dehydro- 
Imlogcnating agent w’hicli is incapable of reaction with the 
oxazolonc ring. This oliservation is significant, for it must 
be taken to mean that the free oxazolone-thiazolidine struc¬ 
ture (XVII) is capable of only fleeting existc'iice. 

Absence of Methyl Benzylpenicillenate in the 
HYDRO ciiLoniDE. A Sample of the hydrogen chloride de¬ 
gradation product (prepared in tlngnard-dricd ether) 
exhibits no penicillcnate typo absorption. The following 
data (Abbott, AJ5, 5) are t 3 "pical. The 2,809-2,950 A 
absorption is that of the uncharaeterized component men¬ 
tioned previously. 

The hydrochloride was soluble in ethvl acetate to the 
extent of only 1.9 mg. /cc. The saturated solution seemed to 
deposit a small amount of solid which became oily in an hour 
or BO. 

A solution containing 0.0156 mg./cc. gave the following 
absorption values: 


A. 20 minutes after preparing solution: 


niM 

265 

27()' 

280 

290| 

295 

300 

310 

320 

330 

... 

86 

96j 

]2^ 

138| 

139 

136 

125 

107 

79 


B. 80 minutes after preparing solution: 


ium . 

E,.„, 

265 

270 

96 

2801 

120j 

1 

-1 

200 

133' 

_1 

r 

295 

133 

300 

130 

310 

117 

1 

320 

98 

330 

72 

C. 24 hours after preparing solution: 

i 

nift. 

270 

275 

280 

1 

285 

290 

800 

310 

1 

320 

330 

E.,„. 

93 

98 

103 

101 

95 

74 

51 

1 35 

26 


Treatment with Diazomethane (Abbott, A.15, 8). 
HCl gas was bubbled through a solution of 507 mg. of methyl 
penicillin in 60 co, of commercial anhydrous ether. In 
1-1.5 minutes a permanent turbidity developed. After 
4 minutes, the white hydrochloride was collected by centrif¬ 
ugation and then washed with two 10 cc portions of ether 
with minimum exposure to air. The hydrochloride was 
suspended in 25 cc. of ether and an ether solution of diazo- 
methane slowly added. After one hour the ether solution 
was removed from several milligrams of unreacted gum and 
the solvent, and most of the excess diazornelhane was 
removed in a stream of nitrogen. The residue was taken up 
in 8 cc, of ether and washed with 5 cc. of dilute phosphate 
buffer (pH 7), 5 cc. of water and 3 cc. of water. The ether 
solution was dried with anhj^drous sodium sulfate and 
aliquots used in the following determinations: 

An ethereal solution containing 0.065 mg./cc. gave the 
following absorption values: 


mfi 

230 

240 

250 

260 

270 

280 

290 

300 

310 

320 

330 

340 


800 

876 

600 

338 

638 

985 

1,350 

1,090 

1,920 

1.820 

1,300 

648 
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Except for a slight increase in the 310 m/* absorption, a sam¬ 
ple kept dry overnight or in ether for several days at room 
temperature showed no significant change in absorption 
spectrum. 

A sample was dric^d in vacuo over P 2 O 6 for 0.5 hour, then 
one hour at room temperature. 

Calc, for O17II20O4N2S: C, 58.00; H, 5.79; OCIL, 8 91 
Calc, for Ci«H 2404N2S: C, 56.8 ; II, 6.37; OCH*, 10.3 
(dimethyl penicilloate) 

Found: C, 57.28; H, 6.44; OCII 3 , 14.07, 14.51 

Although there was additional evidence for the presence of 
a large amount of dimethyl i)enieilloate, only 2.2 equivalents 
of iodine per mole were taken up under conditions which gave 
a result of 6.2 equivalents of iodine per mole of the benzyl- 
amine salt of tlie benzylamide of benzylpenieilloic acid. 

'i'ltration in 50% ethanol showed the presence of 1.04 
equival(‘nt of a group having pK 2.9 and 0.31 eijuivalent of a 
group having pK 8.7. After two hours at pH 12, back 
titration indicated the formation of 0.88 ('quivalent of an 
acid group. 

Prccipitatum with HgCAi 9). Upon tlie addition of 

an ethen'id solution of HgC'lj to the etliereal solution of 
methyl benzylps(‘udopeniciIlin, an instantaneous jirecipita- 
tion occurred. In dioxane solution the product gave Km of 
8,536 at 315 m^i assuming a luoleeular weight of 600. The 
al)S()rption indicated that not more than 25% of this prepara¬ 
tion could have the azlactone-thiazolidinc structure. 

Trmimvni with Pyridine (AJSy 10 ). To a su.spen.sion of 
203 mg. of the llC’’! precipitate of njoth>l benzv Ipi'nicillin 
(obtained fiom the action of 1 mole of IICI in C JUMgHr- 
dried ether) in 3.0 ec. of dry ether, 50 mg. of pyridine in dry 
ether were added. No apparent action took place. 100 mg. 
inon‘ pyridine and 1 ec. of water were added. Hy thorough 
mixing of the aqueous and ether layers, tlie suspended 
hydrochloride quickly dissolved. The ether la.M^r was 
washed with dilute aeid, with buffer, pH 7, and with water. 
The sodium sulfate-dried ether solution left 48 mg. of a 
glassv solid on evaporation. This substance (in ether) 
gave EM 19,800 at SlOni/u. 

Treatment with pH 7 Phosphate Buffer (AJO^ 2). To a 
solution of 105 mg. (0,32 millimole) of benzylpenieillin in 
15.5 ce. of carbon tetrachloride (dried over P 20 fe), 3 ee. of a 
0 115 N solution of hydrogen chloride in carbon tetrachloride 
(0.345 millimole) was slowly added. A floccYilent precipitate 
formed almost immediately and the solution became yellow. 
After standing one hour in the refrigerator the precipitate 
was washed with carbon tetrachloride to give 90 mg. of 
yellow nonhygroscopic amorphous powder. Em “ 4,950 at 
290 mg. 

A suspension of 49.7 mg. of the above preparation in 2 cc. 
of dry ether was shaken with pH 7 phosphate buffer. Two 
clear solutions resulted. The buffer was extracted with 
additional 2 , 1 , and 1 cc. ether portions, the ether solutions 
combined, washed twice with water, and taken to dryness in 
vacuo. Weight of amorphous yellow powder » 12,0 mg. or 
24% of original. Em “ 9,060 at 318 m/*. 

Treatment with Mercuric Chloride (Upjohn, V.16^ 3, 10). 
Wfhile this reagent cannot be considered in the same category 
with the previously considered reagents (dehj'drohalogenat- 
ing agents), it does under mild conditions degrade methyl 
benzylpenicillinate to methyl benzylpenicillcnate. There¬ 
fore, if the hydrogen chloride degradation product contains 
the oxazolone-thiazolidine hydrohalide as a component, 
treatment with mercuric chloride under the proper conditions 
should yield methyl benzylpcnicillenate. This has been 
found to be the case, although the yield of penicillenate-like 
material was always low. 

In a typical experiment (17./7, 2 ) a sample of the hydrogen 
bromide degradation product (inactive on bio-assay; Eicm * ^ 
60.7 at 2,880 A) was suspended in dry ether and treated with 
ethereal mercuric chloride. The resulting chlororaercuri 
complex showed a maximum (Eion.^^* 58) at 2,940-2,950 A 


in dioxane solution. Decomposition of this material by 
hydrogen sulfide in the presence of phosphate buffer and 
ether yielded a penicillenate-like substance from the ether 
extract which exhibited a band at 3,160-3,170 A (Em 5,800 
assuming molecular weight of 348). 

Further Evidence for the Identity of the 3,100-3,200 A 
Absorbing Material as Methyl Benzylpenicillenate (Upjohn, 
U.16, 11 , 12). A suspension of 527 mg. of the hydrogen 
chloride degradation product in dry ether was treated with 
two equivalents of ethereal mercuric chloride. The precipi¬ 
tate changed in character almost immediately. After five 
minutes the solution was centrifuged and the residue washed 
twice with anhydrous ether and dried in vacuo. The 
chloromcrcuri compound was suspended in phosphate buffer 
(pH 7), covered with ether, and decomposed with hydrogen 
sulfide. The ether layer was separated, and the aqueous 
phase was extracted repeatedly with ether. The combined 
extracts were dried and the solvent removed. The residue, 
242 ing. of yellowish oil, showed a maximum of Em 1,070 at 
3,165 A (in absolute ethanol). This crude oil was hydro- 
lyze<l with 2.455 N sodium hydroxide according to the 
Merck procedure 12 ) for the formation of the sodium 

salt of 2-henzyl-4-hy(lroxymethyJene-5(4)-oxazc)lone from 
methyl bciizyljH'nicillenate. After dilution with water and 
filtration, the hydrolysate showed an absorption band at 
2,960 A (Km about 980). Hydrolysis (by the same pro¬ 
cedure) of 100 mg. of a similar product gave a low yield of 
solid inat(‘rial. After centrifuging, the crude solid was 
washed with cold iiK^thunol and dried in vacuo. Yield 
1.617 ing. This product softened at about 210^, darkened 
gradually and finally decomposed at about 240° (micro 
block). Acidification of a drop of the aqueous alkaline 
mother liquor yu'lcled a white solid which gave a deep blue 
color with ferric chloride solution. 

Fractionation of the Hydrogen Chloride Degradation 
Product with Buffer (Abbott, A.15, 6 - 8 ; /(?, 4 ). To a 
solution of 958 ing. of methyl benzylpenicillinate in 90 cc. of 
commercial anhydrous ether, one equivalent of a 0.41 A solu¬ 
tion of hydrogen clilonde in cUht was added with stirring. 
Botb solutions were cooled to 5-10° before mixing. Turbid¬ 
ity resulted almost immediately. After standing overnight, 
the yellow precipitate was washed with dry ether and dried to 
give the theoretical yi(*ld of hydrocliloride. 

The latter was suspended in 38 cc. of dilute pH 7 phosphate 
buffer and shaken with 50 cc. of etlicr. A yellow gum 
(185 mg.—Fraction A) was formed. This was insoluble in 
buffer, ether, or Skcllysolvc B, but soluble in methanol. 
AfU'r removing the ether and buffer from the gum, the clear 
aqueous and yellow ether layers were separated and the buf¬ 
fer solution extracted with additional 30, 20 , and 10 cc. por¬ 
tions of ether. These colorless ether extracts were added to 
the first extract and the combined extracts washed with 6 and 
4 cc portions of water, the washes being added to the original 
buffer solution. 

The ether solution was evaporated to dryness in a stream 
of nitrogen under diminished pressure to give 263 mg. of 
yellow oil (Fraction B). 

The buffer solution was acidified at 0 ® to pH 2 with H 1 SO 4 
and extracted with 50, 35, 20, and 10 cc. portions of ether. 
The extracts were combined and washed with 7 and 3 cc. 
portions of water. The ether was removed in a nitrogen 
stream and the residue dried in vacuo to a fluffy white solid 
weighing 100 mg. (Fraction C). Extraction of the acidified 
solution with ethyl acetate gave only 40 mg. of additional 
material. 

In the ultraviolet Fraction A, the yellow gum, exhibited in 
addition to end absorption a low maximum at about 2,800 A 
with Eioro.'*^® 3.9 (0.26 mg./cc. of methanol). The crude 
neutral oil (Fraction B) when dissolved in ether (0.036 mg. /cc. 
of ether) absorbed strongly in the penicillenate region: a 
peak at about 3,100 A (Em 6,500) and a minimum at about 
2,600 A (Em 830). A benzene solution of this fraction was 
chroma^graphed on dry silica gel. Some color was re¬ 
moved in the early fractions, but the bulk of the material 
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passed through with a 1:3 acetone>benzene mixture. This 
purified fraction gave Em 7,260 at 3,150 A. The material 
was stored for several days in the refrigerator. Titration 
indicated the development of some acidity during this 
storage, due presumably to water in the ether. Addition of 
bonzylamine immediately produced a precipitate, which 
was collected and crystallized several times from a mixture of 
cyclohexane and acetone. Tlie product melted at 133-135® 
with decomposition and was apparently the benzylamine salt 
of /3-mothyl n-a-benzylpenicilloate (Merck, 22). The 

yield was about 20% of Fraction B. The analytical data on 
this benzylamine salt support the formula C 24 Hji 06 NiS in 
contrast to the salt reported by the Merck group, which 
contained one molecule of water and melted at 138-140® 
after recrystallization from methanol and ether. 

Calc, for C 24 H 3 iOeN,S: O, 61.0; H, 6.6 
Found: C, 61.0; H, 6.9 

Ultraviolet absorption analysis of Fraction C, the acidic 
material, in ether solution revealed only end absorption with 
phenyl maxima at 2,530, 2,580, and 2,640 A. Iodine titra¬ 
tion showed an uptake of 5.4 equivalents of iodine per mole 
assuming molecular weight of 366. Titration indicated the 
presence of 81 % of an acid group of pK 3 9, based upon 
the same molecular weight value. 'J'hesc* data and the 
analysis indicate that Fraction C is mainly /y-methyl 
benzylpimicilloate. 

Calc, for CnH^iO.NaS: C, 55.8; H, G.IO; N, 7.65 
Found: C\ 55.7J, II, 6.42; N, 7.13 

SYNTHETIC STUDIES 

The results obtained in the resi'arch directed towards the 
synthesis of methyl benzvlpscnulopenicillinate paralh'l those 
from the degradation studies very closely. Keasoiiing from 
these results, the indications can be stated very simply: 
azlactonization of /5-methyl benz> Ipenicilloate by means of 
halogenating agents (particularly phosphorus trihalid<‘8) 
in anhydrous noii-polar organic solvents under eonditions 
whieh permit salt formation yields a product which appears 
to be methyl henzylpseudopenieillinatc hydrohalide. Reac¬ 
tion of this salt with water yields /l-methyl benzylpenicilloatc 
hydrolialidn and treatment with dcdiydrohalogenatmg 
agents (incapable of opening the azlaetone ring) yields 
methyl benzylpenieillcnate. The implication here, just as 
the degradation studies, is that the oxazolone-thiazolidine 
strueturo (XVII) as such is capable of only transitory 
existence. 

Hydrolysis of the Azlactonization Product to /3-Methyl 
Benzylpenicilloate Hydrobromide (llpjohii, U.n, 16; 76?, 
28, 30). A solution of /3-metliyl n-benzylpenieilloatc 
(0.40 g., 1.1 m. mole) in 100 ml. of commercial anhydrous 
ether was filtered free of in.soluble material. To this clear 
colorless solution was added 1 0 ml. (1 equivalent) of 10% 
ethereal phosphorus tribromide. A flocculent precipitate 
formed immediately. This was collected, washed witli dry 
ether, and dried in vacuo. Yield 162 ing.; m.p. 84-94 (dec.). 
An ethyl acetate solution of the product showed a plateau at 
2,810 to 2,840 A 2.8). Wo** -79.2® (about 0.1 in 

ethyl acetate). 

Calc, for CirH„OftN,SBr: 

C, 46.64; H, 5.18; N, 6.26; S, 7.16; Br, 17.64; CH,0, 6.94 
Fdimd: 

C, 44.68; H, 6.28; N, 6.66; 8, 6.46; Br, 18.30; CH^O, 6.18 

These results are typical of the reaction when carried out 
in commercial anhydrous ether. Allowing the reaction 
mixture to stand for a longer period of time than in the 
above case tended to give a better yield of product. In some 
runs traces of phosphorus were detected by qualitative test. 
The analytical data and infrared absorption indicated that 
this material was mainly /^-methyl benzylpenicilloate hydro- 
bromide. Treatment of this material with excess ethereal 


diazomethane yielded an oily product which giivc' ana¬ 
lytical values in fair agreement with those calculated for 
dimethyl benzylpenicilloate. 

Calc, for C,gH 2404 N 2 S: C, 68.60; H, 6.37; N, 7.36 
Found: C, 56.50; H, 6.65; N, 7.01 

/3-Mothyl benzylpenicilloate hydrobromide for comparison 
purposes was prepared in the following way (Upjohn, UJO, 
30). A solution of 0.2 g. (0.51 m. mole) of /3-raethyl n-benz- 
ylpcnieilloatc in 50 ml. of commercial anhydrous ether was 
lilt(‘rcd to remove a small amount of insoluble material, 
cooled to 0-5®, and trente<l with an excess of anhydrous 
hydrogen bromide. A copious white precipitate formed 
almost immediately. After about one minute the precipitate 
was collected, washed with dry ether, and dried in vacuo. 
Yield 166 mg , m.p 110 113® (dee.). This material showed 
only end absorption in the ultraviolet +61® (about 

0.2 in ethyl acetate). 

Calc, for Ci 7 ll 2306 N 2 SBr: 

C, 45.64, H, 5.18; N, 6.26, S, 7.16; Br, 17.64 
Found: (\ 44.91, II, 5.27; N, 6.54; 8 , 7.26; Br, 18.29 

Isolation of the o-Benzylamide of /3-Methyl Benzyl- 
penicilloate (U])john, post-contract work). To a solution 
of 209 mg (0 5 m. mole) of /5-inethyl benzylpenicilloate in 
2 ml. of dry dioxnne wsas add(‘d 1.41 ml. of 0.118 phos¬ 
phorus tnbromide (0 167 m. mole) in dry dioxanc.'* After 
two minutes 132 mg (1.23 in. mole) of benzylamine w'as 
added and the mixture blo(‘k frozt'ii and lyophilized Tho 
residue was triturated with water and after two days at 5‘ 
the water was decanted and the residual oil plac(‘d in a 
vacuum desiccator ov^er l)rierite After standing overnight 
the oil had partially crystallized. By stirring witli ether the 
crystals were separated from the oil and lilteied. After 
recrystallization from 0.1 ml. methanol and 0 5 ml. ether, 
this materia] melted at 120-125®, tlien solidified and re- 
melted at 148-150®. A second recrystallization from mctlia- 
nol-ether raised the melting point to 155-157.5®. The final 
yield of this isomer w'as about 1 mg. A mixture of about 
one-third of the 155-157.5® nu'lting product and two-thirds 
of the 157-159® melting product (prepared from methyl 
benzydp<micillmate) melted at 157-158°. 

Conversion to Methyl Benzylpenicillenate. 

Action ok Dia/omethane (Merck, M,50^ 23, 24). 
To a solution of 500 mg. of /7-methyl iy- 7 -penieilloate G in 
25 ml. of absolute ether Tdried ov^er sodium), 3 ml of a solu¬ 
tion of phosphorus tnbromide in ether (100 mg /ml) was 
added. A floecuhmt precipitate formed immediately. It 
was separateil liy centrifuging and decanting, washed three 
times with ether, suspended in ether, and treated with an 
excess of ethereal diazomethaue. The resulting solution was 
evaporated under reduced pressure leaving a yellow oil. 
The material was inaetivT on bioassay in vitro. The absorp¬ 
tion spectrum showed a p(*ak at 3,175 A (Km 2,960). By 
titration wuth bonzylamine the azlaetone e(|uivalent was 
found to be 21 % [a]i>^* +16° (about 0.2 in n-propyl ether). 

A solution of 158 mg. of the lead salt of /3-Tnethyl n-y-benzyl- 
penicilloate in 5 ml. of dry purified dioxane was treated 
with hydrogen sulfide and centrifuged to remove the lead. 
Evaporation of the dioxane under reduced pressure gave the 
free acid in the form of a fluffy glass A b'w m illiliters of ether 
(dried ov(t sodium) w^as added. The /3-methyJ penioilloate 
was not completely soluble in ether; nevertheless, the mix¬ 
ture was treated with 0.7 ml. of phosphorus tribromide in 
ether (100 mg./ml ) and worked up as descrilied in the 
preceding experiment. Added precautions were taken to 
protect the reaction mixture from water. In this instance 
the ethereal diazomethane solution used had also been dried 
over sodium and distilled. The product was a yellow oil. 
Its absorption spectrum showed a peak at 3,200 A (Em 
4,100). +33® (about 0.87 in propionitrile), 

Ultnmolet ubsorption unubsis in n control run ahowod tho picsenoe 
of the* iinual woak 2,850 A peak, but iiu peaked absorption in tho 3,100— 
3«200 A region was observed. 
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/3-Methyl L-}>en 2 ylpenicilloate (108.6 trig.; 0.296 m. mole) 
was mixed (Upjohn, post-contract work) with 100 ml. of 
Grignard-dried ether in the dry box and the suspension 
shaken occasionally for 30-40 minutes. About 50-70% 
of the solid dissolved. The mixture was filtered through 
paper that had been ston*d in the dry box for five da 3 's. To 
the clear filtrate was added 0.95, ml. (0.092 rn.) of 
0.097 M pho.sphorus trihromide in dry ether, and a flocculent 
white solid separatcid immediately. After standing in the 
dry box for about ton minutes, most of the other was 
decanted. Approximately 25% of the .solid was removed 
with a pipette and the ultraviolet absorption spectrum 
determined in dioxane .solution. The usual maximum at 
2,850 A was observed, but no peak could be detected in the 
penicille.nate region (3,100-3,200 A). 

The remainder of the slurry was treated with an excess 
of ctliereal diazomethane, removed from the dry box, and 
evacuated to removt' the excess diazomethane A drop of 
glacial acetic acid was added to decompose any <liazomethane 
that might have remained. The ultraviolet absorption of 
this solution is tabulated below. 


Wave length 
(milli¬ 
microns) 

Density 

(ether 

solution) 

Wave 

length 

(milli¬ 

microns) 

Density 
(other solution) 

280 

0.252 

316 

0 776 (inaxinuim) 

285 

0.305 

317 

0.775 

290 

0.378 

318 

0.770 

206 

0.468 

319 

0,768 

300 

! 0.564 

320 

0.763 

305 

0.664 

325 

0.707 

310 

0 735 

330 

0.606 

316 

0 765 

335 

0,497 


Treatmknt with Mercuric (Chloride (Upjohn, U.17 
7, 9). To a solution of 103.6 mg. (0.231 ni. mole) of ^-methyl 
bcnzylpenicilloatc hydrobromide in 2 ml. of chloroform was 
added 628 mg, (0.23 ml., 2.31 rn, mole) of phosphorus tri- 
bromide while a stream of nitrogen was passed into the reac¬ 
tion vessel. The latter was stoppered and allowed to stand 
at room temperature with occasional stirring for one hour. 


The solution was decanted into a clean tube, the reaction ves¬ 
sel washed with a small portion of chloroform and the 
combined chloroform solutions diluted with approximately 
ten volumes of sodium-dried ether. The pale yellow precipi¬ 
tate was centrifuged and, after three washings with an¬ 
hydrous ether, dried in vacuo over phosphorus pontoxide. 
Yield, 89.5 ing. The absorption spectrum showed a single 
maximum at 2,920 A (Kiom.*^® 113.2). Treatment of an 
ethereal suspension of this material with ethereal mercuric 
chloride as previously described for the degradation product 
gave a chloromereuri compound which in dioxane solution 
exhibited a maximum at 2,930-2,940 A (Kiom.^^® 58.3). 
Decomposition of this product with hydrogen sulfide in 
phosphate buffer and extraction with ether yielded a yellow 
oil. In ethanolic solution this material exhibited a peni- 
cillemite-like absorption at 3,150 A (Em 4,375, assuming 
moleeiilar weight 348). Alkaline hydrolysis of this neutral 
oil yield(id a product which gave a blu(^ color with ferric 
chloride solution. The absorption spectrum in water was 
similar to that of 2-bcnzyl-4-hydroxymethylene-5(4)- 
oxazr»lone sodium salt with a inaxirniim at 2,950 A (Em 2640, 
assuming molecular weight 225). 

SUMMARY 

1. Contrary to the concept which has prevailed hereto¬ 
fore, it has been demonstratetl that oxazolones react with 
anhydrous hydrogen halides to produce salts from which 
the parent substances can ho regenerated easily. 

2. Upon treatment with anhydrous hydrogen halides, 
methyl bcazylpenicillinate is converted into an antibiotically 
inactive, salt-like substance (methyl benzylpseuciopenieil- 
linate) from which antibiotic activity could not be reestab¬ 
lished by reimoval of the hydrogen halide. This failure to 
regenerate an antibaoterially active product oon.stitiites evi¬ 
dence against the oxazolone-thiazolidine structure (I) for 
methyl bonzylpenicillmate. 

3. Evidence that the free oxazolone-thiazolidine (methyl 
bcnzylpseudopenicillmate, XVII) is incapable of more than 
transitory existence has been presented. 

4. A new and improved synthesis of oxazolone hydro¬ 
halides has been developed. Application of this method to 
/S-methyl benzylpcnicilloato resulted in the production of a 
substance analogous in every respect to methyl benzyl- 
pseudopenicillinate hydrochloride. Therefore, it is believed 
that the total synthesis of the oxazolone-thiazolidine struc¬ 
ture (XVII) has been achieved. 
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INTRODUCTION 

This chapter records the prejiaration and proper¬ 
ties of a large number of thiazolidines which were 
made because of more remote connections with 
penicillin and its derivatives. Some of th(‘S(* were 
piepared with well-defined objectives, but most 
were incidental to other researches and had no 
special structural or other interest. They had 
been prepared as model compounds to study, for 
example, their stability in solution, cleavage by 
mercuric and other salts, electrometric and polaro- 
graphic behavior, etc., and many of these aspects 
have been discussed in general fashion in foregoing 
chapters. Those in the former group are discussed 
from a stnictural viewpoint and described as far 
as is practical in relation to their reactions. Those 
thiazolidines in the latter group requiring no theo¬ 
retical discussion are listed systematically. 

Formation of Thiazolidines from Carbonyl Com¬ 
pounds or Their Derivatives. Thiazolidines in the 
present work, the majf)rity derived from penicill¬ 
amine or its esters, have in most cases been 
prepared by condensation with aldehydes, their 
acetals, or Schiff bases (e.g., benzylamine deriva^ 
tives), or ketones in great variety, in solvents such 
as w'ater, alcohols, acetic acid (see Experimental 
(b); also. Cook, Elvidge, Hall, Heilbron and Shaw, 
CPS,270), Thiazolidines are also obtained under 
substantially anhydrous conditions. Thus reflux¬ 
ing cysteine ethyl ester hydrochloride with para¬ 
formaldehyde in absolute ethanol containing a 
trace of hydrogen chloride afforded 4-carbethoxy- 
thiazolidine hydrochloride (Pfizer, P.9), Hydrogen 
fluoride (5%) in anhydrous dioxanc provides an 
efficient medium for the condensation of carbonyl 
compounds with penicillamine (Merck, M,J^2). 
Only occasionally has failure to obtain thiazolidine 
ring formation been observed. This was the case, 
for example, with ethyl formylchloroacetate and 
chloromalondialdehyde when the chlorine-free prod- 
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ucts probably contained six-membered rings such 
as 

S-CIIj-CHCOsH 

I I and 

C(COjEt)--C'H—Nil 

S-Cflj— ('HCO 2 II 

I I 

CH=-C(CHO)—Nil 

(Squibb, S.9a) though subsequently ethyl formyl- 
chloroaeetato and DL-penicillamine were condensed 
to give the expected thiazolidine (Squibb, 
Cysteine and glucosamine failed to condense satis¬ 
factorily under various conditions, and attempted 
condensation between cysteine and phenylacetyl- 
glucosamine was of indefinite result (Pfizer, F.7). 

Amongst other failures to prepare thiazolidines 
by the reaction of carbonyl compounds with peni¬ 
cillamine was the reaction with dihydroxytartaric 
acid which yielded a compound, m.p. 182-184°, 
possibly I; a compound with the alternative struc- 

MeJ’—S- /'O 

I 


cojiriiNiico 

I 1 

Me^C—S—CIIj, 

II 

ture (II)I synthesized (Elks, Hems, Robinson and 
Ryman, CPS,510) from N-chloroacetyl-pcnicill- 
amine was not identical. It had been hoped to 
obtain III (R = CHO) which might have been a 
useful intermediate for penicillin synthesis, but alt 

CO2HCH—NH 

• S • (^’HR 

in 

attempts to obtain this compound, e.g., by hydroly¬ 
sis of in (R = CII(OEt) 2 ), a thiazolidine described 
by Dewar, Abraham, Raker, Chain and Robinson 
{CPS,438), failed (Elks, Hems, Robinson and 
Ryman, CPS.5W), 

Miscellaneous Syntheses. A possible method 
for the synthesis of the thiazolidine-oxazolonc 
structure, via the corresponding thiazoline-oxazol- 
one (Imperial College, CPS.44) and the reduction 
of thiazolines to thiazolidines, was investigated. 
ArCarhethoxy-2,b,h-’trimethylihiazoline, prepared by 
condensation of penicillamine ester with thio- 
acetamide, resisted catalytic hydrogenation but 
was reduced by aluminum amalgam in moist ether 
(a reagent to which penicillin was known to be 
stable; Abr^-ham, Chain and Holiday, Brit. J. Exp. 
Path., 23, 103 (1942)) to the corresponding crystal¬ 
line ihiozolidme. The nature of the product was 
further proved by reaction with mercuric chloride, 


a 50% yield of acetaldehyde (as 2,4-dinitrophenyl- 
hydrazone) being obtained (Bentley, Catch, Cook, 
Ileilbron and Shaw, CPS.267). A similar reduction 
of A-carbomethoxy-5,5-dimethyl-2-phenylacetamido- 
methyUthiazoline gave methyl benzylpenilloate 
(Barltrop, Abraham, Baker, Chain and Robinson, 
CPS.4(^3; cf. Mich. Chem., B.10, 1; 12 , 8). 

Addition of dimcthylketene to A®-thiazoline8 
(available by a number of routes) followed by 
hydrolysis afforded a method of preparing 2,3-di- 
substituted thiazolidines (Merck, M.66; Shell, 
{Sh.14). Thus AMhiazoline itself yielded 3-iso- 
butyryl-2-(a-carboxyisopropyl)-thiazolidine: 

CH.-N ^C=CO ('H.-N-rO-CHMe. 

CIIj S-CII ('Ha S-CII-CMca-COsH 

Condensation of ketene with 4-carbomethoxy-5,6- 
dimclhyl-A^-thiazoline appeared to give 4-car6e- 
meihoxy-S-acciyl-byb-dimethylihiazolidinc as major 
product, evidently bv reduction (?) and acylation 
(Upjohn, U.22; 23; 24; Ua). 

Yet another method for preparing thiazolidines 
consisted in the reaction of /?-raercapto-a-amino 
acids with 4-alk()xy- or 4-hydroxymcthylene-oxazol- 
ones under conditions such that concomitant 
opening of the oxazolone ring occurred (other¬ 
wise pcnicillenates resulted). On heating cysteine 
methyl ester hydrochloride with 2-bcnzyl-4-meth- 
oxymethylene-oxazolone in pyridine, for example, 
i-carbomethoxy-2‘phenylacctamtdo’Carbomethoxy- 
mefhyl-thiazolidine n^hXiltod (Merck, M.lSc): 

CihMe Cli mirllCl 

I + 

MezC^'SIl 

MeOCH-C^COO 

I I- 

N=(^(ll2Ph 


VOMe (^H—NH 

Mesi • S • (*’HCH(COOMe)NIICOCH 2 Ph 

and by the interaction of penicillamine hydro¬ 
chloride with 2-phenyl-4-ethoxymethylene-oxa2ol- 
one in aqueous dioxane phenylpenilloic acid 
hydrochloride was obtained, ethanol and carbon 
dioxide being eliminated (Copp, Duffin, Smith and 
Wilkinson, CPS.388). However, by condensing 
this oxazolone with penicillamine ester in dry ether 
and then adding benzylamine the a-benzylamide 
of /8-methyl phenylpenicilloatq resulted (Mich. 
Chem., B.3). Other examples of such condensa¬ 
tions, to give a variety of thiazolidine products, 
together with preparations of penicilloic deriva¬ 
tives from 4-hydroxymethylene-oxazolones, are 
given in the Experimental (a). 

Azothiazolidines. In the following experiments 
primary attention was directed to the synthesis of 
a-amino-a-2-(4-carboxy-5,5-dimethylthiazolidyl)- 
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acetic acid (IV) from which by treatment with ap¬ 
propriate dithio acids under suitable conditions 
penillic acids or the penicillins might have been 
prepared. 

COsHCIT—NH 

Me2i • S • ('H-CH(NH2)-C02H 

IV 

oiiccnco2Et 

N--NC6H4C1 

V 

(ClC«H4N--N)2-=CHC02Et 

VI 

COiTICJH—NH COOR 

Me2C • S ■ (^H-N--NCeH4Cl 

VII 

The first route examined involved the preparation 
of the azo-estcr VII. Michael SS, 2102 

(1905)) described experiments on the preparation of 
ethyl benzeneazo-formy 1-acetate but his rather 
vague procedure seemed quite unsatisfactory. It 
was found, however, that by coupling diazotized 
p-chloroaniline with ethyl sodioforrnyl-acetate un¬ 
der controlled conditions ethyl p-chlorobenzene-azo- 
formylacetate (V) could be obtained as a yellow 
crystalline compound which readily yielded a yellow 
p-chlorophenylhydrazone. It was accompanied in 
the crude reaction mixture by variable amounts of 
the deep red ethyl di-{p-chlorohcnzeneazoyacetate (VI). 
The substance V showed in the main the reactions of 
a true aldehyde rather than of a hydroxymcthylene 
compound, and may exist largely in the isomeric 
hydrazone form. Condensation of V with dl- 
penicillamine hydrochloride in aqueous alcohol 
occurred rapidly yielding a yellow crystalline prod¬ 
uct with the properties expected of the azo-ester 
Vn (R == Et) or of the isomeric hydrazone. An 
analogous ihiazolidine derivative was also prepared 
using DL-cysteine in place of penicillamine. 

As an alternative route to compounds of type IV^ 
methyl eihoxymethylene-nitroacetate was prepared 
and characterized by condensation with aniline 
to methyl anilinornethylene-nitroacetate but condensa¬ 
tion of this ester with cysteine or penicillamine to a 
thiazolidine was not achieved (Baddiley, Open- 
shaw, Sykes and Todd, CPS,65). 

Preparation of VII (R == Et) was troublesome, 
partly owing to impurities present in ethyl sodio- 
formylacetate prepared by the usual method using 
sodium in xylene to effect condensation, and partly 
because careful control of the conditions was neces¬ 
sary in coupling with diazonium salts if a readily 
crystallizable product were to be obtained. A 
common impurity in crude ethyl sodioformylacetate 
is ethyl sodioacetoacetate and best results were 


obtained using the method of de Combe {Ann. 
Chim.y (10), 18, 87 (1932)) in which the condensing 
agent is sodium ethoxide. 

For a possible alternative route to VII (R == 

Et), ethyl l3,l3-dicthoxy-a-p-chlorobenzeneazo-propion-> 
ate was prepared, but this acetal did not condense 
with penicillamine or its hydrochloride to give a 
thiazolidine. 

In endeavoring to reduce the azothiazolidine VII 
(R = Et) catalytic liydrogenation was first exam¬ 
ined. No success was achieved using various 
catalysts including the palladium-polyvinyl alcohol 
catalyst of Nord and Rampino (J. Am. Chem. Soc., 
63, 2745 (1941)). In every case poisoning of 
the catalyst occurred and no reduction took place; 
attention was therefore turned to chemical methods 
of reduction. 


Attempted Hydrogenation of Azothiazolidines. 


Solvent 

Pres- 

Buro, 

atm. 

Tem¬ 

pera¬ 

ture 

Catalyst 

Result 

_ 

Ethanol. 

1 

20° 

Pt (Adams) 

Catalyst 

poiHoned 

Ethyl acetate/ 
HCL 

1 

20° 

Pt (Adams) 

Catalyst 

poisoned 

Aqueous ethanol. 

1 

20° 

Pd/P.V.A. 

Catalyst 

poisoned 

Aqueous ethanol. 

60 

50° 

Pd/P.V.A. 

Catalyst 

poisoned 

Acetic acid. 

1 

20° 

Pd/Norit 

Catalyst 

poisoned 

Ethanol. 

no 

20° 

Pd/8rS04 

(Catalyst 

poisoned 

Ethanol. 

75 

65° 

Raney Ni 

Catalyst 

poisoned 

Ethanol . 

130 

^ 20° 

Raney Ni 

i 

(Catalyst 
! poisoned 


Isolation of p-chloroaniline (as its acetyl deriva¬ 
tive) from the reaction products was taken as an 
indication of successful reduction in preliminary 
experiments, and of those agents examined alkaline 
sodium hyposulphite and zinc dust in acetic acid 
were tried out on a larger scale as they appeared to 
be at once the most successful and the least likely to 
disrupt the thiazolidine molecule. Sodium and 
aluminum amalgams, stannous chloride, titanous 
chloride or hydroxide were all unsatisfactory and in 
no case could any amino acid or ester be isolated. 
Experiments in which the product from these reduc¬ 
tions, freed from p-chloroaniline, was phenylthio- 
acctylated and then submitted to azlactonization 
(Abraham, Baker, Chain and Robinson, CPS.4S) 
yielded materials which were devoid of penicillin 
activity. The possibility that the azlactonization 
method (shaking with silver oxide in ether) might 
have completely destroyed any penicillin formed 
was ruled out by a control experiment (I.C.I.) which 
showed that the activity of penicillin, although 
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redxieed, was not destroyed by prolonged treatment 
with silver oxide under the same conditions. 

While instability of the amino aeid IV under 
the experimental (*onditions was probably the reason 
for these failures it seemed possible' that the use 
of the ester VII (R — Et) might have been a source 
of trouble by fa\ oring diketopiperazine formation 
and attempts were therefore made to prepare the 
free aeid VII (It - H). Cautious hydrolysis of the 
ethyl p-ehlorobenz('neazo-formylaeetate with cold 
methanolie potash gave p-chlorobenzmeazo-formyl- 
acetic add as an unstable yellow' crystalline solid 
wdiich condensed with penicillamine hydrochloride 
to give the azothiazolidine acid VII (R = 11). The 
same acid was also obtained by careful hj^'drolysis of 
the ester VII (R = Et). Unfortunately no better 
success attended the reduction of the acid than 
that of tlic ester and no product w'us obtained giving 
a positive ninhydrin test. 

Although 2-phenyl-5,5-dimethylthiazolidine“4- 
carboxylic acid could be hydrogenated, poisoning of 
catalyst without hydrogenation w^as observed (Lilly, 
in a series of thiuzolidines examined in which 
the —NH of the thiazolidine ring was unsubsti¬ 
tuted, This was of interest not only because of the 
above failure to hydrogenate the azothiazolidine 
but also because of its possible bearing on the struc¬ 
ture of penicillin since 2-pentenylpcnieillin could be 
hydrogenated (see Chapter III). Some simple 
thiazolidines derived from penicillamine and alde¬ 
hydes were hydrogenated using Adams catalyst and 
the American results were confirmed. On the other 
hand in three attempts to hydrogenate 3-acetyl-2- 
phenyl-5,6-dimethylthiazolidine-4-carboxylic acid 
under similar conditions poisoning of catalyst oc¬ 
curred as evidenced by its inability subsequently 
to catalyze reduction of cinnamic acid, Meanw^hile 
experiments were begun to obtain an N-substituted 
derivative of the azothiazolidines VII (R = Et and 
H = H). Treatment with thioacetic acid, acetic 
anhydride or acetyl chloride gave only resinous 
products, as did attempts to prepare urethanes. 
Methylation of VII (R = Et) with dimethyl sul¬ 
phate and alkali yielded the crystalline N-methyl 
derivative of the acid VII (R = II). This line of 
investigation was however not further pursued 
partly because of the unsatisfactory model experi¬ 
ments mentioned above and partly because of the 
limited choice of N-substituents which could sub¬ 
sequently be removed under conditions which would 
not disrupt the molecule (Baddiley, Openshaw, 
Sykes, Todd and Wardleworth, CP SMI). 

Attempted Conversion of Iminazolidines toThi- 
azolidines. Another possibility was to condense 
ethyl p-chlorobenzeneazo-formylacetate with a 
suitable 1,2-diamine to give an iminazolidine deriv¬ 
ative in which the azo group might be reduced 
catalytically; at some subsequent stage in the 
synthesis envisaged it might have been possible to 
effect a direct replacement of the iminazolidine 
r esidue by a thiazolidine by reaction writh penicill¬ 


amine hydrochloride, A second reason for study of 
iminazolidines lay in the fact that this ring system 
w as postulated in the tricyclic formula for penicillin. 

It was known that iminfizolidines could be pre¬ 
pared from aldehydes and N,N'-dialkyl-l ,2-di- 
amines and as a preliminary model 2-phenyl-l,3- 
diincthyl-4,5-benziminazolidine was prepared by 
condensation of benzaldehyde wdth N,N'-dimethyl- 
o-phenylencdiamine (Fischer and Rigaud, Ber,34, 
4203 (1901)). This substance was moderately 
stable but lib(^rated benzaldehyde with hydrochloric 
acid; reaction wdth penicillamine hydrochloride was 
indecisive. Ethyl p-chlorobenzeneazo-formyl- 
acetate appeared to condense with N, N'-dimethyl- 
n-phenylenediamine but the product did not 
crystallize. Further work on benziminazolidines 
w-^as nol pursued partly because it was found that 
aldehydes condensed with aliphatic diamines more 
readily thati with o-phenylent'diamine derivatives 
and partly because simple iminazolidines were more 
appropriate' models for the envisaged experiments. 

ajjS-SiVbenzylaminoethane, prepared by cataly t ic 
hydrogenal ion of dibenzylidcne-ethylencdiamine, 
condensc'd readily Avith ethyl p-chlorobenzeneazo- 
formylacetate to give 2-{p-chlorobenzeneazocarb- 
efhoxyyncthyl)-lyZ-dibenzylimiriazoHdwe (VIII; R = 
11) from w hich the aldehyde could be regenerated by 
treatment with dilute acid. In the same way 
bts4)cnzylaminopro'pionic acid was converted to 2-(p- 
chlorobe7izeneazocarbeihoxy7nethyl)-\fd-dibenzyliimn^ 
azolidineA-carboxylic acid (VIII; R — ('"OOH). 
The latter compound on hydrogenation with a 

Clh -NC^lIgPh 

R(’H-N((:H2Ph)-C'H('ir((’OOEt)-N--N-CeH4(1(p) 

vin 

platinum catalyst rapidly absorbe<l 2 moles of 
hydrogen, the p-chlorobenzeneazo group being 
apparently unaffected. Fission of the azo linkage, 
as evidenced by production of p-chloroaniline, 
occurred when hydrogenation was carried out at 
80® under pressure using a Raney nickel catalyst, 
but was accompanied by other changes affecting the 
iminazolidine residue. 

In order to determine w^hether the proposed con¬ 
version of iminazolidines to thiazolidines could 
be realized, VIII (R = H) was refluxed in aqueous 
methanol with penicillamine hydrochloride. The 
yellow crystalline product gave analytical values 
suggesting that it was the a, p-bia-benzylaminoethane 
salt of 2-(p-chlorobenzeneazo-carbethoxymethyl)- 
5,5-dimethylthiazolidino-4-carboxylic acid. Treat¬ 
ment of the salt with cold alcoholic hydrogen 
chloride gave a,i8-6fs-benzylaminoethane hydro¬ 
chloride and 2-(p-chlorobenzeneazo-carbethoxy- 
methyl,-6,5-dimethylthiazolidine-4-carboxylic acid 
identified by comparison with an authentic specimen 
prepared from penicillamine and ethyl p-chloro- 
benzeneazo-formylacetate. A similar reaction of 
VIH (R = COOH) with penicillamine hydrochloride 
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gave directly 2-(p-chlorobenzeneazo-carbethoxy- 
methyl)-5,5-dimethylthia2olidine-4-carboxylic acid, 
no salt being formed in this case, presumably 
because of the weakness of the diamino acid 
liberated (Baddilcy, Kilby and Todd, CPli.S89). 
In the hope of utilizing this reaction in penicillin 
synthesis, a series of experiments was made. An 
obvious intermediate for this purpose was an 
iminazolidyb2-glycine. All attempts to condense, 
jS,/3-diethoxyalanine or other acetals with substi¬ 
tuted 1,2-diamines failed completely and other 
routes had to be considered. Catalytic hydrogena- 
t ion of 2-p-chlorobenzeneazo-carbet lioxymethyl- 
1,3-dibenzyliminazolidine could not be effected 
under conditions which did not cause complete 
disruption. A similar lack of success attended 
reduction with sodium hyposulphite. In this case 
the nature of the products isolated suggested that 
the azo linkage was first reduced but the iminazolid- 
ylglycine ester formed underwent liydrolysis and 
decarboxylation to an arninomethyliminazolidine; 
the latter broke up giving 6z«-benzylaminoethane 
and aminoacctaldehyde which d('Composed further. 
It is probable that a similar s(‘ries of rc'actions oc¬ 
curred in earlier unsuccessful attempts to reduce 
2-p-chlorQbenzeneazocai bet lioxyjnethyl-5,5-di¬ 
me thy It hi azolid i ne-4-c arboxy 1 1 c a(* id. 

The preparation of 2-uldeliydoiminazolidine 
which might have served as start ing material for the 
synthesis of an iminazolidylglycinc or an iminazol- 
idine-oxazolone structure ^^as next attempted. 
2--Siyr7jlA,\^-(Hbmzylimin(izoli(iiu( (IX) and 2’pro- 
penylA fl-dibenzyl-imviazolidinc (X) were readily 

(Tl2N{(^H2Ph)(^HClT--CIIPh 

I I 

(TI2- - - NC^lIaPh 

IX 

CH2‘N((Tl2Ph)(TP(TI-CIIMe 

([jHj-licTUrh 

X 

obtained by condensation of cinnamaldehyde and 
crotonaldehyde with 5w-benzylaminoethan(‘, but 
all attempts to oxidize these to the 2-aldehydo 
compound failed. Ozonolysis of X gave no trace 
of acetaldehyde although benzaldehyde was pro¬ 
duced by attack on the N-benzyl residues. The 
double bond in IX was not the first point of attack 
with permanganate, and osmic acid-hydrogen 
peroxide could not be used since the basic nature of 
IX and X caused immediate evolution of oxygen to 
occur with this reagent. Crystalline thiazolidines 
were not obtained by condensation of penicillamine 
with cinnamaldehyde or crotonaldehyde and the 
iminazolidine-thiazolidine exchange could not be 
effected by heating IX with penicillamine hydro¬ 
chloride in alcoholic solution. 

It also seemed possible that condensation of 
benzylaminoethane with N-phenylchloroacetyl-di- 
ethoxyalanine methyl ester (prepared according to 


Newbery and Raphael, CPS.S78; Cf. ethyl ester, 
p. 520) might have given an irninazolidine in which 
the double bond could be reduced with less difficulty. 
Unfortunately the condensation proceeded with 
elimination of hydrogen chloride and the crystal¬ 
line product, from its analytical values, may have 
been XIL In rather similar fashion ethyl formyl- 
chloroacotute reacted with 6z6’-bcnzylaminoethane 

(\ hU ( dl—Nil N —-C^ CTIaPh 

I ! I ( 

S (^ rcoo 

XI 

■—(TI 2 N (TI(Ph) C^()NIl ClI (X)OMe‘ 

Clb^Ph riI(()Et )2 . 2 

XII 

with elimination of hydrogen chloride, no imin- 
azolidine being formed. Other attempts in the 
iminazolidiru^ and irninazoline series using mono- 
ben zylethylene diamine as basic component in 
condensations met with no better success, the 
products being frequently polymeric in nature. 
An attempt was also marie to prepare tlie iminazol- 
idinc XIII by condensation of 2-phenyl-4-ethoxy- 

(H)JI(lI‘(^H2-“N(dl2Pb N---^(Th 

II I I 

X((’Il2Pli) ('ll-('IT (’() 0 

XIII 

methylcne-oxazolone with a,/3-/>ftS-}>enz3daminopro- 
pionic acid. (Condensation took place very readily 
and a crystalline product was obtained giving 
analytical values in good agreement with st nurture 
XIII. This substance was, howewer, insoluble in 
most organic solvents and the fael that it was not 
markedly basic or acidic, did not react with peni¬ 
cillamine, and was unaffected by boiling with 1 N 
sulphuric acid for three hours, suggested that it was 
a complex molecule formed by reaction of several 
molecules of the base and oxazolone. A very 
similar product was obtained when the of,/S-52»- 
benzylaminopropionic acid was replaced by afi-bis- 
methylaminoethane. With the object of discover¬ 
ing w hether strongly basic amines tend to open the 
oxazolone ring before condensing with an ethoxy- 
methylene group, morpholine w'as allowed to react 
with 2-phenyl-4-cthoxyinethylene-oxazolonc under 
conditions similar to those used above; the product 
ai)peared to be the oxazolone formed by simple 
replacement of the ethoxy group by the morpholine 
residue. 

It \vas evident from these experiments that, apart 
from other difficulties, the strongly basic nature of 
the iminazolidincs and the diaminoethane deriva¬ 
tives used in their preparati(»n (and liberated in 
their exchange reactions) was a serious draw’^back 
to their use. The same defect was present in 
hexahydropyrimidine derivatives w'hich were also 
prepared and which could be converted to thiazol¬ 
idines by reaction with salts of a-amino-i3-thiol acids. 
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It was, however, possible that oxazolidines might in 
this respect have been more suitable for synthetic 
work in the penicillin field. As a preliminary, 
bonzaldehydc was condensed wiih ethaiiolamine; 
the resulting 2-phenyl-oxazolidine was readily con¬ 
verted to 2-phcnyl-5,5-dimethyIthiazolidinc-4-carb- 
oxylic acid by warming in aqueous methanol with 
penicillamine hydrochloride. 2-{p-Chlorobcmeneazo- 
carbeihoxymethyl)-oxazoHdine also underwent a simi¬ 
lar exchange reaction with penicillamine hydro¬ 
chloride, Ethanolaminc would not condense with 
diethoxyalanine, but wdth N-formyl-C-formylglycine 
ethyl ester, a crystalline product, apparently 
2 - {formamido - carbeihoxy methyl) - oxazolidinCy was 
obtained. 

An interesting observation in connection with 
these exchange reactions is that 2-(/)-chlorobenzene- 
azo-carbethoxymethyl)-l,3-dibenzyliminazolidine 
was smoothly converted into the corresponding 
oxazolidine when warmed with ethanol amine in 
aqueous ethanol, i.e., it was possible to effect the 
series of changes: iminazolidineoxazolidine 
thiazolidine (liaddiley, Kilby and Todd, Cr^I)Jf4). 

Some Properties of Thiazolidines. Many gen¬ 
eral properties of thiazolidines appear in earlier 
chapters, as mentioned above. Thiazolidines un¬ 
dergo the anticipated N-substitutions with the 
usual acylating agents and reagents such as benzyl 
chloroformate, ethyl chloroformate, or ketenes 
(see Chapter III, numerous examples in Experi¬ 
mental; Mich. Chem., N-Alkylation, e.g., 

with methyl iodide and sodium in liquid ammonia, 
can also be effected (Abbott, A.16y C). Desul¬ 
phurization of thiazolidines by Raney nickel 
proceeded easily in aqueous sodium bicarbonate. 
Thus4-carboxy-3-acctyl-5,5-dimeth3d-3-phenyl-thi- 
azolidine afforded N-benzyl-N-acetylvalinc, and 
L-benzylpenilloic acid gave N-phenylacetamido- 
ethylvaline (Lilly, L,4; 8), Similarly, N-acyl benzyl- 
penicilloate derivatives gave the corresponding 
N-substituted valines (Merck, M,78), Many thi¬ 
azolidines derived from cysteine or penicillamine 
are cleaved by excess of sodium in liquid ammonia 
to N-alkylated cysteines or penicillamines (Up¬ 
john, UJ8; 19; 24 ), Under slightly different 
conditions 4-carboxy-thiazolidine gives (Cornell 
Bioch., D,29y 1), in addition to N-methylcysteinc, a 
dimeric*^ compound regarded as XIV: 

R R 


-CH COjII CH COiH 

R'^i c(R'R") iin \ R^in Ah chr'R" 

(R, R', R" = II or Me)^\ (R, R', R" = H) 


CII,—CH CO,H • 

.in iln-CHj—.8 


XIV 


The formation of N-mcthylcysteine is increased, 
and that of XIV suppressed, by the inclusion of a 
molecular proportion of water in the reaction mix¬ 
ture. On the other hand, the sodium salt of 
4-carboxy-thiazolidinc, which contains no available 
hydrogen, is converted almost exclusively to XIV. 

Stability of Thiazolidines. A few other system¬ 
atic studies on the ring stability and on the oxida¬ 
tion of thiazolidines have also been made. The 
following thiazolidines were examined for the pur¬ 
pose of making comparison with penicillin and its 
derivatives: 


COaHCH—NK" 
MejC • S • TRIl' 


Compound 

R 

R' 

R" 

(a) 

H 

II 

H 

(b) 

H 

H 

Ac 

(c) 

H 

Kt 

H 

(d) 

H 

Et 

Ac 

(e) 

H 

Ph 

H 

(f) 

H 

Ph 

Ac 

(k) 

Mo 

Me 

H 

(h) 

Me 

Me 

Ac 

(i) 

Me 

CO,H 

H 

(j) 

Me 

CO^Et 

H 

(k) 

Me 

COiEt 

Ac 

(1) 

Me 

COMe 

II 

(m) 

COiEt 

CILOOiEt 

H 

(n) 

Mo 

CU,CO,Kt 

H 


Whereas aqueous solutions of (g) gave a deep 
blue ferric chloride color immediately on boiling, 
indicating rapid hydrolysis to a thiol compound, 
compounds (c), (e), (i), (1) and (n) were appreciably 
hydrolyzed only after one to two minutes boiling, 
while the other compounds w^ere not hydrolyzed 
even after three hours. All except compounds (a) 
and (b) were hydrolyzed (Clayton, Elks, Hems and 
Robinson, CPS,201) by boiling with N hydrochloric 
acid or sodium hydroxide: 


1 

Compound 

Reagent 

Time of 
boiling (hrs.) 

Per cent 
recovered 

(a) 

iVHCl 
(slight excess) 

2 

70 

(b) 

N NaOH 
(slight excess) 

2 

60 

(f) 

N HCl 

1 

55 

(0 

AT HCl 

2 

20 

(0 

AT NaOH 

1 

80 

(0 

Af NaOH 

1 

2 

35 


It has been reported (Hems and Clayton, PEN. 
S8; 52) that penicillin was inactivated by Cu*^, 
Pb++, and Zn+^ ions in addition to 

ions, but not by Fe++, Ni*^*** or Ag*^ ions. The 
cleavage of thiazolidines by mercury salts became 
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standard practice and it seemed of interest to 
ascertain whether the other cations which inacti¬ 
vated penicillin also attacked the thiazolidine ring. 
The tests were performed on aqueous alcoholic solu¬ 
tions of the thiazolidines, containing equimolar 
proportions of the cations. After the solutions had 
stood at room temperature for twenty-four hours 
aqueous ferric chloride was added. The ferric 
chloride color test was complicated, however, by 
the fact that Ag+, and Cu"^'^ ions interfered, 
copper giving a fairly strong reddish purple color 
with penicillamine. Results indicated some degree 
of fission of compounds (c), (e) and (1) by lead 
salts, (1) being largely decomposed. Mercuric 
chloride gave an immediate precipitate with com¬ 
pounds (a), (c) and (e) and much slower precipita¬ 
tion with compounds (b), (d) and (f). Only 
compounds (i) and (1) were partly decomposed by 
Ag"^, Ni+’**, Mg'^‘*‘ and Zn+“^ ions (Clayton, Elks, 
Hems and Robinson, CPS.201), 

All the above thiazolidines except the N-acetyl 
derivatives, namely compounds (b), (d), (f), (h) and 
(k), gave a positive reaction with the sodium azide- 
iodine reagent, stated (Merck, M.12a) to indicate 
the presence of a free thiol group. 

Under the same conditions, st)dium benzylpcnicil- 
lin, bcnzylpenillic acid, penicillamine, and N- 
caproyl- and N-formyl-penicillamine gave positive 
reactions, unlike N-caproyl-S-benzyl-, N-formyl-S- 
benzyl- and S-benzyl-penicillaminc (Elks, Hems and 
Robinson, CPS,223). The thiazolidine resulting 
from condensation of D-periicillaminc hydrochloride 
and hydroxymethylene camphor (Merck, M.44) 
also gave a positive reaction, unlike the N-acetyl 
derivative {M.J^). 

Schubert {J. Biol. Chem.j 1 /4, 341 (1936)) showed 
that, in the thiazolidines obtained by condensing 
cysteine with aldehydes, an equilibrium appeared 
to exist between the closed ring and the open chain 
thiol form: 

CO 2 HCH—NH CO 2 HCII-N 

iH,SH (!;hr 

and that the equilibrium was shifted to the right by 
treatment with various reagents, e.g., the com¬ 
pounds could be titrated with iodine as though they 
contained thiol groups but N-substituted deriva¬ 
tives were more stable and did not titrate with 
iodine (cf. Hatner and Clarke, J. Am. Chem. Soc., 
69, 200 (1937); Woodward and Schroeder, J. Am. 
Chem. Soc,, 69, 1690 (1937); Bloch and Clarke, 
J. Biol. Chem., 126, 275 (1938)). The action of 
heat on various thiazolidines (Cornell Bioch., D.9) 
gave results which could probably be interpreted 
as due to a shift in such an equilibrium and the 
’ previously described behavior of thiazolidines 
derived from penicillamine lent further support to 
Schubert's postulation. The tendency to react as 
though containing a free thiol group varied mark¬ 


edly with the nature of the ring substituents. Also 
it was concluded (Elks, Hems and Robinson, CPS. 
223) that the difference between the azide reaction 
and ferric chloride and nitroprusside tests was 
merely one of sensitivity (not that a positive 
response to the azide-iodine reagent could be given 
by compounds other than thiols) and that the 
products obtained by condensing 4-alkoxymethyl- 
ene-oxazoloncs with penicillamine (Merck, MJ2a) 
behaved like true thiazolidines. It was later 
shown, however, that penicillenates—not thiazol- 
idine-oxazoloncs—were the main products of this 
condensation. 

On heating D-4-carboxy-2,2,5,5-tetramethylthiaz- 
olidine hydrochloride with benzaldehyde, D-4-carb- 
oxy-2-phenyl-5,5-dimethylthiazolidine was formed 
(Merck, M.S5). When 2,2-dimelhylthiazolidine-4- 
carboxylic acid was heated Avith formaldehyde, 
thiaz()lidine-4-carboxylic acid was formed, by 
replacement of the —OMc 2 group by ~=CH 2 . It 
appeared that the further study of this reaction 
would yield information bearing on the structure of 
penicillin and for this reason the stabilities of 
several thiazolidines were compared with reference 
to formaldehyde and benzaldehyde. The prin¬ 
cipal result was to show that, as a class, 2-alkyl- 
thiazolidine-4-carboxylic acids were stable to both 
of the aldehydes while 2,2-dialkylthiazolidine-4- 
carboxylic acids were readily decomposed, whether 
the interchange reaction was carried out in water, 
aqueous alcohol or alcohol, and in the presence or 
absence of hydrochloric acid: 


Derivative of 
thiazolidine-4- 
carboxylic acid 

Product of 
reaction with 
benzaldehyde 

Product of 
reaction with 
formaldehyde 

2,2-Dimethyl- 

2-Methyl-2-ethyl- 

2-Phenyl-thiazol- 

idine-4-carboxylic 

acid 

Thiazolidine-4- 
carboxylic acid 

2.2.5.5- Tetra- 

methyl- | 

2.5.5- Trimethyl-2- 
ethyl- 

2-Pheny 1-5,5-di- 
methylthiazol- 
idine-4-carboxylic 
acid 

5,5-Dimethyl- 
thiazolidine-4- 
carboxylic acid 

2-Propyl 

2-l8obutyl 

2-Propyl-5,6- 

dimethyl- 

2-l8obutyl-5,5- 

dimethyl- 

Original thiazol¬ 
idine recovered 

Original thiazol¬ 
idine recovered 


Penicillin did not undergo reaction with either 
formaldehyde or benzaldehyde, a property in agree¬ 
ment with its formulation as a thiazolidine-oxazol- 
one. The isomeric jS-lactam structure would 
probably show the same behavior, but synthetic 
compounds of this type were not investigated 
(Bradley and Gayler, CPS.627). 

Oxidation Studies on Thiazolidines* The action 
of mild oxidizing agents, such as sodium meta- 



928 


THIAZOLIDINES 


periodate, on penicillin was examined in the hope 
of initiating a new type of degradation, leading 
perhaps to clarification of some of the structural 
problems. It was expected on several grounds that 
this reagent (or periodic a(‘id) would oxidize 
thiazolidine derivatives (r/. Nicolet and Shinn, 
J, Am, Chem, Soc.y 61^ 1015 (1939); Van Slyke, 
Hiller, MacFadyen, Hastings and Klemperer, ./. 
Biol. Chem., ISS, 287 (1940); Van Slyke, Hiller and 
MacFadyen, J. Biol. Chem., m, 081 (1941); 
Howard, Lytligoe and Todd, J. Chem. Boc., 1945, 
550). 

Initially, the hydrocliloride of 2-phenyl-5,5- 
dime1hylthiazolidine-4-carb()xylic acid was allowed 
to react in aqueous alcoholic solution with sodium 
metaperiodate; approximately 1 mole of periodate 
was rapidly (‘onsumed and the solution became 
deep brown due to liberation of iodine. Exactly 
similar results were obtained with a number of other 
thiazolidines containing a free NH group in the 
ring (see below) and free iodine was found except 
in the case of the thiazolidines prepared by condens¬ 
ing salicylaldehj'de, vanillin, 2-hydroxynaphthalde- 
hyde and eth 3 d acetoacetate w’ith penicillamine; in 
these cases the uptake of oxidant was high and any 
iodine liberated presumably oxidized the residue 
in the 2 position of the thiazolidine. When, how^- 
ever, N-acetylthiazolidines were examined it w^as 
found that, althougli they consumed 1 mole of 
periodate, tlie solutions remained colorless, no iodine 
being liberated, an exactly similar result being 
given by benz.ylpenicillin. Cysteine, jS-amino- 
ethyl thiol, benzyl thiol and penicillamine all 
reacted with metaperiodate. The amount of 
oxidant consumed varied but in each case iodine 
was liberated. In no case was there any evidence 
for rupture of a carbon-carbon linkage; all the 
oxidation appeared to take place at the sulphur 
atom. With /3-aminoethyl thiol, for instance, no 
trace of formaldehyde could be detected. N-Acet- 
ylpenicillainine behaved exactly like penicillamine 
itself whereas S-benzylpenicillamine was unaffected 
by periodate at room temperature, although it w^as 
readily oxidized to the corresponding sulphone at 
GO® by this reagent or by hydrogen peroxide. 

Several of these oxidations were examined in 
more detail to ascertain their mechanism. The 
hypothesis was that, in the case of thiazolidines 
containing a free Nil group, rupture of the ring 
followed by oxidation of the liberated penicillamine 
(or other mercaptoamine) at the thiol group 
occurred, while the N-acetylthiazolidines in which 
the thiazolidine ring is more stable were simply 
oxidized to the corresponding sulphoxides, a hy¬ 
pothesis confirmed by experiment. 

Oxidation of 2-phenyl-5,5-diraethylthiazolidine- 
4-carboxylic acid with sodium metaperiodate 
afforded behzaldehyde (after removal of iodine) as 
its 2,4-dinitrophenylhydrazone. The other prod¬ 
ucts formed a water-soluble acidic resin, from which 


DL-penicillaminic acid was subsequently isolated as 
its 5iVp-nitrobenzyl ester (Sykes and Todd, CPS, 
677). In the same way cyclohexanone was isolated 
after oxidation of 2-spfro-cyclohexyI-5,5-dimethyl- 
thiazolidine-4-carboxylic acid; the other product 
was i)i.-penicillaminic acid as before. N-AcetyI-2- 
phenyl-5,5-dimethylthiazolidine-4-carboxylic acid, 
on the other hand, gave the crystalline N-acetyl-2-- 
phenyl-5,6~dimethyllhiazolidine^sulphoxide-4^arh- 
oxylic acid which could also be obtained by 
hydrogen peroxide oxidation and Avhich yielded 
the corresponding sulphone on further oxidation 
with potassium permanganate; the sulphone was 
also obtained by direct oxidation of the N-acetyl- 
thiazolidine with permanganate: 


rOsIFCTI—N Ac Nal 04 C() 2 H C’H—N*Ac 
• S • d'HPh MesC-SO-(^HPh 


(KMn(W\ 


COallC’II NA(! 

I I 

MoiC’SOjCHPh 


/^MnO«) 


Oxidation of penicillamine gave, as in the case 
of the thiazolidines containing a free NH group, an 
uncrystallizable acidic* resin contaminated with 
inorganic material, so that it was impossible to 
identifj'^ the product rigorously; it is almost certain 
that the products from penKullamine and from the 
thiazolidines derived from it are identical. The 
course of the oxidation can be deduced with reason¬ 
able certainty’' from the behavior of other sulphur 
compounds, (llysteine is readily oxidized in aque¬ 
ous solution by sodium metaperiodate. If the 
periodate is added gradually until only a faint 
permanent brownish tinge is observed cystine is 
precipitated in nearly theoretical yield. If excess 
of periodate is added to cysteine, iodine is liberated 
and no cystine is isolated. On the other hand, 
cystine itself is oxidized by periodate but no iodine 
is liberated. Potassium iodate also oxidizes cystine 
with production of iodine, and this doubtless 
explains the oxidation of cysteine in presence of. 
excess periodate. The SII group can be oxidized,, 
giving disulphide, by periodate, iodate or iodine. 
Oxidation with periodate yields 1 mole of iodate for 
each mole of periodate consumed and the iodate 
then oxidizes the disulphide with liberation of 
iodine. The end product is a sulphonic acid. The 
relative rates of the various oxidation reactions and 
concentrations of the reactants will account for the 
observed phenomena. In the case of penicillamine 
and the unsubstituted thiazolidine acids the 
product is penicillaminic acid; the latter substance 
is produced from the thiazolidines if hydrogen 
peroxide is used instead of periodate as oxidizing 
agent (c/. Squibb, S.S2^ 5). In the case of N-acet- 
ylthiazolidines oxidation proceeds only to the 
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Oxidation Results 

(Sykes and Todd, CPt^.62(i) 


Sul)stance 

Molct} 

Nal()4 

con¬ 

sumed 

Iodine 

produc¬ 

tion 

4-Carboxy-2-j jhen y 1-5, t5-dimoth y 1- 



thiazolidine hydrochloride. 

1.05 

-h 

N-Acetyl derivative. 

4-( ^arboxy-2-«pi>o-cyclohexyl-5,5- 

1.1 

— 

diinothylthiazolidine hydrochloride... 

0.99 


N-Act*tyl derivative. 

1.08 

— 

tt-Ethyi 7/-aniylpeTiicilloate., . 

2.98 

•f 

N-Acetyl derivative. 

4-Carboxy-2,2,5,5-tetrani ethyl- 

0.96 

— 

tldazolidinc. 

1 .0 

4- 

Hydrochloride. 

4-Carboxy-2,5,5-triniethylthiazolidine 

hydrochloride. 

4-Carboxy-2-acetyl-2,5,5-trimethyl- 

0.91 


0.95 

+ 

thiazolidine. 

0.92 


Thiazolidine-4-carboxylic acid. 

0.91 

-h 

2-Kthylthiazolidine-4-(!arboxylic acid... 
4-Carboxy-2-ethyl-5,5-diiiiethyl- 

0.91 

+ 

thiazolidine hydrocliloride. 

1.1 

4- 

2-Phenylthiazolidine. 

4- Car boxy-2- (2'-hy droxy ph (‘ii y 1 )-5,5- 

1.17 

4" 

dimethylthiazolidine. 

2.2 

— 1 

0,N-Diacetyl derivative. 

2-(3-Methoxy-4'-hydroxyphenyl)-5,5- 

1.1 

— 

dilne t h ylthiazolidine-4-carl)oxy 1 1 c acid 

2.1 

—.2 

0,N-Diacctvl derivative. ... 

2-{«,/3-l)ihydroxy(5thyi)-5,5-diincthyl- 

1.03 

— 

thiazolidin(v4-carboxylic acid . 
2-Carbethoxymetliyl-2,5,5-trimetliyl- 

2.2 


thiazolidine-4-carboxylic acid. 

2-(2-llyd^oxynaphthyl)-5,5-dilu('thyl- 
thiazolidine-4-carboxylic acid. 

2.1 

— 

2.0 


Benzylpenicillin (triethylamine salt),... 

1.2 

— 

Bonzvlpenillic acid. 

3.2 

— 

DL-Penicillamine hydrochloride. 

0.9 

4- 

DL-N-Acetylpenicillamine. 

1.0 

4- 

DL-8-Bonzylpenicillamine. 

Nil 


DL-Cy8t(iiiie hydrochloride. 

0.97 

4 

L-Cystine. 

0.97 


/5-Mercapto-ethylamine. 

1.1 

4- 

Benzyl thiol. 

0.6 

4- 

Thioacctic acid. 

2-(p-ChIorobenzeneazo-carbethoxy- 

methyl)-5,5-dimothylthiazolidine-4- 

0.45 

4 

carboxylic acid. 

3.0 

4- 

Penicillamiiiic acid. 

. 

Nil 

— 


»Yellow color. 

* Brown color. 

» Uptake at 60®. 2 moles (Sykoe and Todd, CPS.677). 


sulphoxide, which is stable both to periodate and 
iodate. 

Up to this time several undescribed thiazolidincs 
are described in the experimental portion, among 
them 2-{afi*4ihydroxyethyiy5,6^imethylthiazolidine- 
4^cwd)oxylic acid. This compound was originally 
synthesized in the hope of preparing from it 
2-aldehydo-6,6-dimethylthiazolidine-4-carboxylic 
acid; attempts to do so broke down as a result of 
accompanying oxidation at the sulphur atom (Sykes 
and Todd, CPSMe; 677). 


N-Acylaicd thiazolidincs differed markedly from 
their sulphoxidcs in their stability to acid and 
alkali, although both were stable to methanol 
and to mercuric chloride. Thus, 3-acctyl-2-phenyl- 
5,5-dimethylthiazolidino-4-carboxylic acid was sta¬ 
ble to alkali but was n^adily decomposed by mineral 
acid giving benzaldchyde and penicillamine. The 
corresponding sulphoxide, on the other hand, was 
stable to acid, but treatment with warm alkali 
yielded benzaldchyde t{)gcther with a-aeetamido-/5- 
i^-dimethylacrylic acid, sulphur being eliminated. 
4-Carboxy-3-acetyI-2-phonyl-r),5-dimethylthiazol- 
idine sulphonc resembled the sulphoxide in its 
instability to alkali, sul])hur IxMng eliminated, but 
it also broke up readily with acid giving benzalde- 
hyde and a resinous acid (Sykes and 'l\)dd, CPS. 
677). Methyl benzylpenicillin sulphone showed 
remarkable stability towards acids (Merck, M.59). 

Thiazolidine-4-carboxylic acids unsubstituted on 
the ring nitrogen were readily oxidized by iodine, 
the extent depending on the 2-substituents. It 
seemed probable that the oxidation was concerned 
with a thiol fission product rather than with the 
thiazolidine sulphur atom as such. N-Substituted 
thiazolidine-4-carboxylic acids (such as N-acetyl 
and N-carbomethoxy derivatives) were not oxidized 
by iodine; this reflects the greater stability of the 
ring system in such compounds, since N-acetylation 
of amino acids does not prevent their oxidation by 
iodine (Lilly, L.19; Upjohn, VASa^ 14). In oxida¬ 
tions with bromine the distinction is not so marked. 
Various thiazolidincs, including one containing a 
N-carbethoxy group (4-carboxy-3-carbethoxy-2-2>o- 
propyl thiazolidine), reduced about (i equivalents of 
bromine in 1 A solut ion in acetic acid but 4-carboxy- 
3-acetyl-thiazolidine consumed almost 3 equivalents 
of bromine under similar conditions (Upjohn, I'.4). 
N-Unsubstitilted thiazolidincs also appear to be 
oxidized (presumably as their thiol cleavage 
products) by ammoniacal silver solution and by 
Tollens reagent (Squibb, S.lJf.; 12a) though ir¬ 
regularities were apparent (Lilly, L.^). 4-Carboxy- 
3-acetyl-2-phenylthiazoIidine gave with Tollens 
reagent the corresponding thiazolidine sulphoxide 
(Lilly, L./f), and oxidation of several N-acyl thi- 
azolidines with potassium permanganate gave the 
sulphones (Merck, Af.GS). 

Reaction of Some Thiazolidines with Carbon 
Disulphide or Phosgene. For some time attempts 
were made to prepare XV (R = H or Me; R' = H) 

COaRC^H—N--CS 

XV 

which it was hoped might have reacted, in-the form 
of its ester, with lithium benzyl to give compounds 
with the ring structure of penillic acid; earlier a 
similar intermediate containing a ‘‘penicilloate'^ 
carboxyl group was of interest as possibly affording 





























930 


TIIIAZOLIDINES 


a route to “tricyclic penicillin” derivatives. Ex¬ 
periments to condense XVI (R = H or Me) a^. 
hydrochloride or free base with carbon disulphide 

CO,RCH-NH 

XVI 

were at first unpromising and a moans of facilitat¬ 
ing formation of the required bioyclic thiazolidines 
seemed to be offered by the hypothetical compound 

XVII. 

CS2EtNnCH2C^II(OKt)2 

XVII 

Reaction of ethyl dithiochloroforniate and amino- 
acetaldehyde diethyl acetal in cold aqueous sodium 
bicarbonate only afforded XVII as an intermediak', 
as on distillation of the product ethyl mercaptan 
was lost to give a compound of composition cor¬ 
responding to the fijfi-dicfhoxycthyl isothiocyanate 
(XVIII). That the product was so constituted was 
confirmed by the fact that it reacted at room tem¬ 
perature with ctliereal aniline to give the phenyl- 
thioxirea XIX (R = Ph) and with benzylamine to 
give the ImizyLihiourca XIX (R = CTUPh). With 
aqueous 2,4-dinitrophonylhydrazine, XVIII gave a 
crystalline derivative of comiiosition in fair agn^e- 

(TI(()Kt)2(ll2Nt\S 

XVIII 

Cll(OEt)2CTr2-NII(\SNIIR 

XIX 


Me 2 C-=C-CO 

iIh-cs-iI-r 

XXII 

was obtained by reacting penicillamine with the iso- 
thiocyanate XVIII in alkaline solution. Acyl 
derivatives of penicillamine often pass readily into 
derivatives of /?,/?-dimethylacryIic acid (Bentley, 
Catch, Cook, Elvidge, Hall and Ileilbron, PEN. 114 ; 
Cook, Elvidp, Hall, Heilbron and Shaw, CPR.270) 
and cyciization of the postulated kind is paralleled 
by « similar reaction (Bentley, Catch, (’ook, Heil¬ 
bron and Shaw, CPS.207)f the nature of wdiich was 
comj)letely proved (Cook, Ileilbron and Shaw, 
CJ^S SJl). The formation of thiohydantoins, how¬ 
ever, cannot always proceed so easily for reaction 
of ])enicillamine ethyl ester with phenyl isothio- 
cyariate gave a crystalline product with composition 
indicating il to be the thiourea XXI (K = Ph; R' = 
Et) On the other hand penicillamine and phenyl 
isothiocyanate led t o 3-phcnyJ-5-isopropyli(lcne-2- 
ihiohydantoDi {CPSs.HlI) and anotht'r c.yclization of 
this kind may be mentioned. J']thyl formylacetate 
diethylacetal condensiul with penicillamine to 
give 4-carboxy-r)J)-dmethyl-2-carh( tho.rymethyl-thi- 
azohdtiu hydroehlonde (XXIII), which also reacted 
readily with phenyl isothiocyanate to give the 
neutral fused-ring ihuizolido-ihiohydantoin XXIV. 

CO^ll CH—Nil 11(^1 

I I 

XXIII 


ment with structure XX. It therefore seemed that 
XVIII might have been a suitable intermediate for 


N-NH-C»ll3(N02)2 

CII CH 2 NH CS NH NII C6n8(N02)2 

XX 


the preparation of XV and it w’as accordingly treated 
with penicillamine methyl ester. The crystalline 
product, C 12 H 20 O 8 N 2 S, contained no thiol grouping 
nor did it develop thiol properties on hydrolysis; it 
w^as devoid of basic properties and was indeed a 
pseudo acid; finally, although the thiocyanate 
grouping was no longer evident, carbonyl functions 
were still present and the compound gave a dinitro- 
phenylhydrazone CHllHOsNeS. It can hardly be 
doubted, therefore, that the primary reaction is the 

COaR'CII-NH 

MejisH /’SNHR 

XXI 


forinatidb of the thiourea XXI (R' = Me; R = 
CHjCHCOEt)*) which cyclizes in an undesired 
direction losing hydrogen sulphide to give 
dtethozyethyl)-5~isopropylidene-2-thiohydantoin 
(XXn;R =s CHsCHCOEt),). The same compound 


McjC-ni - CO 

K-CJI (Cl [ ■( CS-NPh 

XXIV 

Under rather different conditions an acid CisHi* 
O 3 N 2 S 2 was formed, presumably by the alternative 
c 3 'clization to give the thiazolido-thiouradl XXV. 

Me2CC’II(r02H)N—CS—NPh 

i-iHCIls-C^’O 

XXV 


V 


V 


insNIICSNIK^ 


H 2 


XXVI 


The dihydrochloride of thiazolidine XVI (R « 
H) readily gave the eater XVI (R *= Me) with 
diazomethane. Many experiments were made to 
convert this ester into the bicyclic compound of 
type XV; the most successful involved long refluxing 
with carbon disulphide, hydrogen sulphide being 
evolved. IVo eompounda were eventually obtained 
though in rather small yield; both had compositions 
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corresponding to C 9 H 14 O 2 N 2 S 2 but one had m.p. 
187-188® (Compound A) and was almost insoluble 
in ether, while the other had m.p. 117-1J8® (C*om- 
pound B) and was more soluble in ether. Both were 
soluble in cold aqueous sodium hydroxide though 
that of m.p. 187-188® was perhaps less ready to 
dissolve. These products were formed in different 
relative quantities in different experiments; for 
example, before their isomerism was appreciated 
it was thought that one might have been the thio¬ 
urea XXVI and an attempt to prevent its formation 
by carrying out the condensation in very dilute 
solution with respect to the initial thiazolidine led 
only to the lower melting isorncride. It was at one 
time thought that they might have been stereo- 
isomeric but the difference in physical properties 
hardly supported this belief. Nor could one be the 
uncyclized mthibeyanute XXVII for neither had 
any notable reaction with organic bases. Neith('r 
contained a polarographically detectable thiol 

(TlaMeCH—Nil 

I I 

MeoCSt^IICITsNCS 

XXVII 

COaMeCTI—N-C^SIl 

I ! il 

XXVIII 

group: the low melting compound foi rned a complex 
with mercuric chloride, insoluble in methanol and 
w^ater, from wdiich it was n‘covered quantilativ(‘ly 
on treatment vith hydrogen sulphide. Neither 
ester was soluble in cold 2 N hydrochloric acid, and 
attempts to convert the low melting isomer into the 
second compound by heating alone, or with various 
reagents, were unsuccessful. 

On mild alkaline or acid hydrolysis both esters 
5 rielded the same acidy m.p. 197-198®, C 8 H 12 O 2 N 2 S 2 
It is considered that the low-melting isomer. 
Compound B, is to be represented by XV (R = 
Me; R' = H), and Compound A as the pseudo- 
thiourea XXIX (R = Me; R' = 11). The acid was 
regarded as XXIX (R — R' = H), isomerization 

CO 2 RCII—N-C=NH 

XXIX 

occurring during hydrolysis in the case of Compound 
B. On reaction of Compound B with mercuric chlo¬ 
ride the mercury derivative of the isomeric XXVIII 
(R « H) is formed. Similarly, Compound B formed 
a white precipitate with ethereal benzyl magnesium 
chloride, presumably a magnesium complex of 
XXVin (R = H), from which it was recovered 
unchanged on decomposition with acid. 

In order to obtain more evidence about the isom¬ 
erization, 4k-carhoxy-hyb-dimethyU2-^methylamino- 


methyl'-thiazolidine (XXXI; R == H) was prepared 
as its dihydrochloride, and converted into its ester 
(XXXI; R = Me) by reaction with diazomethane: 

COsMeCTI—N-C() 

I I ( 

Me 2 CS(TICH 2 NII 

XXX 

COaRCTl—Nil 

J ! 

MeoC S CTI CHoNIIMe 

XXXI 

aniilysis ho^^ever, indicated that two methyl groups 
had been introduced, and no crystalline product 
was obtained on subsequent reaction with carbon 
disulphide. 

In contrast to these results, after interaction of 
XVI (K = Me) with |)hosgeno in the presence of 
sodium bicarbonate only the single ester (XXX) or 
an isom(‘ride was isolated, but as the product w'as 
only obtairu'd in small yield, the possibility of other 
prodiu'ts being formed is not excluded. 

As intiu rnediates in further penillic acid syntheses 
it was necessary to prepare XV (R — H or Me; 
R' ~ CX) 2 Me). 4-( arbometho\y-6,^)-dimethyl-2- 
carbornethoxyamin()methyl-thlazolidine w as ob¬ 
tained from its dihydrochloride (Abraham, Fiaker, 
Cluiin and Robinson, CPS,S 4 ?) by treating with 
potassium bicarbonate and ext racting with benzene. 
On reaction with carbon disulphide in a methanol- 
ether solution, two isomeric compounds Onllio 
O 4 N 2 R 2 , were again obtained. ()rie compound 
(designated A) had m.p. 219®, and w^as insoluble 
m ether and only sparingly soluble in methanol: 
Compound B, m.p. 1G2®, was soluble in ether, and 
more soluble in methanol, liy analogy with the 
previously described compounds, these compounds 
are formulated as XXIX (R = Me; R' = C() 2 Me) 
and XXVIII (K == COuMe) respectively (Bentley, 
Cook, Elvidge, Ileilbron and Shaw% CPS.S87; Bent- 
Icy, Cook and Ileilbron, CPS. 4 SO), 

N-jS-Hydroxyethyl-thiazolidines. When at¬ 
tempts were made to synthesize thiazolidine- 
oxazolones from penicillamine, it w^as clear that 
the NH 2 group, and in thiazolidines the NH group, 
offered possibilities w^hich precluded the attainment 
of the final objective. N-Mcthylpenicillamine w’^as 
therefore synthesized wuth a view to preparing 
protected” N-mcthylthiazolidines, and wras con¬ 
densed with formaldehyde (Upjohn, U.lSy 2 ; see 
p. 944). The use of the /?-hydroxyethyl group 
was found to be more convenient, and was investi¬ 
gated in detail. 

When mpropylidene penicillamine w\a8 heated 
with a chloroform solution of ethylene oxide, 
preferably in presence of boron trifluoride, it was 
converted into a nonacidic crystalline material of 
composition corresponding to CioHi 702 NS. This 
material was unaffected by acetic anhydride but on 
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shaking with cold baryta afforded an acid which 
reverted to the original material on mild dehydra¬ 
tion. The primary product must therefore be 
represented as the lactone XXXII. 

McjC-CH(T )0 

S-r(Me2)-N-C'n2-CH2 

XXXII 

MpjC’ -CTICOJl 

SII Il(’l]ilI-(’H./'Il2()II 

XXXIII 

The thiazolidine ring (XXXII) was ruptured, 
though not very satisfactorily by aqueous mer¬ 
curic chloride; with moderately strong hydro¬ 
chloric acid, the f^'epropylidene residue was 
removed and K-fi-hydroxyethylpenicillamme hydro¬ 
chloride (XXXIII) was obtaint'd. This general 
route to XXXII seemed the least troublesome, for 
the direct interaction of ethylene oxide and peni¬ 
cillamine, penicillamine ester or S-benzylpenicill- 
amine gave mixtures doubt less due to the formation 
of tertiary amines and otlier obvious complications. 
On the other hand other thiazolidines reacted as 
cleanly as the isopropylidene compound. Thus 
wpropylidene penicillamine methyl ester afforded 
4-carhomethoxy-2,2,b,b-U framcthyl-^-{0-hydroxy- 
ethyiythiazolidine (XXXIV) with ethylene oxide in 
the presence of a little boron trifluoride. On 
warming XXXIV with acetic anhydride it did not 
undergo acetylation, but instead lost the elements 

MejC-CHCl IzMe 

CHsCH^OII 

XXXIV 

% 

MeaC-CHCO 2 H 

I I 

S*CH(Ph)N(’ri2(^H2()H 

XXXV 

of methanol to yield the lactone XXXII. 4-Carb- 
oxy-5,5-dimethyI-2-phenylthiazoIidine reacted 
with ethylene oxide in chloroform solution contain¬ 
ing boron trifluoride, and at low temperature 
yielded a crystalline acid of composition corre¬ 
sponding to the ^-^-hydroxyethyl derivative (XXXV); 
this compound was also produced in the absence 
of a catalyst. Treatment of XXXV with acetic 
anhydride gave the lactone (XXXVI) also obtained 
by the direct reaction with ethylene oxide at a 
higher temperature. 

MeaC-CIICDO 

fl-CH(Ph)-l!l-CH2-CH2 

XXXVI 

Whereas XXXII was more stable than the parent 
thiazolidine, XXXIII was less ready than peni¬ 


cillamine to react with acetone. For this reason, it 
seemed advantageous (for reactions more allied to 
synthesis of penicillin analogues) to insert the hy- 
droxyethyl grouping or lactone ring at a later stage. 
Accordingly, a-ethyl w-amylpenicilloate was treated 
with ethylene oxide in cold chloroform, using a 
little boron trifluoride as catalyst. Again, the 
crystalline product was an acid to which constitu¬ 
tion XXXVII (R - 7^-Cdln) was ascribed. When 
XXXVII was dehydrated with acetic anhydride the 
lactone XXXVIII (E = n-CgHu) was formed, which 
also arose when tlie initial reaction was carried out 
at a higher temperature. 

COaEt S C(Me)2 CII C02H 

RCONh/'II— (4l-liriljCHsOH 

XXXVII 

COjEf S C(Me)2 C'IT-C0-0 

II II 

IK'ONIK^H —CH-NC'H2-CH2 

XXXVIII 

XXXVII (R - /^i-(\Hij) was treated with 2 
ecjuivalents of alkali overnight, and the lyophically 
dried sodium salt (regarded as the disodium penicill- 
oate corresponding to XXXVII) was treated w'ith 
acetic anhydride at 00° for thirty minutes, or 90° for 
one hour. After removal of aceti(» anhydride, and 
solution of the residue in neutral buffer solution, 
small activities were observed (slightly more than 
1 U./mg.), the starting material being inactive, 
("learly, the most reasonable manner of accounting 
for this activity w'as to postulate formation of the 
lactone-oxazolone XXXIX (K = n-CsIIn). No re- 

RC=N S(XMe)2CHr()0 

i-CO(^H(^II-N • CH 2 • CHa 

XXXIX 

action was observed between methyl benzylpenicil- 
lin and ethylene oxide, the ester being recovered 
unchanged (Bentley, Cook and Heilbron, CPSM7), 
a-Kthyl benzylpenicilloate reacted similarly with 
ethylene oxide, without the aid of an additional 
catalyst, to give a-ethyl N-fi-hydroxyethyl-benzyl- 
penicilloate (XXXVII ;R = CellsCTI 2 ), which passed 
into the corresponding lactone (XXXVIII; R = 
C 6 H 5 CH 2 ) on treating, either with acetic anhydride, 
or warm dilute mineral acid. The relationship 
between these compounds was confirmed in that 
XXXVII gave wdth hydrazine a w^atcr-soluble 
hydrazide hydrazinium salt (XL) w'hereas XXXVIII 
gave the dihydrazide (XLI). 

When XXXVn was treated with cold aqueous 
baryta a mixture resulted which was eventually 
resolved into three pure compounds. The first was 
N-ff-hydroxyethyl-benzylpenicilloic acid (XLII) ob¬ 
tained as a hydrate and also as a butanolate* XLII 
gave a dibenzylammonium salt It was somewhat 
surprising to find that XLII was much more stable 
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than true penieilloic acids, behaving like a N- 
acylpenicilloie acid. When heated, XLII lost more 
than 90^ of I mole of carbon dioxide but the prod¬ 
uct could not be assigned a definite constitution. 
The second of the hydrolytic products from XXXVII 
vas analytically an anhydride of XLII, and is 
formulated as the lacione (XLIII); that XLIII was 
indeed of the constitution suggested ^^as confirmed 
by the lactonizalion of XLII in dilute hydrochloric 
add {if. th(‘ transition XXXVII XXXVIII above). 
The third product from XXXVII vas devoid of 
acidity and app(‘ared analv t ically to be the lactone 
XLIV, In attf'inpts to convert XLII into an oxazol- 
one it was treated w ith ac(‘tic anhydride in pyridine. 
There was (dearly some degree of degradation, for 
wIk'Ti the gummy pn>duct was treated with benzyl- 
amine, phenylacetyllienzvlarnide was formed; the 
main product, however, was not a benzylamide but 
the hnizylammonimn salt (XLV). It seems there¬ 
fore that the sole action of acetic anhydride under 
these conditions w’as to close the lact(uie ring and 
there was no evidence of the formatuin of an oxazol- 
one ring. Meanwhile the diliydrazide (XLI) leaded 
with nitrous acid, the azide giving w ith benzylamine 
the lacloncA)cnzylamide (XLVI). I'he closure ol the 
lactone ring under these conditions is noteworthy. 

Small biological activities w'ere observed in this 
series only irregularly and w’erc not regarded as 
significant (Bentley, Cook and Ileilbron, continua¬ 
tion of CPSM7). 

Miscellaneous Phenyl-penilloic and -penieilloic 
Derivatives, and Some N-Alkyl and N-Aralkyl 
Compounds. Formylation of ethyl hippurate af¬ 
forded ethyl formylhippurate and ethyl hippuroyl- 
hippurafo (Erlenmeyer, Annalerij SS7j 251 (1904)). 
The diethyl acetal of the former was more satis¬ 
factory for condensation with penicillamine, giving 
oc-cthyl phenylpenicilloatCy hycirolj^zed to phenyl- 
penieilloic acid. The latter was how^ever readily 
decarboxylated to phenylpenilloic acid (Barber, 
Gregory, Slack, Stickings and Woolman, CPS,66; 
sec also Imperial College, CPS,5) and on treatment 
with acetic anhydride gave no evidence of dehydra¬ 
tion but rather of acetylation, and no significant 
biological activity was produced (Newbery and 
Raphael, CPS,200), 

In the hope of synthesizing an N-methyl or 
N-benzyl analogue of 'Tricyclic penicillin(XLVII), 


C02II-CH—N—CRO 

I 

NH 

Me^Oscuinco 

xLvn 


which might be achieved more readily than that of 
penicillin itself, the following syntheses were 
initiated and continued sin ce some of the reactions 
originally pro posed for the preparation of analogues 
of XLVII could equally well have given the cor¬ 


responding analogues of the /5-lactam formula. 
Owing to special problems, the final stages of this 
work w^ere not reached. 

Ethyl a-methylamino-fiyfi-diethoxypropionate, pre¬ 
pared by formylating N-formyl sarcosine ethyl ester 
and treating tlie product with ethaiudic hydrogen 
chloride, w^as hydrolyzed with sodium hydroxide to 
a-ni ethy lam ino-^jfi-di(1ho,ry propionic acid (Lilly, 
L.IS; IJf). Mi thy! a-mcthylomino-^,13-dime thoxy- 
propionate was also prepared and condensed with 
i>-penicillamine to give TiA-carhosy-i^,^-dimeihyl-2- 
mi thylamino-carbomi tho,x ymt thyl-thiazolidine hydro¬ 
chloride (Lilly, L.30). Similarly Marling from 
phenylacctyl-sar(‘osine methyl ester the prej^aration 
of methyl N-methyl-bcnzylpeiiHldate was at¬ 
tempted, but the product obtained w'as of doubtful 
nature (Upjohn, V.t9). 

()th(»r work achieved f(il into two sections, (a) 
the preparation of N-substituted penaldates, their 
acetals and the model reactions of such compounds, 
and (b) the preparation and properties of the 
N-substituted peniiilloates deriv('d therefrom. 

(a) An attempt to prejiare the ethyl ester of 
N-benzyl-/5,/5-diethoxyalanine (L) by dirc'ct con¬ 
densation of benzylamine and ethyl a-ehloro-i5,i5- 
diethoxypropionate w as unsuccessful but the parent 
acid (L) w^as successfully synthesized as follows: 

PhCH2N(CTIO)Cn2'COOKt 

xLvni 

rhCIl2N(CIIO)(T—CHOR)COOEt 

XLIX 

i 

CII(OEt)2Cn(NHCH2Ph)COOH 

L 

N-Benzylglycinc ethyl ester (Mason and Widner, 
J. Chem, Soc,y 63y 188 (1894)) w^as converted into 
its ^-formyl derivative (XLVIII) w^hich reacted 
smoothly with pota»ssium ethoxide and ethyl 
formate to give a-(N-henzylformamido)-l3-hydroxy- 
acrylic ethyl ester (XLIX; R = H). This w^^as 
further characterized as its enol acetate (XLIX; 
R = Ac) and enol benzoate (XLIX; R = COPh). 
Treatment of XLIX (R = H) with alcoholic hydro¬ 
gen chloride and subsequent hydrolysis with 
caustic soda (cf. Lilly, L.IS; 20) gave a rather poor 
yield of L (Copp, Duffin, Smith and Wilkinson, 
CPS,SOI), Attempts to convert L into N-benzyl- 
benzylpenaldic acid diethyl acetal (LI; R — H; 

cn(0Et)2riLC02R 

R'icOR" 

LI 

CH(on)==(:-co,Et 

RllcOR' 

LH 
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R' =r CH 2 Ph) gave rise to a gum (Copp, 

Duffin, Smith and Wilkinson, CPS.4()/f.) and an 
alternative route to this compound via LII (H = R' 
== CllaPh) by the forinvlation of N-l)(‘nzyl- 
phenaeeturate also failed (Winthroj), II .70, 8; 77, 
1 ). Hovever, other workers \\er(* successful in 
phenylacetylating L to K-bvuzyJ-hvtizyJpvuahhv acid 
dicihyl acetal (Merck, MMO, 13). 

Although the pre])aration (jf these pheinlacetyl 
derivatives was difficult, the corresponding benzoyl 
derivative, ethyl ^-hcnzyl-pfanylpi naldaU (LI; R 
= Et; R' = C'H 2 Ph; R" — Ph) ^^as readily pre¬ 
pared by direct formylation of ethyl '^-heitziilhippur- 
atCy and formylation of (thyl K-methylhippurate 
gave ethyl N-meihyl-phe7iylp( tiaidate (LII; K = Me; 
R' ~ Ph). The ethyl N-benzjdhippurate and ethyl 
N-methylhippurate ^^(‘re prepared by th(' benzoyl- 
ation of N-benzylglycine ethyl ester and sarcosine 
eth^d ester respectiv(dy; these esters were further 
characterized b,y hydrolysis to ISldjenzylhippuric 
acid and N-methylhipj3uric acid respectively (see 
Cocker and I^apw'orth, J. Chem. Soc.y 1931 y 1894). 
Both LII (R - Me; R' = Ph) and LII (R - CTI 2 - 
Ph; R' — Ph) reacted readily with aniline and 
benzylamine to give the corresponding anihno 
and benzylamino derivati\ es. Reaction with benzyl- 
thiol was very sluggish and after a prolonged 
period the greater part of the starting material 
was recovered. With glycine, LII (R = CH 2 ph; 
R' = Ph) gave ethyl a-('S-he?iZ7jlber}zamido)‘^-carl)- 
oxymcthjlaminoacrylate (LIII), but LII (R = Me; 

C02lICH2NHCH=C(CY)2Et)-N(CIl2Ph)C()Cn2Ph 

LIII 

R' = Ph) gave an unidentified product. Attempts 
to prepan* the acetals (LI; R = H; R' = Me or 
CH 2 Ph; R" = CH 2 Ph) by treatment of the penald- 
ates with ethyl orthoformate by the Claisen proc¬ 
ess were unsatisfactory (Copp, Duffin, Smith and 
Wilkinson, CPS,404)^ Formylation of X-benzoyl- 
Barcosine methyl ester gave methyl N-methyl-phenyl’^ 
penaldatey further characterized by means of the 
anilino derivative (Merck, ^f£S), 

In order to obtain compounds containing an 
acyl group more closely allied to natural 2-pentenyl- 
penicillin the formylation of lUi-benzyl-K-caproyl’- 
glycine ethyl estery prepared from caproyl chloride 
and N-benzylglycine ethyl ester, was examined. 
Formylation seemed to proceed as usual and the 
product, presumably ethyl N-benzyl-amylpenaldate 
(LII; R » Cn 2 Ph; R' == CJIn), although rather 
impure, was successfully characterized and identi¬ 
fied as its crystalline bemylamino derivative. Simi¬ 
larly the formylation of ethyl 'i^’-methylaceturate 
gave a-i^-methylacetamidoy^-hydroxyacrylic ethyl 
ester (LII;R R' = Me) which readily underwent 
model reactions with aniline and benzylamine to 
give crystalline products (Copp, Duffin, Smith and 
Wilkinson, 

The attempted formylation of N-5enzy7-N-2- 


hexcnoylglycine ethyl (ster proceeded abnormally 
with the formation of wdiat was probaldy N-benzyl- 
S-{14mtenyiy2y4-pyrrolidione (LIV) the same prod- 

EK^Il ~CUCn V{H4]2 

ro— 

LIV 

net being obtained in tlie absence of ethyl formate. 
Pn'sumably it was fornu*d l)\ migration of the 
double bond in tlu* ])r(‘s(‘ne(‘ ot potassium ethoxide 
to give N-benzvl“X- 2 -heX('no 3 Igh cin(‘ ethyl ester 
which would then und(‘rgo intiainolecular condensa¬ 
tion in a manner analogous to that observed foi the 
conversion of melh\l N-melh\l-beTiz>Ipenaldate 
into N-inethyl-3-ph(‘n3l-2,4-i)\iiolidion(‘ (see M<Tck, 
MMOy 11 j. Thai w andering of the* double bond w^as 
involved was shown by pi (‘paring \-benzyl-K-3- 
hexenoylglyetrie ethyl ester irom 2-}ie\enoyl chloride 
and N-benzylglycine ethyl ester and treating it 
with potassium ethoxide under the same conditions 
as before when the same compound N-benzyl-3-(l- 
buten> l)-2,4-pyrrolidione, w*as obtained, only in 
rather better yield. This facih* w'andering of the 
double bond was somewhat unexpe(*ted but it has 
been showm (Hugh, Kon and Linstead, ./. Chem, 
Soc,y W27y 2585) that a very small amount of 
sodium ethoxide (actually mole) converts m- 
pulegone to pulegone extremely quickly, and thus 
potassium ethoxide might catalyze the three carbon 
isomerization here recorded (Copp, Duflin, Smith 
and Wilkinson, CPS.643). 

(b) As a preliminary experiment, XLIX (R = H) 
w^as condensed with DL-penicillamine but the prod¬ 
uct, possibly a mixture of stereoisomers of 4-carb- 
oxy -5,5 - dimethyl - 2 - N-ben zy If (irmami d o-carbet h- 
oxymethyl-thiazolidine (LV;R = CH 2 Ph;R' = H) 
wjis iK^t obtained crystalline (Copp, Duffin, Smith 

NH 

Meai • 8 • in CIICCOjED NR-COIl' 

LV 

and Wilkinson, CPS,361). Ethyl N-benzyl-phenyl- 
pcnaldate (LII; R = CH 2 Ph; R' = Ph) also con¬ 
densed w ith DL-penicillamine to give an amorphous 
product, analysis of w^hich w’^as in good agreement 
with that required for DL-4-car5o.ry-5,5-dtmcf/i?/i-2- 
'N-benzyl-benzaynido-carbethoxymethyl-thiazolidine 
(LV; R = CHaPh; R' = Ph) (Copp, Duffin, Smith 
and Wilkinson, CPS.464)- It formed an amorphous 
hydrochloride which nevertheless analyzed cor¬ 
rectly and it seemed likely that the product w^as a 
mixture of stereoisomers, a view supported by the 
ultraviolet absorption spectrum (see later) (Cop]), 
Duffin, Smith and Wilkinson, CPS,643). 

Condensation of the methyl ester of N-benzyl- 
benzylpenaldic acid diethyl acetal wdth D-penici 11- 
amine likewise gave an amorphous product, nanudy 
D-4-carboxy-5,5-dimethyl-2-N-benzyl-phenylacet- 
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amidocarbomethoxymethyl-thiazolidine which was 
characterized by means of its crystalline benzyl- 
amine salt (Merck, M 6S, 5). 

With i>-penicillamin(‘ methyl ^'-methyl-phenyU 
penaldafe condensed readily to give crystalline n- 
A^carboxy-byb--dtmethyl-2-^-methyl-henzamido-carb(h 
methoxymethyl - th ? azol id t n e Es t erificat i on with 

diazoniethane aflorded the dimethyl ester and 
hydrolysis with sodium hydroxide gave i>-4-carbo- 
imthoxy-b^b-dimethy -vu thyi-bemamido-carhoxy- 
methyUthiazohdine (Merck, M.63), Similarly, (thyl- 
^^•-methyl-plienylpenaldate (LII; R = Et; H' = Ph) 
condensed with n-penicillammeto gi've a piin^ crys¬ 
talline product believed to be a single stereoisomer 
of T>-‘4-‘CarhojLy^byb-divK thyl-2->l^-mcthyl~‘henzam7do- 
carbethoxiymelhyl-lhiazolnluu (LV; K = Me; It' — 
Ph). The condensation pioduct from Dii-peiiicill- 
amine and crude ethyl N-benzyl-amylpenaldate 
(LII; R = CHiPh; R' (\Hn) on the other hand 
was unsatisfactory, it formc'd a resinous hydro¬ 
chloride, the composition of which, houever, ap¬ 
proximated to that required for the hydrochloride 
of LV (R = CHaPh; R' = CsHn). Attempts to 
use the pure benzylamine derivative in plact‘ of the 
crude hydroxy methylene derivative led only to 
recovery of starting material. The condensation 
product from D-penicillamine and LEE (R ~ R' == 
Me) could not be isolated (Copp, Dulfin, Smith and 
Wilkinson, CPS.64^), 

Attempts to convert LV (R = CH 2 Ph or Me; 
R' == Ph) into analogues of XLVII were unsuccess¬ 
ful, due mainly to the lack of reactivity shown by the 
Qf-ethyl ester grouping. Attempts to isolate other 
isomers by benzoylation ol the residues also failed 
since no crystalline compounds were isolated; LV 
(R == Me; R' = Ph) itself readily yielded a crys¬ 
talline N^benzoyl derivative. 

COaH-CH—NH CONHNIIa 

Me,i • S • (f-H—in NR COPh 

LVI 

COsIICH—N-(’.0 

Meji • 8 • in—iuNRCOPh 

Lvn 

It seemed likely that a hydrazide such as LVI (R 
= Me or C’HjPh) would be converted into LVII 
(R == Me or CH 2 Ph) via the corresponding azide 
but attempts to prepare such hydrazides were 
unsuccessful. Treatment of LV (R = CH 2 Ph; 
R' = Ph) under the conditions successfully used for 
the preparation of phenylpenicilloic a-hydrazide 
(Chapter XXI) led only to the recovery of un¬ 
changed material, while more vigorous conditions 
led only to reduced recovery without the formation 
of the desired hydrazide. Presumably this lack of 
reactivity is due to steric hindrance; the model 
conversion of ethyl N-benzylhippurate to the cor¬ 


responding hydrazide (LVIII) (isolated as its 
hemthydrale) proceeded only in the presence^ of 
considerable ('xccss of hydrazine hydrate, showing 
that even here steric hindrance was probably 
present. 

Pht^t )N(( M12Ph; •( ’ll A’t )N IlNIIj 
Lvm 

PhCONMeCir-(’() 

’ C^INIl-Nll 
LIX 

Treatment of DA-H^arhoxitbyb-dinu thyl-^-l^^^methyl^ 
hcnzamido-carbethoxymithyUthiazolidine (LV; R = 
Me; K' Ph) with hydrazine hydrate was equally 
fruit less. Under mild conditions there was no 
load ion but under more vigorous conditions tw'o 
compounds were formed (a) 4-Q\-mcthyhhenZ’- 
anmlo)-^-j)yrazolone (LIX), the identity of w'hich 
w^as demonstrated by synthesis from ethyl N- 
methyl-phenylpenaldate (LII; R = Me; R' = Ph) 
and (b) an unidentified crystalline derivative, 
certainly not LVI (H = Me). 

Tieatment of LV (R Me; R' - Ph) with 
diazoniethane gave a gum, presumably D-4-carbo- 
methoxy - 5,5 - dimethyl - 2 - N-met hyl - benzamido - 
carbcthoxymethyl-thiazohdine (LX;R == Me;R' = 
Et). Hydrolysis with one equivalent of sodium 
hydroxide proceeded very slowly to give an amor¬ 
phous acid and a crystalline neutral product which 

('O 2 RCH—NH CO 2 R' 

Me2(!' S (!"H—(TI-NMe COPh 

LX 

COjMcC’—NH C02Et 

MejC’ iuJ’-NMeCOPh 

LXI 

appeared to be iBopropyhdene-carbomethoxymethyl- 
amtn(methyUne-(^-methyl-benzamido)-glycine ethyl 
ester (LXI). Decomposition of the amorphous 
acid with mercuric chloride did not appear to 
liberate any carbon dioxide; treatment of the liber¬ 
ated aldehyde with dinitrophenylhydrazine reagent 
gave a mixture from which the pure cr5r8talline 2 , 4 - 
dimtrophenylkydrazone of ethyl N-methyl-phenyl- 
penaldate (LII; R = Me; R' = Ph) was isolated. 
Thus the hydrolysis appeared to have resulted 
largely in the regeneration of LV (R = Me; R' *= 
Ph) rather than in the production of i>- 4 -carbo- 
methoxy - 5,6 - dimethyl - 2 - N -methyl-benzamido- 
carboxymethyl-thiazolidine (LX; R = H;R' = Me), 
a product which was expected by analogy with the 
hydrolysis of the penicilloate esters. Prior to 
demonstrating the structure of the acid its de¬ 
hydration to LVn (R « Me) or the corresponding 
analogue of XLVII was investigated; the chief 
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product was recovered acid together with a little 
neutral gum which had no antibiotic activity before 
or after hydrolysis with sodium hydroxide at O'*. 

COjRC’Il—NCOR' 

Me 2 (^’ • S • C'H C’II(('( > 2 R")-NMe C’( )Ph 

Lxn 

Later work (Shell, Sh.9, 113) RUggested the possi¬ 
bility of synthesizing a ‘‘penicillin” by pyrolysis 
of an acid such as LXII (R = R' = alkyf; R” - II). 
Acetylation of LX (R = H; R' = Et) gave i>-4- 
carhoxy-Z-acetyl-f)y^-dimcdhyl-2-l^-melhylA)cnzamido- 
carhethoxymethyUthiazolidine (LXII; R == H; R' = 
Me;R" == Et.) Esterification gave a gum, presum¬ 
ably D-4-carbomethoxy-3-acetyl-5,5-dimothyl-2-N- 
methyl-bcnzamido-carbethoxymethyl-thiazolidine 
(LXII; R - R' == Me; R" - Et). Hydrolysis with 
one equivalent of sodium hydroxide proceeded 
rather more quickly than for LX (R = Me; R' = 
Et) to give an amorphous acid of unknown struc¬ 
ture. When it was treated vith mercuric chloride 
there was no evolution of carbon dioxide and only a 
very small amount of aldehyde was isolated as an 
amorphous dinitrophenylliydrazone. This st ability 
to mercuric chloride was confirmed polarimetncally, 
the rotation (in ethanol) being unchang(‘d after 
twenty-four hours standing with a slight excess of 
mercuric chloride. This behavior is reminiscent 
of that of DL-4-carbomethoxy-3-benzoyl-2,2,5,5- 
tetramethyl-thiazolidine but the original acid 
(LXII; R - H; R' = Me; R" = Et) showed pre¬ 
cisely the same behavioi and the amorphous acid 
may therefore be LXII (R = H; R' = Me; II" - 
Et) or LXII (R R' = Me; R" = H) or a mixture 
of these substances. Pyrotysis of the amorphous 
acid gave a product with no antibiotic activity but 
pyrolysis of the resinous ester LXII (R =• H; R' = 
Me; R" = Et) gave a product which had slight 
though incompletely reproducible antibiotic activ¬ 
ity. The starting material (LXII; R = II; R' = 
Me; R" = Et) and the amorphous acid obtained 
from its hydrolysis were both biologically inactive 
so the active principle must have been formed dur¬ 
ing the pyrolysis. The activities were too low to 
warrant further work. 

jiA-CaTboxy-^-‘i8ohutyryl-2-^--mcihyl-henzamido- 
carhethoxymethyl-thiazolidine (LXII; R == II; R' == 
CHMes; R" == Et) was prepared and converted 
into the crystalline T>-4-carbomethoxy-3-isohvtyryl-2- 
H-^methyl^benzamido-carbeihoxymethyl-thiazolidine 
(LXH; R = Me; R' - CHMez; R" - Et). In 
view of the results already recorded for the acetyl 
derivative, hydrolysis was not examined. Pyroly¬ 
sis of this diester did not lead to biologically active 
products. 

The absorption spectra in ethanol of LII (R = 
CHsPh; R' - Ph) and LII (R - Me; R' = Ph), of 
their derivatives and of LV (R = Me and CH^Ph; 
R' » Ph) and LVI were of considerable interest. 


As shown below, LII (R ~ CH 2 Ph; R = Ph), LII 
(R = Mo; R' = Ph) and tlieir derivatives had 
well-defined maxima in the region of 2,500-2,800 A. 
On the other hand, LV (R == ()H 2 Ph; R' == Cblln), 
LVI and LXII (R - 11; R' - Me; R" - Et) all 
showed end absorption only with no sign of thi* 
maxima observ(‘d for the other compounds. JCvi- 
dently these penicilloates have the structures 
assigned to them above, being true thiazolnlinc' 
derivatives and not of the type LXIII. Tins is 
fuHher verified by th(' fact tiiat the 3-acetyl and 
3-?.<?el)utyryl derivatives did not decolorize the 
sodium azide-iodine reagent, proving the abstmee 
of a thiol group. 

(X)oH-C'H-NH COsEt 

Me.2sn CH-=rNRCOPh 

Lxin 


C’om pound 

^mhi. 

A 

1 

Em 
( mm ) 

^max 

A 

Em 

(wax.) 

Ethyl N-bonzyl-plunyl- 





penaldat(‘ (LII; H ~ 
CHaPh; IV = Ph) 

2,490 

8,000 

2,680 

9,100 

Benzvlanimc dt'nvativo 
Glycine derivative 

2,650 

5,800 

2,850 

10,400 

(LIH) 

Ethyl N-inethyl-phenyl- 
penaldate (LII; R = 
Me, IV *= Ph) 

2,590 

3,300 

2,850 

7,400 


2,510 

5,900 

2,680 

7,200 

Benzylamine derivative 

2,560 

6,500 

2,850 

13,000 

LV(R - CILPh;H' * 

— 

End absorp¬ 


CsHii). 


tion only 



LV (11 « Me and CHs 

! — 

lOnd absorp¬ 



Ph; R' « Ph). 


tion only 



LXII (R«H; R' = 

— 

End absorp¬ 



Me; R" « Kt). 


tion only 




Recently (Glickman and Tope, J, Am Chem, 
Soc.f 07j 1017 (194())) tile ultraviolet absorption 
spectra of ethyl jS-aminocrotonate and ethyl /3-di- 
methylaminocrotonate (in ethanol) were also shown 
to have a maximum at 2,740 and 2,810 A (though 
the intensity of absorption is somewhat greater). 
The similar location of the maxima shown by thet 
absorption spectra of the above compounds is good 
evidence that, like ethyl /3-aminocrotonate and 
ethyl /S-dimethylaminocrotonate, these phenyl- 
penaldates are hydroxymethylene derivatives and 
that their benzylaniine and aniline derivatives are 
not anils but enamines (Copp, Duffin, Smith and 
Wilkinson, CPS£ 42 ). 

EXPERIMENTAL 

RELATED TO TEXT OF DISCUSSION 
Preparation of Thiazolidines: Miscellaneous Syntheses 

4-Carbethox3rthiazolidine Hydrochloride (Pfizer, P.,9, 2). 
Cysteine ethyl ester hydrochloride was refluxed in absolute 
ethanol, containing a trace of hydrogen chloride, with a 
slight excess of paraformaldehyde. 4-Carbethoxythiazol- 
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idino hydrochloride was produced in good yield and crystal¬ 
lised on addition of ether to a warm cthanolic solution; it 
had m.p. 144 145“. 

Calc, for CfiHi,0,NS(n: K, 7,1 
Found: X, 7.1 

n-2-Phenyl-4-carboxy-fiw6-dimethylthiazolidine (Merck, 
1). D-lVnicillainino (1.385 g.) and hoiizaldehyde 
(1.145 cc.) in anhydrous dioxan (100 cc.) containing hydro¬ 
gen fluoride (5 g.) v^as stirred in a copper flask for three 
hours. After filtration, (•oiK‘(‘ntration, and trituration uith 
light petroleum the residtie was taken up in ethanol (15 cc.) 
and ^\ater (15 cc.) was added, follo\v(*d by aqueous sodium 
acetate to pH 4. Tht* preei])itatt‘ was recrystallized from 
50% ethanol, giving i)-2-])henyl-4-carboxy-5,5-dimeth\ 1- 
tliiazolidiiK' (1.7 g.; 77^’;,), m p. 151.5 152“ (dee.). 

r»;-Methyl n--)-Benzylpenicilloate (.U.f?, 2K n-lVni- 
cilJamine (2.43 g.) and methyl henzylpenaldate (3.1 g.) were 
allowed to stand for four hours in anhydnnis dioxan (31 ce.) 
containing hydrogen fluoride (1.55 g.). The mixture was 
pouri'd into a solution of sodium acetate (0.1 gJ in water 
(300 e(‘.) and (‘xtracted thrice with chloroform. Kvapora- 
lion left an oil (4.0 g.). A portion (2.0 g.) of this was <lis- 
solved in methanol (25 (jc.), diluted wdth water (150 ee.) and 
extracted into chloroform. Evaporation in vacuo left a 
light yellow brittle glass of a-rnethyl i)- 7 -benzylp(’nieilloate, 
-f 31“ (25% in methanol). 

Calc, for CnllaiOjNaS: C, 55.8; H, 6.0; N, 7.7 
Found: C, 50.1; H, 5.0; N, 6.7 

Upon standing in niethanol-ether, a small quantity of 
crystalline product was obtained, m.p. 164“. 

2- Keto-6-carboxy-6,6-dimethylthiazan (?) (Elks, Hems 
and Robinson, CPSJOl^ 0; Elks, Hems, Kobinson and 
Ryman, CPSMKfy 1). A mixture of dihydroxytarlaric acid 
(1.4 g.), p(inicillaminc (1.0 g.) and ethanol (20 ee.j was 
shaken rncehanicalJy for four hours. The preeq)itate (I) 
(0.32 g.) w'as crystallized from ethanol when it had m.p. 
182-184“ (dec.).' 

Calc, for CtHxiOiNS: C, 44.4; H, 5.9; X, 7.4; S, 16.9 
Found; O, 44.4; H, 5.9; N, 7.5; S, 16.9 

The compound sliowcd maximum light absorption at 2,360 A 
(Em 4,159). A solution of the compound in water gave a 
transient blue with ferric chloride, but polarographic exami¬ 
nation gave no indication of a thiol group oven after five 
minutes boiling w'ith N hydrochloric acid. 

3- Keto-5-carboxy-6,6-dimethylthiazan (II) (Elks, Hems, 
Robinson and Ryman, CPS.ftU), 6). Fcnieillumine (1 g.) 
was dissolved in w’ater (10 cc.), magnesium oxide (0.7 g.) 
added, and the mixture cooled in ice and stirred while chloro- 
acetyl chloride (0.51 cc.) was added slowly. The mixture 
was stirred for one hour, without cooling, then acidified to 
Congo Red and extracted thoroughly with chloroform. Thes 
flolvijnt was removed iti vacuo, and the residue triturated w'ith 
dry ether. 3-Keto-5-carboxy-6,6-dimethylthiazan crystal¬ 
lized from chloroform-light petroleum in prisms (0.26 g.), 
m.p. 171-174“. 

Calc, for CTHiiOaNS: C, 44.4; H, 5.9; N, 7.4; S, 16.9 
Found: i\ 44.5; H, 5.8; N, 7.35; S, 16.6 

Maximum light absorption was at 2,850 A. The compound 
gave no color with ferric chloride and a negative ninhydrin 
test. 

Chloroacetyl chloride (0.51 cc.) was added gradually to a 
cooled, stirred solution of penitdllamine (1 g.) and sodium 
bicarbonate (1,5 g.) in water (20 cc.). The resulting solu¬ 
tion was allowed to stand in ice for thirty minutes and then 
at room temperature for fifteen minutes. It was then 
acidified to Congo Red and worked up as in the previous 
preparation (yield, 0.25 g.). 


N-Chloroacetylpenicillamine (100 mg.), prepared as de¬ 
scribed by Barber, Ciregf)ry, Slack, Stickings and Woolman 
was dissolved in a solution of sodium bicarbonate 
(150 mg.) in water (5 cc.). The solution was left at room 
temperature for one hour, acidifiocj to C'ongo R(*d and 
worked up as above. Colorless prisms (10 mg.) were 
obtained, m.p. 171-173“, alone or mixed with a specimen of 
the compound described above. 

4-Carbethoxy-2,6,6-trimethyl-A*-thiazoline Hydrochloride 
(Bentley, Catch, (^ook, Jleilbron and Shaw% CPS:J(>7). 
1 ) 1 ^Penicillamine ethyl ester hydrochloride (1.5 g.) and 
thioaeetumide (0.6 g.) w^('re finely ground and heated first at 
100“ (thirty minutes), then at 120“ (2.5 liours), hydrogen 
sulphide being evolved and ainmoniuin chloride separating. 
'I'he iiii4t W'as extnicf(‘d with etlier (3 X 15 cc.) and the 
dried e.vtraet e()ne('nt rated and treated with dry ethereal 
hydrogen ehlorid(‘, when 4-earbethoxy-2,5,5-triniethyl-A*- 
thiazoline hydrochloride .scjKirated; it crvst.Mllized from 
chloroform-cther in small rods and sublimed at 80-90“/14 
lurn. in long wdiite deliquescent needles, rn.p. 140-111“. 

Cale. for CJIicO^XSd: (\ 45.5; FI, 6.3; X, 5.9; S, 13.5 
Found: (\ 45.7; II, 6.5; N, 6.0; H, 13.8 

4-Carbethoxy-2,5,6-trimethylthiazolidme Hydrochloride 

(CPS.^*)7). The free b.ase of the above thiazolinc (350 mg.), 
b.p. 60-63“/0.1 mm., in ether (80 ec.) w^as treated with 
amalgamated aluminium (2.5 g.). Water (8 ee.) was added 
in portions over throe; days, the etlier evaporated, and the 
od dried over phosphorus pentoxide. It was dissolved in 
dry ether and treated with dry liydrogen chloride. 4-(''arl>- 
<‘t}ioxy-2,5,5-trimethylthiaz(>lidine hydrochloride was pre¬ 
cipitated (250 mg.) and crvstalhzed from chloroform-ether, 
m.p. 113-114“. 

Cale. for (XH,802X8(4: i\ 45.2; II, 7.5 
Found: (’, 45.0; H, 7.8 

Tlie thiazolidinc hydrochloride (120 mg.) was tr(;ated with 
excess aqui;ous mercuric ehlriride* overnight. The odor of 
acetaldehyde was soon th'tt'cted, and from the filtrate, 
acetaldehyde 2,4-dinitrophenylhydrazono, m.p. 160-161“, 
(51 ing.) was obtained. 

2-Phenylacetami(lomethyl-4-catbomethoxy-6,5-dimethyl- 
A^-thiazoline (Bailtrop; Abraham, Baker, Chain anil Bobin- 
son, CPS. 40 S). Penicillamine methyl ester hydrochloride 
(2.0 g.) in water (2.0 cc.) and phenylacetamidoacctimino 
ethyl ether (2.0 g.) in chloroform ^2.0 ci;.) were shaken for 
two hours at room Uunperature. The product obtained 
from the chloroform was distilled in bulbs to yield a very 
viscous oil (1.8 g.), b.p. l80-19()“/0.3 mm. 

Calc, for Ci«H 8 oO,N 2 S: C, 60.0; H, 6.3; N, 8.8 
Found: (\ 60.3; 11, 6.3; N, 8.6 

The above thiazoline (0.8 g.) in etlier (100 cc.) was 
refluxed with aluminium amalgam (40 g.), water F>elng 
added over five hours. A colorless oil (0.46 g.) was obtained 
from the ether, forming a crystalline hydrochloride, m.p. 
85-95“. This was treated with mercuric chloride, and 
addition of 2,4-dinitrophenylhydrazine in 2 A hydrochloric 
acid gave the dinitrophenylhycirazone of benzylpctiilloalde- 
hyde (0.46 g.), m.p. 202-205“ after crystaliization from 
ethanol. No depression in m.p. was observed on admixture 
with an authentic sample. 

2-(a-Carboxyi8opropyl)-8-i8obutyryl-thia2olidine (Shell, 
(ShJ4y 214). A solution of dimethylketene (15.4 g.) and 
A*-thiazoline (8.7 g.) in ethyl acetate (150 cc.) was stoppered 
under nitrogen and left at room temperature for four days. 
After removal of the solvent, the residue was taken up in 
ether and extracted first with aqueous sodium bicarbonate 
and then with 2 N hydrochloric acid. Neutralization of 
these extracts gave only small quantities of products. 
However, after a second extraction with aqueous sodium 
bicarbonate, followed by acidification, a crystalline acid 
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separated. T^ecrystallization from methanol-water gave 
8.87 g. (28%), ni.p. 122 ^ 

Calc, for (\,Hi 9 () 3 NS: 

(\ 53.9; 11, 7 . 8 ; N, 5.7; S, 13.1; neut. equiv., 245 
Found: C, 53.8; II, 7.8; N, 5.5; S, 13.0; nout. equiv., 253 

2 - M ethyl - 2 - (^v-carboxy-isopropyl) -3-isobutyryl-thiazol- 
idine (ShJJfy 211). A cold solution of dimethylketene 
(10.5 g.) and 2 -niethyl-AM.hiazolim‘ (7.6 g.) in ethyl acetate 
(100 ec.) was stoppered under nitrogen and left for thr<*e 
days. The solution was (‘xtracted with aqueous sodium 
biearbonat(‘, washed, dried and ovai)orated. The re.sidue 
was dissolved in light i)etroleuin (50 ce.), filtered and 
concentrated to a light yellow oil (23 g.). The infrared 
spectrum of this compound was compatible with a fused 
thiazolidine-piperidindione ring system. The oil was refluxed 
for eight(‘(*n hours in a rnixtun' of ethyl MC(*tate (50 ec.), 
water (15 ec.) and acetic acid (2 ec.). Acidic materials w(*re 
extracted into a(pi(*ous sodium bicarbonate, and the extract 
was washed and aci(lifi(‘d. An oil sc'parated, which crystal¬ 
lized on cooling and scratching. Kecrvstallizution from 
aqueous methanol gave 5.3 g., m.p. 130.5^ 

Calc, for C 12 H 7 JO 3 NS: 

(\ 55.0; H, 8.2; N, 5.4; S, 12.4; neut. equiv., 259 
Found: C\ 55.1; II, 8.2; N, 5.0; S, 12.5; neut. equiv., 200 

2 - Phenyl -2-(a-carboxy-isopropyl )-3-isobutyryl-thiazol- 
idine {Sh.Sf 105). The .solution of dimethylketene in ethyl 
ucetat(‘ derived from Qr-bromo-i.sobutyr>*l bromide (100 g.) 
was added tf) 2-phenyl-A®-thiazohiie (8.2 g.). After stand¬ 
ing overnight, the solution was warmed for thirty minutes 
at 60°, and the solvent removed rn vonw. P^xtraction with 
10 ';,', sodium carbonate and acidification yi(‘I(le(l a crystal¬ 
line acid (3.5 g.), which w’as recry.stallized from btuizene- 
light petroleum to give 2-i)h<'nyl-2-(a-carboxyisopropyl)-3- 
isobutyryl-thiazolidine, m.p. 157.5-158°. 

Calc, for CnllijOaNS; 

C, 03.5; II, 7.2; N, 4.4; neut. equiv., 322 
Found: C, 03.8; H, 7.2; N, 4.4; neut, equiv., 324 

The residue was purified by r(*peat(*d ery.stallization 
from benzcuie-light petroleum, with charcoal. 0,l-2',3'- 
Thiazolidirie-0-phenyl-3,3,5,5-tetramethy 1-2,4-piperidindi- 
one ( 0.8 g.), m.p. 130-137°, was ultimately obtained. 

Calc, for Ch 7 n 2 i 02 NS: C, 07.3; H, 7.0 
Found: C, 67.3; H, 7.1 

A solution of the piperidindiono (6 g.) in methyl alcohol 
(60 cc.) was refluxed for ten hours with N sodium inethoxide 
(0.2 cc.). The solution was concentrated to 30 cc. and the 
warm solution diluted with water until crystals formed. 
Cooling in ice yi(‘ld(id 2-phenyl-2-(a-carbomethoxy-i80- 
propyl)-3-isobutyryl-thiazolidine, m.p. 127-130°. Ilccrys- 
tallization from benzene-light petroleum yielded the pure 
ester (4.2 g.), m.p. 137-138°. 

Calc, for CuHatO.NS: N, 4.2; S, 9.6 
Found: N, 4.2; S, 0.7 

2 -Phenyl- 2 -(a-carboxy-isopropyI)- 3 -isobutyryl-thia 2 - 
olidine was treated with excess ethereal diazomotharie. Re- 
crystallization of the residue from benzene-light petroleum 
yielded 2-phenyl-2- (a-carbomethoxy)-i 5 opropyl- 3 -isobutyr- 
yl-thiazolidine, m.p. 138.5°. 

D-2-Carboxyi80propyl-3-isobutyryl-4-carbom6thoxy-5,6- 
dimethylthiazolidine (Merck, M.66, 2 ). Dimethylketene 
(780 mg.) in ethyl acetate (20 cc.) was added to 4-carbo- 
methoxy-5,5-dim6thylthiazoline (970 mg.) in a sealed tube, 
and the solution allowed to stand for two days. The ethyl 
acetate was washed with sodium carbonate, dried and evap¬ 
orated under reduced pressure, finally at 0.2 mm. pressure 
to remove dimethylketene dimer. The residue was crystal¬ 
lized from light petroleum. The crude solid (0.15 g. from 


a total of 0.29 g.) was dissolved in ethyl acetate (5 cc.) and 
refluxed with water (1.5 cc.) and isobutyric acid (I drop) 
for twelve hours. The mixture was shaken witli 10'fv- 
aqueous sodium carbonate and the aqueous solution acidified 
with hydrochloric acid giving a crystalline product (80 mg.), 
m.p. 147-149°, unchanged on recrystallization from benzene- 
light petroleum. 

(’ale. for (bJlo,0,NS: (\ 54.4; H, 7.6; N, 1.2 
Found: (’, 51.8; II, 7.9; N, 4.3 

A further (piantity of tin* acid (0.31 g.) was obtained by 
Ijydrolyzing the oily re.sidue from tlu* first light petrolmim 
filtrate. 

6,l,2',3'-(4'-Carbomethoxy-6',6'-dimethylthiazolidino)-6- 
phenyl-3,3,6,B-tetramethyl-2,4-piperidindione (Shell, aSVi. 5, 
109). I)imet}iylk(*terie (4.1 g.) in (*tliyl acetate (40 ec.) 
was added to 2-ph(‘nyl-4-carl)om(‘thoxy-5,5-rlimethvlthi- 
azolim* (14.4 g. ) under nitrogen. The mixture was allowed to 
.stand f)vernight and then refluxed fur tAvo-hour.s. (’oneen- 
tration to 25 cc. and dilution with light petroleum (1 vol.) 
and cooling and scratching induced ery.stallization (1 g.). 
Uecry.stallization from benzene-light jirtroleum jueldcd 
0.0 g., m.p. 140°, which was subseqiu'utly raised to 154°. 

Oalc. for Cb,II, 7 () 4 NS: (’, 04.8; H, 7.0 
Found: (’, 01.5; 11, 7.2 

i.- 6 ,l, 2 \ 3 '-( 4 '-Carbomethoxy- 5 ', 6 '-dimethyl-thia 2 olidino)- 

2.4- piperidindione HMizer, P.28, 11 ). i>-4-(\irbomethoxy- 

5.5- dimethylthiazoline hydrochloride (1.07 g.) in drv benzene 
(10 <T.) Huspen.sion was treated with a small excess of (hazo- 
methane in benzene, and volatile products removed ut vacuo 
at room temperature. Kxcess ketone (3 moles) was added 
and the solution allowed to stand overnight at Ob The 
solution (20 cc.) was dilutisl to 50 ci^. with benzene, and then 
run down ac olumn of Brockm.ann alumina (275 mm. X 
12 mm.). The column was washed with benzene (40 cc,), 
and the benzene rejected. A mixture of dry ether (20 cc.) 
and benzene (20 cc.), followed by dry ether (40 cc.) was 
passed through the column. The combined fractions yielded 
an oil (50 mg.), which crystallized on cooling and scratching; 
m.p. 99-102°. 

(’ale. for (h,lIi 604 NS: C, 51.4; H, 5 9; N, 5.5; S, 12,5 
Found: C, 51.8; H, 0.7; N, 5.5; S, 12.3 

3-Acetyl-4-carbomethoxy-5,6-dimethylthiazoUduie (Up¬ 
john, 7; 2 ; .23, 1; !)• 4-(’!arboiTiPthoxy-5,5- 

dimethyl-A^-thiazoline (152 mg.) in heptane (0 cc.) was 
maintained at 50° for fifteen minutes while a rapiil stream 
of ketene was passed in. The .sfilution wa.s kept at 0° for 
eighteiui hours and evaporated in vacuo. A clear yellow oil 
(170 mg.) was obtained. 

Calc, for CJIuOsNS: C, 49.7; 11, 7.0; N, 6.5; S, 14.7 
Found: C, 49.9; II, 6.3; N, 6.4; S, 15.1 

Under .strictly anhydrous conditions, a pale yellow, amor¬ 
phous .solid was obtained. 

Found: C, 51.2; II, 6.9; N, 6 , 8 ; S, 14.8 

Condensations of Thiazolidines with Oxazolones 

2-Phenylacetamido-carbomethoxy-methyl-4-carbometh- 
oxy-thiazolidine (Merck, M.lSc, 21). Cysteine methyl ester 
hydrochloride (1.71 g.) and 2-bonzyl-4-methoxyinethylene- 
5(4)-oxazolone (2.1 g.) were heated in pyridine (50 ce.) on the 
steam bath for ten minutes. The pyridine was evaporated 
and the residue dissolved in chloroform and washed with 
water. After evaporation of the chloroform the product 
cry.stallizod from ethyl acetate; m.p. 188-18f)°, 

Calc, for C 16 H 20 O 6 N 2 S: C, 54.5; II, 5.7; N, 8.0 
Found: C, 54.9; II, 6.1; N, 8.1 

Methyl Phenylpenilloate (Copp, Duffin, Smith and Wil¬ 
kinson, CPS.S88). Penicillamine hydrochloride (4.6 g.) 
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ttiui 2“i)honyl-J-t*tlH)xymothyleiie-5('1)-oxazolone (5.4 ft.) in 
50<’fi H{{U(‘OUs (lioxaii (50 cc.) wf*re allowod to stand over- 
niftht, tiip solution was liltered and the filtrate kept at 60-70® 
for throe hours. JMienylponilloic acid hydrochloride (3.5 ft.) 
separated on eooliiift and crystallized from aqueous dioxan 
m prisms, m.p. 220 ®. 

Calc, for CuHioO^N^Sd: 

(\ 50.8; II, 5.7; N, X.5; S, 0.7; neut ecpiiv., 165 
Found: C, 50.0; 11, 5.!f; N, tS. 6 ; O.S; neut. equiv., 165 

The m<*thyl ester was obtained from the acid and diazo- 
methane as a liquid, b.p. 120®/0.05 min. 

Calc, for CuHjoOsNaS: S, 10.4 
Found: S, 10.1 

i)L-2-Benzainido-carboxybenzylamide-methyl-4-carbo- 
metliozy*6,5-dimethylthiazolidine (Mich. Chein., H.3, 3; cf. 
Merck, M.13a, 15). i>L-lVnicillanune methyl fjster (25 mg.) 
and 2-phenyl-4-ethoxymethylene-5(4)-oxazolone (35 mg.) 
were allowed to stand overniftht in dry ether (I cc.). Henz- 
ylamine (2 drops) was added and th(» precipitate triturated 
with etlier to give 8 mg., m.p. 205® with softenirift from 100®. 

Calc, for C 2 ,I 1 * 704 N 3 S: 62.6; H, 0.2 

Found: (\ 62.8; 11, 6.5 

('ondensation also occurred in pyridine. 
nL-2->Phenylacetamido-carboxy-(a-carbomethozy-/3-mer- 
capto-/3,^-dimethyl) «ethylamido»methyl>-4-carbomethoxy-6, 
6<Kiimethylthiazolidine (Merck, MM, 22). DirPenicillaniine 
methyl ester (417 mg.) and 2 -benzy 1-4-hydroxymethylenc- 
5(4)-oxazolone (514 mg.) w^ore h(*ld in dioxan (2 cc.) for 
twenty-four hours. The product (11 rng.) was crystallized 
from niethaiiol-c‘ther; m.p. 212-213®. 

Calc, for CaatlasOeNsSa: 

(^ 54.1; H, 6.5; N, 8 . 2 ; S, 12.5; OClh, 12.1 
Found: C, 54.5; H, 6.9; N, 7.9; S, 13.0; OClU, 12.0 

D - 2 • P h e n y 1 a c e t a m i d 0 - carboxy-phenylethylamido- 
inethyl-4-€arbomethoxy-6|5-dimethylthiazoUdine {M.S7, 10). 
n-Penicillamine methyl ester and 2-benzyl-4-methoxy- 
methylenc-5(4)-oxazolone were condensed in toluene for 
sixteen hours at room temperature. The residue was dis¬ 
solved in ether and tnjated with 2 equivalents of ^-phenvl- 
ethylamine for sixteen hours and crystallized from ethyl 
acetate-methanol-light petroleum; m.p. 1?6-176®. 

Calc, for C, 63.9; H, 6.7; N, 9.0 

Found: C, 63.9; 11, 6.5; N, 9,3 

D *2 - Phenylacetamido - carboxybenzyla mi d 0 m e t by 1-4- 
carboxybenzylamide-6,6-dimethylthazolidine {M.37, 10). 
D-Penicillamine methyl ester and 2-benzyl-4-methoxy- 
metbylene-5(4)-oxazolone w'crc condensed in pyridine 
in the usual manner, and the residue treated with excess 
beiizylamine and refluxed overnight in ethyl acetate. 
Treatment of a fraction of the oily residue with methanol 
and clarification with charcoal gave white rods, m.p. 
186-188®. 

Calc, for C,oH 8403 N 48 : (J, 67.9; II, 6.5 
Found: C, 67.6; H, 6.5 

X)L-2-Benzylamido-carbomethoxy-methyN4-carboxy-thi- 
azoliditie {M,29, 8 ). A solution of 2-phenyI-4-liydroxy- 
mothyleno-5(4)-oxazolone ( 2.1 g.) in ethanol (15 cc.) was 
warmed on the steam bath for thirty minutes, treated with 
DL-eysteinc hydrochloride ( 1.8 g.) and potassium acetate 
( 1.0 g.) in water (15 cc.) and left overnight. The crys¬ 
talline product (2,6 g.; 70%), m.p. 155.5-166®, was a 
monohydrate. 

Calc, for CuHi*0,NjS-HaO: C, 50,6; H, 6.6; N, 7.9 
Found: C, 60.8; H, 6.7; N, 7.7 


The i.-form w^as prepared similarly {M.23, 11). It bad 
rn.p. 160-161® from aqueous methanol. 

Calc, for CuHisOtNsS: C, 53.2; H, 6.4 
Found: 53.3; H, 5.6 

DL-2-Phenylacetamido-carbethoxymethyl-4-carbozy*thi- 
azolidine (M.30, 7). A solution of 2-benzyl-4-hydroxy- 
methylene-6(4)-oxazoIone (1.948 g.) in absolute ethanol 
(15 ec.) was refluxed for eight minutes and treated with 
i>L-cystein(* hydrochloride (1.023 g.) in water (15 cc,), 
followed by potassium acetate (0.5 g.). After 2 days the 
crystalline product (1.742 g.) was recrystallized from ethan¬ 
ol; m.p. 188°. 

('ale. for (hcHooG^NuS: (\ 54.6; 11, 5.7; N, 8.0 
Found: C, 54.3; 11, 5.7; N, 8.1 

i.-2-Phenylacetamido<-carbobenzoxymethyl-4-carboxy- 
thiazolidine (Upjohn, U.7, 32). A solution of 2-benzyl-4- 
hydroxymethylcne-5(4)-oxazolone (203 mg.) in dioxan (2 cc.) 
containing benzyl alcohol (108 mg.) was heated on the 
steam bath for thirty minutes and added to L-cysteine hydro- 
chlorid(‘ (157 rng.) and potassium acetate (100 ing.) in water 
(1 ce.) and left overnight. The solid product recrystallized 
from aqueous dioxan as a white powder, m.p. 160-162®. 

Calc, for C 21 H 32 O 6 N 2 S: N, 6.8 
Found: N, 7.1 

D-n-Heptylpenilloic Acid Hydrochloride (Pfizer, P.SS, 7). 
A mixture of 2-r<-heptyl-4-hyilroxymethylene-5(4)-oxazolone 
( 1.2 g.) and ethanol (18 cc.) was heated on the steam bath 
for five minutes, cooled and added to D-penicillamine (0.85 
g.) in w’ater (8 ee.). The mixture was treated with charcoal 
and left to stand. Extraction of the product with ether, 
followed by treatment witli anhydrous hydrogen chloride 
and concentration gave a gum which solidified under fresh 
I'ther. Recrystallization from ethanol-ethcjr gave a product 
(0.1 g.), m.p. 190-191®; Hd** + 81® (in methanol). 

Calc, for 

C, 51.1; II, 8.2; N, 7.9; S, 9.1; C’l, 10.1 
Found: C, 51.1; 11, 8.4; N, 7.9; S, 9.5; Cl, 10.2 

D-2-Cyclobexylacetamido-carbetboxymethyl-4-carboxy-6, 
6-dimethyltbiazolidlne Hydrochloride [P.SS, 7). A mixture 
of 2-cycIohexylmethyl-4-hydroxymcthylone-5{4)-oxazolone 
(1.3 g.) and ethanol (8 c(*.) was warmed on the steam bath 
until a clear solution was obtained, and then added to 
D-penicillarnine (0.93 g.) in water (8 cc.). An oil was 
deposited and was extracted with chloroform. An amorph¬ 
ous solid was obtained on n'lnoving chloroform and was 
dissolved in ether and treated with dry hydrogen chloride. 
The solid product (1.4 g.) was recrystallized from ethanol- 
ether; m.p. 182-183° (dec.); [a]D*^ •+■ 61® (in methanol). 

Calc, for CjJIaiOftNaSCl: 

C, 51.1; H, 7.3; N, 6 . 6 ; S, 7.0; Cl, 8.4 
Found: (\ 51.3; II, 7.5; N, 6.7; S, 7.1; Cl, 8.4 

D-2-*Benzamido*carbomethoxymetbyl-4-carbomethoxy-6| 
5-dimethyltbiazolidine Hydrochloride (Merck, M,SSy 9). 
2 -Pheiiyl- 4 -hydroxymethylene- 5 ( 4 )-oxa 2 olone (1.4 g.) was 
refluxi'd in methanol (25 cc.) for twenty-five minutes and 
the solution concentrated to dryness in vacuo. The result¬ 
ing gum wtis refluxed for twenty minutes in toluene (60 cc.) 
with D-penicillamine methyl ester (1.43 g.) and the solution 
evaporated in vacuo. The resulting amber oil was dissolved 
in methanol (5 cc.) and acidified with mcthanolic hydrogen 
chloritle to give, after addition of ether, a crystalline product 
(1.8 g.), m.p. 182-184®; recrystallized from methanol and 
ether, m.p. 190®, 

Calc, for C, 7 H*,OftN 2 SCl: C, 60.8; H, 6.8; N, 7.0 
Found: C, 60.4; H, 6.9; N, 7.1 
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D l* 2-Phenylacetamido-carbomethoxymethyN3-formyl-4-> 
carbozy-6,5-dimethylthiazolidine {MJUj 9). A Boluiion of 
2-benzyl-4-hy(iroxymcthyl(»no-5(4)-oxazolon(i (2g.) in meth¬ 
anol (15 00 .) was refluxed for ten minutes, added to DL-peni- 
cillamino hydrochloride (1.8 g.) and potassium acetate (1 g.) 
in water (15 cc.) and left overnight. The heavy oil -which 
separated was taken up in sodium bicarbonate solution. 
After aoidifloation and extraction into chloroform, a brittle 
residue was obtained (1.28 g.;. A portion (300 mg ) wnts 
allowed to stand at 0® for tw(‘nty-four hours with a mixture 
of 85 % formic acid (2 cc.) and acetic anhydride (1 cc.). 
C'oncentration and trituration with ether ^delded a white 
solid, m.p. 175®. 

Calc, for (S8ll2206N2S-ll20: C, 52.4; H, 5.9 
Found: C, 52.9; 11, 5.9 

D-2-Phenylacetamido-carbomethoxy-methyl-4-carboxy-6, 
5-dimethylthiazolidine (Cornell Bioch.. D.13,b). This com¬ 
pound, similarly prepareil from DL-p(*riicillamine hydro¬ 
chloride, crystallized from methanol and had m.p. 159 100®. 

ChIc. for CiiH^OftNaS: C, 55.7; H, 0.1; N, 7.0 
Found: C, 55.9; H, 5.9; N, 7.1 

a-£thyl n-Benzylpenicilloate (Merck, M.10‘), 2-BenzyI- 
4-hydroxymethylene-5(4)-oxazolone (4.2 g.) and ethanol 
(25 cc.) were heated on the steam bath for eight mimit(‘s, 
n-penicillamine hydrochloride (3.85 g ) arul potassium acet¬ 
ate (2 g.) in water (25 cc.) were ad<h'd, and after eight(‘en 
hours the solution was seeded. Crystal crops totalling 
5.5 g. (70<\'), m.p. 145® (dec.), N\(‘re collected at intervals of 
two, five and ten days. The product was recrystallized 
from hot ethanol (10 cc./g.) bv diluting with an equal vol¬ 
ume* of water, to form felte'd needles, m.p. 150® (dec.); 
Hd 4- 128® (c * 0.391 in ethanol). 

Calc, for 

C, 56.8; II, 6.1; N, 7.4; neut, oquiv., 380 
Found: C, 57.0; 11, 6.5; N, 7.5; neut. eq\uv., 380 

Benzylam-ine Salt of a-Benzyl n-Benzylpenicilloate (M.29, 
9). 2-Benzyl-l-hydroxymethylene-5(4)-oxazolone (6 g.) 
was refluxed with benzyl alcohol (3.2 g.) in dry benzene 
(50 cc.) for forty-five minutes. A portion of this solution 
yield(»d almost quantitatively a 2,4-dinitrophenylhydrazone, 
m.p. 182®. 

Calc, for CaJiaiOiNfi: C, 58.7; H, 4.3; N, 14.3 
Found: C, 58.7; 11, 4.7; N, 14.4 

The remaining benzyl ester in dioxaii was added to 
D-penicillamine hydrochloride (2.86 g.) and potassium 
acetate (1.5 g.) in water (20 cc.) and left overnight. The 
solution was concentrated in vacuOj and water and chloro¬ 
form were added. The chloroform extract yielded a brittle 
solid (6 g.). A portion (1.6 g.) of this in a mixture of 
ethanol (5 cc.) and ether (2 cc.) was treated with redistilled 
bcnzylarnine (0.406 g.) in 30% alcoholic other, and light 
petroleum was added to incipient turbidity. After one week 
the crystalline product was recrystallized from t*thanol- 
light petroleum, giving the benzylamine salt of a-benzyl-n- 
benzylpenicilloatc, m.p. 163-164°. The molting point was 
depressed to 158-160® on admixture with the corn'sponding 
natural product, m.p. 162-163°. 

Calc, for CtoHufiOfiNaS: C, 65.6; H, 6.4; N, 7.6 
Found: 65.6; H, 6.5; N, 8.0 

L-2-p-Acetoxyphenylacetamido-carbethoxymethyl-4-carb- 
dthoxy-thiaxolidine (Pfizer, 8). Cysteine ethyl ester 

hydrochloride (2 g.) and 2-p-acetoxybonzyl-4-ethoxymethyl¬ 
ene-5 (4)-oxazolone (2.9 g.) were refluxed in pyridine (40 ec.) 
for ten minutes. The pyridine was removed in vacuo and 
the residue allowred to stand with ethanol (50 cc.) for two 
hours. After evaporation of the ethanol the residue was 
dissolved in chloroform and washed with water. The 


residue from the chloroform was lyophilized from benzem*; 
m.p. 65-60”. 

C^alc. for C 20 H 20 O 7 N 2 S: 54.8; 11, 5.9; N, G.4 
Found: C, 54.5; H, 5.8; N, 6.3 

L-2-p-Methoxypbeny]acetaxnido-carbomethoxymethyl-4- 
carboxy-thiazolidine 14). 2-/)-Mothoxybenzyl-4-hy- 

droxymethyleije-5(4)-oxazolone (1.9 g.) wa.s refluxed with 
methanol (25 cc ) for fifteen minutes, and treated with 
u-cysteine hydrochloride (1 58 g.) and potassium bicarbonate 
(1 g.) in wiitei (25 ec.). After standing overnight, the 
prociuct (2.84 g ) was collected and crystallized from 
methanol; m.p. 165-166®. 

Calc, for f^eIl 2 oO„^[ 2 S: C\ 52.2; II, 5.4; N, 7.6 
Found; i\ 51.9; 11, 5.4; N, 8.0 

i>-2-p-Methoxyphenylacetamido-carbomethoxymethyl-4- 
carboxy- 6 , 6 -dimethylthiazolidine {P.^Oy 9). D-Penicillamine 
hydrobnjmide (from n-4-carboxy-2,2,6,5-tetramethyl-thi- 
azolidine Iiydrobromide, 7.5 g.) in water (50 cc.) was treated 
with potassium bicarbonate ( 2.8 g.) and a solution obtained 
by refluxing 2-p-methoxybenzyl-4-hydroxymethylone-5(4)- 
oxazolone ( 6.1 g.) in methanol (50 cc.) for fifteen minutes. 
The mixture w'as held overnight, shaken with chloroform, 
and the chloroform shaken wuth acpieous potassium bicar¬ 
bonate. Acidification with acetic acid, extraction with 
benzene, and lyopliilization gave a white powder ( 0.45 g.). 

(’ale. for (’i 8 n 240 flX?S: C’, 54.5; II, 6.7; N, 7.1 
Found: (\ 56.4; II, 6.0; N, 6.2 

Azothiazolidines 

2-p-Chlorobenzeneazo-carbethoxymethyl-4-carboxy-5,6- 
dimethylthlazolidine (Baddiley, Cpenshaw , Sykes and Todd, 
CPt^M/f), Ethyl sodioforniylacetate (20 g.) in watcT 
(300 ec.) was made acid (Brilliant Yellow) with acetic acid 
(turbidity) and sodium acetate (20 g.) ad(l(*(I, followed, with 
stirring, by diazotized p-chloroaniline (12,7 g ) in solution 
(300 cc.) neutralized (Congo Bed) with sodium bicarbonate. 
After five minutes the azo-compounds were evtractf'd with 
chloroform, chloroform removed, and the residue* chromato¬ 
graphed on alumina from ethyl ac(»tate. A lowc'r deep red 
band was washed out with ethyl acetate and yielded ethyl 
di-(p-ehlorobenzeneazo)-acetate, which separated from 
benzene-light petroleum in d<‘ep red needles, m.p. 138® 
(about 0.5 g.). 

Calc, for CuHu 02 N 4 (l 2 : (\ 52.7, H, 3.8; N, 15.3 
Found: (’, 53.2; H, 3.9; N, 14.9 

The upper yellow band was washed out with ethanol and 
yielded ethyl p-chlorobenzc'neazo-forinylacetatt* as pale 
yellow prisms, m.p. 82® (5 g.), from xylone-light petroleum. 

Calc, for CnllnOjNaCl: (’, 52.0; H, 4.3; N, 11.1 
Found: (’, 51.8; II, 4.6; N, 11.2 

The p-chlorophenylhydrazone, obtained in the usual 
manner, crystallized from acetic acid in yellow needles, m.p. 
228®. 

Calc, for Ci 7 lIie 02 N 4 Cl 2 : N, 14.8 
Found: N, 15.0 

The azoformyl ester (0.5 g.) in warm methanol (20 cc.) was 
added to nri-penicillaniine hydrochloride ( 0.4 g.) in wafer 
(5 cc.) and the mixture l(*ft for eight hours at room tempera¬ 
ture and overnight at 0 ®. 2 -p-Chlorobenzeneazo-carbeth- 
oxymethyl-4-carboxy-5,5-diniethylthiazc)Iidine separated 
from dilute ethanol as yellow needles (0.25 g.), m.p. 152®. 

Calc, for C,ell 2 o 04 N,SCl: (\ 49.8; H, 5.2; N, 10.9 
Found: C\ 49.9; H, 5*9; N, 10.9 

The azoformyl ester (1 g.) in warm 95% ethanol (40 cc.) 
was added to nn-cysteine (1 g.) in water (10 cc.). The mix- 
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ture bej^an to deposit crystals within one hour and after 
standiiiK overnight the product was rocrystallized from 
methanol. 2 -p-Chloroben 2 eneazo-oarl)ethoxyniethyI- 1 -carb- 
oxy-thiazolidine hydrochloride itu’iiied yellow needles 
(1.4 K.), ni.p. 148®. 

Talc, for r, 4 Hifl 04 N.SCI: 40.9; H, 4 6; N, 11.7 
Found: ( \ 47.0; II, 4 7, N, 11 2 

Methyl Ethoxymethylene-nitroacetate A mix¬ 

ture of inethvl nitroaeetate (S 7 k ) (St(Mnkopf, Annalen, 
21 (1923)), etfiyl orthoforinate (15 pi, ), and acetic 
anhydride (19 cc.) was luxated under reflux for two hours in 
an oil bath at 135-lU)''. Material fioihn?; below 100'^ was 
then renioved by distillation at atmospheric pressure' (luting 
a further forty-five minutes and the residue Iraetioiiat'Hl 
under reduced pressure. The main fraction (7 Hi , 5SS') 
distilled at 155 158°/12 mm A rishstilleii sample of 
methvl ethoxymethylene-uitroaeetate, b j> 150 1.57^/ 
12 nun , was a yi'llow, slightly viscous oil. 

Calc, for (VI»0,N: ( \ 41 1 ; II, 5.1; N, 8.0 
Found: (\ 12 1. H, 5 5; X, 9.1 

The above ethoxyrnethylene ester reacted exothermicallv 
with aniline in methanol solution and a yellow .solid rapidlv 
separated. When recrystallizcd from methanol, methyl 
anilinomethylene-nitroacetate had m.p. 109-109.5°. 

Calc, for C 10 II 10 O 4 N 2 : C, 54.0; H, 4.5; N, 12.6 
Found: 53.7; 11, 4.6; N, 13.0 

p-Cklorobenzeneazo-formylacetic Acid (Baddiley, Open- 
shaw, 8yke.s, Todd and Wardleworth, CPS.S/tJ). Ethyl 
p-chlorobenzcnoHzo-fonnylaeetate (1 g.) was dissolved in 
methanol (llOcn.) and potassium hydroxide (0.9 g.) in water 
(5 oc.) added. The solution wuus kept at 0® for twentv-four 
hours and made acid to (kmgo Bed with hydroehlone acid. 
Addition of water (350 cc.) precipitated an oil, which cry.stal- 
lized on standing at 0®; yellow noodles (0.7 g.) from ethanol; 
m.p. 101-105®. 

Calc, for C 9 ll 70 jN 2 (''l: N, 12.3; neiit. equiv., 227 
Found: N, 12.1; neut. eijuiv., 224 

2-p-Chlorobenzeneazo-carboxymethyl-4-carboxy-6,5-d!- 
methyltbiazolidine (VII; R =» II) (CPS,351). ^Chloro- 
benzimeazo-fonnylacetic acid (4 g.) was dissolved in boiling 
methanol (40 cc.) and DL-periicillamine hydrochloride (4 g.) 
in water (5 cc.) was added. The mixture wa.s set aside; 
after one hour crystallization of the product set in, and after 
twenty-four hours it was collected and recrystallizcd from 
methanol. The azo acid VII (H =« H) formed yellow needles 
(4.4 g.), m.p. 165-166®. 

Calc, for C, 4 lli(i 04 N,SCl: 

C, 46.9; H, 4.5; N, 11.7; neut. equiv., 179 
Found; C, 47.4; H, 4.8; N, 11.3; neut. equiv., 182 

When the acid was dis.solvcd in a little pyridine and light 
petroleum (60-80®) was added, the pyridine salt separated 
in small yellow rods, m.p. 149® (dec.). 

Calc, for C 14 H 1 .O 4 N 3 SCI C 6 H 6 N: C, 52.3; IT, 4.8; N, 12.8 
Found: C, 52.4; 11 , 5.1; N, 12.3 

The azo ester VII (R « Et) (0.88 g.) was dissolved in 
methanol (30 cc.) and a solution of potassium hydroxide 
(0.32 g.) in water (4 cc.) was added. After forty-eight hours 
at room temperature the solution was acidified and water 
(about too cc.) added. An oil separated, which quickly 
solidihed. Rccrystallization from methanol gave yellow 
needles, m.p. 165® (dec.), undepressed on admixture with 
material obtained by the above method. Reduction of 
the acid with sodium hyposulphite at 66-70® gave p-chloro- 
aniline and a resinous material giving no ninhydrin reaction. 


Ethyl /3,i3-Diethoxy-a- (p«chlorobenzeneazo)-propionate 

(CPS.3J)1). Ethyl p-chloroheiizeneazo-formyl acetate (2.5 
g ), ethyl orthoforinate (3 g ), ammonium chloride (0.05 g.) 
and absolute ethanol (6 cc.) were heated together under 
reflux for four hours. Alcohol and ethyl orthoformate were 
removed in vacuo and the residual red oil dissolved in ethyl 
acetate was chromatographed on activated alumina. The 
acetal passed rapidly through the column as an orange- 
yellow baud and on evaporating the ehiato it was obtained 
as an orange oil (93^^). Slow distillation at 140®/10"'^ 
rnin. gave an oil, which s(‘t to a mass of pale yellow needles, 
m.p. 51-55”. 

(^alc for (’iJIaiOiNA*!: (\ 51 7; IT, 6.4; N, 8.5 
Found: 54.4; II, 6.1; N, 9.1 

The acetal could not be eonderrsed with penieillamiuc* or its 
hydrochloride to give a thiazolidim*. 

lu .-2-rY-{ ^l-Hydroxynaphthyl)-4-carboxy-6,6-dimethyl-thi- 
azolidine {PPS .^5/). ni.-PeniciIlaniine (0.85 g.) was added 
to a solution of jti-hydroxy-a-miphtliakh'liyde (1 g.) in 
methanol (10 cc.) and the niixtun' refluxed till .all tlu‘ poni- 
eillaininc had dissolved ((iftrM*u minutes) The solution was 
lelt overnight and th(‘ ervstalline jirceipitate collected and 
reerv't tllized from methanol to yield colorless needles (1.1 
g ), in p 129-130”. 

for (\JIu 03 NS: (\ 63.0; H, 5.6; N, 4.0 
Found: (\ 62.6; II, 5.7; N, 4.5 

i>L-2-(3'-Methoxy-4'-hydroxyphenyl)-4-carboxy-6,6-di¬ 
methyl-thiazolidine {CPS.SSl), Vanillin (1 g.) and DL-peni- 
eillamine (2 g.) were refluxed in a mixture of n-butanol 
(20 ce.), ethanol (10 ce.), and water (5 ce.) during thirty 
minutes, by which time all had gone into solution. The 
thiazolidinc separated on standing overnight, and crystal¬ 
lized from ethanol in needles (1.4 g.), m.p. 181® (dec.). 

(^alc. for CiallnOiNS: (\ 55.1; TI, 6.1; N, 4.9 
Found: C, 55,3, JI, 6.2; N, 5.0 

dl-2 -(2'-Hy droxyphenyl) - 4- carboxy- 6,6- dimethyl-thi- 
azolidine (CPS.Sdl). Salicylaldehyde (1 g.) and oL-peni- 
cillauiine were condensed similarly. The product crystallized 
in needles (1.1 g,), m.p. ISO-181® (dec.), from w-butanol, 
containing 5% ethanol. 

Calc, for CiaHiftO.NS: (^ 56.8; II, 5.9; N, 5.5 
Found: C, 56.8; II, 6.2; N, 5.2 

])L-2-(p-Chlorobenzeneazo-carboxymethyl)-4-carboxy-3, 
6,6-trimethylthiazolidine {CPS.S51). The azo-thiazolidine 
ester VII (R « Et) (0.75 g.) w as methylated in methanolic 
solution with dimethyl sulphate (0,4 cc.) and 3 N sodium 
hydroxide (2 cc.) at room temperature during twelve hours. 
The reaction mixture was acidified to Congo Red with 
hydrochloric acid and diluted with water (200 cc.). The 
product crystallized from ethanol in yellow needles, m.p. 
182®. 

Calc, for CuHisOiNiSCl: C, 48.3; IT, 4.8 
Found; C, 47.8; H, 4.8 

Attempts to carry out methylation at higher temperatures 
led to the production of resinous materials. 

2-(p-Chlorobenzeneazo-carbethoxymethyl)-l,8-dibenzyl- 
iminazolidine (VIII; R » H) (Baddiley, Kilby and Todd, 
CPS.389). Benzaldehyde (212 g.) was added to ethylene- 
diamine (90 g., 70% aqueous solution). Heat was evolved 
and on cooling the dibenzylidene derivative crystallized. 
Ethanol (300 cc.) was added to dissolve solid, and the 
solution agitated for four hours at 100® with hydrogen (100 
atm.) in presence of Raney nickel catalyst. Ethanol was 
removed, the residue dissolved in hydrochloric acid, and 
benzaldehyde and neutral material extracted with ether. 
The acid aqueous layer was made alkaline, extracted with 
ether, and the product distilled. The bis-benzylamino- 
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ethano had b.p. 222®/14 mm. (van Alphen, Hec. Trav. Chim., 
S4i 93 (1935), pcivea b.p. 222®/18 mm.) and was accompanied 
by a considerable amount of the mono-benzyleihylenedi- 
aminc, b.p. 140®/14 mm. (Hleier, Ber.Sl\ 1829 (1899), Rives 
b.p. 162““l65°/20 mm.). a,^-Fh.s-benzylaminoethane (2 42 
g.) and ethyl p-chlorobenzeneazo-formylacetatej (2.55 r.) 
were warmed together until fusion and reaction took place 
with separation of water. The mixture' was cooled and the 
red gum dissolved in warm ethanol and left overnight at 0®. 
The solid which separated was ri'crystallized from ethanol; 
yellow needlcKS (3.4 g.), m.p. 88-89®. 

Calc, for C27lli90,N4n: (\ 08.0; II, 0.1; N, 11.8 
Found: (\ 07.9; H, 5.9; N, 11.3 

Treatment of the iminazolidine with warm dilute acid 
rapidly opened the ring to yii'ld the* original components. 

Hydrogenation of Azo-iminazolidine Derivative (CPS. 
S89). The preceding ester VIII (It = 11) was recovered 
unchanged after treatment in ethyl acetati* solution with 
hydrogen and Haney nieki'l cjitMlvst iiiuh'r a pressure of 
90 atm. at 25® during 5.5 hours. Hydrogenation under 
atmospheric jiressure with Adams platinum catalyst led to 
uptake of 2 moles of hydrogen (presumably debenzylation) 
but the azo linkage was unalTeeted. 

Partial hydrogenation occurrc'd in ethanol solution with 
hydrogen under 120 atm. pressure at 70-80® for 5.5 hours 
using Haney nickel catalyst Kvaporation of the filtered 
solution left a resinous mateiinl, which evidently contained 
free p-chloroaniline since diazotization of a 8amj)le followed 
by coupling with alkaline /li-naphthol gave* a red dye. 
During atU'inpts to work uj) th(‘ product it was tri'ated with 
cold 5'( hvdrochloric acid and tlu' mixture e\tract(‘d with 
other. From the aqu(*ous acid extract p-chloroaniline was 
isolated, and identified by acetylation to p-(*hIoroacetanilide, 
as well as the hydrochloride of a,^-bis-benzylaminoethane 
(m.p, and mixed m.p. 305 307'). From the eth(*real 
extract ethyl /i-chlorohenzi'neazo-formylacctate was isolati'd 
as its 2,4-dinjtroj)henylhydruzone (m.p. and mixed m.p. 
260°). No other identifiable product was obtained It 
would a]>j)ear from the nature o1 the products isolated that 
some of the original imiiiazoliditK* was unaffected hy the 
hydrogenation and subsequently underwent acid fission 
during working up. 

2-(p*Chlorobenzeneazo-carbethoxymethyl)-4-carboxy-6, 
6-dimethylthiazolidine (CPS.3S9). Tiie iminazolidine VIII 
(R * H) (4.77 g.) ill methanol (150 ec.) was mixed with 
penicillamine hydrochloride (1.85 g.) in water (15 cc.) and 
the mixture refluxed for forty minut(*s. On standing over¬ 
night at 0®, a yellow solid (3.9 g.) si'parated. On recrystal¬ 
lization from ethanol it formed yellow needles, m.p. 149-151® 
(dec.) according to rate of heating. 

Calc, for (CuH 2 u 04 NiSCl) 2 -Ci 6 ll 2 oN 2 -llaO: 

C, 50.0; H, 5.8; N, 10.9; S, 6.2 
Found: C, 55.7; 11, 0.0; N, 10.7; S, G.3 

The salt was dissolved in ethanol, and cold alcoholic 
hydrogen chloride added. A white precipitate of the 
hydrochloride of or,jJ-bis-benzylaininocthnne separated (iden¬ 
tified by direct comparison). The mother liquor was 
evaporated to dryness at room teinjx'rature and the residue 
recrystallized frotn ethanol. The yellow .prisms, which 
separated, had m.p. 150® (dec.), undepressed on admixture 
with an authentic specimen of 2-p-chIorobenzeneazo-carb- 
ethoxymethyl)-4-carboxy-5,5-dimethylthiazolidine (rn.p. 
160-151® (dec.)). Final confirmation of the nature of 
the original reaction product was obtained by dissolv¬ 
ing 2-(p-chlorobenzeneazo-carbethoxymcthyl)-5,5-dimethyl- 
thiazolidine-4-carboxylic acid (VII, R =» Et) and a,/3-bi8- 
benzylaminoethane in ethanol. Yellow needles separated, 
m.p. 148® (dec.) undepressed on admixture with the product 
from interaction of VIII (H « H) and penicillamine hydro¬ 
chloride. On warming the above product for a few minutes 
with dilute sulphuric acid it broke up into its components 


and ethyl p-chlorobenzencazo-formylacetate was isnlnted 
from the mixturi' as its 2, l-dinitrophenylhvdrazone, m.p 
258® (doc.). 

2~(p-Chlorobenzeneazo-carbethoxymethyl)-l,3-dibenzyl- 
iminazoiidine-4-carboxylic Acid (VIH; H » COOH) (CPS. 
S89). af,/3-His-benzylaminopropioni(‘ acid (2.8 g.) and ethyl 
p-chlorobenzeneazo-formyhu'ctnte (2.5 g.) were refluxed in 
ethanol (20 cc.) for one hour-, cooled and left overnight in the 
refrigerator. The crystaN (2,0 g.) which si'panited were 
recrystallizod from ethanol to give pah' yellow needles, 
m.p. 137® 

Talc, for (^ 2 kH > 90 ,N 4 ( 1: (\ (H.fi; II, 5 6; N, 10.8 
Found: (', 04 S; H, 5 8; N, 10 6 

The above product (]()() mg ) was heated to boding for 
one to two minuti's with A snljihiiric acid (2 cc ), the mixture 
cooled, and e\t?*Hcted witli ether. From the ether layer 
ethyl p-chlorohenzeneazo-jorinylacetato was isolateil as its 
2,4-dmitrophenylhydraz()ii(‘ (.50 mg , m p 258®, undepn'ssed 
by authentic material m p 200®), and from the neutralized 
a(|Ueons layer or,i3-l)is-benz> Iaminopr(jj)ionic acid separated, 
m.p. 178®, undepressed by an authentic sj)ecimen, m.i). 
180 181®. On attempted catalytic hydrogenation the 
ester behaved in a manner aiialogon.s to that de.scril)ed above 
for VIII (H - H). 

To the iminazolidine (1 1 g.) in methanol (20 cc.) ])cnicill- 
aminc hydrochloride (0 39 g.) in w^ater (10 cc.) w’as added, 
the solution refluxed for thirty minutes anti allow'ed to 
stand overnight at 0®. The stfiid which h.ad st'parated 
(0.45 g.) crystallized from ethanol in pale yellow' prisms, 
m.p. 151® (dec.) undepressed in admixture with authentic 
2-(p-chlorobenzeazo-cnrl)ethoxvmet hyl )-5,5-dimcthylthi- 
azolidine-4-carb()xyhc acid (VII; R == Kt). 

C^alc. for (h 6 lLo 04 N,S( 4 : (\ 49.8; 11, 5.2; N, 10.9 
Found: (\ 49.9; (’, 5.1; N, 10.8 

Iminazolidines 

2-Styryl-l,3-dibenzyliminazolidine (IX) (Baddilev, Kilby, 
and Todd, ('PS 544). a,/3-Bis-benzylaminoethane (12 g ) 
and cinnarnaldehyde (G.O g.) were warmed togeiht'r on the 
steam bath for ten minutes The mixture solidified on 
cooling, and n'crvstallization from t'thanol gave nt't'dles 
(13.3 g.),m.p. 117®. 

Calc, for CnHzfiNs: C\ 81.7; 11, 7.4; N, 7.9 
Found: C, 85.0; 11, 7.7; N, 8.0 

2-Propenyl-l,3-dibenzyliminazolidine (X) (CPS.544). On 
mixing equimolecular quantities of crotonaldehyde and 
bis-bcnzylaminoetharie heat was evolved and wuiter sepa¬ 
rated. Rccrystallization of the solid product from light 
petroleum (40-60°) gave needles, m.p. 85.5-86°. 

Calc, for C 20 H 24 N 2 : C, 82.2; H, 8 . 2 ; N, 9.6 
Found: C, 82.2; H, 8.3; N, 9.7 

Condensation of Bis-benzylaminoethane with N-Phenyl~ 
chloroacetyldiethoxyalanine (CPS. 544 ). N -Phenylchloro- 
acetyl-diethoxyalanine methyl ester (1.23 g.) (prepared 
according to Newbery and Raphael, CPS,378, cf. Cliapter 
XVII) and a,/3-bis-benzylaminocthane (0.86 g.) were heated 
together on the steam hath during 1.5 hours. The product 
w'as stirred wfith ethyl acetate and filtered. The residue 
was identifi(*d as a,/3-bis-benzylaniinoethane hydroehlonde, 
while the filtrate on evaporation gave an oil, which, on stand¬ 
ing in cyclohexane, gave colorless needles, m.p. 184-185°, 
which probably had structure XII. 

Calc, for C4*He20,oN4: C, 67.4; H, 7.3; N, 6.6 
Found: C, 68.2; H, 7.8; N, 6.8 

Condensation of 2-Phenyl-4-ethoxymethyleneoxazolone 
with o(,j3-Bi8-benzylaminopropionit Acid (CPS.644). The 
oxazolone (1.1 g.) and the diamino acid (1.4 g.) were dis- 
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solved ill ethanol (25 cc.). The solution was boiled for 
two minutes, left at room temperature for thirty minutes and 
the solid product (1.8 g.) recrystallized from pyridine in 
colorless microscopic n(*edles, ra.p. 178-179'' with frothing. 
It ivas dried for analysis at 100”. 

Calc, for C27H2ft04Ns: C, 71.0; H, 5.5; N, 9.3 
Found: C, 71.0; H, 5.7; N, 9.3 

The product was very sparinglj^ soluble in most solvents ami 
did not react with penicillamine or its hydrochloride. 

On mixing the oxazolouc with a,/9-bis-methylaminoethane 
in ether, vigorous reaction occurred and a product similar in 
properties to that described above was obtained; it had an 
indefinite m.p. and was even less soluble in ordinary solvents. 

2-Phenyl-4-morpholino-methyleneoxazolone {CPS.5AA)- 
2-Pheny 1-4-ethoxymethyleneoxazolone (2.2 g.) was dis¬ 
solved in ethanol (25 cc.) and morpholine (2.0 g.) added. 
The solution was boded for two minutes and cooled. The 
colorless prisms, recrystallized from ethanol, had m.p. 107” 
(yield 2.1 g.). 

Calc, for CiiHuO.N,: C, 65.0; II, 6.8; N, 10.8 
Found: C, 65.3; II, 5.6; N, 11.1 

2-Pheiiyl-6,6-dimethyIthiazolidine-4-carbozylic Acid 

iCPS.S44)‘ Ethanolamine (12.2 g.) and benzaldehvde 
(21.2 g.) were heated together on the steam bath during ninety 
minutes. Dry benzene was added and the w^ater remov(*d 
azeotropically. Fractional distillation of the residue gave 
2-phenyloxazolidine as a colorless liquid, b.p. 107.5-170°/ 
16.5 mm. A solution of this product (0.47 g.) in methanol 
(10 cc.) was added to penicillamine hydrochloride (0.59 g.) in 
water (2 cc.) and the mixture heated on the steam bath for 
one hour, cooled and sot aside at 0°. 2-Phenyl-5,5-di- 

methylthiazoUdine-4-carboxylic acid crystallized; it ha<i 
m.p. 141-142”, undepressed in admixture with an authentic 
specimen. 

2-(p-Chlorobenzeneazo«carbethoxymethyl)-6,5-dimethyl- 
thiazoUdine-4-carbozylic Acid (VII; R =* Et) {CPS.544)> 
Ethyl p-chlorobenzeneazo-formylaoetate (0.84 g.) and 
ethanolamine (0.2 g.) were refluxed in ethanol (5 cc.) for 
twenty minutes. Ethanol (20 cc.) was added and on cooling 
yellow needles (0.7 g.) of 2-(p-chlorobenzenoazo-carbethoxy- 
methyl)-oxazolidine separated, m.p. 146.5-147”; a further 
quantity (0.3 g.) was obtained by adding water to the mother 
liquor. 

Calc, for Ci,Hi«0,N,Cl: C, 52.4; H, 5.4 ;'n, 14.1 
Found: C, 52.9; H, 5.1; N, 14.2 

Catalytic hydrogenation of this product with Adams 
platinum catalyst at atmospheric pressure resulted in lission 
of the oxazolidine ring. 

When the oxazolidine (0.2 g.) in methanol (4 cc.) was 
refluxed for one hour with penicillamine hydrochloride 
(0.14 g.) in water (1 cc.) and the solution cooled, yellow 
pnsrns (76 mg.) of 2-(p-chlorobenzeneazo-carbethoxy- 
methyl)-6,5-dimethylthiazolidine-4-carboxylic acid (VII; 
R w Et) separated, m.p. and mixed m.p. 151-152”. 

2-(FonzLanii io-carbethozymethyl) -oxazolidine {CPS,544) • 
N-Formyl-C-formyl-glyciuo ester (0,57 g., prepared accord¬ 
ing to Pfizer, P.^5; cf. Chapter XVII) and ethanolamine 
(0.22 g.) were mixed and heated for thirty minutes on the 
steam bath. The product was recrystallized from ethanol; 
colorless needles (0.165 g.), m.p. 123.5-124.5”. 

Calc, for CgHuOaNa: C, 47.5; H, 6.9; N, 13.9 
Found: C, 47.5; H, 6.6; N, 14.2 

2-(p-Cblorobenzeneazo-caTbetbozymetbyl)-oxazolidine 

{CPS.544 )‘ 2-(p-Chlorobonzeiiea2o-carbeth()xyinethyl)-l,3- 
dibenzyliminazolidine (VIII; K *« H) (0.25 g.) in ethanol 
(5 cc.) was heated with ethanolamine (0.031 g.) in water 
(I cc.) for one hour. A little water was added and on cooling 
yellow needles separated, m.p. 146-146”, undepressed by an 
authentic specimen. 


Some Properties of Tbiazolidines; N-Alkylation; 

Desulphurization; Sodium-Liquid Ammonia Fission 

L-4-CaTboxy-2,2,3,6,5-pentamethyltbiazoli(iine Hydro¬ 
chloride (Abbott, A.i6y 6). L-4-Carboxy-2,2,5,6-tetra- 
raethylthiazolidine hydrochloride (3.4 g.) in liquid ammonia 
was trcat(‘(l with 3 moles of sodium (1.05 g.) and 1 mole of 
methyl iodide (2.4 g.). The ammonia was removed and the 
residue treatful with othanolic hydrogem chloride; the product 
crystallized from ethanol-acctone with m.p, 220-221” (dec.). 

Ca.lc. for C^gHigOaNSCl: N, 5.9 
Found: N, 5.7 

N-Acetyl-N-benzyl-alanine (Lilly, L.4j 18). Sodium 
2-phcnyl-3-iicetylthiaz()lidine-4-carboxylate was warmed in 
wattT with Raney nickel catalyst for one hour. The 
product which separated on acidilicatiou had m.p. 103'105”. 

Calc, for CnUnOiN: C, 65.2; H, 6.8; N, 6.1 
Found: C, 65.4; 11, 6.5; N, 6.1 

Methyl a-Formyl-(/3'-phenylacetamido-/3'-carboxyethyl) - 
amido-/^,^-dimethyl-propionate (Merck, M.7S, 3). a-Methyl 
N-formyl-n-a-bonzylpenicilloate (900 mg.) in methanol 
(5 cc.) was treated with ethereal diazomethane. The gum 
obtained on evaporation was dissolved in ether (100 oc.) 
and washed with 5% sodium bicarbonate (2 X 25 cc.). 
Concentration of the ether gave dimethyl-N-formyl-n-a- 
beuzylpenicilk)aU‘ as a colorless gum (900 mg.). 

Calc, for CioH 2406N,S: C, 55.9; H, 5.9; N, 6.9 
Found: C, 55.6; H, 6.0; N, 7.1 

The gum in methanol (10 cc.) was treated overnight at 0” 
with sodium hydroxide (90 mg.) in water (10 cc.). It was 
eva|)orated in vacuo to 5 ee., diluted with water (1(X) ce.), 
and washed twice with ether (50 cc.). The aqueous solu¬ 
tion was stirred with Haney nickel catalyst (9 g.) at 50” for 
thirty minute's, filtered, and the filtrate washed with chkiro- 
form (50 ec ) and acidified to pH 2.0. Extraction with 
chloroform gave' a colorless gum (123 mg.). A sample' 
eventually recovered from attemptejd reaction with methyl 
isobutyl ketone*, crystallized from chloroform-light petrol¬ 
eum, m.p. 142° (micro). 

Calc, for CiHH240gN2: C, 59.3; II, 6.6; N, 7.7 
Found: C, 59.0; II, 6.6; N, 7.6 

L-N-Methylpenicillamine (Upjohn, U.lSy 4). To liquid 
ammonia (150 cc.) L-4-carboxy-6,5-diinethyl-thiazolidine 
(3.8 g.) and soelium 1.24 g.) were added alternately with 
adequate stirring. When excess sodium was present 
(permanent blue coloration), a small piece of solid carbon 
dioxide w^as added. The ammonia was evaporated and the 
last traces removed in vacuo over sulphuric acid. The 
residue in water (75 cc.) was acidified with concentrated 
hydrochloric acid, the solution was evaporated to dryness 
m vacuo, and the residue twice rcdissolved in water and 
re-evaporated. The residue was extracted with absolute 
ethanol (3 X 50 ec.), the extract was evaporated in vacuo, 
re-extracted with ethanol (50 cc.) and re-evaporatod in a 
stream of nitrogen. On drying the residual oil in vacuo, 
L-N-methylpeiiicillamine hydrochloride (3,7 g.; 78.6%), m.p. 
80-120”, crystallized. 

Calc, for CgHuOaNSCfi: 

C, 36.1; II, 7.1; N, 7.0; S, 16 1; Cl, 17.8; NCHg, 7,5 

Found: 

C, 36.9; II, 7.4; N, 7.3; S, 16.2; Cl, 17.9; NCHg, 7.6 

Addition of concentrated aqueous ammonia to a strong 
solution of the hydrochloride in methanol caxised the separa^ 
tion of, presumably, L-N-methylpenicillamine, m.p. 208- 
210 ”. 

L-4-Carbozy-8,6,5-trimethyithi«zolldiiie Hydrochloride 

{U,18), 6). To a solution of li-N-methylpenioillamine 
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hydrochloride (400 in water (1.5 co.), formalin solution 
(0.6 cc.) was added. After filtration, the sohition was 
evaporated slowly in vacuo over solid sodium hj'droxide. 
The crystalline product recrystallized from cthanol-ether; 
m.p. 191-192®, [a]D»^ -74.6® (in water). 

L*d*Methyl-4-carboxy-thiazolidine {UJ8^ 6). i.-4-Carb- 
oxy-thiazolidine (5.73 g.) in liquid ammonia (250 cc.) was 
reduced with sodium (2.1 g.) and worked up as for li-N-meth- 
ylpenicillamine hydrochloride. ir-N-Mcthylcysteine hydro¬ 
chloride was obtained (5.7 g.; 78S;.), m.p. 11^123®. 

Calc, for C 4 nio 02 NSCl: 

C, 28,0; II, 5.9; N, 8.2; S, 18.7; Cl, 20.7 
Found: C, 27.3; H, 6,0; N, 8.6; S, 18.2; Cl, 17.3 

A sample of this was converted to L-4-carboxy-3-methyl- 
ihiazolidine hydrochloride (Bloch and Clarke, J. Biol. Chern,, 
186, 275 (1938)), m.p. 180-181®; Wd*" -123.2® (in water). 

Calc, for CftllioOsNSCl: 

C, 32.7; H, 5.5; N, 7.6; S, 17.5; (\ 19.1 
Found: C, 32.8; H, 5.5; N, 8.1; S, 18.5; (1, 18.7 

D-N-Methylpenicillamine (UJ9, 1). Reduction of d-4 - 
carboxy-5,5-diniethylthiazolidine (6.2 g.) with sodium 
(2.0 g.) in liquid ammonia gave D-N-methylpeiiicillamine 
hydrochloride (57%), m.p. 160-170® (dec.). 

Calc, for CflHi40j.NSCl: C, 36.1; 11, 7.1; N, 7.0 
Found: C, 35.5; II, 7.5; N, 7.3 

L-N-Isopropylcysteine Hydrochloride (U.19, 1). Reduc¬ 
tion of L-4-carb<)xy-2,2-dimethyl-thiazolidin(» with sodium m 
liquid ammonia gave a 68% yield of an extremely hygro¬ 
scopic solid. 

Calc, for CaiuOjNSCl: 

C, 36.1; H, 7.1; N, 7.0; S, 16.1; Cl, 17.8 
Found: C, 34.7; H, 7.8; N, 6.4; S, 14.7; Cl, 16.5 

N-Methylcysteine (Cornell Bioch., D.89, 1). Ammonia 
(60 cc.) was distilled from sodium into a dry flask containing 

4- carboxythiazolidine (2.6 g.) and having the outlet pro¬ 
tected by a soda-lime tube. Metallic sodium (about 1 g.) 
^aa added in small pieces until present in excess, followed by 
ammonium chloride (3 g.). The ammonia was allowed to 
evaporate and the residue dissolved in water (50 cc.) and 
concentrated hydrochloric acid was added to pH 2. The 
white solid which precipitated (1 g.) was dissolved in hot 
0.3 JV hydrochloric acid and reprecipitated by neutrahzation 
with sodium hydroxide solution to give a product, m.p. 
228-234° (dec.). It was soluble in acid and alkali and gave 
a strong thiol reaction with sodium nitroprusside. 

Calc, for C4H9O2NS: C, 35.6; H, 6.7; N, 10.4; S, 23.7 
Calc, for C8lIi«04N2S2: C, 36.8; H, 6.0; N, 10.3; S, 25.9 
Found: C, 36.6; 11, 6.4; N, 10.3; S, 24.4 

The reduction was repeated (2 g.), replacing ammonium 
chloride by benzyl chloride (1.4 cc.). The solid obtained 
was recrystallized from hot N hydrochloric acid to give an 

5- benzyl derivative, m.p. 193-198® (dec,). 

Calc, for CuHuOjNS: C, 58.6; H, 6.7; N, 6.2; S, 14.2 
Calc, for C*,H,g 04 N,S 2 : C, 58.9; H, 6.2; N, 6.2; S, 14.3 
Found: C, 59.2; H, 6.7; N, 6.4; S, 13.7 

Recrystallization from glacial acetic acid raised the melting 
point to 208-212®. 

The above products did not resemble N-methyJcysteine 
and its S-benzyl derivative respectively. N-Methyl- 
cysteine, however, was obtained as the major product 
(65-70%) when the reduction was carried out in presence 
of 1 mole of water. 

A suspension of 4-oarboxythiazolidine (2.6 g.) in liquid 
ammonia (100 co.) containing water (0.4 cc.) was reduced 
with sodium (about 1.4 g.) and the solution was neutralized, 
with ammonium chloride (3 g.). After removal of ammonia 


the residue was dissolveil in water, neutralized with hy<lro- 
chloric acid, cooled, filtered, made strongly acid and evapo¬ 
rated to dryness m vacuo. The residue was extracted with 
absolute ethanol and the extract was concentrated in vacuo, 
dissolved in wat(ir and divided into two portions. From the 
first, N,N-dimethyIcystiiu* (0,9 g.; 70%) was prepared 
(Bloch and Clarke, J. Biol. Chem,, 186 , 275 (1938); Kies, 
Dyer, Wood and du Vigncuud, J. Biol. Chem., 188 , 207 
(1939)). 

Calc, for CBII 16 O 4 N 2 S 2 : C, 35.H; il, 6.0 
Found: C, 35.7; 11 , 5.9 

The second portion >\as coti verted to N-inethylcysteine hy¬ 
drochloride (1.05 g.; 65% ) througli the copper derivative 
(Bloch and C3arke, J. Biol ('hem., 126, 275 (1938)). 

In another experiment, the behavior of tin* sodium salt 
of 4-earboxythiazoJidiTi(‘ was studied. The erystaJlino salt 
was prepared as follows: A solution of l-rarbo\ythiazolidine 
(1.61 g.) in 0.4 K alcoholic alkali (30 cc.) was cooled and the 
crystalline precipitate (1.4 g.) collected and dried; m.p. 
246-248®. 

Calc, for C^HeOzNSNa: S, 20.7; Na, 11.8 
Found: S, 21.5; Na, 14.8 

When this compound was dissolved in liquid ammonia, it 
required approximately 1 ecjuivalent of sodium to produce 
a permanent blue color. A 77% yield of the insoluble 
sulpliydryl compound was obtaini'd from the reaction 
mixture. 

a-Methyl N^-Methyl-L-benzylpenicilloate (Upjohn, UJ9, 
2). N-Mothyl li-cystcine hydrochloride (858 mg.) in water 
(9 cc.) was added to (/5#-pheuylacetanudo-/?-carbomethoxy)- 
propylidene-benzylamirie (1622 mg.) in ethyl alcohol 
(9 cc.). The solution was warmed for ten minutes on the 
steam bath, filtered and allowed to stand for several hours. 
Colorless crystals (281 mg.) separated, m.p. 165-167.5® 
(doc.). 

Calc, for CuHzoOftNjS: C, 54.5; H, 5.7; N, 8.0; S, 9.1 
Found: C, 54.0; II, 6.0; N, 8.3; S, 8.9 

L-2-(Phenylacetaniido-carbobenzyloxymethyl)-3-methyl- 
4-carboxy-tliiazolidme (U.19, Z). A mixture of N-methyl- 
L-cysteine hydrochloride (344 rag.) and (/ 8 -phonylacetamido- 
/ 8 -carbobenzyloxy-ethylidene)-benzylamine (800 mg.) in 
ethyl alcohol (10 cc.) was warmed for eight minutes. The 
solution was filtered and dilutc'd with water until turbid. 
It was allowed to stand overnight, when 20 mg. of colorless 
crystals were obtained; 500 mg. separated from the mother 
liquors. The product was recrystallized from methyl alco¬ 
hol; m.p. 180® (dec.). 

Calc, for CsgllaiOiNaS: C, 61.7; H, 5.6; N, 6.5; S, 7.5 
Found: C, 61.4; H, 6.0; N, 7.1; S, 7.4 

a-Btbyl N^-Methyl-L-benzylpenicilloate (UA9, 3). N- 
Methyl-L-penicillamine hydrochloride (205.4 mg.) in water 
( 1.8 cc.) was added to (/ 8 -phenylacetamido-/ 8 -carbcthoxy- 
ethylidene)-benzylamine (33^4 mg.) in ethyl alcohol ( 1.8 cc.) 
and the solution heated for ten minutes on the steam bath. 
Alcohol was removed in a stream of nitrogen, and the oil, 
which separated, extracted into chloroform. The latter was 
washed thoroughly with water, and the solvent removed in 
vacuo, yielding a gum which, with benzylamine, yielded the 
bcnzylamine salt of a-othyl N^-methyl-L-benzylpenicilloate, 
m.p. 80-83°, 

StabiUty of ThiazoUdines 

Benzaldehyde and 2,2-l>isubstitttted Thiazolidines. 2 , 2 - 
Dimethyl-4-cabboxy-thiazolidinb (Bradley and Gayler, 
CPS.687). Potassium acetate (0.72 g.) and benzaldehyde 
(0.86 cc.) were added to 2,2-dimethyl-4-cttrboxy-thiazoIidinc 
hydrochloride (1.6 g.) in 50 % ethanol (27 cc.). A precipitate 
formed immediately. After twenty-four hours the mixture 
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was cooled to 0 ®, the precipitate collected and recrystallized 
from hot ethanol (100 ccj. The crystals of 2 -phenyM- 
carhoxy-thiazolidine which separated (1 85 g., m.p. 15U- 
153.5° (dec.)) were recrystallizcd from the same solvent; in.p. 
158° (dec.). 

Calc, for (\oHnO,NS: N, 6.7; S, 15.3 
Found: N, 6 . 6 ; S, 15.2 

The same result was obtained when free''2,2-dimethyl-4- 
carhoxy-thiazolidiiie was employed instead of the hydro¬ 
chloride, and potassium acetate omitted. The yield of 
2-j)henyl-4-carboxy-thiazolidine was 1.32 g,, m.p. 158.5° 
(dec.). 

Found: N, 6 . 6 ; S, 15.1 

2-Mj:TlIYL-2-ETlIYL-4-f’AUH(.>XY-TllI/VZOLII)lNE 
BenzMldehyde (0.4S cc.) and pyridine (0.5 cc.) wen* added to 
a sf}liition of tlic tluazolidine liydrochloride (0.75 g.) in 50', 
ethanol (8 cc.), Aft(»r tweiitv-four hours the 2-phenyl-4- 
carboxv-thiazolidine was collected (yield, 0 17 g.) and re- 
crystalhzed from hot ethanol The product had m.p. 159° 
(doc.;. 

Calc, for r.aiuOaN’S: N. fi.7; S, 15.3 
Found: N, 6 . 6 , S, 15.4 

p-4-Carboxy-2,2,5,5- Ti:ru.wtiiTiiYLTiirAZonini ni: (Merck, 
M.Sfi, 6 ). The hydrochloride (2.5 g.) of this compound was 
heated for two hours on the att*am bath with btsizaldehydo 
(4 cc.) in dioxan (20 cc.). Solution wa.s complete within 
twenty minutes and shortly thereafter D-2-phenyl-4-rarb- 
oxy-5,5-dimethylthiazolidiiie hydrochloride (2.1 g; 709^); 
m.p. 180° (dec.), crystallized out. This was dissolved in 
ethanol and treated with an equal volume of water containing 
1 equivalent of sodium acetate to give D-2-phenyl-4-carboxy- 
6,5-diincthyIthiazolidine, m.p. 152-153°, 73.6° (c =• 

2.0 in ethanol) after crystallization from 50^f ethanol. 

Calc, for CnlluOaNS: C, 60,9; H, 6.3 

Found: C, 60.9; II, 7.0 

4-C^ARBOxv-2,2,5,5-TETRAMETiiVL-TniAZOLiDiNE (Bradley 
and Gayler, CP^MJ7). A solution containing the hydro¬ 
chloride (0.3 g.) and benzaldehyde (0.14 cc.) in ethanol (1 cc.) 
was kept for eighty hours at room temperature and then 
mixed with pyridine (0.11 cc.). After 1.5 hour the precipi¬ 
tate of 2-phenyl-4-carboxy-5,5-dimethylthiazolidine was 
coUeeted (0.33 g.) ami recrystallized from 50% ethanol, when 
it had m.p. 145-140°. 

Calc, for CijHuOjNS: N, 5.9 " 

Found: N, 5.8 

2-K'mYn-4-CARBOXY-2,5,5-TRIMETHYI^TniAZOLIDlNE (CPS, 
6S7). A solution containing the hydrochloride (0.235 g.), 
benzaldehyde (0.1 cc.) and ethanol (1.5 cc.) was kept for 
eighty hours at room temperature, then mixed with pyridine 
(0.08 cc.) and allowed to evaporate to small bulk in air. 
The product which separated (0.37 g.), recrystallized from 
50% ethanol, gave 2-phenyl-4-carboxy-5,5-dimethylthi- 
azolidine, m.p. 146-147°. 

Formaldehyde and 2,2-Dialkylthiazolidine8. 2,2-Di- 
METnyL-4-CARBOXY-TiUAZOUDiNE (CPS.627), The hydro¬ 
chloride ( 2.0 g.) dissolved in water (6 cc.) was treated with 
36%. formaldehyde (0.93 ec.), the mixture kept overnight 
and then mixe<l with pyridine. The colorless needles which 
separated were recrystallized first from aqueous ethanol, 
tlum from water to give 4-carboxy-thiazolidine, m.p. 199° 
(dec.). 

Calc, for r 4 HrOjNS: N, 10.5; S, 24.1 
Found: N, 10.4; S, 24.4 

The same product was formed in alcoholic solution when 
the proportion of formaldehyde per mole of 2 , 2 -dimethyl- 


4-carboxy-thiazolidine hydrochloride was varied from 0.65 
mole to 2.2 moles. 

In the following experiments the amount of 2 , 2 -diinethyl- 
4-carboxy-thiazolidine used was 2 g. dissolved in ethanol 
(15 cc.), the resulting 4-carboxytluazolidine being isolated 
as already described: 


36"; formaldehyde (ce.) 

Yield of 4-carhoxy- 
thiazolidine (g.) 

0.47 (0 55 mole). 

0.25 (19"(' of theoretical) 

0 03 (1 1 n.olc) . 

0.56 (13% of theoretical) 

1(2 2 inolps). 

0 37 (27'/,' of theoretical) 


Th(»re w'as no separatK)n of crysbils when pyridine was 
added to a solution of 2 , 2 -diniethyl- 1 -carboxy-thiazolidino 
hydrochloride (2 g.) in 36'',, aqueous formaldehyde (8 oc.) 
which had been kept overnight. Crystallization oecurred 
hlowl} when water (10 ce.) and ethanol (10 ec.) wen* added, 
the product again consisting of 4-earboxythiazolidine. 

Free 2,2-diinethyl-4-carboxy-thiazolidiiie also n'acted 
easily with formaldehyde to form 4-carboxythiazolidine. A 
solution eontaining the 2,2-dimethyl compound (0.45 g.) 
and 36'^;, formald(*hvde (0.26 cc.) in water (1 ec.) was kept 
ov(*rnight- On cooling and rubbing, 4-carboxythiazolidine 
(0.30 g ) separated, m.p. 197° (dec.). 

Calc, for CMItO^NS: N, 10.5; S, 24.1 
Found: N, 10.9; 8 , 25.0 

2-METnyi.-2-E'i’iiYr.-4-rARBOXY-TTiiAZOuniNE (CPS.627), 
The hydrochloride (0 75 g.), 36% formaldehyde ( 0.1 oc.) 
in ethanol (8 co.) was mixed with pyridine (0.5 ce.). The 
precipitate was collected after twenty-four hours (0.32 g.) 
and recrystallized from hot water in needles, m.p. 192° (dec.). 

Calc, for C 4 II 7 O 2 NS: N, 10.5; S, 21.1 
Found: N, 10.5; S, 25.0 

4 - ARB OX Y - 2 , 2 , 5 , 5 - TETR AM ETH YL- TH 1 AZ OLID IN E ( CPS, 

627), The hydroclijoride (0.35 g.) and 36*7 formaldehyde 
(0.15 cc.) in ethanol (I ec.) were kept at room temperature 
for eighty minutes, and then pyridine (0.13 cc.) added. The 
precipitated 4-carboxy-5,5-dimethyltliiazolidine (0.23 g.), 
recrystallized from 60%> ethanol, had rn.p. 208°. 

Calc, for C.HnOaNS: N, 8.7; 8 , 19.9 
Found: N, 8.7; S, 20.1 

2-ETHYL-4-CARBOXy-2,5,5-TRIMBTHYL-TinAZOLIDlNE (CPS. 
627), Under the conditions applied to the 2 , 2 -dimcthyl 
compound, the hydrochloridci (0.235 g.) and 36% formalde¬ 
hyde (0.09 cc.) in ethanol (1.5 cc.) gave 4-carboxy-5,5- 
diniethyl-thiazolidine hydrochloride (0.12 g.), m.p. 191-192® 
(dec.). 

Oxidation of Thiazolidines 

Periodate Oxidations (Sykes and Todd, CPS.626; 677). 
The substance (about 100 mg.) was weighed into a 600 co. 
graduated flask and dissolved in a minimum of water or, 
if insoluble, in dilute ethanol. Standard sodium meta- 
periodate solution (5 cc. of about 0.28 molar) was added 
and the mixture allowed to stand for twenty-four hours. 
Where ethanol was used it was found advisable to add water 
at this stage to keep the periodate in solution. The solution 
was now made up to 60 cc. with distilled water or aqueous 
ethanol. Five cc. {lortions of the resulting solution were 
assayed for periodate by adding saturated borax solution 
(5 cc.), water (20 cc.), boric acid (2 g.), shaking and adding 
potassium iodide solution (2 cc. of 40%). After the mixture 
had been shaken and allowed to stand for exactly five min¬ 
utes, it was titrated against standard sodium arsenite 
(0.1 N). 
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Where iodine was producoil titration blanks were carried 
out as above but without addition of potassium iodide and 
the appropriate correction made in the periodate figure. In 
a iiuinbc*r of instances furth(‘r titrations wen* made after 
forty-eight hours but in no case was there any increase in 
periodate consumption. 

DL-2-Plienyl-4-carboxy-6,5-dimethylthiazolidine (CPS. 
626). To a solution of 7.0 g. in warm ethanol (120 cc.) 
sodium metaperiodate (100 cc. of 0.20 M) was add<‘d in one 
portion. The mixture, which became dark brown due to 
liberation of iodine and\smelled of benzaldeliyde, was at 
once diluted with water (100 cc.) and extracted vith ether. 
The ethereal extract was decolorized by wa'shing with aque¬ 
ous thiosulphate, dried and evaporated Treatment of 
the residual oil with llrady’s solution gave f)eiizaldehy<le 

2.4- dinitr()phonylhydrazone, m.]). and mixed m.p. 2«S6” 
(yield, 7.0 g.; 00 ‘,;). Tlie aqueous layer was evaporated 
in vacuo, liemoval of as much inorganic material as possi¬ 
ble gave a yellow deli(iuesc(‘nt resin, still contaminated, 
which was strongly acidic an<l insoluble in nonacpieous 
solvents. Jt could not be crystallized but treatment with 
p-nitrob(*nzyl bromide yield(*d his-p-nitrobf*nzyl oL-penicill- 
arninate, m.p. and mixed m.p. 215°. 

2-Spiro-cyclohexyl-4-carboxy-6,6-dimethyl-thiazolidine 
(CPSfj^U). Oxidation of this as above gavi* eyelolu'xanorK* 

2.4- dinitrophenylhydrazone, m.p. and mixed m.p. 101 ° 
(yield 110 V^)- The product was im-penieillaminie acid, 
identified as its bis- 71 -nitrobenzyl ester. The same acid 
was also obtain(‘d under similar eoiiditioiis from 4-earboxy- 

2.2.5.5- tetrainethyl-thiazolidine and from nn-iienicillanune 
by p<*riodate oxidation. 

2-Phenyl-3-acetyl-4-carboxy-6,5-dimethyl-thiazolidine 

(CPS/JJff). To a solution of J .2 g. of this com pound in 
ethanol (20 ce.) sodium uiotnpcaiodute (20 ee. of 0 . 2 tl M) was 
added; the mixture remain(‘d colorless hut Ix'came warm. 
Water (25 ee.) was addgd and tlie solution kept overnight, 
when large eolorless prisms of 2-phenyl-d-ae(*t\I-4-eaibo\v- 

6.5- dimethyl-thiazolidmc sulphoxide separated. further 
quantity was obtained from the mother liquor by ether 
extraction. Heerystallized troni aipioous ethanol the sulph¬ 
oxide (0.75 g.) had m.p. 136° (dec.). 

Calc, for C, 4 ni 704 NS: C, 56.9; II, 5.8; N, 4.8 
Found; C, 56.7; 11, 6 . 0 ; N, 4.4 

The original N-acetyl eoiupouud (2 g.) wa.s dissfilved in 
acetone (100 cc.) and hydrogen pc'roxide (50 cc. of 100 vol.) 
added. The solution was slowly warmed to 60°, refluxed 
thirty minutes, concentrated in vacuo to half its volume 
and set aside in the refrigerator. The sulphoxide which 
separated had m.p. 136° (dec.) after recrystallization, unde¬ 
pressed in admixture with the product obtained by pt'riodate 
oxidation. The above sulphoxide (2 g.) was <lihsolved in 
acetone (100 ec.), potassium permanganate (2 g.) added and 
the whole refluxed for one hour, then set aside for one hour. 
The solid was filtered and the filtrate decolorized with 
sulphur dioxide and evaporated. The residue crystallized 
on titration with methanol and on recrystallization from 
the same solvent 2-phenyI-3-acetyl-4-earboxy'.5,5-dimethyl- 
thiazolidinc-sulphone was obtained in clusters of colorless 
needles (1.2 g.), m.p. 207-208° (doe.). 

Oalc. for CuHnO.NS: C, 51.1; H, 5.5; N, 4.5 
Found: C, 54.4; H, 5.6; N, 4.1 

Oxidation of the N-acetyl thiazolidine (100 mg.) in acetone 
solution with potassium permanganate under similar condi¬ 
tions to those used above for the sulphoxide also gave the 
Bulphone (60 mg.), m.p. and mixed m.p. 207-208° (dec.). 

DL^Cysteine (CPS.620). To a solution of the cysteine 
(2g.) in warm water (100 ec.) sodium periodate (0.25 M) was 
added gradually until a very faint permanent brown tinge 
was observed in the solution (about 30 cc.). The crystalline 
precipitate was collected and purified by dissolution in 
ammonia and repreoipitation with acetic acid giving optically 


inactive cystine, m p. and mixed m.p. 259-260° (yield, 1.8 g.; 
90). ^Vhell T)L-eysteine was added to excess of periodate a 
large amount of iodine was liberated and no cystine W'as 
isolated; on the other hand, cystine itself could he oxidized 
with periodate but no iodine was liberated in that ease. 

2-Phenyl-4-carboxy-5, 6 -dimethyl-thiazolidine (CPS.620). 
The hydioehlonde (2g.) wiis dissolved in water (20 ec ) and 
hydrogc‘M peroxide (20 ec. of JOO vol.) added. Tlu're was 
vigorous reaction with evolution of heat. The solution w'as 
set a.snl(* overnight, (*xcess jieroxide destroyed and the solu¬ 
tion evaporat(‘d. the last traces of W'afer being removial in a 
desiccator o\cr pho.splionis pcntoxidc. The crystalline 
residue was washed wMth absolute* ( tlianol and recrystaUiziMl 
from a small amount oi water gnmg pcnicillaminie acid in 
colorless prisms (1.25 g , 8 S^,), which, on heating, deeom- 
pose<l between 285° and 290°. 

(^ilc. for (\ 30 5; U, 5.6; N, 7.1 

Fouml: V, 30.0; JI, 5.S; N, 7.0 

When a similar oxidation w'as earned out with potassium 
permanganati*, tlie product, although certainly poiiieill- 
aminic acid, wais l)adly contaminated w ith inorganic material 
and did not crystallize. Pemcillaminie acid was also 
ohtaineeJ in crystaJIiiu* form by hydrogen peroxide oxidation 
of 2-spiioey(*l()hexyl- l-carhoxy-5,5-dimethyl-tfiinzolidine 
hydrochloride (yield, 90S) and 4-eMrl>oxy-2,2,5,5-tetra- 
methylthiazohdine liydrochloride (yield, 

Miscellaneous Oxidations 

Sulphoxide and Sulphone of 2-Phenyl-3-acetyl-4-carb- 
oxy-thiazolidine (Lilly, 17). 2-Phcnyl-4-carhoxy- 

thiazohdine, 2-phcii> lacetami(li>carbethoxymethyl-4-carb- 
oxy-tliiazolidim* and 2-phi*nyl-3-ae(‘tyl-l-carboxy-5,5-di- 
m(‘thyl-thiazohdine (sodium salts in w'ater) gave insoluble 
silver derivatives wnth Tollens reagent, no oxidation being 
observ(»d at room temperature. 2-Phenyl-3-aeetyl-4-earb- 
o\\-t!uaz(didinc, however, oxidizi^d rath(‘r rajiidlv; after 
tw'enty-iour hours, aei(liticatioa and removal of (‘\eess silver 
yielded two products isolated by crystallization from W'ater. 
The less soluble (25of the produ('t) melted at 130-132° 
and analyzed for the corresponding .sulphoxide. 

Caie. for Ch 2 lli 804 NS: N, 5.3 
Found: N, 5.3 

The more soluble (75of the product) melted at 108-200° 
and analyzed for tlie corresponding sulphone. 

Calc, for (hJlnOfcNS: N, 5.0 
Found: N, 5.0 

T)L-3-Chloroacetyl-4-carbomethoxy-6,6-dimethylthiazol- 
idine (Merck, M.OSy 15). A mixture of 440 mg. of this 
compound in dioxan (30 ec.) and 2 phosphate hulTer of 
pll 6.8 (15 cc.) was stirred for one hour with potassium 
permanganate (525 mg.) in wuitor (15 cc.). Elxcess per- 
mangamite was discharged with sulphur dioxide and the 
solution concentrated to one-half volume at room tempera¬ 
ture. Extraction witli chloroform (4 X 10 cc.), removal 
of the solvent and crystallization of the residue from ether- 
light petroleum and then from chloi’oforin-ether gave 
Di 4 - 3 -chloroacetyl- 4 -carbomethoxy- 5 , 5 -dimethvIthiazolidine 
sulphone (60 mg.), m.p. 110 - 111 °. 

(^alc. for (MI 14 O 4 NSLI: (^ 38.1: II, 5.0; N, 4.9 
Found: (\ 38.2; II, 5.1; N, 4,8 

D-2-Isopropyl-3-beiizoyl-4-carbomethoxy-6, 6 -dimethyl- 
thiazolidine (M.6S, 17). A solution of 789 mg. of this in 
dioxan (40 cc.) and 2 A1 phosphate buffer of pH 6.8 (20 cc.) 
was stirred for two hours with potassium permanganate 
(735 mg.) in water (20 cc.). Excess permanganate was 
destroyed with sulphur dioxide, and the solution concen¬ 
trated to one-half bulk at room temperature. Extraction 
with chloroform (4 X 10 cc.), evaporation of the solvent 
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and crystallization of the residue from ethor-light petroleum 
gave D-2-isopropyl-3-benzoyl-4-carbomethoxy-5,6-dimethyl- 
thiazolidine sulphone (280 mg.), m.p. 119-120°. 

Calc, for Ci,H2,0*NS: C\ 57.8; H, 6.6; N, 4.0 
Found: C, 58 1; H, 6.8; N, 3.8 

D -2 -Phenyl -8-benzoyl-4-carbomethoxy-5,6-dimethylthi- 
azolidine {M.63^ 16). A solution of 250 mg. in dioxan 
(20 cc.) and 2 M phosphate buffer of pll 6.8 (10 cc.) was 
stirred for two hours with potassium permanganate (316 
mg.) in water (10 cc.). Excess permanganate was destroyed 
with sulphur liioxidc and the solution concentrated to one- 
half volume at room temperature. Extraction with 
chloroform (1 X 10 cc.), removal of the 8olv(‘nt and crystal¬ 
lization of the residue from ether and then chloroform- 
ether gave n-2-pheriyl-3-benzoyl-4-carbom ethoxy-5,5-di- 
methylthiazohdinc sulphone (120 mg.), m.p. 200°. 

Calc, for CjoHaiOftNS: C’, 62.0; IT, 5.5 
Found: C, 62.2, !l, 5.5 

Some Reactions of Thiazolidines with Carbon Bisulphide 
and Analogous Compounds 

Derivatives of ^,/3-Diethoxyethyl Isothiocyanate (Bentley, 
Cook, Elvidge, Ileilhron and Shaw, CPS.887 and un¬ 
reported experiments). Ethyl dithiochloroforrnatc was 
prepared by the interaction of thiophosgone and ethyl 
mercaptan (Houben and Schultze, Her.44, 3232 (1911)). 
Aminoacetal (5 g.) in water (50 cc.) containing sodium 
bicarbonate (3.5 g.) was stirred and treated dropwise with 
the dithioester (5.3 g.); the temperature rose to 30°. After 
2.5 hours an oil was extracted with etlier, and fractionated 
in vacuo; the material distilling at 85-110°/4 mm. (1.5 g.) 
was redistilled to give j3-/3-diethoxyethyl isothiocyanaU* 
(XVIII) as a pale yellow oil, b.p. 63-65°/2 mm.; it had a 
^stinct mustard oil odor. 

Calc, for CyllitOaNS: C, 48.0; H, 7.4; N, 8.0 
Found: C, 48,0; H, 7.6; N, 7.7 

The isothiocyanate (200 mg.) in a little ether was treated 
with aniline (110 mg.) for thirty minutes at room tempera¬ 
ture and solvent removed. Solution of the residue in 
chloroform and addition of light petroleum gave the phenyl- 
thiourea derivative (XIX; II ■■ Ph) as roptangular prisms, 
m.p. 96°. 

Calc, for CiiHaoOaNaS: C, 68.2; H, 7.5 
Fotmd: C, 68.4; H, 7.6 

The isothiocyanatc (160 mg.) was treated with a few 
drops of benzylamine when a vigorous reaction took place. 
After cooling, the viscous gum was treated with chloroform 
and light petroleum to give a crystalline solid; the benzyl- 
thiourea derivative (XIX; R » CHiPh) separated from 
chloroform-light petroleum in prisms, m.p. 60°. 

Calc, for CuHwOaNsS: C, 69.6; H, 7.8; N, 9.9 
Found: C, 69.9; H, 7.8; N, 9.9 

When the isothiocyanato was treated with 2,4-dinitro- 
phenylhydrazino in 6 hydrochloric acid, the derivative, 
probably XX, was collected in small yield; it separated from 
acetic acid in small yellow prisms, m.p. 250-252°. 

Calc, for CiaHiaOsNaS: C, 37,6; H, 2.7 
Found: C, 38.3; H, 2.7 

The iso thiocyanate (650 mg.) was held for two days with 
penicillamine methyl ester (from the hydrochloride, 760 mg.) 
in dry ether (25 cc.). On removing solvent the gum, which 
was insoluble in bicarbonate, was taken up in 2 iV sodium 
hydroxide (5 cc.), diluted to 15 cc. and precipitated with 
2 N hydrochloric acid. Some hydrogen sulphide was 
evolved and crystals (165 mg.) were deposited. 3-/9,^-Di- 
ethoxyethyl-5-isopropylidene-2-thiohydantoinj (XXII; R 


CIla.C''H(OEt)8) separated from dilute methanol in laths or 
needles, m.p. 87-88°. 

Calc, for CuHaoOaNaS: C, 53.0; 11, 7.4; N, 10.3 
Found: C, 53.2; H, 7.6; N, 10,2 

The thiohydantoin (40 mg.) in a little ethanol was treated 
with 2,4-dinitrophenylhydrazine in 0 N hydrochloric acid. 
The dinitropheriylhydrazone (65 mg.) separated and was 
crystallized from acetic acid in compact rosettes of orange 
needles, m.p. 230-232°. 

Calc, for CidluObN^S: C, 44.5; H, 3.7 
Found: C, 44.4; H, 3.9 

Penicillamine hydrochloride (630 mg.) in water (10 cc.) 
containing potassium hydroxide (320 mg.) was warmed with 
the isothiocyanatc (500 mg.) dissolved in a little ethanol. 
After twenty minutes the greenish solution was cooled and 
acidified: the preeipitate (275 mg.) was recrystallized from 
aciiu^ous ethanol to yield the same thiohydantoin (XXII; 
R « (^H 2 -ril(OKt) 2 ), m.p. 87-88°. 

Derivatives of Phenyl Isothiocyanate (Cook, Heilbron and 
Shaw, ('PS.8I]; Bentley, Cook, Elv^idge, Ileilbron and Shaw, 
CPi8 887). Penicillamine ethyl ester (0.5 g.) in ethanol 
(10 cc ) was alJow^ed to stand w'ith phenyl isothiocyanate for 
several days and solvent allowed to evaporate. The crys¬ 
talline residue separated from benzene-light petroleum in 
n<‘(*dles, m.p. 81°, probably ethyl «-phcny]thioureidc>-/9- 
mercapto-/9,^-dimethyl-propionate (XXI ;R « Ph, IP «* Et). 

(^aJc. for C 14 II 20 O 2 N 2 H 2 : C, 53.8; H, 6.4; N, 8.9 
Found: C, 54.1; II, 6.4; N, 8.6 

Penicillamine'hydrochloride (0.5 g.) in water (1 cc.) con¬ 
taining potassium hydroxide (0.3 g.) was treated with 
phenyl isothiocyanate (0.36 g.) in ethanol (3 cc.), heated for 
five minutes on the steam bath and acidified with concen¬ 
trated hydrochloric acid. The oil* crystallized on standing 
with aqueous methanol. 3-Phony 1-5-or-mercapto-iRopropyl- 
2-thiohydantoin separated from chloroform-light petroleum 
in short white prisms, m.p. 165° (dec.). 

Calc, for CnlliiONjB,: C, 54.1; H, 5.3 
Found: C, 54.4; H, 5.4 

On fusion, hydrogen sulphide was liberated and the melt 
re8olidifi(‘d to give 3-phenyl-5-i8opropylidcne-2-thiohydan- 
toin (XXII; R « Ph), m.p.*254-257°. 

2-Carbethoxyme1Iiyl-4-carboxy-6,6«dii]iethylihiazoUdiiie 
Hydrochloride (XXni) (CPS.387). Ethyl /S,/3-diethoxy- 
propionate (1.2 g.), penicillamine hydrochloride (1.24 g.) 
and acetic acid (0.8 g.) were warmed on the steam bath for 
fifteen minutes when the product no longer gave thiol 
reactions. The gum was taken up in sodium bicarbonate 
solution and extracted with chloroform. The aqueous 
phase was slightly acidified, again extracted with chloroform 
and the dried extract treated with hydrogen chloride. The 
hydrochloride (XXIII) was precipitated with light petroleum 
and later crystallized in clusters of needles. It was recrys- 
tallized from chloroform-light petroleum, forming needles, 
m.p. 149-150° (dec.). 

Calc, for C,oHig 04 NSCl; C, 42,3; H, 6.4; N, 4.9 
Found: C, 42.4; H, 6.1; N, 4.7 

l,5,3\4'-(2'-Caxbethoxymethyl-6^6'-dimethylthiazoUdo)- 
8-phenyl-2-thiohydantoin (XXIV) (CPS.387), A solution 
of XXIII (1.2 g.) in water (5 cc.) containing potassium 
hydroxide (0.47 g.) was treated wdth phenyl isothiocyanate 
(0.57 g.) in ethanol (5 cc.) and heated on the steam bath 
for five minutes. Addition of acid and cooling gave a 
white precipitate which separated from methanol in long 
laths, m.p. 123°. The compound was insoluble in caustic 
alkali and is regarded as XXIV. 

Calc, for CnH 2 «iOiN,S,: C, 56.0; H, 6.6; N, 7,7 
Found: C, 56.9; H, 6.4; N, 8.0 
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6,l,2',3'*(4'-Carboxy-5',5'-dimethyl-thiazolido)-8-phenyI- 
3»6-dihydro-«2-thiouracil (XXV) (CPS.887). In another 
experiment the mixture waw wanned rapidly and just 
sufReiently to clarify the solution. Addition of hydrochloric 
acid precipitated a crystalline material which still contained a 
carboxyl group for it dissolved in aqueous bicarbonate and 
was precipitated unchanged by acid: the compound, which is 
regarded as XXV, separated from chloroform-light petrohmm 
in needles, m.p. 215-217^". 

Calc for CuHnOaN^Sa: C, 53.(5; H, 4.8; N, 8.3 
Found: C, 53.8; H, 4.7; N, 8.1 

2 - Aminomethyl-4-carbomethoxy-5,5-dimethyl-thiazol- 
idine (XVI) (Bentley, Cook and lleilbron, CPS 4S0). The 
dihydrochloride of thiazolidine XVI (H =» II) (p. 485) (4.g.) 
in methanol (20 cc.) was treated with a slight excess of ether¬ 
eal diazomethane. Evaporation and distillation of the oil 
gave the ester XVI (H » Me) as a liquid, b.p. 104 106°/ 
0.005 min. 

Calc, for CsHhO^N^S: (\ 47.1; II, 7.9; N, 13.(5 
Found: i\ 47.8; H, 8.0; N, 13.1 

In later experiments the distilled ester was used but the 
crude undistilled material was e<iually satisfactory. 

4,3,3',2'-(4'-Carbomethoxy-6',6'-dimethylthiazolido)-2- 
iminazolidone (XXX) (CPS.480). The ester (800 mg.) in 
chloroform (50 c(‘ ) was shaken with water (15 cc.) contain¬ 
ing siodium bicarbonate (I g.) and 20% phosgene in toluene 
(3 cc.) w'as add(*d dropwise with stirring. Removal of 
solvent from the chloroform layer gave a gum which partly 
crystallized. It w’as dissolved in chloroform, treated with 
light petroleum, the initial gum rejected and the supernatant 
liquor allowed to stand when it deposited crystals. The 
iminazoli<line XXX was recrystallized from chloroform-light 
petroleum when it separated in prisms (70 mg,), m.p. 
124-125°. 

(Vile, for CsIlMOaN^S: C\ 47.0; H, 6.1; N, 12.2 
Found: i\ 47.0; H, 6 1; N, 12.3 

3,4,3',2'-(4'-Carbomethoxy-5\5'-dimethylthiazolido)-2- 
iminothiazolidine (XXIX) (CPS.430). The following is 
typical of several experiments. The thiazolidine ester 
(XVI; R « Me) from the dihydnichloride (XVI; K « H) 
(6.0 g.) was refluxed for eighteen hours with methanol 
(50 cc.) and carbon disulphide (75 cc.) and solvents re¬ 
moved in vacuo. Washing the gum with ether (50 cc.) loft 
XXIX (R ~ Me, R' H) isomcrido A (500 mg.); it 
separated from methanol in prisms, m.p. 187-188°, with a 
pale greenish lustre. 

Calc, for CMImOjNjS*: C, 43.9; H, 5.7; N, 11.4 
Found: C, 44.1; H, 5.8; N, 11.6 

The filtrate from A on concentration gave a gum which 
crystallized from ether-light petroleum to give 3,4,3',2'-(4'- 
carbomethoxy-5',5'-dimcthylthiazolido)-2-thioiminazolidone 
(XV; R * Me, R' « H) i&omeride B (1.2 g.), which was 
repeatedly recrystallized from the same solvents and finally 
from aqueous methanol in large plates, m.p. 117-118°. 

Oalc. for CoHuOaNiSj: C, 43.9; H, 5.7; N, 11.4 
Found; C, 44.2; H, 6.9; N, 11.9 

Isomeride A (100 mg.) was treated overnight with cold 
saturated aqueous barium hydroxide (20 cc.). The solution 
was saturated with carbon dioxide, filtered, and the filtrate 
evaporated to dryness. Treating the residue with 2 N 
hydrochloric acid (1.5 cc.) and a little water left 3,4,3',2'- 
(4'- carboxy- 5', 6 - dimet hy 11 hiazo 1 i do) -2-im i no-thiazolidine 
(XXIX; R « R' « H) (60 mg., 64<??) which crystallized 
from water in rhomboids, m.p. 197-198®. 

Calc, for CaHiaOaNaSa: C, 41.4; H, 6.2; N, 12.1 
Found: C, 41.4; H, 6.1; N, 11.7 


Isomeride B gave the same acid under similar conditions, 
in 80% yield 

3,4,8',2'-(4'-Carbomethoxy-6',6'-dimethylthiazolido)-2- 
imino-6-carbomethoxythiazolidine (CPS.430) 2-Carbo- 
methoxy-amino-mcthyl-4-carb(/mothoxy-r>,5-diinethylthi- 
azolidine (1.5g.) was refluxed for twenty hours with methanol 
(10 cc.), carbon disulphide (150 ce.) and suflici(*nt ether to 
give a homogeneous solution. Ib'inoval of solvMMits and 
addition of dry ether (100 ec.) gave a re-iidue (170 mg.) 
which crystallized from methanol; XXIX (H = Me, R' 
=* COsMe) separated in clusters of laths, ni p. 219°. 

(^alc. for (\iI1i 604N2S2: C, 43.4; II, 5.3; N, 9.2 
Found: 43.6; II, 5.2; N, 9.2 

The ethereal filtrab' was evaporated to small bulk when 
addition of light petrohaim gave a gum (rejeeted) and then 
crystals of 3,4,3',2'-(4'-carbometho\y-5',5-dImethylthiazol- 
ido)-5-ca^bomethoxy-2-thlOlnunazolldone (XXVIII; R *= 
C'OaMe); it was recrystallized from chloroform-hght 
petroleum to give prisms, m.p. 162°. 

Cale. for Cnnit 04 N 2 ^ 2 : (\ 43.4; II, 5.3; N, 9.2 
Found: (\ 43.2; H, 5.2; N, 9.4 

2-Methylaminomethyl-4-carboxy-6,6- dimethyl-thiazol¬ 
idine (Bentley, Cook and lleilbron, unreported experiment.) 
DL-Pemeillamine hydrochloride (1.0 g.) in methanol (10 cc ) 
was saturated with dry hydrogen chloride, and treated 
dropwise with methylaminoacetal (0.8 g.). The solution 
was evaporat(*d to dryness, the residue warmed for a further 
ten minutes, and the black product treated with a little 
methanol. A w^hitc solid separated (500 mg.) and was 
recrystallized from slightly diluted methanol to yield the 
dihydrochlorido in needle clusters, m.p. 207-208°. 

C^alc. for C8H,802Na8(U2: C, 34.7; 11, 6.5; N, 10.1 
Found; C, 35.1; 11, 6.6; N, 10.1 

The preceding thiazolidine dihydrochloride (1.5 g.) sus¬ 
pended in methanol was treated witli (»thereal diazornethane. 
After reaction, the solution was filtered, and the oil obtained 
on evaporation was distilled, to yield a viscous oil, b.p. 
92-94°/0.0001 mm., of characteristic, fishy odor. 

Calc, for C^HigOiNjS: C, 49.6; H, 8.3; N, 12.8 
Calc, for CioHtoO^NaS: C, 51.7; H, 8.6; N, 12.1 
Found: C. 51.0; II, 8.5; N, 11.9 

N-Hydrozyethylpenicillamine and Derivatives 

Lactone of 3-(^-Hydroxyethyl)-4-carboxy-2,2,5,6-tetra- 
methylthiazolidine (Bentley, Cook and lleilbron, CPS.627), 
4-Carboxy-2,2,5,5-tctramcthylthiazolidine (free base) (1.0 
g.) suspended in chloroform (20 cc.) containing ethylene 
oxide (2 g.) and 1 drop of a strong solution of boron tri- 
fluoride in ether was heated (sealed tube) to 150° for two 
hours. On evaporation, the oil crystallized in long needles 
(830 mg.), m.p. 95°. It was recrystallized from aqueous 
methanol when the lactone XXXII separated in large prisms, 
m.p. 102°; insoluble in bicarbonate solutions, fairly readily 
soluble in dilute hydrochloric acid. 

Calc, for CuHnOaNS: C, 55.8; H, 7.8; N, 6.5 
Found: C, 65,8; H, 8.1; N, 6.4 

The lactone XXXII (0.5 g.) was warmed to 100° with con¬ 
centrated hydrochloric acid (2 cc.) and water (2 cc.) and 
the solution evaporated to dryness in vacuo. The residue 
soon crystallized; it was insoluble in acetone, rather sparingly 
soluble in chloroform or ethyl acetate. When recrystallized 
from methanol-other, N-/3-hydroxyethyipcnicillamine hy¬ 
drochloride (XXXIII) separated in cubes, m.p. 148°. It was 
very soluble in water, the solution giving an intense blue 
color with ferric chloride. It showed the anticipated two 
acid groupings on electrometric titration: equiv. 112, 224; 
calc. 114, 229. 
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Cfilc. for CMIuOaNSCl- (\ 36.7; Jf, 7.0 
Found: 30.0; 11, 6.7 

The free base hydroxyethylpenicillaniiiie was prepared 
by dissolving hydroxytdhylpenieillainiiie hydrochloride 
(1.0 g.) ill dry pyridine (5 cc.); the solution was evaporated 
to dryness in vacuo and treated with chloroform, a white 
solid separating (800 mg.). N-|8-HydroxyethylpeniciUam- 
ine crystallized from ethanol in well-formed cubes, m.p. 174° 
(dee.). It dissolved in ammonium bicarbonate with effer¬ 
vescence, and gave a blue color with ferric chloride solution^ 

Calc, for CTlIuOiNS HaO: C, 39.8; II, 8.0; N, 6.6 
Found: C, 40.2; II, 7.5; N, 6.4 

3-/3-Hydroxyethyl-4-carbomethoxy-2,2,6,6>tetramethyl- 
thiazolidine (Bentley, Cook and lloilbron, unreported 
experiments). 4-Carbomethoxy-2,2,5,5-tetramethylthiazol- 
idine hydrochloride (1.8 g.) was converted into the free 
base with aqueous sodium bicarbonate and chloroform; the 
fret* base was transferred to ether (50 cc.) and kept over¬ 
night in presence of ethylene oxide (5 g ) and ethereal boron 
trifluoride (1 drop). On removing solvent the oil crystal¬ 
lized and was freed from gum by solution in ethanol and 
adding water (yield, 350 mg.). On repeatedly crystallizing 
from ethanol-water 3-/3-hydroxy<‘thyI-4-carbomethoxy-2,2,- 
5,5-tetraniethylthiazolidine (XXXIV) was obtained in plates, 
m.p. 48-49°. 

Calc, for CuHaiOaNS: C, 53.4; H, 8.5; N, 5.7 
Found: (\ 53.5; 11, 8.5; M, 5.9 

On boiling this hydroxyethyl ester (80 mg.) with acetic 
anhydride (1 cc.) for one minute, and subsetiuent dilution 
with water, the lactone XXXIl, m p. 100°, was obtained. 

2-Phenyl-3-/3-hydroxy ethyl-4-carboxy-6,6-dim ethylthi- 
azolidine (XXXV) (Bentley, Cook and Heilbron, CPS.6^7). 
2-riienyl-4-carboxy-5,5-dimethylthiazolidine (1.0 g.) in 
chloroform (15 cc.) was held overnight at 0° with I drop 
of ethereal boron trilluoride after saturating with ethylene 
oxide. After evaporation the oil was insoluble in water or 
light petroleum but an eth(*roal solution soon crystallized 
(yield, 0.44 g.); the product was soluble both in aqueous 
ammonium bicarbonate and in dilute h 3 ^drochioric acid. It 
was recrystallized several times from cbloroforin-light 
petroleum to give clusters of fibrous needles, m.p. 129°. 

Calc, for CiJIlOsNS: C, 59.7; 11, 6.8; N', 5.0 
Found: C, 59.3; H, 6.8; hi, 5.3 

The acid XXXV (160 mg.) was warmed to 90° for fifteen 
minutes with acetic anhydride (2 cc.) and the solution 
decomposed with water when the lactone XXXVI crystal¬ 
lized. It was insoluble in aqueous ammonium bicarbonate, 
slowly soluble in aqueous sodium hydroxide, and crystallized 
from methanol-water in prisms, m.p. 104-105°, 

Calc, for CiJlirOtNS: C, 63.9; H, 6.5; N, 5.3 
Found: C, 64.1; H, 6,6; N, 5,4 

2-n-Caproamido-carbethoxymethyl-3-/3-hydroxyethyl-4- 
carhoxy-6,5-dimethylthiazolidine (XXXVII; R « n-CMin) 
{CPS.627). a-Ethyl n-amylpenicilloate (from 1 g. of the 
hydrochloride) in chloroform (16 cc.) saturated with 
ethylene oxide was allowed to stand overnight at 0° with 
1 drop of ethereal boron trifluoride. On evaporation, the 
residue formed a semisolid paste. After dissolving in 
methanol and cautiously adding water the crystals were 
collected. These were recrystallized from aqueous ethanol; 
rhombs, m.p 127-128°. 

Calc, for C,iH„0,NiS: C, 53.5; H, 7.9 
Found: C, 63.6; H, 7.8 

The acid XXXVII (R « n-CsHn) (0.1 g.) was warmed with 
acetic anhydride (1 ce.) almost to boiling for two minutes 
and the solution cautiously decomposed with water when 


the lactoiH* XXXVIII (H - n-CMln) separated; it crystal¬ 
lized from ehloroform-light petroleum ui long needles, m.p. 
132-133^', which were insoluble in aqueous bicarbonate. 

Calc, for CuHaoO^NaS: C, 56.0; H, 7.8; N, 7.3 
Found: C, 56.3; H, 7.6; N, 7.2 

cr-Ethyl /3-Methyl n-Amylpenicilloate Hydrochloride 
(Bentley, Cook and Heilbron, unreported experiment). 
Penicillamine methyl ester hydrocliloride (750 mg.) in 
methanol (5 cc.) \vas treated with ethyl n-amjdpenaldate 
(I g.), the methanol distilled off and the residue warmed for 
ten minutes on the st(*am bath. The hard gum, which no 
longer gave thiol reactions, was washed several times with 
dry ether and reprecipitated with ether from chloroform 
soiution. The product crystallized from the same solvents 
in rectangular prisms, m.p. 125-127°. 

Calc, for (\ 7 lIai 06 N 2 SCl: C, 49.7; II, 7.6; N, 6.8 
Found: C:, 49.8; 11, 7.6; N, 6.5 

cr-Ethyl N-Hydroxyethyl-benzylpenicilloate (Bentley, 
Cook and Heilbron, unreported experiments). a-Ethyl 
benz,vIpenicilloate hydrochloride, prepared in the usual way, 
sepanit(‘d from ethanol-ether in clusters of needles, m.p. 
188° (dec.). 

Calc, for CisIIaaOaNaSCl: C, 51.9; H, 6 . 0 ; N, 6.7 
Found: C, 51.6; H, 6.2; N, 6.7 

In a typical experiment, of-cthyl benzylpenicilloate 
hydrochloride (2.8 g.) was treated wuth water (25 cc.) and 
sodium acetate (5 g.). Tlie buffered solution was extracted 
with ether (5 X 30 cc.) and th(*n chloroform (2 X 25 cc.) 
as the free base was not easily soluble in chloroform. 

The ether extracts were dri(*d and conc(‘iitrated to 50 cc. 
Ethjdene oxuh* (5 g.) in dry (‘ther (20 cc.) was added and the 
solution allow^ed to stand overnight. A white solid was 
deposited, m.p. 133-134° (0.4 g ), which crystallized from 
dilute ethanol in well formed laths, m.p. 136-137°, and ana¬ 
lyzed for a-ethyl beiiz^dpenieilloate. 

Calc, for C 13 H 24 O 6 N 2 S: C, 50.9; H, 6 . 1 ; N, 7.1 
Found: C, 56.8; 11, 6 . 2 ; N, 6.8 

The ethereal solution was evaporated to dryness in vacuoy 
and the residue treated with dry ether (5 cc.). On scratch¬ 
ing, a white crystalline precipitate formed, m.p. 125-126° 
(1.3 g.). (Yystallization from chloroform-light petroleum 
gave needles of a-ethyl N-hydroxyethyl-benzylpenicilloate 
(XXXVII; R « PhCIl 2 ), m.p. 139-140°, dissolving immedi¬ 
ately in ammonium bicarbonate. 

Calc, for CaoHaaOeNjS: C, 56.6; II, 6 . 6 ; N, 6.6 
Found: C, 60.1; H, 6.5; N, 6.8 

The dried chloroform extract was treated with ethylene 
oxide (6 g.) in ether (20 cc.) overnight. Evaporation in 
vacuo gave a viscous gum, apparently insoluble in ether. 
This was difficult to work up, but a further quantity of the 
hydroxyethyl compound could be obtained by trituration 
with water, followed by crystallization from chloroform-light 
petroleum. Alternatively, this crude material could be 
directly lactonized (see below) with acetic anhydride. 

The a-ethyl N-hydroxycthyl-benzylpenicilloate (60 mg.) 
was heated to boiling with acetic anhydride (6 cc.), the solu¬ 
tion cooled and decomposed with water; on scratching color¬ 
less needles, m.p. 162-153°, separated. The lactone 
XXXVIII (R * CeHfcCHj) was recrystallized from dilute 
ethanol in fine needles, m.p. 163-154°, insoluble in am¬ 
monium bicarbonate. 

Calc, for CaoHMOftNjS: C, 69.1; H, 6.4; N, 6.9 
Found: C, 59.8; H, 6.4; N, 6.8 

The same lactone was obtained by quickly warming the 
parent hydroxyethyl-benzylpenicilloate (80 mg.) with 2 N 
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hydrochloric acid (3 cc,) to cfToct solution, and then cooling, 
the lactone separated (50 uig,) and was rccrystallizod 
from aqueous ethanol in long thin rods, m.p. and mixed 
m.p. with the above material, 153*". 

N-Hydroxyethyl-benzylpenicilloic Acid Hydrate (XLII) 
(Bentley, Cook and Ileilbron, unreported experiments). 
a-Ethyi N-hydroxyethyl benzylpenicilloate (1.0 g.) was 
dissolved in N/S baryta (25 ce.) and the solution allowi^d 
to stand overnight at room temperature. After acidifica¬ 
tion with hydrochloric acid to pll 2.0 the solution was 
extracted with n-butanol (4 X 25 cc.) and these extracts 
evaporated in vacuo at bath teiniierature 30-35". The 
residue was washed with dry eth(»r to yield a white solid 
(440 mg.) completely soluble in ammonium bicarbonate. 

Calc, for C,8ll2406NjS H20: C, 52.2; II, G.3; N, G.8 
Found: C, 52.1; 11, 6.3; N, 7.0 

The ether washings were diluted with light petroh'um and 
on standing overnight at 0°, clust<‘rs of needles were depos¬ 
ited, m.p. 85-89". This imdting point was unchanged on 
further crystallization from ether-light petroleum, but on a 
final crystallization from dilute ethanol, the m.p. rose 
to 1G6®, apparently due to hydrate formation. The com¬ 
pound was insoluble in ammonium bicarbonate and is 
formulated as the lactone of 2-phenylacetamidomethvl-3-/i- 
hydroxyethyl-4-carboxy-5-5,dimethylthiazolidine (XLIV). 

Calc, for CtTlI^OsNaS HaO: C, 58.0; 11, 6.8; N, 7.9 
Found: (\ 58.1; II, G.3; N, 7.8 

In another experiment, the hydroxyethyl-benzylpemcil- 
loate (1.5 g.) was treati'd oviTiiight with AV3 baryta 
(40 cc.), acidified and extract(‘d with ri-butaiiol (150 cc. m 
all). The extract was evaporated, almost to dryness, 
in vacuo and allowed to stand. A white solid separated, 
and reerystallized from n-butanol in short laths, m.p. 117- 
118°: it analyzed for the butanolatc of N-hydroxyethyl- 
bcnzylpenicilloic acid. 

(^alc. for Ci 8 H, 4 ()«N 2 S-C 4 llio(): 56.2; H, 7.2; N, 6.0 

Found: (\ 5G.3; H, 7.1; N, 6.1 

Lactone of N-/3-Hydroxyethyl-benzylpenicilloic Acid 
(XLIII) (Bentley, Cook and Ileilbron, unreported experi¬ 
ments). N-IIydroxyethyl-l)<*nzylpenicilloic acid (150 mg.) 
was warmed with 2 N hydrochloric acid (1 cc.) for a few 
minutes; a white solid separated, on cooling, in low yield, 
m.p. 167-168° (30 mg.). Reerystallization from ethanol, on 
dilution with a little water, gave cubes of the lactone XLIII; 
m.p. 175°; readily soluble in ammonium bicarbonate. 

Calc, for CuHmOjNsS: C, 57.1; II, 5.8; N, 7.4 
Found: C, 57.8; li, 6.0; N, 7.1 

Salts of N-Hydroxyethyl-benzylpcnicilloic Acid (Bentley, 
Cook and Heilbron, unreported experiments). N-Hydroxy- 
ethyl-benzylpenicilloic acid (100 mg.) was treated with a few 
drops of benzylaminc, and the mixture taken up in chloro¬ 
form. Dilution with ether gave a white solid: the di-benzyl- 
ammonium salt of XLII crystallized from ethanol-ether in 
hydrated prisms, m.p. 131-132°. 

Calc, for Ci,H 4 aOeN 4 S HjO: C, 61.2; H, 7.0; N, 8.9 
Found: C, 61.7; H, 7.2; N, 8.6 

N-Hydroxycthyl-benzylpenicilloic acid (600 mg.) was dis¬ 
solved in dry pyridine (1 cc.) and warmed with acetic anhy¬ 
dride (2 cc.) at 95° for one hour. The dark mixture was 
evaporated to dryness in vacuOf and the resulting tar treated 
with a little benzylamine. The mixture warmed up, and on 
washing with chloroform yielded a white solid, soluble in 
water and ethanol. On crystallization from hot, slightly 
moist dioxan, the benzylammonium salt (XLV) was obtained, 
m.p. 266-267°. 

Calc, for CwHiiOiNiS-HjO; C, 59.6; H, 6.6 
Found; C, 69.7; H, 6.9 


The chloroform filtrate, evaporated to dryness, yielded a 
brown resin, which crystallized from aqueous dioxan in 
rhombs, ni.p. 113-115". Keeryhlallization from aqueou*^ 
ethaned (ehareoal) gave N-henzvIpheiivlacetarnidc*, in y> 
116-117", showing no depression in m.p. on mixing with an 
Huthentie sample. 

Hydrazinium Salt of a-Hydrazide of N-Hydroxyethyl- 
benzylpenicilloic Acid (XL) (B<*ntley, Cook and Ileilbron, 
unreported experiments). «-lCthyl N-hydro\v('thyl-benzyJ- 
penicilloate (425 mg.) was dissolved in ethanol (5 cc.) and 
warmed on the steam bath with 95liydraziiie hvdrate 
(I cc.) for 1.5 hours. Th(‘ solid which separated (100 mg.) 
was rccrystallizi‘(l from slightly dilute ethanol, when the 
hydrazmiiim salt XL .seyiaratofi in short laths, m.p. 103 1G4", 
freely .soluble in wattT. 

(^ale. for CislhoOftN^S: (\ 48.9; H, 6.8 
Found: (\ 48.3; II, 6.5 

Dihydrazide of N-Hydroxyethyl-benzylpenicilloic Acid 
(XLI) (Hentl(*y, f'ook and Ileilbron, unrejiortod experi¬ 
ments). The lactom* XXXVIII (150 mg.) and 95% hydra¬ 
zine hydrate (0.1 cc.) were boiled in alcohol (3 cc.) until all 
had just dissolved, and the solution was allowed to stand 
ovi‘rnight. The cr 3 ^stals which separated (85 mg.) were 
rocry.stalIiz(‘fl from ri-propanol, when XLI separatc'd in well 
formed needles, m.p. 205" (dec.). 

(^alc. for (\8ll2804NflS: N, 19.8 
Found: N, 20.0 

Lactone of a-Benzylamide of N-Hydroxyethyl-benzyl- 
penicilloic Acid (XLVI) (Bentley, Cook and HeilI)ron, unre¬ 
ported experiments). The dihydrazide XLI (350 ing.), 
dissolved m N hydrochloric acid (4 ce.), was cook'd to 0”, 
and excess sodium nitrite (150 mg.) m water (2 cc ) added 
dropwise. A white solid sejinrated, and was filtered aftcT 
five minutes: it became stii‘ky, howi'ver, on warming to room 
temperature, and was dissolv(‘d in chloroform and the 
solution dried. Addition of benzylamine precipitated 
hexagonal plates of benzylammonium azidi', in p. 103° 
(dec.). The filtrate was evaporated in vacuOy and the partly 
crystalline residue triturated with water, a white solid 
separating, m.p. 190-195°. Hecrystalhzation from slightly 
dilute ethanol gave the lac tone-ben zylaniide XLVI m long 
needles, m.p. 200-202°. 

Calc, for CuHnOiNiS: C, 64.3; II, 6.2; N, 9.0 
Found: C, 64.5; H, 6.4; N, 9.1 

In a similar experiment, an attempt was made to follow 
possible azlactonization by observation on the ultraviolet 
absorption spectrum of the azide. No change in spectrum 
was observed, however, on allowing a chloroform solution of 
the azide to stand for twenty-four hours, or on reaction 
with ethereal diazomethane. 

Miscellaneous Phenylpenilloic Derivatives 

Ethyl Hippurylhippurate (Nowbery and liaphael, CPS. 
200). A solution of ethyl hippuratc (21 g.) and ethyl form¬ 
ate (7 g.) in benzene (100 cc.) was added with cooling to a 
suspension of powdered sodium (2.3 g.) in benzene (100 cc.) 
and the reaction mixture allowed to stand for four days. 
The solid mass of sodium salt was broken up, filtered, washed 
with a little benzene and then decomposed with 2 AT acetic 
acid. The precipitated oil w'as taken up m ether, the washed 
and dried ethereal solution evaporated, the residue taken up 
in the minimum of dry ether containing a few drops of 
benzene and the solution allowed to stand overnight. The 
crystalline precipitate (1.5 g.) so obtained was collected, 
wa.s}uMl with ether and crystallized from aqueous alcohol, 
or from benzene-light petroleum, when it formed long 
iKH^dles, m.p. 128-129°. This substance had the properties 
givim by Erlenmeyer for his compound of m.p, 128°, which 
he claimed was formylhippuric ester but appeared to be 
hippurylhippuric ester. 
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Calc, for (^ioIlao05N2: 

0, 65.2, 11, 5.5; N, 7.6; OEt, 12.2; M.W., 368 
Found: 

r, 65 1; 11, 5.6; N, 7.7; OKt, 12.4; M.W. (in acetouo), 374 

lOvaporation of the fill rate furnished cru(l(‘ forniyU 
hippurie (‘ster (7 g.; ) as a clear viscous oil Attempted 

punlicHtioii by distillation at 0 02 mm. led to extensive 
decomposition. 

The 2,4-diintrophenyIhydrazone, iTiMd<» in 6 N hydro¬ 
chloric acid or in alcoholu* sulfuric acid, crystallized in 
yellow prisms, m p. 175 176", from glacial acetic acid 

Calc, lor ('laHnOyNfi: N, 16.9 
Found: N, 16 8 

Ethyl Formylhippurate Diethylacetal {CPS 2(H)). Kthyl 
phenylpenaldatc (formylhippiiric ester) (20 g ), etlod ortho¬ 
formate (15 g ), absolute alcohol (15 g.) and ixiw’dered 
ammonium chloride (0.15 g ) were lefluxed together for 
three hours. The ammonium chloride wa.s removed, the 
filtrate evaporated in vacuo and the residual dark liquid 
distilled in vacuo Ethyl formylhiiipuratc diethylacetal 
had b.p 15()-153"/0 1 mm , j* 5075, 

Calc, for (^aH2i05N: (\ 62.1; H, 7.5; N, 4.6; OEt, 43.7 
Found: V, 61.8; H, 7.3, N, 4.8; OEt, 11.4 

Phenylpenicilloic Acid {(1*S.206). A mixture of formyl- 
hippuric ester acetal (3 g.), penicillamine hydrochloride 
(1.35 g.) and glacial ac<*tic acid (6 cc ) was warmed on the 
steam bath for thirty minutes and the cooled reaction mix¬ 
ture poured slowly with stirring into a large volurnt' of dry 
ether (150 ce ). The white flocculent precipitate w'as w'ashed 
several times with eth(*r, a-ethyl phenylpenicilloate hydro- 
clilorido slowly smteri'd and became (dear at 92 “97° and 
decomposed at 105"; attempted crystallization produced 
gums. 

Calc, for CnlEsOfiNjSCl: i\ 50.7; H, 5.8; N, 7.0 
Found: C, 50.8; H, 0.0; N, 7.0 

The penicilloic ester hydrochloride (2.21 g.) was fre^ated 
with three equivalents of baryta solution (36 cc. of 0.478 N) 
and the clear solution kept for two days. A small amount of 
separated solid was centrifuged and 1 N hydrochloric acid 
run in slowly wutli coohng. When half the thiHiretical 
volume of acid had been added (5.9 cc. of 0.984 N 11(1) a 
crystalline precipitate commenced to form. After one hour 
the solid was collected and purified by solution in glacial 
acetic acid, followed by precipitation with dry ether. The 
product formed tiny prisms (1.3 g.) sintering at 210°, m.p. 
215-216° (dec. at about 220°). The analysis corresponded 
to the tetrahydrate of the barium acid salt of phonyIpenicil- 
loic acid. 

Calc, for C3oH840ioN4S2Ba-4H20: C, 40.8; H, 4.8; N, 6.4 
Found: C, 41.1; II, 4.7; N, 6.3 

The phenylpenicilloic ester hydrochloride (1.04 g.) was 
treated with three equivalents of sodium hydroxide (7.94 cc. 
of 0.976 N NaOH) and the resulting solution allowed to 
stand for fifteen hours. Hydrochloric acid (5,25 cc. of 
0.984 N HCl) was added slowly with stirring and cooling 
and the flocculent precipitate filtered. The filtrate on 
standing for two hours deposited a further crop of crystals. 
The combined dry crops (0.6 g.; 71%) had m.p. 95-97° 
with extremely vigorous evolution of carbon dioxide. Phen- 
ylpemicilloic acid crystallized rapidly in needles, m.p. 96-97° 
(dec.) on adding an equal volume of water to its solution in 
acetone It could also be purified by careful precipitation 
from ethyl acetate with light petroleum (40-60°). 

Calc, for CuHisOiNiS JiHaO: C, 51.9; II, 5.6; N, 8.1 
Found: C, 51.7; H, 5.9; N, 8.3 

On treatment with alcoholic mercuric chloride, vigorous 
evolution of carbon dioxide took place and a mercury 


complex was prcM’ipitated on adiiition of water, Treat¬ 
ment of the filtrate with an alcoholic solution of 2,4-dinitro- 
phcnylhvdrazine sulphate, gave a yellow 2,4-dinitri)phenyl- 
hydrazotic, m.p 200 202° (dec ), undepressed by a specimen 
of benzamidoMcotakhdiyde 2,4-diiiitrophenylhydrazone, m.p. 
203 204" (dec.). 

Pyrolysis of the acid at 120° for thirty minutes under 
vaciuim yielded a glass This was powdered, dissolved 
in the minimum of warm water, and ethanol (2 vols ) added. 
Aft(>r one hour tin* crystalline deposit had m.p. 158-160° 
(dec ), undepressed on admixture with a sample of phenyl- 
penilloic acid, m p. 160-161° (dec ) The pyrolysis product 
in water when treat(*d with conc(*ntinted hydrochloric acid 
(1 vol ) yieldinl a crvstalline pr(*cipitMte, m.p. 222° (d('C.), 
uudcpri'ssed on atimixturc with synthetic phonyIpenilloic 
acid hydrochloride', 111 p 221 225°. 

N-Acetyl-phenylpenilloic Acid {CPS 2()6). Phenylpcm- 
illoic acid hydrochloride (1 g ) (CMiapter XVllI) was dis¬ 
solved 111 the niiniimim of pyridine (about 3 cc ) and a large 
volume of alcohol (15 cc ) added; the precipitated phonyl- 
peiiilloic acid was recrystallizcd fmm pynduie-alcohol as 
tiny i)l.‘itcs (0.6 g.; 68Vt;), m.p 160-161° (dec.). The acid 
(0 3 g ) was gently warmed with acetic anhydride (3 cc.) 
until .s(»Iution was cffectc'd, and allowed to stand overnight. 
Solvc'iit was removed ui vacuo, the resulting viscous gum 
tnturat('(l with dry ether, and the solid purified by precipi¬ 
tation from ethyl acetate with light pctrolcMim to lorm a 
Tnicrocrystalline solid (0 12 g.; 35^;(), m.p. 193° (dec.). 
Phenylpenicilloic acid (0.86 g ) was treated with aci^tic 
anhydride (4 cc ) and allowed to stand until solution was 
complete (fifteen hours) The solution was then rapidly 
drie(l in vacuo, the dark yellow solid dissolved m ethyl 
acetate containing a little ether and the resulting solution 
carefully pn'cipitated w'lth light petroleum. The light 
yellow flocculent solid (0.32 g.) w as purified by precipitation 
from ethyl acetate or bc'nzciu' w'lth light petroleum forming 
a microcrystalline solid, in p. 190-191° (dec.), which was 
identified witli N-acetyl plieiiylpenilloic acid (m.p. 193° 
(dec.), Merck, M 15c, 15). 

Calc for Cjai2..04N2S: 8.3 

Found: K, 8.3 

N-Alkyl- and -Aralkyl Thiazolidines 

2-Methylamino-carbomethozymethyl-4-carbozy-6,6-di- 
methylthiazolidine Hydrochloride (Lilly, L.20, 14). u-Peni- 
cillaminc hydrochloride (3.71 g.) and methyl a-methyl- 
amino-/3,i8-dim ethoxy propionate (C’hap ter XVII, p. 531) 
(3.54 g.) in acetic acid (15 cc.) were heated on steam for 
three hours. The brownish solution was poured into ether 
(1 lit) to yield a slightly hygroscopic solid. 

Calc, for CioHi» 04N,SC1: N, 9.4 
Found: N, 8.6 

Methyl N-Methyl-phenylpenaldate (Merck, MM^ 1), 
Sarcosine methyl ester hydrochloride (crude, 107 g.) in ice 
water (500 cc.) was heated with potassium carbonate 
(212 g. in portions). Benzoyl chloride (118 g.) was added 
(stirring and cooling), the mixture finally being stirred at 
25° (one hour). N-Benzoylsarcosine methyl ester was 
extracted with chiorofonn, washed with sodium bicarbonate, 
dried and distilled, having b.p. 130-133°/0,4 mm. (93.6 g.). 
Sodium mothoxidc (from sodium 7.8 g.) suspended in ether 
(500 cc.) was stirred at 5° and treated with methyl formate 
(23 g.) and then N-benzoylsarcosine methyl ester (70.1 g.) 
in ether (200 cc.), then stirred for thirty-six houm at room 
temperature under nitrogen. The semisolid residue was 
stirred with ether (200 cc.) for one hour, water (300 cc.) was 
added and the aqueous layer extracted with chloroform and 
acidified with concentrated hydrochloric acid (28 cc.). The 
oil was taken up in chloroform, a solid separating on washing 
with water (21.7 g.). Methyl N-methyl-phonylpenaldat© 
had m.p. 144-146®. 
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Calc, for CiaHi«04N: C, 61.3; H, 5.6; N, 6,0 
Found: 0, 61.6; H, 5.9; N, 6.7 

Treatment with aniline in methanol gave the anilino 
derivative, crystallized from methanol to constant m.p. 
204 - 205 ^ 

Calc, for CisHisOjN: C, 69.7; H, 5.9; N, 0.0; OMe, 10.0 
Found: C, 69.4; H, 6.2; N, 9.4; OMe, 9.9 

Ethyl N-Methylhippurate (("opp, Duffin, Smith and 
Wilkinson, CPS,4^4) 2). A suspension of crude sarcosine 
ethyl ester hydrochloride (232 g.) and aiihj'drous sodium 
carbonate (460 g.) in ether (2 lit.) was cooled with running 
water and benzoyl chloride (11)9 g.) gradually added with 
stirring during 1.5 hours. After stirring for a further two 
hours and treating with water, the ethereal layer was 
separated, washed, the ether removed and the residue dis¬ 
tilled m vacuo. Ethyl N-metliylhippurut(‘ had b.p. 118”/0.1 
mm. and on standing solidified to a mass of needles, m.p. 
33.5®. 

Calc, for CialluOaN: C, 65.2; 11, 6.9 
Found: C, 65.2; 11, 6.7 

N>Methylhippuric Acid (Copp, I^uffin, Smith, and 
Wilkinson, CPS.G4S, 6). A solution of ethyl .N-niethyl- 
hippurate (10 g.) together with potns.siuin liydroMcle 
(3 8 g.) in aqueous methanol was refluxed for thirty niinutes. 
Excess alkali was neutralized with carbon dioxide, <‘t]ianol 
removed hi vacuo and the residue taken up in Abater A 
little oil was extracted with ether and tlie solution acidified. 
The precipitated oil was taken up in chloroform, the .solu¬ 
tion evaporated, the residual gum crystallizing on trituration 
with carbon tetrachloride* at —50®. N-Methylhippuric acid 
was recrystallized from ethyl acetate; m.p. 104-105'' 

Calc, for (^oIInOiN: C, 62.2, II, 5.7; N, 7.3 
Found: C, Gk8, II, 5.8; N, 7.3 

Ethyl N-Methyl-phenylpenaldate {CPS.464, 3; G 42 , 6), 
A solution of potassium (7.28 g.) in ethanol (32 cc.) and dry 
other (130 cc.) was cooled in ice while a mixture of ethyl 
N-methylhippurate (41 g.) and dry ethyl formate (69 g.) 
was gradually added wdth stirring. The mixture was 
allowed to attain room temperature overnight, cooled again 
and poured onto a mixture of ice and ether; the aquwus 
layer was separated and acidifi(‘d with aci'tic acid (2 A, 
94 cc.). The precipitated oil was taken up in ether, and the 
washed and dried ethereal solution evaporated. A crystal¬ 
line residue, m.p. 126-128®, was obtained (24 g.). Ethyl 
N-methyl-])hcnylpenaldate crystallized from benzene in 
colorless prisms, m.p. 129-130®. 

Calc, for Ci,I 1 u 04N: C, 62.6; II, 6.1; N, 5.6 
Found: C, 62.9; 11, 6.1; N, 5.8 

Fine s<)dium wire (2.08 g.) ^vas covered with dry benzene 
(50 cc.) and a mixture of ethyl N-methylhippurate (20 g.) 
and ethyl formate (29 cc.) added. The mixture was warmed 
to start the reaction which proceeded smoothly and was 
completed by further warming. The mixture was kept 
overnight at room temperature poured onto ice, the benzene 
layer removed and the aqueous layer acidified when an oil 
separated and rapidly crystallized. The ethyl N-methyl- 
phenylpenaldate was collected and dried in vacuo^ m.p. 132® 
(18 g.). It was purified by crystallization (charcoal) from 
benzene, and was obtained in colorless crystals, m.p. 130- 
131® (14 g.). 

Ethyl N-methyl-phenylpcnaldate (500 mg.) and aniline 
(190 mg.) were dissolved in alcohol (1 cc.) and heated at 
120® for thirty minutes. On cooling, the anilino derivative 
separated in colorless needles (300 mg.), recrystallizing from 
ethanol as colorless prisms, m.p. 179®. 

Calc, for CnHioOjNs: C, 70.4; H, 6.2; N, 8.6 
Pound: C, 70.6; H, 6.5; N, 8.8 


The benzylamino derivative (yield 75%) crystallized 
from ethanol in colorless pri.suis, m.p 154®. 

Calc, for C2oll2803N2: C, 70.8; H, 6.6; N, 8.3 
Found: C, 71.0; 11, 0.6; N, 8.6 

N-Benzyl-N-formylglycine Ethyl Ester (Copp, Duffin, 
Smith, and Wilkinson, CPS.SGi), N-Benzylglycine (>thyl 
ester, prepared bv a modilication of tin* method of .Mason 
and Widncr (./. CVirm. Soc., (m, 188 (1894)) (20 g.) in 98% 
formie aeid (200 cc.) uas heated to 00® uhilc acetic an¬ 
hydride (70 ee ) was gradually added over thirty minutes 
The mixture was healed for a further thirty miniitcH, 
eooJed and treated with lOxeess formie and a<‘etie 

aeids wen* removed ni vacuo, the re.sidue taken up in 
ether and the neutralized residue distilled; N-benzyl-N- 
formylglyeine ethyl ester was obtained as a rather viseuus 
liquid, b.p. 128-132°/0.05 mm. 

Calc, for CiaHuOjN: N, 6.3 
Found: N, 6.3 

«-(N-Formyl-benzylamino)-/i-hydroxyacrylic Ethyl Ester 
(CPS.SOl). A mixtiiri* of dry ethyl formate (2 cc.) and 
N-benzyl-N-formylglyeine ethyl ester (4.4 g ) was gradually 
added to a solution of potassium (0.78 g.) in a mixture of 
ethanol (3.5 ec.) and dry ether (12 ce.). The resulting 
yellow solution was allowt'd to attain room temperature 
gradually and kept overnight. It w^as poured onto pow¬ 
dered ice, fresh ether (20 cc.) added, the aqueous layer 
.separated and acidified with 2 N aeetie aeid (20.5 ee ), when 
a heavy oil separated which was taken up in benzene. The 
extract was neutralized, dried, decolorized (charcoal) 
and treated gradually with an equal volume of light petrol¬ 
eum (40-60°) when the erystalline product slowly sep¬ 
arated. a-(N-Formyl-bcnzylamino )-/3-hydroxyaerylK* ethyl 
ester crystallized from carbon tetrachloride or from cold 
benzene by precipitation with light petroleum (40-60°) in 
stout, colorless prisms, m.p. 89®. 

('ale. for C,3H,504N: (’, 62.6; H, 0.1; N, 5.6 
Found: C’, 63.1; II, 0.3; N, 5.6 

The enol benzoate was obtained under Schotten-Baumann 
conditions and the resulting rather gummy solid taken up in 
benzene. The oily residue was extracted with boiling light 
petroleum (40 60°) w^hen the residual undis.solvc(l oil 
rapidly crystallized and was recrystallized from cyclohexane, 
separating in colorless prisms, m.p. 60®. 

Calc, for CzuIIidCVN: C, 68.1; 11, 5.4; N, 3.9 
Found: C, 68.0; H, 5.3; N, 4.1 

The enol acetate was prepared similarly and crystallized 
from aqueous acetone in sprays of slender prisma, m.p. 74®. 

Calc, for ('uHiTOftN: C, 61.8; IT, 5.8; N, 4.8 
Found: C, 61.8; II, 5 9; N, 5.2 

N-Benzyl-/3,/3-diethoxyalanine (CPS.361), a-(N-Formyl- 
benzylamino)-/3-hydroxyaerylie ethyl ester (4 g.) dissolved 
in ethanolic hydrogen chloride (15%; 30 cc.) was kept at 
room temjM'rature for twenty hours. Ethanol was removed 
in vacuo and tin* residue treated with a mixture of sodium 
hydroxide (6 A; 12 cc.) and alcohol (15 cc.). After sixteen 
hours at room temperature excess alkali was neutralized 
with carbon dioxide, and the mixture filtered. The com¬ 
bined filtrate and 50% ethanol washings were treated with 
ammonium sulphate (4 g.) and evaporated at 40®. The 
residue was treated with water (10 ce.), re-evaporated, and 
the product extracted with ethanol. The solution was 
evaporated and the proci'ss repeated. Residual solid was 
extracted with dry acetone, tlie mixture kept for twenty- 
four hours at 0®, the acetone decanted and the residue 
extracted with hot isopropyl alcohol. The ammonium 
chloride was filtered off and N-benzyl-/3,/3-diethoxyalanine 
separated iu prisms, m.p. 167-168®. 
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Calc, for CuIIai 04 N: C, 62.9; TI, 7.9; N, 5.2 
Found: (\ 02 . 8 ; IJ, 7.9; N, 5.6 

N-Benzyl-benzylpenaldie Acid Diethyl Acetal (Merck, 
M.60^ 13). a-Henzyl-/3,/5f-(lietlio\valHnine (2.67 g.) in 

chloroform (50 cc.) containing pyridine (5 cc.) wiia treated 
with phenylacetyl chloride ( 1.6 cc.) in chloroform at 0 °. 
After one hour, the solution was brought to n)oin tempera¬ 
ture, shaken with sodium bicarl)onnt<‘ (3 mols. in water, 
20 cc.), and then extracted with sodium hydroxide ( 0.8 g., in 
water, 20 cc.). Acidification of the extract, chloroform 
extraction and eva])oration gave N-henzyl-henzylpenaldic 
acid diethyl acetal (0.4 g.) which crystallized from ethyl 
acetate-light petroleum, m.p. 103-101'". 

Calc, for CialhvOftN: 68 . 6 ; H, 7.1; N, 3.6; OKt, 23.1 
Found: C, 68.5; II, 7.1; N, 3.2; OEt, 21.9 

Ethyl N-Benzyl-hippurate (Copp, Duflfin, Simtli and 
Wilkinson, CPS.4(>4)> Kthyl benzylaminoacetate (19.3 g ) 
was benzoylati'd in ethereal solution in the preaiaice of 
anhydrous sodium carbonate. Ethyl N-benzyl-hippurate 
(cnidf’ yield, 29 g.) was precipitated from benzene l)y light 
petroleum in six-sided plates, m.p. 58-60°. 

Calc, for (bJIiaOaN: (\ 72.7; H, 6.4; N, 4.7 
Found: C\ 72,8; II, 6.5; N, 5.0 

N-Benzylhippuric Acid (Copp, Duffin, Smith, and 
Wilkinson, CPS.04^j 6 ). Ethyl N-benzylhippurate (6 g.) 
was refluxed for one hour in methanol (10 cc.) vvitli caustic 
potash ( 1.5 g.), poured into water, acidified and the result¬ 
ing oil taken up into ether. The ethereal solution was 
dried and treated with light petroleum (40-60*) to incipient 
eloudiiK'ss, wdien a hard mass slowly sepurat<‘d. N-Benzyl- 
hippuric acid separated from benzene or acetic acid-watcT 
in colorless square-tipped prisms, m.p. 109-110” 

Calc, for CifiHttOjN: C, 71.3; II, 5.6; N, 5.2 
Found: C, 71.4; II, 5.7; N, 5.4 

Ethyl N-Benzyl-phenylpenaldate (CPS. 404 , 3; 042j 6 ). 
Ethyl N-benzylhippurate (10 g.) was forinylated as de¬ 
scribed above for (»thyl N-mcthyl-hippurate. CVude ethyl 
N-benzyl-phenylpeiialdato (3.0 g.) crystallized from benzene 
111 plates, m.p. 136.5-137.5°. 

C'alc. for C 1 JI 19 O 4 N: i\ 70.1; H, 5.9; N, 4*.3 
Found: (’, 70.5; H, 6.4; N, 4.6 

The same product ( 6.6 g.) was also form(*d from ethyl 
N-benzylhippurate (15.3 g.), dry ethyl formate (8 cc.) and 
sodium wire ( 1.8 g.) in benzene (20 ec.). 

The anilino derivative (yield 60%) crystallized from alco¬ 
hol in plates, m.p. 117-118®. 

C^alc. for CnHjiOjNj: C, 75.0; H, 6 . 0 ; N, 7.0 
Found: C, 74.7; II, 5.8; N, 7.1 

The benzylamino derivative (65% yield) crystallized from 
alcohol in plates, m.p. 117-118®. 

C’alc. for C,JIjr.O,N,: C, 75.4; H, 6.3 
Found: C, 75.5; H, G.4 

Ethyl a-(N-Benzyl-bcnzamido)-/ 8 -carboxymethylamino- 
acrylate (CPS. 4 ^ 4 ). Ethyl N-benzyl-phenylpenaldate (1 g.) 
was dissolved in a mixture of pyridine (2.5 cc.) and water 
(1 cc.). Glycine (0.23 g.) was added and the whole heated 
on a water bath. Enough pyridine was added to give a 
clear solution and the heating continued for one hour. 
Solvent wms nmiovcd in vacuo, the residue treated with 
chloroform, filtered, evaporated and the residue treated with 
ether, when it solidified. This was dissolved in aqueous 
sodium (carbonate (2 N; 5 cc.), and the solution treated with 
acetic acid (2 N; 5 cc.). The crystalline precipitate was 
dissolved in cold dioxan (charcoal) and precipitated by 
gradual addition of water. a-(N-Benzyl-benzamido)-/i- 


carboxyniethvlaniinoacrylic ethyl ester separated in square 
plates, m.p. 180-181®, unchanged on further crystallization. 

Calc, for CaiHaaOfcN,: C, 66 . 6 ; IT, 5.8; N, 7.3 
Found: C), 66 . 6 ; H, 5.6; N, 7.5 

Ethyl N-Benzyl-N-caproylglycine (CPS,042, 6). Ethyl 
benzylaminoacetate (38.6 g.) in a suspension of anhydrous 
sodium carbonate (31.8 g.) m ether (400 cc.) was acylated 
wuth w-caproyl chloride (26.9 g.) as in other examples above. 
The addition comph'tcHl, the mixture was stirred for a 
further hour, treated with water, the ethereal layer separated, 
w’^a.shed wuth 2 N hydrochloric acid and water and then dried 
over anhvdrou.s sodium sulphate. The product (50 g.) 
distilled at 132-134°/0.08 mm. 

Calc, for (brlWbN: 70.1; 11, 8 . 0 ; N, 4.8 
Found: C, 70.3; II, 8 . 8 ; N, 5.0 

Ethyl a - (N -Benzylcaproaxnido) -/3-benzylaminoacrylate 

(CPS.(i4'4, 7). Ethvl N-benzyl-N-eaproylglyeine (5 g.) was 
form\ lilted wuth (*thyl formate (3 ec.) and potassium (0.67 g.) 
ill ethanol-other as in similar reactions above. The crude 
formyl ester w^as a yellow' oil ( 1.8 g.) wdiich gave an int(*nse 
red color with alcoholic ferric chloride. On distillation it 
gave a colorless oil ( 1 .5 g ), b.p 125-135®/0.001 mm. 

Calc, for (b 8 ll 2 t 04 N: (', 67.7; 11, 7.9 
Found: (', 66.0; 11, 7.4 

The distilled oil (710 ing.) and benzylamine (240 mg.) in 
ethanol (1 ee ) w ere refluxed (steam bath) for thirty minutes. 
After cooling, the solution w'as liltc'red (charcoal) and then 
cautiously diluted with w'ater, a crystalline precipitate 
slowdy separating. The benzylamino derivative, m.p. 70- 
71®, (300 mg.) was recrystalliziHl from cyclohexane, sepa¬ 
rating in needles, m.p. 75®. It also crystallized from 
ethanol-water. 

(^alc. for C 25 H 32 O 3 N 2 : C, 73.5; H, 7.9; N, 6.9 
Found: C^, 73.8; II, 7.9; N, 7.1 

Ethyl N-Methylaceturate (CPS.C4^* 7). Sarcosine ethyl 
ester hydrochloride (48.5 g.) was finely ground and suspended 
m chloroform (500 cc.) together with anhydrous sodium 
carbonate (100 g.). Acetyl chloride (30 cc.) was dropped in 
during one hour, the reaction mixture being cooled in cold 
w^ater. After the addition w^as completed the mixture w^as 
filtered, th(‘ solution evaporated in vacuo and the residue 
treated with dry ether. After standing at 0® the ethereal 
solution was decanted and then evaporated in vacuo. The 
product was a colorless oil (20 g.), b.p. 80-84°/0.1 mm. 

C^ilc. for CiylliaOaN: 52.8; 11 , 8.2 
Found: C, 52.7; 11, 8.5 

In another procedure sarcosine ethyl ester hydrochloride 
(48.5 g.) was added to acetic anhydride (300 cc.) and finely 
divided anhydrous sodium acetate (30 g.) and the mixture 
stirred on the steam bath. After one hour it was cooled, 
kept overnight at 0 ®, filtered, th(» insoluble residue washed 
with a little dry ether and thi* combined filtrate and wash¬ 
ings evaporated in vacuo. The residue was treated with 
fresh dry ether and kept at 0 ®. The ethereal solution was 
decanted, evaporated and distilled in vacuo to give the 
aceturate (30 g.), b.p. 74-78®/0.08 mm. 

Ethyl N-Methyl-methylpenaldate (LII; R * R' - CHi) 
(CPS, 6 4^j 8 ). Ethyl N-mcthylaceturate was forinylated 
in the usual manner with etliyl formate and potassium 
ethoxide in ether. The penaldate was a viscid gum (3.8 g.), 
b.p. 100 °/ 0.001 mm., which gradually crystallized on stand¬ 
ing and had m.p. 46-47®. 

Calc, for CeHis 04 N; C, 51.3; H, 7.0; N, 7.5 
Found: C, 51,3; H, 7.4; N, 8.0 

The crude penaldate (1.15 g.) was dissolved in alcohol 
(2 cc.) together with aniline (0.55 cc.) and the mixture heated 
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for thirty minutes on the steam bath. The mixture was 
cooled, filtered and diluted with water when a gummy solid 
slowly separated which was washed with aqueous ethanol to 
give a product (200 mg.), m.p. 134®, crystallized once by 
precipitation from cold alcohol with wat(T and again from 
hot alcohol. The anilino derivative separated in colorless 
prisms, m.p. Ml®. 

Oalc. for CiJIisOaN*: (\ 64.1; H, 6.0; N, 10.7 
Found: (", 64.5; H, 7.1; N, 11.0 

The distilled penaldate (3.4 g.) in ethanol (5cc.) and benz- 
ylamine ( 1.8 cc.) w(*n‘ heated on a steam bath for twenty 
minutes. The solution was cooled and dduted with an 
equal volume of water, when a crystalline solid rapidly 
separated, (3.0 g.), m.p. 106-107*. The beiizylamino 
derivative crystalliz(‘d from aqueous ethanol m short 
prisms, m.p. 107-108®. 

Calc, for C, 5 H 2 oO.,Nj,: 65.2; II, 7.3 

Found: C, 65.2; II, 7.4 

N-Benzyl-N-A"-hexenoyiyycine Ethyl Ester (CPSM4^j 8 ). 
This was prepared in excellent yield from N-benzylglycine 
ethyl ester and A"-}iexenoyl chloriih' m the same way as 
N-benzyl-N-caproylglycine ethyl ester. It was a colorh'ss 
oil, b.p. 150®/0.5 mm. 

Calc, for C 17 II 23 O 4 N: r, 70.5; H, 8.0 
Found: C, 70.0; H, 8.0 

N-Benzyl-N-A^-hexenoylglycine Ethyl Ester (CPS. 642 , 8 ). 
A^-llexcnoyl chloride and N-benzylglycine ethyl ester yielded 
a colorless oil, b.p. 142-144"/0 2 mm. 

Calc, for C, 7 ll 2304 N:C, 70.5; 11 , 8.0 
Found: C, 70.7; H, 8.0 

N-Benzyl-3-A'*-butenyl-2,4«pyrrolidione (CPS.6 4-3, 8 ). 
A solution of potassium (0.78 g.) in a mixture of dry ether 
(30 cc.) and ethanol (3.5 cc.) was cooled to 0® while a mixture 
of N-l>enzyl-N-A"-hexenoylglycine ethyl ester (5.8 g.) 
and dry ethyl formate (2 cv.) was gradually added. The 
mixture was allowed to attain room teinperatun* and kept 
overnight when a crystalline solid separated. The super¬ 
natant liquid was decanted, the re.sidue dissolved in water, 
the solution clarified by extracting with ether and the aque¬ 
ous portion acidified. The resulting oil rapidly crystallized 
to an almost colorless solid (3.8 g.), m.p. 108-110®, which 
formed brilliant iridescent prisms from acetone, m.p. 114- 
115® with slight softening at 112*. 

Calc, for CullnOiN: C, 74.0; 11, 7.1; N, 5.8 
Found: C, 74.0; H, 7.0; N, 6.3 

The same compound was also obtained in the absence of 
ethyl formate. 

It was also obtained from N-benzyl-A^-hexenoylglycine 
ethyl ester when this (5.8 g.) was treated with potassium 
ethoxide (from 0.78 g. of potassium) as above. The crude 
product was a colorless solid, m.p. 108-110® (4.5 g.), crys¬ 
tallizing from acetone in long prisms, m.p. 115®, which did 
not depress the m.p. of N-bcnzyl-3-A®-butenyI-2,4-pyr- 
rolidione. 

Ethyl N^-Benzyl-DL-n-amylpenicilloate (CPS.642, 9). 
Ethyl N-beiizyl-w-amylponaldato (3.1 g.) and i)L-penicill- 
amine (1.44 g.), pyridine (10 cc.) and water (5 cc.) were 
heated on a steam bath for two hours, the mixture evapo¬ 
rated, and the residue distributed b(*.tweon ether and N 
sodium carbonate (25 cc.). The aqueous layer was acidified 
with 2 N acetic acid (12.8 cc.) and the precipitated gum 
taken up into ether. This process was repeated and the 
ethereal solution evaporated to a viscid gum (2 g.) which 
did not solidify. It gave no color with alkaline sodium 
nitroprusside or ferric chloride. It was taken up into dry 
ether (10 cc.), treated with dry ethereal hydrogen chloride 
and after standing for one hour at 0 ® the supernatant ether 


was do(;anted and the residue treated with fresh dry ('ther 
when the gum solidified. The ether was dt*caated the 
residue wiushed once again witli dry ether and dried in vacuo. 
The nL-2-N-benzylcaproamido-carbethoxymethyl-l-carb- 
oxy-5,5-diniethyltliiazolidine hydroeddoride was a pale 
yellow solid, m.p. 63-71®. 

Calc, for C,znz,0,NSC\: (\ 5fi.7; II, 7.2; N, 5.8 
Found: ( \ 55.7; H, 7.1; N, 6.2 

Ethyl N’'-BenzyI-DL-phenylpenicilloate (CPS. 042 , 9). 

Ethyl N-benzylphenylpenaldate (975 mg.) and i>i.-p(*iiicill- 
amine (447 mg.) in water (1 cc.) and pyridine (2.5 cc ) were 
heated on a st(*am bath for three hours, the resulting clear 
yellow solution evafjoratiwl in vacuo, the gum dissolved m 
ether and the re.sulring solution extracted with aqiK'ous 
sodium carbonate (A^ 5 cc ). The extract was neutralized 
with acetic acid (2 N; 2 7 cc.) and tlie jirecipitated gurn 
taken up into ether. The solution was washed with wat(‘r, 
dried and evaporated in vacuo. The residue (300 mg.) 
formed a glass 3 " solid, m.p. 50-55®. 

(’ale. for C,,U 2 , 0 ,Ni^: 

r, 63.1; II, 6.2, N, 6.2; S, 7.0; OEt, 9.9 
Found: (’, 63.1; II, 6.0; N, 6.4; S, 6.3; OEt, 9.3 

The produet gave no color with aqueous ferric chloride 
hut it gave a bright green color with alcoholic ferric chloride. 
It gave no color with sodium nitropriissidr* and no ninhydrin 
reaction. The free base was converted into the hvdro- 
chloride with dry ethereal hydrogen chloride. It was a pale 
yellow solid, m.p. 75-84®. 

(’ale, for C\dh 90 ,SCl: (\ 58.5; 11, 5.9 
Found: (', 58.9; II, 5.9 

a-Methyl N^-Benzyl-n-benzylpenicilloate (Merck, M.6S, 
5). a-N -Benzylphenylacetamido-^,/5-dicthoxy propionic 
acid (1.15 g.), suspended in cUkt, was treated with a slight 
excess of diazomethane and tlie solvents evaporated. The 
residue was mixed with D-pemcdlaniine hydrochloride 
(0.55 g.) and heated on a steam bath for twenty minuUss in 
vacuo. The resulting glass was tn'iited with sodium acetate 
(0.25 g.) in dilute methanol, and after standing overnight 
most of the alcohol was removed tn vacuo. The precipitated 
oil was dissolved in sodium bicarbonate solution, which, 
after being washed with ether, was acidified to pH 4 and 
extracted with chloroform. Evaporation of tlie washed 
and dried extract gave an amorphous fluffy white solid 
(1.06 g.; 77%). This was converted to its bcuizylamine salt, 
which was dissolved in ether containing a little methanol; 
addition of light petroleum (30-60®) gave a mixture of oil 
and ert^stals. Recrystallization from the same solvents 
gave the benzylamine salt of D-2-N-benzylx)henylacetainido- 
carbomethoxvmethvl-4-carboxy-5,5-dimethylthiazolidine, 
m.p. 154-156®. 

Calc, for CaiH*706N,S: C, 66.1; II, 6.6; N, 7.5 
Found: C, 66.4; II, 6.4; N, 8.5 

a-Methyl N^-MethyMn-phenylpenicilloate (A/.6’/?, 2). 
D-Pcnieillamine hydrochloride (10.7 g.; 0.054 mole), methyl 
N-methyl-phenylpenaldate (12.7 g.; 0.054 mole) and sodium 
acetate (4.4 g.) were held in methanol-water (70 cc.: 100 cc.) 
overnight. i)- 2 -N-Meth 3 d-benzamidocarbomethoxymethyl- 
4-earboxy-5,5-dimethvlthiazolidine (9.14 g.), recrvstallized 
from acetone, had ni.p. 157-157.5®; +28.2® (v « 0.8 

in methanol). 

Calc, for CnllaaOftNaS: C, 55.7; H, 6.1, N, 7.7 
Found: C, 55.6; H, 6.3, N, 7.9 

Dimethyl N^-Methyl-D-phenylpenicilloate (Af.fli, 3). 
Treatment of the above acid ester, suspended in chloroform, 
with a slight excess of ethereal diazomethane gave, after 
evaporation of the solvents, the dimethyl ester as a colorless 
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oil. Molecular distillation (0.001 mm.; 110* 130®) gave the 
dimethyl ester; [otId’'* +22.8° (c = 0.8 in chloroform). 

Tale, for (\ 8 H 24 () 6 N 2 y: C, 50.8; 11, 0.4; N, 7.4 
Found: C\ 50.5; 11, 6.7, N, 8.0 

n-renieillamine methyl ester (from the hydrochloride, 
0.43 g.) and meth}^ N-methyl-phenylpeualdate (0.50 g.) were 
heati'd in benzc’ne and the solvent evaporated under reduced 
prcspun‘. After standing for two weeks, the resitlue depos¬ 
ited a few crystals, m.p. 114-110°, separated by treatment 
with a little ether. After recrystallization from carbon 
tetrachloride the product melted at 115-117° and appeared 
to be another form of n-2-N-methyl-benzamidocarbometh- 
oxymcthyl-4-carbomethoxy-5,5-dimethylthiazolidine. 

Calc, for CisHaiO^N.S: C, 56.8; H, 0.4; N, 7.4 
Found: (\ 57.1; II, 6.6; N, 7.5 

/3-Methyl N’-Methyl-n-phenylpenicilloate {MM3, 3), 
or-Methyl NMnethyl-n-phenylpenicilloate (2.0 g.; 5.47 niilli- 
moh's) was suspended in chloroform, treated with a slight 
excess of ethereal diazomethane, and the solvent removed 
under reduced pressure. 'l’hc‘ ri‘sidue, dissolved in inethiinol 
(00 cc.) and w’ater (10 cc.) containing 1 drop of phenolph- 
thalein solution, was treated with 0.1136 X sodium hydroxide 
(48.0 cc.; 5.46 millimoles) in portions. The initial amounts 
were rapidly consumed, but the final addition rcijuired 
two to three days to decolorize the solution. The methanol 
was removed under reduced prt'ssure, w^ater was added, 
and the mixture extracted with chloroform. Acidification 
with 0.1125 N hydrochloric acid (48.5 cc.; 5.46 millimoles) 
and chloroform extraction gave a glassy material on evapora¬ 
tion of the dried cxtra(‘t. Conversion to the lead salt and 
liberation with hydrogen sulphide gave crude i)-2-N-ineihyi- 
benzamidocarboxyn)ethyl-4-carbornethoxy-5,5-dimothyl- 
thiazolidine, [ali>^** +30.2° (e « 0.7 in methanol). 

Calc, for C, 7 lIj 205 N 2 S »2ll20: C, 54.4; H, 6.2; N, 7.5 
Found: C, 54.1; H, 5.9; N, 7.5 

a-Ethyl N^-Methyl-n-phenylpenicilloate (Copp, Duflin, 
Smith and Wilkinson, CPSM43, 10), D-Penieillamine 
(5.72 g.) in water (60 cc.) was a<lded to ethyl N-mcthyl- 
phenylpenaldatc (7.71 g.) in alcohol (45 cc.) with anhydrous 
sodium acetate (3.03 g.). After twenty hours at room 
temperature a crystalline solid had separated. The solution 
was kept at 0° for forty-eight hours, the solid collected, 
washed with fresh alcohol-water mixture and dried in vacuo 
(3.6 g.), m.p. 151°. The i)-2-N-methyl-benzamidocarb- 
ethoxyinethyl-4-carboxy-5,5-dimcthylthiazolidine was pure 
enough for further preparative work. It separated in 
hexagonal plates from acetone and hadin.p. 152-153°; 

+29.8 ((5 « 1.274 ill alcohol). 

Calc, for Ci 8H*406N2S: C, 56.8; II, 6.4; N, 7.4 
Found: C, 57.0; 11, 6.5; N, 7.6 

A second crop of crystals had m.p. 152°; +32° (c 

» 1.301 in alcohol). 

N-Benzylhippuric Hydrazide {CPSM 42 , 10). Ethyl N- 
benzylhippurate (1 g.) was mixed with hydrazine hydrate 
(2 cc.) and enougli alcohol to give a clear solution on warm¬ 
ing. After thirty minutes warming the mixture was diluted 
with more water, cooled and the crystalline solid, m.p. 85- 
87°, twice recrystallizcd from aqucjous alcohol, to yield the 
hemihydrate of N-benzylhippuric hydrazide, m.p. 85-86°. 

Calc, for CjeHnO^N+Nr^^HsO: C, 65.8; 11, 6.2; N, 14.4 
Found: C;, 66.1; H, 6.1; N, 14.4 

4-(N-Methyl-benzainido)-6-pyrazolone (CPS.6 42 , 10). 
a-Ethyl N-methyl-phenylpenaldatc (I g.) and hydrazine 
hydrate (1 Oc.) were refluxed in ethanol (8 cc.) for thirty 
minutes, the mixture cooled, and a red solid discarded. The 
mother liquors were kept at 0° when a colorless crystalline 
solid separated, m.p. 236-240°. A further quantity sepa¬ 


rated on evaporation in vacuo and acidification. 4-(N- 
Methyl-benzamido)-5-pyrazolone separated from hot water 
in colorless rectangular plates, m.p. 237-240°, with slight 
softening at 225°. 

Calc, for C 11 II 11 O 2 N 3 : C, 60.8; IT, 5.1 
Found: C, 60.8; H, 5.1 

a-Ethyl N’^-raethyl-D-phenylpcnicilloate (1.0 g.), hydra¬ 
zine hydrate (I ee.) and ethanol (10 ee.) were refluxed for 
four hours. TIk' mixture was cooled and kept at 0°. The 
product was dried tn vacuo (150 mg.) and crystallized from 
hot water in dark red needles which slowly decomposed at 
195°. It was not identified (Found: N, 23.9; S, 5.3). 
The mother liquors were evaporated vacuo, the residual 
gum dissolved in water, the solution acidified with 2 N 
acetic acid, a pale pink solid separating. It was crystallized 
from hot water in colorless ri'ctangular plates (420 mg.), 
m.p. 238-240°, undepressed on ailmixturc with an authentic 
specimen of •l-(N-mcthyl-benzanudo-)5-pyrazolone. 

Calc for Ch,HnO,N,: (\ 60.8; U, 5.1 
Found: C, 60.9; H, 5.3 

Action of Alkali on a-Ethyl /3-Methyl N^-Methyl-n- 
phenylpenicilloate {CPSM42, 11). a-Ethyl N^-methyl-n- 
phenylpemcilloatc (900 mg.) w^as suspended in chloroform 
and tre.atcd with excess ethereal diazomethane. Solvent 
was removed in vacuo and the residue dissolved in methanol 
(30 cc.) and aqueous sodium hydroxide (0.0917 N; 23 cc.) 
w’^as gradually added over a period of forty minutes. The 
solution was then kept until neutral to phenolphthalein 
(thirty-six hours), evaporated m vacuo, and the residue 
distributed between ether (A) and water (B). EvajKiration 
of the ether (A) gave a gum (550 mg.) which gradually 
crystallized and was recrystallized from warm ethyl acetate 
on slowly adding light petroleum; isopropylidenecarbo- 
methoxymethylairiin()m<‘thylene-(N-mothyl-benzamido)- 
glycine ethyl ester separated m colorless prisms, m.p. 146°. 

Calc, for (b 9 H 2408 N 2 : C, 63.3; H, 6.7; N, 7.8 
Found: C\ 03.4; II, 7.0; N, 8.1; S, nil 

The aqueous portion (H) was made acid to (^ongo lied, 
the precipitated gum was taken up in ether, and the ethereal 
solution washed, dried and evaporated (yield, 230 rng.). 
Analysis was in approximate agreement with a-ethyl 
N ^-methyl-D-pheny Ipenicilloate. 

Calc, for C, 8 H 2406 N 2 S: C, 56.8; H, 6.4 
Found: C, 57.7; H, 6.7 

This acid (200 mg.) was treated with excess mercuric 
chloride. After standing overnight at room temperature 
the mixture was poured into a mixture of water and ether. 
The residue from the ether layer w^as treated with alcoholic 
dinitrophenylhydrazine reagent and after three hours at 
room temperature was poured into 2 N sulphuric acid and 
the amorphous precipitate collected and treated with ether. 
It rapidly became a gum which slowly crystallized. After 
twenty-four hours this was collected, m.p. 115-122° (50 mg.). 
It was taken up in ethanol (charcoal) and the filtrate treated 
with light petroleum (40-60°) when a yellow crystalline 
precipitate slowly separated, m.p. 132-133°, Its molting 
l>oint was unchanged by further crystallization, and unde¬ 
pressed on admixture with an authentic specimen of the 2,4- 
dinitrophenylhydrazone of ethyl N-methyl-phenylpenaldate. 

Calc, for Ci^HitfOiNa: N, 16.3 
Found: N, 16.2 

The authentic 2,4-dinitrophenylhydrazone of ethyl 
N-methyl-phenylpenaldate crystallized from ethanol in 
yellow prisms, m.p. 132-133°. 

Found; N, 16.6 
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a-Ethyl N^-Acetyl-N^-methyl-D-phenylpenicilloate (CPS. 
64sf 11, 13). a-Ethyl N^-methyl-D-phenylpenicilloate (760 
jmg.) was dissolved in dry pyridine (3 cc.) and acetic an¬ 
hydride (210 mg.) added. After three hours at room 
temperature, pyridine was removed in vacuo^ the residue 
dissolved in chloroform and extracted with aqueous sodium 
bicarbonate. Acidiheation gave a gum, which was taken 
up in chloroform, and the concentrated solution treated 
with ether, when long needles, m.p. 160-100“ (590 mg.), 
separated. On recrystallization from ethyl acetate-ether 
it formed needles, m.p. 156-157“, -f-127.5“ (c =* 1.2 

in alcohol); the optical rotation was nut alt(‘red by twenty- 
four hours contact with mercuric chloride. 

Talc, for r 2 oll 2 cOeN 2 S: C, 56.9; H, 6 . 2 ; Ac, 10,2 
Found: 56.9; H, 6.5; Ac, JO.O 

The above acetyl-N'-mcthyl-phenylpenaldic acid ester 
(600 mg.) was di.ssolved in acetone and excess ethereal 
diazomethane gradually added. Solvents were removed in 
vacuo and tlie residual gum dried in vacuo. It was an 
uncrystallizable resin; -(-22.2“ (c = 0.77 in alcohol). 

Calc, for CnHjBOeNaS: 57.8; H, 6.5; N, 6.4 
Found: C, 57.5; II, 6 . 8 ; N, 6.4 

This gum (455 mg.) was dissolved in methanol (6 cc.) 
and gradually treated with sodium hydroxide (0.1 N; 
10.2 cc.). The solution was kept at room temperature for 
twenty hours, thcui evaiK)rated to dryness, and the residue 
was trent(‘d with water, ether-extracted, and tlic aqueous 
layer separated and acidified The prt‘cipitated gum, 
in ether, was washed, dried and evaporat(‘<l, to yield a 
fluffy white solid (313 mg.); -+45.3" (c « 0.64 in 

methanol). 

Calc, for Ci»H 2406 N 2 S: (\ 55.8; H, 5.9; N, 6.9; S, 7.8 

Calte. for (^toilzeOeNaS: C, 66.9; IJ, 6.2; N, 6 . 6 ; S, 7.6 

Found: C, 57.7, II, 6.4; N, 6 6 ; S, 8 0 

On treatment with mercuric chloride the optical rotation 

was unchanged after twenty-four hours at room tempera¬ 
ture. After evaporation the mixture was treated with 
water and ether. There was no insoluble mercuric complex 
present and after evaporation of the ether layer the residue 
gave only a trace of 2,4-dinitrophcnylhydrazon(' (from 200 
mg. of the starting acid) and this was amorphous and 
uncrystallizable. 

a-Ethyl N^-acetjd-N^-methyl-D-phcnylpeiiicilloate was 
sublimed at 100®/0.001 mm. The sublimate (114 mg.), a 
gum, was dissolved in ice cold pyridine (2 cc.) and sodium 
hydroxide (0.1024 N; 3.2 cc.) added, and, after standing at 
0® for five minutes, poured into excess M /3 phosphoric acid 
and the solution extracted twice with ether. The ether 
solution was washed with water and extracted with 2 cc. of 
phosphate buffer solution (pH 7.1). Testing for anti¬ 
bacterial activity by the standard plate test gave an activity 
of 1 U./cc. Most of the material was unchanged during the 
hydrolysis since evaporation of the residual ethereal solution 
gave 100 mg. of a gum. 

a-£thyl N^-Isobutyryl-N^-methyl-D-phenylpenicilloate 

(CPS.64^y 12 ). a-Ethyl N^-methyl-D-phenylpenicilloate 

(380 mg.) was treated with isobutyryl chloride (106 mg.) in 
dry pyridine (2 cc.). The product crystallized from boiling 
ethyl acetate in colorless needles, m.p. 197®, [a] 64 «i®* 4-60.4® 
(c ■" 0.612 in ethanol). 

Calc, for CjaHioOeNaS: C, 58.6; H, 6 . 8 ; N, 6.2 
Found: C, 58.9; II, 6 . 6 ; N, 6.3 

a-Ethyl |3*Methyl N^-Isobutyryl-N^-methyl-n-phenyl- 
penicilloate (CPS.64^t 12). With excess diazomethane in 
chloroform the above acid ester yielded the corresponding 
«-ethyl iS-methyl ester, colorless pointed prisms from ethyl 
acetate-light petroleum; m.p. 97®, [a]s 4 «i -1-28® (c 0.6 in 
ethanol). 


Calc, for CaJIsaOeNaS: C\ 59.4; 11, 6.9 
Found: C, 59.5; H, 6.9 

«-EthyI N^-Benzoyl-N^-methyl-n-phenylpenicilloate 

(CPS.G4^f 13). a-Ethyl N^-methyl-o-phenylpenicilloate 
(200 mg.) was treated with benzovl chloride (74 mg.) in 
dry pj'ridine (2 cc.), poured into water after one hour, and 
the solution acidified. The produet was extracted once 
with boiling hght i)ctroIeum, and crystallized from ethyl 
acetate, vihcn it had m.p. 224®. 

Calc, for CaJIisOeNsS: (\ 61.9; H, 5.8 
Found: i\ 61.4, H, 6.1 

SYSTEMATIC DESCRIPTIONS 
Alkyl and Aryl Thiazolidines 

2-Spiro-cyclohexylthiazolidine (Mich. Chem., B.7, 9). 
)3-Mereaptoethylamine hydrochloride (10 g.) and cyclo¬ 
hexanone (10 cc.) wen warmed momentarily in 2:1 aqueous 
ethanol (30 cc.) and the base distilled at 108-130® in vacuo. 
From ethanoJie hydrog(*n chloride and ether, white flakes 
(2.3 g.) separated, and were recrystallized from ethyl 
acetate-ethanol; m.p. IGS-IGS®. 

Calc, for CslIieNSCl: C, 49.6; II, 8.3; neut. cquiv., 193 
Found: C\ 50.0; H, 8.8; neut. equiv., 199 

2-Phenylthiazolidine (B.7, 8; cf. Upjohn, U.S^ 7). A 
mixture of /3-mereaptoethylamine hydrochloride (5 g.), 
benzaldehydo (5 cc.), and 50' ?) ethanol (20 cc.) was heated 
on steam for five to ten minutes. The solution was concen¬ 
trated, ether-extracted, neutralized, and the product (2- 
3 g.) recrystallizod from ethanol-light petroleum, when it 
had m.p. 105-109®. 

Calc, for CJIuNS: (’, 65.4; H, 6.7 
Found: 65.5; II, 6.7 

2-p-Methoxyphenylthiazolidine (iMich. Ch(*in., /^.7, 8). 
i9-Mercaptoethylamine hydrochloride (2 g.) and anisaldc- 
hyde (2 cc.) in 50% ethanol (20 cc.) were heated on .steam 
for five minutes, cooled, and the solution saturated with 
potassium carbonate. The product (0.75 g.) was recrystal- 
lizcd from ethanol; needles, m.p. 94-96®. 

Calc, for CioHuOxVS: C, 61.5; II, 6.7 
Found: C, 60.7; II, 6 8 

Monocarboxythiazolidine Derivatives 

L-2-Methyl-4-carboxy-thiazolidine (Pfizer, P.12^ 9). A 
solution of freshly distilled acetaldehyde (1.5 g.) in ethanol 
(20 ce.) was added to n-cysteine hydrochloride (4.7 g.) and 
sodium bicarbonate (2.55 g.) in water (20 cc.) and kept 
overnight. The solution was evaporated under reduced 
pressure to a sjTup, which was extracted with isopropanol. 
After filtration, evaporation and re-extraction, the solution, 
on cooling, deposited crystals (1.1 g.), m.p. 162-163®. 

Cnlc. for CJIjO.NS: N, 9.5: S, 21.8 
Found: N. 9.5; S, 21.8 

L-2-Methyl-4-carbethoxy-thiazolidine (P./5?, 7). A mix¬ 
ture of L-cystcine ethyl ester hydrochloride (3.8 g.) and 
paraldehyde (1.3 g.) in ethanol (20 cc.), containing anhy¬ 
drous hydrogen chloride (23 mg.), was refluxed for thirty 
minutes. After removal of solvent and trituration with dry 
ether the residual oil (3.7 g.) solidified and was rccrystal- 
lized from ethyl acetate-ethanol; m.p. 123-124®. 

Calc, for C7H14O2NSCI: N, 6.6 
Found: N, 6,7 

4-Carboxy->6-methyl-thiazolidine (Cornell Bioch., D.S, 3). 
To a solution of “ B thiothreonine (Carter, Stevens and Ney, 
J. Biol. Chem.f 1S8^ 249 (1941)) (0.5 g.) in N hydrochloric 
acid (3 cc.) were s^ded 40% formaldehyde (0.5 cc.) and 
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potiisflium acf*tate (0.5 J 5 .): after two hours, ethanol (2 cc.) 
was added and the solution was cooled The product was 
recrystallized from a small quantil^^ of water and ethanol; 
310 mg. (58^), m.p. 208-201^° (dec.). 

Calc, for C\H»0,NiS: i\ 40.8; 11, O.J; N, 9.5 
Found: C\ 40 S; H, 0 . 1 , N, 9.2 

8 innlarl 3 ’ from '‘A” thiothreonine a second isomer of 
4-carboxy-5-inetliyltliiazolidiiie, rn.x). 193-194°, was 
obtained. 

Calc, for CJ1,0,NS: N, 9.5 
Found: N, 9.2 

2,2-Dimethyl-4-carbomethoxy-thiazolidine (Shcdl, ShJy 
3). 2,2-I)imethyl-4-carl)Oxy-thiazolidine (10 g.) in ether 
was treated with ethereal diazornethane and the e.ster dis¬ 
tilled under reduced pressure; 9.2 g. (85‘j^), b.p. 58-60.5°/ 
0,5 mm. 

Calc, for CzIlijOaNS: C\ 48.0; H, 7.4; N, 8.0 
Found: (\ 48.2; 11, 7 . 8 ; N, 7.9 

L-2,2-Dimethyl-3-carbobenzyloxy-4-carboxy-thiazolidine 
(Cornell llioch., l).S 0 ^ 7). L-2,2-DimethyI-4-carhoxy-thi- 
azolidine hydrochloride (Michael and Knuh', Iier.72B^ 1729 
(1939)) (500 mg.) in dry pyridine (60 ee.) was cooled in ice 
and benzyl chloroformate ( 1.8 ce.) added dropwi.se with 
stirring. Stirring was continued for iifteen minute.s and the 
solution concentrated to a syrup tn vacuo. T1h» residue was 
dissolved in chloroform, the solution washed, dried, evapo¬ 
rated in vacuo; the oily n\sidue was washed with hexane and 
the solvent removed m vacuo. The oil was dissolved in 
ether (10 ec.) and 1.5 equivalents of benzylamine added. 
The benzylamine salt (350 mg.) of the carbobenzyloxy acid 
was recrystallized from benzene (20 oc.) by dilution with 
hexane (100 cc.); yield 275 mg., m.p. 124-128°. 

Calc, for C 2 ili 260 4 N.iS: C, 62.7; 11, 6.5; N, 7.0; S, 8.0 
Found: C, 62.6; 11, C.7; N, 7.4; 8 , 8.6 

r)*4-Carboxy-5,6-dimethylthiazolidine (Abbott, A.^ 0 , 9)- 
D-Pcnicillamiiie hydrochloride (1.18 g.) in water ( 2.0 cc.) 
was treated overnight with formalin (1.0 cc.). The precipi¬ 
tate was dissolved in alcohol ( 2.0 cc.) and jiyridine ( 1.0 ce.). 
The solution was allowed to stand for twoliours at 0 °, when 
0.24 g, of crystals, m.p, 180-182° (dec.), separated; a further 
crop (0.34 g.), m.p. 194-196° (dec.) was obtained by adding 
dilute alcohol to the Hltrates. After recrystullizatioii from 
ethanol the product had m.p. 196-197° (dec.). 

CaJe. for CJIuOaNS: (\ 44.7; W, 6.9; N, 8.7 
Found: (\ 45.0; 11, 6.9; N, 8.4 

L-4-Carboxy-5,6-dimethylthiazolidine (Upjohn, U.18, 3). 
L-Penicillaminc hydrochloride (11 .8 g.) in water (22 cc.) was 
treated with formalin (10 cc.) overnight; pyridine (10 cc.) 
and ethanol (20 ce.) were then added. The precipitate 
(9.0 g.) was recrystallized from ethanol-water; m.p. 193- 
194°. 

Calc, for CiHiiOgNS: C, 44.7; H, 6,9; N, 8.7; 8 , 19,9 
Found: (', 45,2; 11 , 7.3; N, 9.0; 8 , 21.7 

DL-4-Carbozy-6,6-dimethylthiazolidine (Cornell Bioch., 
3). To a solution of DL-penicillamine hydrochloride 
(100 mg.) in 50% ethanol (3 cc.), bufifered to pH 6 with potas¬ 
sium acetate, was added 40% formaldehyde (0.1 cc.). 
After two days, the solution was concentrated and the solid 
residue was triturated with aqueous ethanol ( 1.6 cc.) and 
crystallized from a small volume of water; m.p. 200 - 201 ° 
(dec.). 

Calc, for CeHiiOjNS: N, 8.7; 8, 39.9 
Found: N, 8.4; 8, 19.9 


The hydrochloride has m.p. 199-200° (Copp, Duffin, 
Smith and Wilkinson, CJ\SM7^), or 191-192° (dec.) (Bradley 
and Gayler, 

Calc, fur (’ 6 nj 202 NS(4: N, 7.1 
Found: N, 7.0 

3-Acetyl-4-carboxy-6,6-dimethylthiazolidine (Clayton, 
Elks, Hems and Robinson, CPS.JiOl), A mixture of 4- 
carboxy-ri, 5 -dimethylthiazohdine (500 mg.) and acetic 
anhydride (2 ec.) was brought to boiling, heated on the 
steam bath for one minute and evaporated in vacuo. A 
little ethanol was added to destroy acetic anhydride, and the 
solution evaporated in r^ncuo after standing for some hours. 
The resiilue was crystallized from ethyl acetate-light petro¬ 
leum; m.p. 152-155". 

Ciilv. for (VliaOaNS: C, 47.3; H, 6.4; N, 0,9; 8 , 15.8 
Found: C, 47.7; 11, 6 . 6 ; N, 0.9; 8 , 17.8 

3-Acetyl-4-carbomethoxy-6,6-dimethylthiazolidine (Up¬ 
john, 8 ). 4-Carhoxy-5,5-dimethylthmzolidinc was 

esterifi(‘d with diazornethane. The oily ester in benzene 
solution wa.s treated with an exeess of ketone and loft over¬ 
night ( oneeiitration of the solution in vacuo left a yellow 
syrup. 

Calc, for C^HuOaNS: N, 6.5 
Found: N, 6.7 

3 -Chloroacetyl- 4 -carboxy- 6 , 6 -dimethylthiazolidine (Clay- 

ton, Elks, Hems and Robinson, CPS.SIO, cf. Merck, A/.6‘5, 
14). 4-Carboxy-5,5-dimethylthiazolidme (0.5 g.) in water 
(13 ec.) containing sodium bicarbonate ( 0.8 g.) was cooled in 
iee and stirred while chloroaeetyl chloride (0.3 cc.) was 
added gradually. The mixture was allowed to stand at 
room t«*inperature for about tliirty minutes, the solution was 
acidified to ('ongo Red and extracted with chloroform. 
The extract was evaporated vacuo to small bulk when 
addition of light peti-oleiim gave an oil which solidified on 
standing at 0^*, Crystallization from a mixture of chloro¬ 
form and light petroleum (40-60°) gave small white needles 
(0.57 g.), m.p. 133-135°. 

(’ale. for CKII 12 O 3 N 8 CI: 

C; 40.4; H, 5.1; N, 5.9, 8 , 13.5; Cl, 14.9 
Found: C\ 40.5; H, 5.1; N, 6.0; 8 , 13.6; (\ 15.5 

i)L-3-Benzoyl-4-carboxy-6,6-<iimethylthiazolidine (Merck, 
M.OOf 8 ). A mixture of i>L-4-carboxy-5,6-dimethylthiazol- 
idinc (7.0 g.), pyridine (50 cc.) and benzoyl chloride (7.0 cc.) 
was allowed to stand at 0 ° for three hours and then at room 
temperatun* overnight. The acidic fraction was extracted 
wuth chloroform, crystallized first from benzene-light 
petroleum and then from benzene; yield 5,70 g., m.p. 
151-152°. 

Calc, for C, 3 lI,fiO,NS: N, 5.3 
Found: N, 5.4 

When treated with ethereal diazornethane, the dl- 3- 
benzoy 1-4-carbomethoxy-5,5-dimethylthiazolidino, after re- 
cry stallization from ether-light petroleum, had m.p. 63-64°. 

DL-3-Benzoyl-4-carbomethoxy-6,6-dimethylthiazolidiiie 
Siilphone {M.66^ 8). Dii-3-Benzoyl-4-carbomethoxy-6,5-di- 
methylthiazolidirie (3.0 g.) was stirred for twenty minutes 
in 80% acetic acid (50 cc.) containing 5% potassium per¬ 
manganate. The solution was decolorized by addition of 
hydrogen peroxitle and diluted with water (200 cc.). The 
crystalline product was recrystallized from chloroform- 
ether; m.p. 133-134°. 

D«-3-Carbobenzyloxy-4*carboxy-6,6-dimethylthiazolidina 

(M.81f 4). A solution of D-4-carboxy-6,5-dimethylthiazol- 
idine hydrochloride (3 g.) in pyridine (40 cc.) was stirred 
and cooled while benzyl chloroformate (4.6 g.) was added 
slowly. After removing pyridine, the residue was dis¬ 
solved in chloroform, washed with dilute acid and water, and 
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evaporated. The residual oil was dissolved in ether (65 cc.) 
and benzylamine (2.35 g.) was added. Keerystallization 
of tlie product (3.2 g.) from beiiz(*n(' and light potroloiiin 
gave the benzylamine salt, m.p. 110-141®, of the carbo- 
benzyloxy acid. 

Calc, for CnHj.OiNiS: C, 62.7; H, 6.5; N, 7.0 
Found: C, 62.G; II, 6.7; N, 7.1 

Efforts to crystallize the parent acid, regenerated from the 
salt, failed. A solution of the oily acid (500 mg.) in an¬ 
hydrous dioxan (150 cc.), saturated with anhydrous hydro¬ 
gen chloride, was left for forty-eight hours and conecmtrated 
in vacuo. Trituration with chloroform l(*ft white crystals 
(313 mg.) of D-4-carboxy-6,5-dimethylthiazoiidine hydro¬ 
chloride, m.p. 193-195®. 

DL-3-Carboxy-aiiilide-4-carboxy-5,6-dimethylthiazolidme 

(Squibb, 10). DL-4-Carboxy-5,5-dimethyIthiazoiidine 
was treated with aqueous sodium hydroxide (1 mole) and 
phenyl isocyanate (1 mole). The phenylureide was r(‘adily 
soluble in sodium carbonate solution and had, after recrystal¬ 
lization from ethanol, m.p. 191-192®. 

Calc, for CuHicOgNaS; N, 10.0 
Found: N, 10.2 

3- Carboxy(carbethoxymethyl)amide-4-carbomethoxy-6,6- 
dimethylthiazolidine {S.38y 24) 4-CarboTnethoxy-5,5-di- 
methylthiazolidine (0.7 g.) in ether (20 cc.) was treated with 
ethyl glycinate isocyanate (Morel, Compt. rend.y 119 
(1906)) (0.48 g.) in ether (5 cc.). Evaporation of the 
solvent gave 0.96 g. of the substituted ureide, m.p. 80-82®. 

Calc, for CjalljoOjNaS: 47.4; II, 6.6; N, 9,2 
Found: C, 47.4, H, 6.9; N, 8.9 

D-2-Cyanomethyl-4-carboxy-6,6-dimethylthiazolidine 

(<S’.4f, 3). A mixture of cyanoacetal (Uhle and Jacobs, 
J. Otq. Chem.y 10, 76 (1945)) (1.4 g.) and D-penicillamine 
hydrochloride (1.3 g.) was fused for ten minutes at 110®. 
When cold, the mass was triturated and washed with dry 
ether. The crude product (1.4 g., m.p. 183-184®) was 
recrj'stallized from acetic acid; m.p, 184-185® (dec.). 

Calc, for CaiisOaNjSC 1: C, 40,6; 11, 5.5; N, 11.8 
Found: (\ 40.4, 11, 5.5; N, 11.6 

i>-2-Cyanomethyl-4-carbomethoxy-6,6-dimethylthiazol- 
idine (Pfizer, 5), This wa.s prepared in exactly the 

same way from cyanoacetal and i)-})t*nicillamine methyl ester 
hydrochloride. The hydrochloride, recrystallized from 
isopropanol, had m.p. 170-171®; lajo +97®. 

Calc, for C,1 IhO*N*SC 1: C, 43.1; H, 6.0; N, 11,2 
Found: C, 43.6; 11, 6.1; N, 11.2 

The free base liberated by the action of sodium bicarbon¬ 
ate and recrystallized from light petroleum had m.p. 78-79°; 
[a]D + 101° (c « 1.0 in methanol). 

Calc, for C,HuOiN,S: C, 50.5; II, 6.5; N, 13.1 
Found: C, 50.7; H, 6.8; N, 12.9 

4- Carboxy-2,6,6-trimethylthiazolidine (P.5^,4). 2-Cyano- 
mcthyl-4-carbomethoxy-5,5-dimethylthiazolidine (1,07 g.) 
in 0.983 N potassium hydroxide (12 cc.) was warmed over¬ 
night (steam), and the solution evaporated in vacuo: the 
residue, in water, was treated with the calculated amount of 
sulphuric acid. Much gas was evolved,* and after evapora¬ 
tion to dryness the solid was extracted with warm ethanol. 
Evaporation gave a gummy residue, which was dissolved in 
chloroform; the solution was filtered, concentrated to low 
bulk and diluted with ligroin. The product which crystal¬ 
lized had m.p. 103-105° (placed in a bath at 90°), 

Calc, for CiHiiOgNS: Neut. equiv., 175 
Found: Neut. equiv., 185 


2-Isopropyl-4-carbozy-thiazolidine (Upjohn ILS, 6). 
(\VHteinc and isobutyraldehvde condensed normally; m.p. 
181® (dec.). 

(Vile, for CvlIiaOaNS: N, 8.0, S, 18.3 
Found: N, 8.1, S, 18.1 

2-Methyl-2-ethyl-4-carboxy-thiazolidine (a) (Squibb, 
18.27,7). Free cysteine (Toennics and Bennett, ./. litol. 
Chem., 112, 497 (1935)) (10 g) was refluxed with nuMliyl 
ethyl ketone (J50 cc.) for three hours in a nitrogen atmos¬ 
phere. The hot solution was liltered and the product w hich 
separated on cooling was recrystallized from methyl ethyl 
kctoiH*; m.p. 132-133® (dec ) 

(Vile, for CSlluOiNS: (*, 48 0; IT, 7 4. N, 8.0 
Found: C, 47 7; 11, 7.6; N, 8.2 

(b) (liradlcy and Gaylcr, CPSf>2?.) ('ysteine hydro¬ 
chloride* (2.0 g.) was refluxed with methyl ethyl ketone 
(50 cc.) for 1.25 hours, filtered hot, and cooled. 2-Methyl- 
2-ethyl-l-carboxy-thia?()lidine hydrochloride separated and 
was recrystallized from methyl ethyl ketone, as a hygro¬ 
scopic salt, m.p. 145-146°. 

Calc for (MIuOiNSCl: N, 6.6; S, 15.1; C\, 16.8 
Found: N, 6.8; S, 15.2; (V, 16.9 

2-Isopropyl-3-carbomethoxy-4-carboxy-thiazolidine (Up- 
jolin, V./f, 15). Methyl chloroformatc (3.6 g.) was added 
to a cooled solution of i.r-2-isopropyl-4-(‘arboxy-thiazohdine 
(6.66 g.) in A' sodium hydroxide (76 ec.), and after thirty 
minutes the mixture was acidified with hydrochloric acid and 
extracted with ether. The ether was extracted with aque¬ 
ous sodium bicarbonate and the thiazohdine liberated from 
it with dilute sulphuric acid and taktm into ether. Evapora¬ 
tion gave a viscous gum wdiich crystallized after two days 
and was recrystallized from ethyl acetate-light petroleum; 
m.p. 88-5-90®. 

Calc, for C»lIi604NS: N, 6.0; S, 13.8 
Found: N, 6.1; S, 12 0 

A small amount of the oily acid was stirred with dry 
benzylamine to give the crystallnie benzylamine salt of 
2-isopropyl-3-carbomethoxy-4-carboxy-thiazolidine, m.p. 
149-149.5® after recrystalhzation from ethyl acetate. 

Calc, for N, 8.6; S, 9.4 

Found: N, 8.9; S, 9.8 

2-Isopropyl-3-carbethoxy-4-carboxy-thiazolidine (U.4. 
17). This compound, prepared similarly^ had m.p. 63.5- 
64.5®. 

Calc for C,oIIi 704 NS: N, 5.7; R, 13.0 
Found: N, 5.6; S, 12.5 

The corresponding benzylamine salt had m.p. 113.5- 
114.5®. 

CJalc. for C, 2 ll 2 ® 04 N*S: N, 7.9; S, 9.0 

Found: N, 8.1; S, 9.4 

2-l80propyl-3-carbobenzyloxy-4-carboxy-tluazolidine 

(V.ll, 11). 2-TsopropyI-4-carboxy-thiazolidine in dilute 
sodium hydroxide (1 equiv.) w^as acylated with benzyl 
chloroformatc and alkali to give a 68% yield of an oil. 

Calc, for C 16 H 19 O 4 NS: C, 58.2; H, 6.2; N, 5.4 
Found: C, 58.8; H, 6.3; N, 5.1 

L-2-Acetonyl-4-carboxy-thiazolidine (Squibb, S.SOy 7). 
The sodio derivative of formyl acetone (Claisen, Ber. 21, 
1144 (1888)) (11 g.) was added to L-cysteine hydrochloride 
(15.8 g.) in water (60 cc.) at 0® under nitrogen. After 
standing overnight, the crystalline product (8.0 g.) was 
crystallized from ethanol; it had m.p. 155® (dec.). 
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Calc, for CtHiiOiNS: C, 44.4; H, 5.8; N, 7.4 
Found: C, 44.7; II, 6.1; N, 7.4 

L“2-Isobutyl-4-carboxy-thiazolidinc (Bradley and Gayler, 
CPS,e27; cf. Schubert, ,/ Biol Chew., 114, 341 (1936)). 
A solution of iwystoine hydrochloride (5 g.) and potassium 
acetate (3 fi; ) in 50^ r aqueous ethanol (100 cc.) was treated 
with isovaloraldehydc (4 cc.). After twelve hours thc‘ prod¬ 
uct was rocrystallized from ethanol; 0.26 g., m.p. 154** (dec.). 

Calc, for CsHiiO^NS: N, 7.5 

Found: N, 7.2, 7.5 

An improved yield was obtained using the method of Ilatner 
and Clarke (,/. Am. Chem. Soc., 51^, 200 (1937)). 

2-Ethyl-4-carboxy-6,6-dimethylthiazolidine (dayton, 
Elks, Il(‘ms and Robinson, ('PB iiOl ) A nii.xture of penicill¬ 
amine (1 g.), propionaldehyfle fl cc.) and ethanol i5cc.) was 
boiled for ten minutes, when nearly all the penicillamine had 
di8.solved. The hot solution was filtered and, after cooling, 
the product (0.7 g.) was collected; m.p. 173-174^ after drying 
at 100^ 

Calc, for (MTuOaNS: C, 50.8; 11, 7.9; N, 7 4; S, 17.0 

Found: C, 51.0; II, 8.1; N, 7.7; S, 17.0 

2-Ethyl 3-Acetyl-4-carboxy-6,6-dimcthylthiazolidine 

(CPS.SOl). The above thiazolidine was treated with boil¬ 
ing acetic anhydride, the solution evaporated, the residue 
treated with a little ethanol, re-evaporated, an<l the acetyl 
derivative recrystallized from ethyl acetate-light petroleum; 
m.p. 152-154“. 

Calc, for C,oHi 70 .,NS: C, 51.9; H, 7 4; N, 6.1; 8, 13.9 
Found: C, 52.3; H, 7,4; N, 6.5; 8, 14.3 

DL-2-(a,i9-Dihydroxyethyl)-4-carboxy-6,6-dimethylthi- 
azolidine (Hykes and Todd, CPS.dlifJ). dl - Penicillamine 
hydrochloride (3 g.) and glyceraldehyde diethylacetal 
(3 g.) in water (20 cc.) containing 2 N hydrochloric acid 
(3 cc.) were heated for five minutes at 80®. The cooled 
solution was neutralized with solid sodium carbonate and 
held overnight at 0°. The thiazolidine ^separated and was 
recrystallized from aqueou.s ethanol; prisms, m.p. 201 “(dec.). 

Calc, for CBnu 04 NS: C, 43.5; II, 6.8; N, 6.3 
Found: C, 43.5; 11, 6.8; N, 6.0 

DL-4-Carbomethoxy-2,2,6,6-tetramethylthiazolidine 

(Copp, Duffin, Smith and \\ilkinson, CPS.IU). r>i/-4r-Carb- 
oxy-2,2,5,5-tetramethylthiazolidine liydrochloridc' (2 g.) 
in methyl alcohol (40 cc.), saturated with dry hydrogen 
chloride, was refluxed for thirty minutes, and evaporated to 
dryness with the aid of benzene. The crude esterification 
product was repeatedly recrystallized from acetone, from 
which the ester hydrochloride separated in prisms, m.p. 
162-163“. 

Calc, for C^HisOaNSCl: Cl, 14.8; OCH,, 12.9 
Found: Cl, 15.1; OClIa, 12.8 

In another preparation the product was treated with 
sodium bicarbonate and the free ester subliinod in vacuo at 
45“/0.5 mm. It was obtained as large crystals (1.24 g.), 
m.p. 48-49“. 

Calc, for CJInOjNS: 0, 53,1; H, 8.4; N, 6.9; S, 15.8 
Found: [ C, 52.9; H, 8.4; N, 7.2; S, 15.5 

The picratc formed plates from 90% ethanol, m.p. 150“. 

Calc, for CicHBoOaNiS: N, 13.0 
Found: N, 13.2 

i)-4-Carbomethoxy-2,2,5,6-tetramethylthiazolidiii6 (Copp, 
Duftin, Smith and Willdnson CPS,671). This ester was 
prepared from the corresponding acid by treatment with 


methanolic hydrogen chloride. It had b.p. 59“/0.1 mm.; 
m.p. 18-'20“; Wmci** 4116“ (c - 1.5 in alcohol). 

Calc, for CBlInOaNS: C, 53.2; 11, 8.2 
Found: C, 53.4; II, 8.7 

The hydi-ochloride formerl noedk's from methanol-ether, 
m.p. 143-144“; 4-91“ (c « 0.95 in water). ' 

i)i.-4-Carbethoxy-2,2,5,6-tetramethylthiazolidine (Copp, 
Duffin, Smith and ^^’ilkinson CPS 7B). The base, similarly 
prepared, is an oil, b.p. 42*45“/0.01 mm., which forms a 
crystalline hydrochloride, m.p. 107-168“. 

C’alc. for CioIIsoO^NSCl: C, 47.3; H, 7.9 
Found: C, 47.2; H, 7.9 

The following higher esters of the DL-2,2,5,5-tetramethyl- 
thiazolidine-l-carboxylie acid were also prepared {CPS.671), 
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hy(lroehlori(l(‘ 
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9.0 
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1 
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— 
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47.8| 
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6 2 
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hydrochloride 

163“ 

54 3 

9 1 

4 5 

54.8 

9.3 

4.6 

picrate 

130“ 

1 

47 8 

6 0 

11 2 

47.8 

6 0 

11.2 


* B.p. 80V0.1 iiiin. 


DL-3-Formyl-4-carboxy-2,2,6,5-tetramethylthiazolidine 

(Heyden, H.ll, 4). DL-4-('arboxy-2,2,5,5-tetramethylthi- 
azolidino hydrochloride (22.6 g.) in 99.8% formic acid 
(100 cc.) was stirred with sodium formate (anhydrous, 7.5 g.), 
cooled to 20“, and acetic anhydride (46 g.) added during one 
hour. After the mixture had stood oveniight, water (45 cc.) 
was added (slow stirring), and the solution evaporated in 
vacuo. After distillation with portions of benzene to remove 
formic acid, benzene (200 cc.) was added, the solution re¬ 
fluxed, filtered hot, and the filtrate made turbid with light 
petroleum. The formyl derivative which crystallized (20.5 
g.) had m.p. 141-142“. 

DL -3-Formyl-4-carbomethoxy-2,2,6,5-tetramethylthiazol- 
idine (Copp, Duffin, Smith and Wilkinson, CPS.671; 688), 
This methyl ester was an oil, b.p. n0-116“/0.1 mm. 

Calc, for CioIIirOaNS: C, 61.9; H, 7.4; S, 13.9 
Found: C, 61.7; H, 7.6; S, 13.5 

The corresponding ethyl and butyl esters were also oils. 

DL-8-Acetyl-4-carbomethozy-2,2,6,5-tetrainethylthiazol- 
idine (Copp, Duffin, Smith and Wilkinson, CPS,19). Dir- 
4-Carboraethoxy-2,2,5,5-tetramethylthiazolidine was treated 
with boiling acetic anhydride and pyridine. The acetyl 
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derivative crystallized from light petroleum-cyclohexane; 
m.p. 57 '58®, unchanged ))y sublimation. 

Calc, for CiiHuOsNS: (\ 53.9; H, 7.8; N, 5.7 
Found: C, 54.2; H, 7.7; N, 5.8 

DL-3-Chloroacetyl-4-carbDxy-2,2,6,6-tetramethylthiazol* 
idine (Klks, Hems, Robinson and Ryinaii, CPSMW), dl-4- 
Carboxy-2,2,5,5-tetramethylthiazolidine hydrochloride (1.5 
g.) was added to a suspension of magnesium oxide (1 4 g.) 
in water (15 ec.), previously cooled to 0°. Tlie mixture was 
kept cool and stirred while chloroac(‘tyl chloride (0.55 cc.) 
was added slowly. When the addition was complete', the 
mixture was stirred for one hour, the teinpi'rature being 
allowed to ris('. The mixture was acidified to C^ongo Red 
and kept at 0°. The solid (0.5 g ) was crystallized from 
chloroform-hght petroleum giving small needles, m.p. 
148-149® (dec.). 

Calc, for (^oHioOaNSri: 

(\ 45.2; II, 0.1; N, 5.3; S, 12.1; Cl, 13.3 
Found: (\ 44.5, II, 5 9; N, 5.4; S, 12.0; Cl, 13.6 

DL-3-’Benzoyl-4-carbomethoxy>2,2,6,5-tetramethylthiazol- 
idine (Copp, Duflin, Smith and ^'ilkinson, CFSMS8). 
Needles from light petroleum; m.p. 88-SO'". 

Calc, for Ci 9 H, 90 ,NS: 

C, 04.8; H, 8 3; N, 4.0; S. 9.1; OMe, 8.9 
Found: C, 64.9; H, 8.5; N, 4.3; S, 8.9, OMe, 8.9 

DL-3‘-Phenylacetyl-4-carboxy-2,2,6,6-tetramethylthiazol- 
idine (lally, L.JO, 4). DL-4-Carhoxy-2,2,5,5-tetramethyl- 
thiazolidme hydrochloride (11.6 g ) and sodium bicarbonate 
(10 g.) in water (75 cc.) were cool(‘d, and phenylacetyl chlor¬ 
ide (7.7 g.) added and stirred for two hours. Acidification, 
ether extraction, drying and concentration of the ether, fol¬ 
lowed by ddution with light petroleum, gav(' the phenyl- 
ac(’tyl derivative, m.p. 159-160'', after rccrystallization. 

Calc, for CieHaiOjNS: N, 4.6 
Found: N, 4.5 

L-2-Methyl-2-acetonyl-4-carboxy-thiazolidine (?) 

(Squibb, S.27f 7; 20, 6). L-Cysteine hydrochloride (15.8 g.) 
was treated with potassium acetate (10,0 g.) in water (15 cc.) 
and acetylacetoiie (10.0 g.) in ethanol (50 cc.), nitrogen 
being passed through the mixture. A small precipitate was 
filtered and crystallized after three days (3,5 g.). Recrys¬ 
tallized from ethanol, it had m.p. lOO® (dec.). 

Calc, for CsHuOaNS: C, 47.3; II, 6.4; N, 6.9 
Found: C, 47.0; II, 6.6; N, 7.1 

However, as subsequent tests and ultraviolet data were 
more in agreement with an open thiol stmeture, the consti¬ 
tution of this product is doubtful. 

DL-2-Acctyl-4-carboxy-2,6,5-trimethylthiazolidine (Clay- 
ton, Elks, Hems and Robinson, CPSMl), ni^Penicill- 
aminc (250 mg.), diacetyl (160 rng.) and ethanol (5 ce.) were 
refluxed together until all the solid had dissolved. Ethanol 
was removed in vacuo and the residue recrystallized from a 
mixture of ether and light petroleum (40-60®); white needles 
(170 mg.), m.p. 166® (dec.). 

Calc, for CgHisOaNS: C, 49.8; H, 7.0; N, 6.4; S, 14.8 
Found: C, 50.1; II, 7.1; N, 6.7; S, 14.8 

DL-4-Carboxy-2,2,6-trimethyl-6-ethylthiazolidine Hydro¬ 
chloride (Abbott, A.IS, 5). j8-Mercapto-ijL-isoleucine hy¬ 
drochloride (1 g.) was boiled with acetone (5 cc.) and the 
product (0.7 g.), m.p. 201-202® (dec.), crystallized from eth- 
anol-acetone-etW; m.p, 209-210® (dec.). 

Calc, for CpHiaOaN: C, 45.1; H, 7.6; N, 5.8 
Found: C, 45.3; H, 7.4; N, 5.8 

DL-2-Bihyl-4-carboxy-2,6»6-triinethylthiazolidine (Brad¬ 
ley and Gayler, CPSSS7), DL-Penicillamine hydrocMoride 
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(1 g.) was heated under reflux with methyl ethyl ketone 
(160 cc.) during 1.5 hours. The product which separated 
from the hot filt(*rc(l solution was recrystallized fn)m methyl 
ethyl ketone; m.p. 183'183.5'^ (dec.j. 

Calc, for CallisO^NSCI: N, 5.S; S, 13.4; CJ, 14.8 
Found: N, 5 9; S, 13.3; (4, 14.5 

i)n-2-Propyl-4-carboxy-6,6-dimethylthiazolidine {CPS, 
627). DL-Penicillamine hydrochloride (1.0 g.) and butyr- 
aldehyde (0.48 cc* ) were hc4d for forty-eight hours in 50% 
ethanol, th(*ii treated with pyridine (0.45 cc.); m.p. 97-99®. 

Calc, for CMInOaNS: N, 6.9 
Found: N, 6.1 

DL-2-Isopropyl-4-carboxy-6,6-dimethylthiazolidine 

(Squibb, S,21, 3). iVom i>L-pcmcillamine hydrochloride 
and isobutyraldehydo; m p. 181 182.5®. 

Calc, for (’JlnOjNS: C, 53.2; 11, 8.1; N, 6.9 
Found: (\ 52.9; 11, 8.1; N, 6.8 

Action of Hydrogen Peroxide on a Thiazolidine {S.32, 5). 
A solution of 2-isopr()pvI-4-carborn('thoxy-5,5-(lirnethylthi- 
azohdine (prepared from the parent acid and ethereal di- 
azomethoiK*) (493 mg., 2.27 millimoles) in absolute acetone 
(50 cc.) containing hydrogen peroxide (2.5 millimoles) 
was allowed to stand for forty-eight hours. After evapora¬ 
tion of the solution to dryness, tlie residue was treated with 
ether and wat(‘r, and the aipieous phase evaporat(‘d. The 
resin (110 mg.) was dissolvinl in absolute ethanol (I cc.), 
centrifug(*d, ami excess ether add(»d. Recrystallization of 
the product (34 mg., m.p. 215-217®) gave the methyl ester 
of DL-peiiicillaminic ac*id as needles, m.p. 215-219®. 

Calc, for CfllluO^NS: C, 33.5; H, 0 1; N, 6.5 
Found: V, 33.5; H, 6.3; N, 6.6 

D-2-Isopropyl-3-benzoyl-4-carboxy-5,6-dimethylthiazol- 
idine (Mcirck, M.6S, 16). i)-2-Isopropyl-4-carl)()xy-5,5- 
diraethylthiazolidine (1.60 g.) m pyridine (15 cc.) was 
treated dropwise with benzoyl chloride (1.5 cc.) at 0° and 
kept for three hours at that temperature and then for one 
hour at room temperature. The acidic chloroform-soluble 
fraction gave, after recrystallization from benzene-light 
petroleum, the benzoyl derivative (430 mg.), m.p. 163-164®. 

Calc, for CuHaiOiNS: N, 4.6 
Found: N, 4.7 

Treatment of the above acid with a slight excess of diazo¬ 
methane in ether gave a noncrystalline sample of D-2-is()- 
propyl-3-benzoyl-4-carbom('thoxy-5,5-dimethylthiazolidine. 

Calc, for Ci 7H230,NS: N, 4.4 
Found: N, 4.2 

2-Phenyl-4-carbometboxy-thiazolidine (Shell, Sh.2, 10). 
Benzaldehydc and cysteine hydrochloride were condensed 
(Schubert, J. Biol. Chem., 114, 347 (1936)) and the crude 
thiazolidine (94%), m.p. 145-149®, 8u.spcnded in dry ether, 
was treated with diazomethane to give the methyl ester 
(67%), b.p, l53-165®/0.5-l mm., no^^^ 1.5738. 

(^alc. for CijHiaOaxMS: V, 59,2; H, 5.9; N, 6.3 
Found: C, 59.3; H, 6.0; N, 6.1 

L-2-Pbenyl-3-acetyl-4-carboxy-thiazolidiiie (Cornell 
Rioch,, I).2, 2). ii-2-Phenyl-4-carl)oxy-thiazolidine (2.3 g.) 
in water (10 cc.) was heated to 85® and acetic anhydride 
(10 cc.) was added in portions during twenty minutes. 
After concentration, the product was recrystallized from 
water to give the acetyl derivative (1.75 g.; 64%); m.p. 
152.6-154®. 

Calc, for CiaHisOiNS: N, 5.6; neut. equiv., 251 

Found: N, 6.7; neut. equiv., 250 
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2 -Phenyl- 3 -ben 2 oyl- 4 -carboxy-thiazolidine (I.illy, L. 6 ‘, 1). 
2-rhonyl-4-carl)oxy-tbiazolidiu(j (1 ft.) was acylatod with 
benzoyl chloride ( 0.8 ft.) in presence of sodium hydroxide 
(0.0 ft.) and water (10 ce.). After twenty minutes the 
mixture was ether-extractod» acidificMl, and the product 
extracted into other. The benzoyl derivative separated 
from aquiHuis ethanol and finally ethanol in white* crystals, 
m.p. 153-154®. 

Calc, for CnlluOaNS: N, 4.5 
Found: N, 4.5 

2-Phenyl-3-phenylacctyl-4-carboxy-tliiazolidme (L.6, 1). 
2-Phenyl-4-earboxy-thiazolidine (2.1 ft.) was acylated by 
shaking Avith phenylacetyl chloride (1.7 ft.) and sodium 
hydroxide (1.2 g.) in water (20 cc.). After thirty minutes, 
the solution was acidified, extracted with ether and the 
product purified by redissolution in alkali, acidification and 
re-extraction into ether. From aqueous ethanol the phenyl¬ 
acetyl derivative crystallized in needles, m.p. 171-173®. 

Calc for CisHnOaNS: N, 4.3 

Found: N, 4.3 

Di.-2-Isobutyl-4-carboxy-5,5-dimethylthiazolidine (Brad¬ 
ley and Cayler, CPS.6^7). DL-Pcnicillamine hydrochloride 
(1.0 ft,) and isovalcraldehyde (0.58 cc.) were allowed to 
stand for forty-eiftht hours in 50% ethanol and neutralized 
with pyridine; 0,93 ft., m.p. 145-147®. 

(’ale. for C 10 H 19 O 2 NS: N, 0.4 

Found: N, 0.2 

l- 2- (o-Hydroxyphenyl) -4-carboxy-thiazolidine (Upjohn, 
(7.5, 0). This was prepan'd from L-cysteine hydrochloride 
and salicylahhdiyde in presence of sodium acetate. After 
crystallization from hot water it had m.p. 167® (dec.). 

C^alc. for CioIIuO.NS: N, 6.2; S, 14.2 

Found: N, 6.1; 8, 14.3 

L-2-HexyI-4-carboxy-thiazolidine (Cornell Bioch,, /.)./,9, 
13). To L-cysteine hydrochloride (5 ft.) in 50% ethanol 
(50 cc.), butTen‘d to pll 3,1 with potassium acetate (3 g.), 
was added hcptaldehyde (11.4 g.); the thiazolidine (2.2 g.; 
32%), recrystallized from ethanol, had m.p. 148-150® (dec.). 

Calc, for CioHlOjNS: S, 14.8 
Found: S, 14.6 

L-2-Benzyl-4-carboxy-thiazolidine (Z).5, 2). A mixture 
of L-cysteine hydrochloride (2 g.), phenylacctaldehyde (1.5 
ft.), potassium acetate (0.75 g.), water (6 cc.) and ethanol 
(13-5 cc.) was allowed to stand overnight. The solid 
product was recrystallized from ethanol (1.8 g., 65%); 
m.p. 165-170®; [a]D** —90.5® (c 1.0 in N hydrochloric 
acid). 

(’ale. for CiiHiaOaNS: N, 6.27 
Found: N, 6.23 

L-2-Benzyl-3-carbethoxy-4-carboxy-thiazolidine (Upjohn, 
17). To a cooled solution of 2-benzyl-4-carboxy- 
thiazolidine (8.5 g.; 38 millimoles) in N sodium hydroxide 
(76 cc.) was added ethyl chloroformate (3.7 g.; 38 milli¬ 
moles). The ester dissolved and the pH of the solution fell 
to about 7. After thirty minutes the solution was acidified 
with hydrochloric acid and shaken with eihesr, from which 
the organic acid was extracted with dilute sodium bicarbon¬ 
ate, regenerated by dilute sulfuric acid and taken up in 
ether. The ether solution was dried and evaporated. The 
residual oil solidified and was recrystallized from ethyl 
acetate-light petroleum; m.p. 135®. 

Calc, for C, 4 H, 704 NS: N, 4.7; S, 10.8 
Found: N. 4.8; S, 10.9 


2-Spiro-cyclohexyl-3-acetyl-4-carboxy-6,6-dimethylthi- 
azolidine (Sykes and Todd, CPSM2()). 2-Spiro-cyclohexyl- 
4-carboxy-5,5-dimethylthiazolidim‘ ((’hapter III) (0.5 g.) 
was dissolved in boiling acetic anhydride, heated on steam 
for fifteen minutes, and cooled at 0 ®. The acetyl derivative 
was collected aftc'r forty-eiftht hours, and recrystallized 
from ethanol; pri.sms, m.p. 200 - 201 ®. 

Calc, for C 13 H 21 O 3 NS: C, 57.0; H, 7.7; N, 5.2 
Found: (’, 57.0; H, 7.7; N, 5.2 

DL-2-Spiro-cyclohexyl-4-carbomethoxy-5,5-dimethylthi- 
azolidine Hydrochloride (Copp, Duffiii, Smith and Wilkinson, 
CPS.088f 5), This crystallized from methanol-ether in 
colorless needles, m.p. 183°. 

Calc, for CiiHuOiNSCl: C, 51.5; II, 7.9; N, 5.5; S, 11.4 
Found: C, 51.4; 11 , 7.9; N, 5.5; S, 11.8 

L-2-Hexyl-4-carboxy-6,6-dimethylthiazolidine ((Cornell 
Bioch., D.IO, 13). L-Penicillarnine hydrochloride (770 mg.) 
and lieptaldehyde (170 rrig ) were kept at pll 5 for several 
dava ill 95ethanol (3 cc.) and pyridine ( 1.1 cc.) and the 
solution c'vaporatiMl in vacuo. The residue was dissolved in 
2 N ‘^odium hydroxide and the solution again evaporated 
in vacuo From water at pll 7 the thiazolidine separated 
and was reerystallizcd from 00 % ethanol; blunt needles 
(580 mg.), m.p. 113-114®. 

(’ale. for (’ 12 II 23 O 2 NS: S, 13.1 
Found: 8 , 12 0 

DL-2-Hexyl-4-carboxy-6,5-dimethylthiazolidine (Corn- 
forth, Cornforth; Abraham, Baker, (’ham and Robinson, 
CPS.428^ 14). Di.,-Penjcillarnine hydrochloride (2.5 g.) in 
water (15 cc.) was treated with heptaldehyde (1.2 g.), 
sodium bicarbonate (0.85 g.) and enough ethanol to give a 
clear solution. After six hours the solution was extracted 
with ether. Evaporation of the ether gave an oil (2.2 g.) 
which crystallized from aqueous acetone. The [)roduct 
(1.7 ft.) separated from light petroleum in needles, m.p. 
120 - 121 ®. 

Calc, for C 12 H 23 O 2 NS: C, 58.8; 11 , 9.4 
Found: C, 59.0; II, 9.2 

DL-2-Hexyl-3-acetyl-4-carboxy-6,6-dimethyUhiazolidine 

(CPS.4^Sf 14). The above thiazolidine (0.3 g.), pyridine 
(2 cc.) and acetic anhydride (0.5 cc.) were boiled together 
for two minutes, and the mixture poured into dilute acid 
when the acetyl derivative (0.15 g.) separated, and crystal¬ 
lized from benzene-light petroleum as leaflets, m.p. 139-140®. 

Calc, for CHlUfiOjNS: R, 11.2 

Found: 8 , 11 .3 

DL-2-Phenyl-4-carboxy-6,5-dimethylthiazolidine. 

(a) (Clayton, PJlks, Hems and Robinson, CPS.201.) A 
mixture of DL-pcnicillamine (1.5 g.), benzaldehyde (1.5 cc.) 
and ethanol (10 cc.) was boiled foi thirty minutes, when all 
the penicillamine had dissolved. The reaction mixture was 
evaporated to a syrup in vacuo and benzene (10 cc.) added. 
The crystals which separat(*d were rocrystalUzed from ethyl 
acetate-light petroleum. The product (10 g.) had m.p. 
145-146®. 

Calc, for CiaHuOaNS: C, 60.7; H, 6.3; N, 5.9; S, 13.5 

Found: C, 60.5; H, 6.3; N, 6 . 2 ; S, 13.9 

(b) (Cook, Elvidge, Hall, Heilbron and Shaw, CPS,270, 
5.) Penicillamine hydrochloride and benzaldehyde, in the 
absence of solvent, reacted immediately on the steam bath; 
the thiazolidine hydrochloride separated from methanol- 
ether in needles, m.p. 172-173® (dec.). 

Calc, for C»HuOaNSCl: C, 52.6; H, 5.9; N, 6.1 
Found: C, 62.4; H, 5.8; N, 6.2 
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DL-2-Phenyl-4-carbomcthoxy-5,6-dimethylthiazolidine 

(C/Opp, Duflin, Smith and WilkiiiHon, CPSMSSj 5). This 
was prepared by the action of ethereal diazoniethane on the 
correspondinK acid. The hydrochloride crystallized from 
methanol-ether in needles, m.p. 154°. 

Calc, for CiallisOoNClS: N, 4.9; S, 11.1 
Found; N, 5.0; S, 11.5 

The picrate had m.p. 157-158°. 

Calc, for Ci 9 H 2 a 09 N 4 S: C, 47.2; H, 4.6; N, 11.6; S, 6,6 
Found: 0, 47.1; H, 4.4; N, 11.6; S, 6.7 

T)r.-2-Phenyl-3-acetyl-4-carboxy-6,6-dimethylthiazolidine 

((’laytoii, Klks, Hems and Jlohinson, CPSM1). Dir-2- 
Phcnyl-4-carhoxy-5,5-dimethylthiazolidine was boiled with 
acetic anhydride, the solution c'vaporated and the residue 
crystallized from ethyl acetate; m.p. 190 197°. 

Calc, for CiiHuOaNS: C, 60.2; Tl, 6.1; N, 5.0; S, 11.5 
Found: C\ 60.3; H, 6.1; N, 5.5; S, 12 5 

r>i.-2-Phenyl-3-carbobenzyloxy-4-carboxy-6,6-dimethyl- 
thiazolidine (Abbott, A JO, 6). i)L-2- Phenyl-4-carboxy-5,5- 

diineihylthiazolidine in sodium hydroxide (2 moles) wtis 
trcat(‘d with benzyl chloroformate (slight excess) to yield, 
on acidification, a product crystallizing from warm benzene 
and having m.p. 145-149°. 

(^alc. for CjoHaiOiNS: C, 64.7; H. 5.6; N, 3.7 
Found: CJ, 65.1; 11, 5.75; N, 3.7 

i)!.-2-Phenyl-3-carboxybenzylamide-4-carbomethoxy-6,6- 
dimethylthiazolidine (A 4^ 2). Reaction of ethereal solu¬ 
tions of nL-2-phenyl-4-carb()niethoxy-5,5-diin(*thylthiazol- 
idine and benzoyl isocyanate giiv<» a crystalline precipitate, 
m.p. 199-203°. 

Calc, for C2»Il2404N2S: N, 6.9 
Found: N,G9 

i)-2-(p-Chlorophenyl)-4-carboxy-6,6-dimethylthiazolidine 
(Lilly. Ij.8, 7). d - Penicillamine hydrochloride (1.5 g ), 
e-clilorobenzaldehydo (1.5 cc.) and pyridine (1 cc.) were held 
in ethanol (12.6 cc.) for ten minutes. The mixture was 
diluted with water (12 cc.) and, after twenty-four hours at 
0°, diluted fuither and extracted with ether. The ether 
was washed with dilute hydrochloric! acid and the thiazol- 
idine extracted into aqueou.s sodium bicarbonate. This was 
acidified, and extracted with ether. The solvent was 
evaporated to give an oil which was suspended in water and 
neutralized with sodium bicarbonate. This solution was 
evaporated in vacuo to give the semicrystalline sodium salt. 

Calc, for CuIIuOjNSClNa: N, 4.8 
Found: N, 5.0 

The corresponding L-salt was prepared in analogous 
fashion (Found: N, 4.4). 

BL - 2 - (o - Hy drox 3 rphenyl) -4-carboxy-6,6-dimethylthiazol- 
idine (Cook, Elvidge, Hall, Heilbron and Shaw, CPS,iS70), 
When salicylaldehyde was warmed with DL-penicillamine 
hydrochloride it yielded the o-hydroxyphenyl-thiazolidino 
hydrochloride, which separated from methanol-ether in 
needles, m.p. 180-181® (dec.). It gave a purple color with 
ferric chloride. 

Calc, for Ci,Hi.OiNSCl: C, 49.7; H, 6.6; N, 4.8 
Found; C, 49.7; H, 6.6; N, 4.8 

Di.*2-BeiizyM*carboxy-6>6-dimethylthiazolidine (Squibb, 
4). Reaction of equivalent quantities of phenyl- 
acot^dehyde and DL-penicillaminc hydrochloride in aqueous 
ethanol in the presence of potassium acetate yielded an oil 


from whifh only small quantities of crystalline product, m p 
108-110°, could bo isolated. 

Calc, for CjsIlnO^NS: C, 62.2; II, 6.8; N, 5.6 
Found: V, 62.0, H, 6.9; N, 5.5 

i)L-Penicillamine and 2,3>Hexandione (Cook, Elvidge, 
Hall, Heilbron and Sliaw, CPS,1270). on-Peuicillamine 
hydrochloride (1 g.) was hc'ated on lh(' water liath for five 
to ten minutes with 2,3-hexandione (0.8 g.) when an almost 
clear melt resulted. Addition of ether gave the derivative 
as a hydrochloride (yield quantitative^ which separated 
from a mixture f>f methanol and ether in clusters of needles, 
m.p. 161-102° (doc.). 

Calc, for Cnlli^O.NClS: (*, 49.8; II, 7.3; N, 5.3 
Found: ^.’[49.8; H, 7.1; N, 5.7 

i)L-2-Spiro-cyclohexyl-4-carboxy-6,6-dimethylthiazolidine 

(Cf^S.i2/0). Condcmsing i)L-peni('illaminc hydrochloride 
(1 g.) with cyclohexanone (1.1 g.) under similar conditions 
gave the hydrochloiiclc* of the spiro-eyelohexyl-thiazohdinc; 
it separat(‘d from methanol-ether in small prisms (0,9 g.), 
m.p. 219° (doc.). 

Calc, for CijIIaoOzNSCl: C, 49.7; II, 7.5; N, 5.2 
Found: C, 49.7; II, 7.6; N, 5.3 

No satisfactory thiazohdines were obtained (CPS.^70) 
from acetophenone, benzophenonc*, a-chloroethyl methyl 
ketone, a-tetralone, glucose, benzoin, henzoquinone, ethyl 
cycloliexaiione-2-earf)oxylate, 2-inethyl-eyclohexanoric-2- 
carboxylatt‘, ethyl aimnoacetoaci'tate, croton aldehyde and 
acrolein. 

i>-2-(«-Camphor)-4-carboxy-6,6-dimethylthiazolidin© 

(Merck, M.44^ !)• i>-lViiicillanim(‘ hydrochloride (3.1 g.) 
was treated with sodium acetate (1.4 g.) in water (8 cc.) and 
hyilroxyiiK'thylcne-cainphor (Bishop, Claiseii and Sinclair, 
Annaleri, 281, 331 (1891)) (3 g) in ethanol (8 cc ) The 
product (4.2 g ; 81.4%), m.p. 175°, was recrystallized from 
ehloroforin-benzene. 

C^alc. for CuHnO^NS: C, 61.9; 11, 8.1; N, 4.5 
Found: C, 61.6; H, 7.9; N, 4.5 

L-2-Diethoxymethyl-4-carboxy-thiazolidine (Squibb, S.11, 
5). L-Cysteine hydrochloride hydrate (9 g.) and glyoxal 
semiacetal (6.75 g ) in 33% ethanol (30 cc.) were kept at 
0° for twenty-four hours. On the addition of potassium 
acetate (5 g.) in water (10 ce.) the thiazolidinc crystallized 
(30%) and was recrystallized from 95% ethanol; m.p. 149° 
(dec.). 

Calc, for C.H, 704 NS: C, 46.0; II, 7.2; N, 6.0; S, 13.6 
Found: C\ 45.9; 11, 7.2; N, 6.0; S, 13.7 

DL-2-Diethoxymethyl-4-carboxy-6,5-dimethylthiazolidine 

(Elks, Hems, Robinson and Hyman, CPS.610), Acrolein 
was converted to its diethyl acetal (Fischer and Baer, 
Helv. Chim. Acta, 18, 514 (1935)) and the acetal was oxidized 
to glyceraldehyde diethyl acetal (Witzemann, Evans, Ilaur 
and Schroeder, Org. Synth., Coll. VoL 11, p, 307), which was 
then oxidized to diethoxy acetaldehyde with lead tetraacetate 
(Fischer and Baer, Helv, Chim. Acta, 18, 514 (1935)). 
DL-Ponicillamine (3.5 g.) and freshly distilled diethoxy- 
acetaldehyde (4.1 g.) in ethanol (70 cc.) were refluxed until 
all the penicillamine had dissolved. Alcoholic hydrogen 
chloride (6.8%; 13.3 cc.) was added and ethanol was 
removed in vacuo. Dry ether was added and the mixture 
was warmed, giving a white solid which was crystallized 
from a mixture of methanol and ether. Two types of crys¬ 
tals, large prisms and spherical aggregates of small crystals, 
were present. The crystals were separated as completely 
as possible by hand and each type crystallized from a 
mixture of methanol and ether giving the thiazolidine 
hydrochloride as (i) colorless prisms, m.p. 99-101°. 
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Calr. for Cnlla.O^NSd: 

(\ 4-1.1; H, 7.4; N, 4.7; S, 10.7; Cl, U .8 
Found: C\ 45.6; H, 7.5; N, 5.1; S, 11 . 0 ; Cl, 12.1 

(ii) whito crystals, m.p. 126-127®. 

Found: ‘ C, 44.4; II, 7 4; N, 4.9; S, 10.7; Cl, 12.0 

The total yit4d was 6.1 g. 

DL*2«(3'-Methoxy-4'-acetoxyphenyl)-3-acetyl-4-carboxy- 
5 , 6 >dimethylthiazolidine (Sykes and I'odd, The 

thiazolidine (0.3 from nL-penicillarnine and vanillin was 
dis.solved in boiling acetic anhy<lri(l(' (6 cc.) and Wiirrned on 
steam for thirty minule\s. Acetic anhydride was removed 
invacuoy the residue refluxed with alcohol and re-evaporated. 
On triturating with benzene, the thiazolidine crystallized; 
recrystallized from ethanol-ethyl ac(‘tate it formed prisms, 
mp'. 199®. 

(;alc. for CnIhiOflNS: C, 55.5: H, 5.7; N, 3.8 
Found: (\ 55.3. 11, 5.9; N, 4.0 

DL-2-(o-Acetoxyphenyl)-3-acetyl-4-carboxy-6,6-dimethyl- 
thiazolidine (CPS.62t>). Similar acetylation of 2-(o-hydr- 
oxy phenyl) -4 - carboxy-5,5-dim ethyl thiazolidine gave 
prisms from ethanol, m.p. 203-201®. 

Calc, for CiuIIikO^NS: C, 57.0; H, 5 6 ; N, 4.2 
Found: C, 57.3; 11, 6 . 0 ; N, 4.3 

Dicarboxythiazolidine Derivatives 

L-2,4-Dicarboxy-thiazoUdine (Squibb, S.ll^ 8 ). n-Cys- 
teine hydrochloride (7.9 g.), ethyl diethoxyacetate (9 cc.) 
and water (25 cc.) were shaken for one day, allowed to stand 
overnight, treated with jV hydrochloric acid (8.3 cc.), 
warmed to 37 ® for six days, and then concentrated in vacuo. 
Sodium acetate (6.9 g.) in water (10 cc.) was added and the 
precipitate of 2,4-dicai boxy thiazolidine (409i) crystallized 
from 859; ethanol, when it had m.p. 184-185®. 

Calc, for C 5 II 7 O 4 NS: 

C, 33.9; H, 4.0; N, 7.9; S, 18 1 ; nout. equiv., 88 
Found; C, 33.9; fl, 3.9; N, 8 . 2 ; S, 17.5; neut, equiv., 91 

D-2-Carbobutoxy-4-carboxy-6,5-dimethylthiazolidi]ie 

(Merck, M.6‘5,13; 6 * 6 \ 10 ). To an aqueous solution of n-pen- 
icillaminc (15 millimoles) and an excess of sodium acetate 
were added butyl glyoxylate (15 millimoles) and enough 
alcohol to effect solution. After the mixture had stood over¬ 
night at room temperature, the alcohol way removed under 
reduced pressure. The cry.stalline product was dissolved 
in sodium bicarbonate solution, decolorized with Norite 
and acidified. The product, recrystallized from 10 % aque¬ 
ous ethanol, had m.p. 141-142®. 

Calc, for CuUijOiNS: C, 60.6; H, 7.3; N, 5.4 
Found: C, 51.0; H, 7.3; N, 5.3 

D-2-Carboxy-4-carbomethoxy-5,6-dimethylthiazolidine 
10 ). The above acid butyl ester was treated with 
excess diazomethane and the resultant oil saponified by add¬ 
ing one equivalent of barium hydroxide solution dropwise to 
an aqueous methanol solution. The crude barium salt was 
obtained by lyophilizing the solution. 

Calc, for CxcHaiOsNiSjBa: N, 6.5 
Found: N, 5.3 

One equivalent of N sulphuric acid was added, barium 
sulphate removed by centrifuging and the clear liquid 
lyophilizod to a dry powder and converted to the benzyl- 
amine salt, m.p. 156-167®. 

Calc, for C, 55.2; H, 6 . 8 ; N, 8.6 

Found: C, 65.1; H, 6.7; N, 8.4 

D*2*Carboxy-*3*nitro80-4-carbomethoxy-6,5-dimethylthi-' 
azolidine (M.09^ 6 ). The benzylamine salt was converted 
to the hydrochloride and treated with sodium nitrite. The 


resultant oil formed a benzylamine salt. Recryatallization 
from methanol yi( 4 de(i the benzylamine salt of the S-nitroso 
eompound, m.p 152-153®. 

(^alc. for (\ 5 H 2 i()fcN 3 S: i\ 50.7; H, 6.0; N, 11.8 
Found: C, 51.0; H, 6 . 1 ; N, 11.7 

Thi.s salt was decomposed with hydrochloric acid and the 
resultant oil crystallized from light petroleum. Two recrys- 
tallizations from ethyl aet'tate-light pcitroleum yielded the 
thiazolidine, m.p. 96-99®. 

Cale. for (MIi.O.NivS: 38.7; H, 4.9; N, 11.3 
Found: i\ 39.2; 11, 5.1; N, 13.4 

i>-2-Carbobutoxy-3-nitroso-4-carboxy-6,6-dimethylthi- 
azolidine (.1/.6\9, 6 ). D-2-(^arbobutoxy-4-carboxy-5,5-di- 

methylthiazolidine ( 1.2 g.) was dissolved in dilute acid, 
and sodium nitrite (0.32 g ) added. The resulting oily 
nitiosoamine was converted to the benzylamine salt, which 
v\as ervstallized, from ether-light petroleum, when it had 
rn p i;k-135®. 

(ale. for CiJljyOsN.S: 54.4; 11, 6.9; N, 10.6 

Found: (\ 51.5; 11, 6 . 8 ; N, 10.8 

n-2-Carbethoxymethyl-4-carbethoxy-thiazolidine (Pfizer, 
l\Jty 2). A mixture of L-cysteine ethyl ester hydrochloride 
(50 g ), ethyl ^,^-diethoxypropionate (75 g.) and dioxan 
(200 ee.) was refluxed for one hour. Dioxan was removed in 
vacuo and thi' residue dissolved in chloroform, extracted 
with aqueous sodium bicarbonate, the chloroform removed 
and the residue distilled, giving a product with b.p. 115- 
]17®/0.1 mm. 

Calc, for C 10 IIJ 7 O 4 NS: C, 48.5; II, 6.9; N, 5.7 
Found: (\ 48.1; II, 7 . 0 ; N, 5.9 

DL-2,4-Dicarboxy-2,5,5-trimethylthiazolidine (Clayton, 
Elks, Hems and Robinson, CFS.^OJf 6 ). A mixture of 
DL-penicillamine (0.25 g.), pyruvic acid (0.13 cc.) and glacial 
acetic acid (5 cc.) was warmed on the water bath foi ten 
minutes. The solution dcposit(*,d crystals on standing, and a 
further quantity was obtained by evaporation of the mother 
liquor-s to small bulk (total yield 0.2 g.). Crystallization 
from glacial acetic acid gave the thiazolidine, m.p. 174® 
(dec.). 

Cale. for C 6 H,j, 04 NS: C, 43.8; II, 6.0; N, 6.4; S, 14.6 
Found: C, 44.2; H, 6.3; N, 6.3; S, 14.8 

L-2-Methyl-2-carbethoxymethyM-carbomethoxy-thiazol- 
idine (Shell, Sh.lO^ 145), L-Cystoine methyl ester hydro¬ 
chloride (5.13 g.) in water (25 cc.), jwtassium bicarbonate 
(3 g.) and ethyl acetoacetate (3.9 g.) in ethyl alcohol (25 cc.) 
were allowed to stand together overnight. Ethyl alcohol 
was removed in vacuo and the residual mixture extracted 
with ether, dried, concentrated and distilled; the thiazolidine 
(yield 70%) had b.p. 118-12r/0.55 mm., ud*® 1.4952. 

Calc, for (hoHiTOiNS: C, 48.6; H, 6.9; N, 6.7 
Found: C, 48.6; H, 6 . 8 ; N, 6.6 

D-2-Carbethoxymethyl«4-carboxy-6,5-dimethylthiazol- 
idine (Merck, M.63^ 10; 66^ 8 ). D-Pcnicillamine hydro¬ 
chloride and ethyl /8,/9-diethoxypropionate were refluxed in 
acetic acid for thirty minutes. The hydrochloride was 
precipitated from chloroform by addition of light petroleum 
and hydrogen chloride, and crystallized from ethyl acetate 
containing a little ethanol, when it had m.p. 128-138®. 

Calc, for CioHisOiNSCl: C, 43.3; H, 6.4; N, 4.9 
Found: C, 43.0; H, 6 . 6 ; N, 5.0 

The free thiazolidine was prepared from the hydrochloride 
by extraction into sodium bicarbonate solution, followed by 
acidification and extraction into chloroform. It was 
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recrystalliaed from methanol; m.p. 162-154®; [ajp** + 122 . 5 ® 
(c "> 0.392 in methanol). 

Calc, for C 10 H 17 O 4 NS: C, 48.6; H, 6.9; N, 6.7 
Found: C, 48.6; II, 6 . 9 ; N, 6.7 

D*2-CarbethoxymethyM-carbomethoxy-5,6-dimethylthi- 
azolidine (Squibb, S.60^ 8 ). i)-2-Carbethoxymethyl-4-carb- 
oxy<-5,6«dimethylthiazolidine hydrochloride (0.98 g.) was 
treated in ether suspension with 2 equivalents of ethereal 
diazomethane. The solvent was removed in vacuo and an 
ethereal solution of the residual oil was treated with dry 
hydrogen chloride. The crystalline precipitate (0.92 g.) 
was recrystallized from ethanol-ether, giving long needles of 
the hydrochloride, m.p. 167-169®; [ajo** +78® (c • 0.94 in 
methanol). 

Calc, for CnH,o 04 NSCl: N, 4.7 
Found: N, 4.9 

D-2-Carboxymethyl*4-carbomethoxy-6,5-dimethylthiazoi- 
idine (Upjohn, 8 ). D-2-Carbethoxymcthyl-4-carb- 

oxy-5,6-dimethylthiazolidine hydrochloride (2.05 g.) was 
converted to the diester with an excess of ethereal diazo¬ 
methane. Evaporation gave an oil (1.71 g.), which was 
hydrolyzed in methanol (25 cc.) by slow addition of 0.514 N 
sodium hydroxide (12.74 cc.). The solution was filtered, 
concentrated to small bulk in vacuo and treated with 1 
equivalent of lead acetate. The lead salt (1.05 g.) in dioxan 
(50 cc.) was treated with hydrogem sulphide and the resulting 
solution, after filtration, was fiozon and lyophilized to yield 
an amorphous solid (0.4 g.), m.p. 100-105®. 

Calc, for C 9 HUO 4 NS: 

C, 46.3; H, 6.5; N, 6 . 0 ; S, 13,7; neut. equiv., 233 
Found: C, 46.7; H, 7.2; N, 6 . 0 ; S, 14.2; neut. equiv,, 233 

D-2*Carbomethoxymethyl-4-carbomethoxy-6, 6 -dimethyl- 
thiazolidine (Squibb, S.jS^ 4). D-2-Cyanomethyl-4-carbo- 
inethoxy-6,5-dimethylthiazolidine (210 mg.) in saturated 
methanolic hydrogen chloride (3 cc.) was treated with ether 
to cause incipient turbidity. After the mixture had stood 
for two days at 0 ® and then for a short time at room tem¬ 
perature ammonium chloride was removed, the supernatant 
liquid was concentrated and the residue extracted with 
ethyl acetate. Concentration and trituration with ether 
gave the hydrochloride. 

Calc, for CioH, 804 NHC 1 : N, 5.0 
Found: N, 4.9 

Another sample (Pfizer, 4), prepared by nearly the 
same procedure, had m.p. 147-149®. 

D-2-Carbethoxymethyl-3-methoxalyl-4-carboxy-6,6-di- 
methylthiazolidine (Merck, M.eo, 9 ). D- 2 -Carbethoxy- 
methyl-4-carl>oxy-6,^dimethylthiazolidinc (2.5 g.) was 
suspended in a mixture of chloroform and pyridine, the 
mixture cooled, and treated vrith methoxalyl chloride 
(1.3 g.) in chloroform (10 cc.). After an hour the solution 
was washed, and the product extracted into sodium bicar¬ 
bonate solution, which was then acidified. The acid was 
extracted into chloroform, and the residue after evaporation 
of the chloroform was chromatographed in ether solution on 
alumina. The first fractions yielded crystals (0.6 g.), m.p, 
112-122®, from ether and light petroleum. After recrystal¬ 
lization from ether-light petroleum the m.p. was 128-130®. 

Calc, for CjiHuOtNS: 46.8; H, 6 . 7 ; N, 4.2 
Found; C, 47.4; II, 5 . 7 ; N, 4.5 

D-2-Carbethoxym6thyl-3,4-dicarbomethoxy-6,6-dimethyl- 
thiazolidine (M.69y 9). i>-2-Carbethoxymethyl-4-carboxy- 
6 , 6 -diinethylthiazolidine hydrochloride (0.83 g.), ethylene 
dichloride (10 cc.), pyridine (1 cc.), and methyl chloro- 
formate (0.37 g.) were allowed to stand together for an hour. 
The mixture was extracted with aqueous sodium bicar¬ 
bonate, and the latter acidified and extracted with chloro¬ 


form. Removal of solvent gave an oil (0.72 g.), which 
was treated with a slight excess of diazomethane. Removal 
of solvent and distillation of the residue gave an oil (0.63 g.), 
b.p. 160®/0.16 mm. 

Calc, for OulljiO.NS: C, 48.9; H, 6 . 6 ; N, 4.4 
Found: C, 49.0; H, 6 . 6 ; N, 4.7 

L-2-Cyanomethyl-3-acetyl-4-carbomethoxy-5,6-di- 
methylthiazolidine (Pfizer, P.33, 4). A solution of l- 2- 
cyanomethyl-4-carbomethoxy- 5,6-dimethylthiazolidinc (cf. 
p. 959) (1.5 g.) in benzene (48 cc.) containing ketene (0.03 g.) 
was left overnight at 0 ®. After concentration, the residue 
was recrystallizcd from isopropanol to give pearly flakes, m.p. 
112-113®. 

Calc, for CiiHieOaN^S: C, 51.6; H, 6.3; N, 11.0 
Found: C, 51.7; H, 6 . 3 ; N, 10.7 

D-2-Carbethoxychioromethyl-4-carboxy-6,6-dimetbyltlii- 
azolidine (Merck, M.29, 12 ). D-Penicillamine hydro¬ 

chloride ( 1.86 g.) in water (20 cc.) was mixed with crude 
ethyl formylchloroacctate (1.51 g.) in ethanol (20 cc.). 
After an hour, the solution was evaporated in vacuo; the 
residual oil crystallized on scratch!rjg. The product, after 
recrystallization from benzene, had m.p. 114-115® (dec.). 

Calc, for C 10 H 16 O 4 NSCI. O, 42.6; II, 5.7; N, 6.0; Cl, 12.6 
Found: (J, 43.1; II, 6 . 1 ; N, 5.4; Cl, 10.4 

D-2-Carbethoxymethy] - 4- carboxy-2,6,6- trimethylthiazol- 
idine {M.6S, 10). d- Penicillamine (0.5 g.), ethyl aceto- 
acetatc (excess) and sodium acetate (excess) were held 
overnight in dilute alcohol. The solution was diluted 
with water, neutralized with sodium bicarbonate and ex¬ 
tracted with chloroform. Acidification to Congo Rod with 
dilute hydrochloric acid gave a crystalline precipitate, m.p, 
153-154® after rccrystallization from ethjd acetate. 

Calc, for CnIIi» 04 NH: 

C, 50.6; II, 7.3; N, 5.4; neut. equiv., 270 
Found: C, 51.0; II, 7.2; N, 5.4; neut. equiv., 261 

DL-2-Carbethoxymethyl-4-carboxy-2,6,6-trimethylthiazol- 
idine (Clayton, Elks, Hems and Robinson, CPS Ml). 
DL-Penicillamine (200 mg.) and ethyl acetoacetate (200 mg.) 
were refluxed in dry ethanol until solution was complete. 
The product (200 mg.) was recrystallizcd from ethanol; m.p. 
176-177®. 

Calc, for CnHi 904 NS: C, 50.5; H, 7.3; N, 5.4; S, 12.3 
Found: C, 50.4; H, 7.1; N, 5 6 , S, 12.5 

The same compound was prepared (Squibb, S.41^. 12) by 
the addition of ethyl acc'toacetate (700 mg.) in ethanol (5 cc.) 
to a neutralized (pH 8 ) solution of DL-ponicillamine hydro¬ 
chloride ( 1.0 g.) in water (5 cc.). The product (620 mg.) 
which crystallized on standing overnight was recrystallized 
from ethanol; m.p. 182-183®. 

Found: N, 5.3 

DL-2-Carboxyamidomethyl-4-carboxy-2,6,6-trimethylthi- 
azolidine (Squibb, 8.40, 13). DL-2-rarbethoxymcthyl-4- 
carboxy-2,5,5-triraethylthiazolidine (200 mg.) was allowed 
to stand for one week in concentrated aqueous ammonia 
(6 ec,). Slow evaporation in vacuo jnelded a solid residue, 
which upon acidification in water, yielded a crystalline 
solid. The yield after recry.stallization from aqueous 
ethanol was 140 mg.; m.p. 199-200®. 

Cale. for CnHuOaNjS: N, 12.1 
Found: N, 11.9 

i.-2-Phenylcarbethoxyniethyl-4-carboxy-thiazoUdine 

(Parke-Davis, PD.23, 3). A mixture of ethyl a-formyl- 
phenylacetate (5 g.), ethanol (30 cc.) and sodium bicar¬ 
bonate ( 2.2 g.) was treated with a solution of n-cysteine 
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hydrochloride (4.1 g.) in water (30 cc.). The mixture was 
heated to 76® when the thiazolidine (0.8 g.) separated; after 
crystallization from acetone-water it had m.p. 103-164°. 

Calc, for C, 4 H, 704 NS >^H20: C, 55.2; li. 6,0 
Found: C, 55.3; H, 6.0 

L*2-Phenylcarboxymethyl-'4-carboxy-thiazolidine (Pfizer, 
0). A suspenfeion of the above compound (5.9 g.) in 
water (25 cc.) was treated with 2.033 N pota.s.sium hydroxide 
(10 cc.) and warmed gently untd solution was almost 
complete. A further portion (10 cc.) of alkali was then 
added, and the mixture allowed to stand overnight. The 
theoretical quantity of 25 sulphuric acid was added, when 
the dicaiboxylic acid (4.4 g.), m.p. 165°, precipitated. 

Calc, for Ci,Hi,04NS*HH20: 

C, 52.2; H, 5.1; N, 5.1; llaO, 3.3 
Found: C, 52.6; II, 5.0; N, 5.0; IT/), 3.4 

L-2-Phenylcarbethoxymethyl-4>carbomethoxy-thiazol- 
idine 7). L-2-rhenylcarbeth(jxymethyl-4-carboxy- 

thiazolidine was suspended in dry dioxan and treated with 
excess ethereal diazomcthane. After standing overnight, 
excess diazomethane was decomposed with acetic acid, the 
solution filtered and evaporated in vacuo. The residue, 
which crystallized upon trituration with light petroleum, 
was recrystallizcd from benzene-light petroleum and had 
m.p. 60“61°. 

Calc, for C»II„04NS: C, 68.3; II, 6.2; N, 4.5 
Found: C, 56.7; H, 6.4; N, 4.7 

ii-2-Phenylcarbethoxymethyl-4-carbethoxy-tluazolidine 

{P.SSy 9), L-2-Phenylcarbcthoxymethyl-4-carboxy-thiazol- 
idine (30.6 g.) in ethanol, saturated with dry hydrogen 
chloride, was refluxed for three hours. Pemoval of alcohol 
under reduced pressure yielded a pale yellow oil, which 
was dissolved in water (200 cc.) and made alkaline with 
sodium bicarbonate Extraction of the oil into benzene 
(250 cc.), filtration, and evaporation of the benzene in 
vacuOf yielded an oil, which was dissolved in dry ether 
(150 cc.) and treated with dry hydrogen chloride. The 
hydrochloride (29.6 g.), recrystallized from ethyl acetate, 
had m.p. 125-126°. 

Calc, for Ci.H« 04NSC1: N, 3.8 S, 8.6; Cl, 9.5 
Found; N, 3.8; S, 9.2; Cl, 9.9 

Treatment of the hydrochloride with aqueous sodium 
bicarbonate yielded the free thiazolidine ester, m.p. 57-58°. 

Calc, for Ci.Hai 04 NS; N, 4.2; S, 9.5 
Found: N, 4.4; S, 10.1 

L*2-Phenylcyanomethyl*4-carboxy<-thiazolidine {P.S6f 7). 
irCysteinc hydrochloride (1.6 g.), sodium acetate (1.4 g.) and 
a-formylphenylacetonitrile (1.5 g.) in 60% ethanol (20 cc.) 
were allowed to stand overnight. The product (1.6 g.) was 
recrystallized from methanol and aqueous methanol to yield 
the thiazolidine, m.p. 159-160° (dec.). 

Calc, for CulIiaOiNiS: C, 68.2; H, 4.8; N, 11.3; S, 12.9 
Found: C, 57.7; II, 5.0; N, 11.4; S, 12.8 

L-2-Phenylcyanomethyl-4-carbethoxy«thiazolidine (P.;?5, 
8)- L-Cysteine ethyl ester h 3 'drochloride (1.9 g.), a-formyl- 
phenylacetonitrile (1.6 g.) and sodium acetate (1.4 g.) in 
60% ethanol (20 cc.) were held overnight. After evapora¬ 
tion in vacuof the residue in dry ethanol (60 cc.) was satu¬ 
rated with dry hydrogen chloride, kept overnight and re¬ 
fluxed for , thirty minutes. The hydrochloride (1.8 g.) 
crystallized. 

Calc, for CuIIitO,N,SC 1: C, 63.7; H, 6.4; N, 8.9; S, 10.2 
Found: C, 64.0; H, 5.6; N, 8.9; S, 10.2 


Amino Monocarboxythiazolidine Derivatives* 

L-2-Ami]iomethyl-4-carbethoxy-tliiazolidine (Squibb, 

8). L-Cystcine ethyl ester hydrochloride (3.71 g.) 
in acetic acid (16 cc.) was held for twenty-four hours under 
nitrogen with aminoacctal hydrochloride (3,35 g.) and hydro- 
quinone (160 mg.). The dihydiochloiide was precipitated 
with ether and crystallized from methanol-ether; m.p. 
145-146°. 

Calc, for CJIuOjNjSCla: C, 31.9; H, G.l; N, 10.6; Cl, 27.0 
Found: C, 31.7; H, 6.2; N, 10 6; Cl, 27.3 

L-2-Benzylaminomethyl-4-carboxy-thiazolidine (Win- 
thn)p, W.IO^ 31) L-Cysteine hydiochloride (6.3 g.) in 
50% ethanol (25 cc.) was mixed with benzylaminoacctal 
(8.9 g.) in 50^;; ethanol (15 cc.); a precipitate immediately 
formed. After standing overnight the mixture was warmed 
until all solid had dissolved. On cooling long needles 
separated, m.p. 208-210° (dec.). 

(Vic. for CnHi 402 N 2 S: N, 11.1 
Found: N, 11.4 

L-2-Carbethoxyaininomethyl-4-carboxy-thiazolidine ( W.6, 
18). L-CVsteine hydrochloride (1.64 g.) and carbethoxy- 
aminoacetal (2.0 g.) were allowed to react in 60% ethanol 
(10 cc.) for two days. The pH was adjusted to 4.6-4.7 
with saturated sodium acetate solution. After standing 
overnight and cooling, a crop of crystals (0.58 g.), m.p. 
152-156°, was obtained; concentration and acidification to 
pli 4.0-4.1 yielded a second crop (0.54 g.). The product 
was purified by solution in dioxan and precipitation with 
light petroleum; m.p. 158°. 

Calc, for C 8 Hi 404 NjS: N, 12.0 
Found: N, 12.2 

L-2-Carbethozyaminomethyl-3-phenylacetyl-4-carboxy- 
thiazolidine (W.5^ 18). L-2-rarbcth()xyaminomethyM-carb- 
oxy-thiazolidine (0.5 g.) and phcnylacetyl chloride (0.4 cc.) 
in pyridine (5 cc.) were warmed on the steam bath for 
twenty minutes and allowed to stand for fifteen minutes. 
The pyridine was removed under reduced pressure and the 
residue crystallized from aqueous alcohol; m.p. 198° (dec.). 

Calc, for CulIioOfiNaS: N, 8.0 
Found: N, 8.5 

i)L-2-Aminomethyl- 4-carbomethoxy- 6,6- dimethylthiazol- 
idine (Copp, Duffin, Smith and Wilkinson, CPS.72). A 
solution of DL-penicillamine methyl ester hydrochloride 
(200 mg,), aminodiethylacetal hydrochloride (170 mg.) and 
bydroquinone (10 mg.) in glacial acetic acid was allowed to 
stand for twenty-four hours and evaporated in vacuo. The 
residue was treated with methanol-ethei when the dihydro¬ 
chloride crystallized and had m.p. 161-162°. 

Calc, for CsHjsOsNaSCl,: C, 34.5; H, 6.5; N, lO.l 
Found: C, 34.7; H, 6.9; N, 10.3 

i)L-2-Aminomethyl-4-carbozy-6,6-dimethylthiazolidine 

(Abraham, Baker, Chain and Robinson, CPS.286, 2; 842, 6). 
DLrPenicillamino hydrochloride (185 mg.) and /3-diethoxy- 
alanine (200 mg.) were dissolved in N hydrochloric acid 
(2 cc.) and kept at 37° for forty-eight hours. The solution 
was evaporated under reduced pressure to a gum which 
crystallized on standing. Crystallization from methanol 
and ethor-acctic acid (6:4) gave hexagonal prisms of the 
dihydrochloride (83 mg.), m.p. 200-201° (dec.). 

Calc, for C7 Hi«0,N,SC1i: C, 31.9; H, 6.1; N, 10.6; Cl, 26.7 
Found: C, 32.1; H, 6.4; N, 10.8; Cl, 25.6 

The dihydrochloride (164 mg.) was treated with 2 N 
sodium hydroxide to pH 7.0. Repeated extraction with 
ieobutanol and vacuum evaporation gave DL-2-ammom6thyl- 

• a. Chapter XVIIX. 
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4-carboxy-5,6-din)ethylthiazoli(iine (80 mg.), which was 
reorystallized by solution in hot 80^;, aqueous alcohol and the 
addition of ether; m.p. 200 ®. 

Calc, for C 7 lIi 40 *N 2 S: C, 44.2; H, 7.3; S, 16.8 
Found: C, 43.5; 11, 7.4, S, 16.2 

DL->2-Aininomethyl>4-carbethozy-6,6-dimethy]thiazolidine 
(CPS.S3S), i)L- 2- Carbobcn 2 yIoxyaiiiinomothyl- 4 -carboxy- 

5.5- dimothylthiazolidine hydrochloride (('hapter XVIII) 
(1.0 g.) was suspended in ethanol (30 cc.), the solution was 
saturated with hydrogen chloride and then heated under 
reflux for one hour, a slow stream of hydrogen chloride being 
passed during the first half hour. After standing overnight, 
the ethanol was removed under roduef»d pressure and the 
residue triturated with ether and dried. The crude ester 
hydrochloride was dissolved in water (2 cc.), the solution 
extracted twice with an equal volume of ether, and picric 
acid in dilute alcohol added. The picrate (700 mg.) of the 
ester was recrystallized from a small volume of 90% ethanol; 
yellow needles, m.p. 169-170°. 

Calc, for CulhiO^NfiS: C, 40.3; II, 4.7; S, 7.2 
Found: C, 40.2; II, 4.7; S, 7.0 

The picrate (460 mg.), suspended in N hydrochloric acid 
( 2.2 cc.) was shaken with ether until the picric acid was com¬ 
pletely extracted. The solution on evaporation under 
reduced pressure gave a white crystallirn' residue of i>l-2- 
aminomethyl-4-carbethoxy-5,5-dimethylihiazolidine dihydro¬ 
chloride (240 mg.), crystallizing from ethanol-ether in rosettes 
of needles, m.p. 167-168° (dec.). 

Calc, for C 2 H 2 o 02 N,SC 1 j: C, 37.1; II, 6.9; S, 11 . 0 ; Cl, 24.7 
Found: C, 37.6; II, 7.3; S, 10.9; Cl, 22.7 

A mixture of the ester dihydrochloride (100 mg.) and 0.82 
N baryta solution (1.3 cc.) was allowed to stand for three 
hours and shaken with ether. The barium W’as precipitated 
quantitatively with N sulphuric acid, and N hydrochloric 
acid ( 0.2 cc.) was added to the solution. Concentration 
under reduced pressure gave DL-2-aminomothyl-4-carboxy- 

6 . 5 - dimethylthia 2 olidino dihydrochloride (65 mg.) (de¬ 
scribed abov( 0 . 

D L-2-Carbethoxyaminomethyl-4-carboxy-6,5-dimethylthi- 
azolidine (Cook, Elvidge, Hall, Heilbron and Shaw, CPS, 
£70). DL-Penicillamine hydrochloride (0.6 g.) and car- 
betboxyaminoacetal (0.7 g.) were dissolved in methanol and 
solvent rapidly removed on the water bath. The thiazoi- 
idine hydrochloride (0.7 g.) separated from a mixture of 
methanol and ether in needles, m.p. 183°. 

Calc, for C,oni 204 NaSCl: C, 40.2; H, 6.4 
Found: C\ 40.2; H, 6.4 

2-Benzamidocarbethoxymethyl-thiazolldine (Shell, ShJ4, 
209). The sodio-derivative t)f ethyl a-benzoylamido-a- 
formylaeetate (10.85 g.) in watiT (50 cc.) was acidified with 
a small excess of 2 A^ hydrochloric acid and the solution 
extracted thoroughly with ether. Evaporation left a light 
yellow oil ( 0.8 g.). This was condensed with j 8 -mercapto 
ethylamine (2.65 g.) in ethanol (30 cc.). After standing 
overnight it was concentrat(*d m vacuoj when a partly crys¬ 
talline residue was obtained. Addition of light petroleum 
caused further solid to separate (2.97 g.; 30.5%). The 
product was recrystallized from benzene-light petroleum; 
m.p. 108-111°. 

Calc, for CuHuO»N,S: C, 67.1; H, 6.1; N, 9.5 
Found: C, 67.3; H, 6.3; N, 9.5 

2-Benzainidocarboxymethyl*3-isobutyryl-thiazoHdine (Sh. 
16^ 242). A mixture of the above compound (2.0 g.), iso- 
butyric anhydride (1.08 g.) and pyridine (10 cc.) was warmed 
to effect solution and left overnight. The pyridine was 
removed in vacuo^ the residue dissolved in chloroform, and 
the neutral fraction isolated as a yellow gum (1.0 g.; 40%). 


This gum (C.04 g.) was dissolved in 90% methanol (17 cc.) 
and saponifu‘d overnight at room temperature with 1.020 N 
sodium hydroxhlo (2.60 cc.). After concentration, the 
residue was dis.solved in water, washed with chloroform and 
acidified to pH 2. The white pr(*<!ipitate was taken up in 
hot ethyl acetate. On cooling, the isobutyryl derivative 
separated as a fine white crystalline powd( 3 r (0.12 g.; 14%), 
m.p. 201 °. 

Calc, for Ci(iH 2 o 04 N 2 S: Neiit. oquiv., 336 
Found: Neut. equiv., 342 

Methyl a-Phenylacetamido-2-thiazolidine-acetate (Merck, 
M,55^ 5). A suspension of methyl «-phenylacetarnido-/3- 
bonzoxy aery late (6.7 g.) in metlmnol (35 cc.) was treated 
with 2 N sodium rnethoxide (10 cc.). The homogeneous 
solution was added to a solution of /S#-niereaptoethylamine 
hydrochloride (2 28 g.) in water (30 cc.) followc^d by acetic 
acid (1.2 cc.). The .solution was extracted with light petro¬ 
leum, allowed to stand overnight, diluted with water, and 
extracted with chloroform. Evaporation of the chloroform 
left an oil which was treated with ethereal hydrogen chloride. 
The pr(*eipitated 2 -ph(‘nylHcetamidoearbomethoxymethyl- 
thiazolidiiie hydrochloride crystallized from methanol- 
ether; m.p. 172-173° (dec.). 

Calc, for CuUmO^NSCA: C, 50.8; II, 5.8; N, 8.5 
Found: C, 50.8, 11, 5.8; N, 8.3 

The hydrochloride (0.47 g.) in methanol (2 cc.) was treated 
with sodium bicarbonate (0.12 g.). Addition of water 
caused crystallization of the base, m.p. 108-111°. 

Calc, for C, 4 lIig 03 N 2 S: C, 57.1; H, 6 . 2 ; N, 9.5; active II, 2.0 
Found: C, 56.9; H, 6.0; N, 9 . 6 ; active H, 1.9 

i>n-2-p-Toluenesulphonamidomethyl-4-carboxy-6,5-di- 
methylthiazolidine (Cook, KJvidge, Hall, Heilbron and Shaw, 
CPS.£70), Aminoaeetal (6.2 g.) in 2 sodium hydroxide 
(50 ee.) was shaken with p-toluenesulphonyl chloride (9 g.) 
for thirty minutes and the clear solution faintly acidified. 
The p-toluenosulphonamidoacetal (8 g.) was recrystallized 
from ethanol-water; m.p. 67°. 

Calc, for CuH 2 i 04 NS: C, 54.3; H, 7.3; N, 4.9 
Found: C, 54.4; H, 7.1; N, 5.2 

The dinitrophenylhydrazone formed yellow needles from a 
large volume of ethanol; m.p. 175°. 

Calc, for C.JlicOrNgS: C, 45.8; H, 3.8 
Found: C, 46.0; 11, 3.5 

DL-Penicillamine hydrochloride (0.5 g.) was dissolved with 
warming (three minutes) in acetic acid (1-2 co.) with tolu- 
ene.sulphonamidoacetal (0.96 g.) and the product (0.7 g.) 
pn*cipitated with water (50 cc.). The thiazolidine hydro¬ 
chloride separated from dilute ethanol and had m.p. 175° 
(dec.). 

Calc, for C 14 H 21 O 4 N..S 2 CI: N, 7.4 
Found; N, 7.2 

On carrying out the condensation in warm raethanolic 
hydrogen chloride the corresponding methyl ester was 
formed; it separated from dilute ethanol when it had m.p. 
188-190° (dec.). 

Calc, for C, 5 H 2 g 04 N 2 S 2 Cl: C, 45.7; H, 6.8 
Found: C, 46.0; H, 5.4 

Action of Sulphonyl Chlorides on i>L-Isopropylidene* 
penicillamine {CPS.£70). Dr.-Isopropylidene-penicilhimine 
hydrochloride ( 0.5 g.) in pyridine (5 cc.) was treated with 
acctylaulphanilyl chloride (0.5 g.) on the steam hath for 
ten minutes. Addition of water (40 cc.) gave the anhydride 
(diketopiperazinc) (0.2 g.) of the original thiazolidine. This 
was recrystallized from dilute ethanol; m.p. 210 - 212 °. 
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Calc, for CiftHjftOaNiSj: 

C, 56.1; H, 7.7; N, 7.2; M.W., 342 
Found: 

C, 66.3; II, 7.8.; N, 8.2; M.W. (cryoscopic in camphor), 369 

The same compound was obtained when toluenesulphonyl 
chloride was used. 

jS-n-Caproamidobutyraldehyde Diethylacetal {CTS.S70), 
/S-Chlorobutyraldehyde diethylacetal (66 g.) in anhydrous 
liquid ammonia (100 cc.) and ethanol (200 cc.) after twenty- 
two hours at 125® and concentration gave the hydrochloride 
of ^-aminobutyraldehyde diothylacjetal ( 6.2 g.), which 
separated from acetone in needles, m.p. 113® (Mannich and 
Horkheimer, Arch, Pharm.y ^64} 167 (1926), gave m.p. 7*1®). 

Calc, for (\Hw 0 O 2 NCl: C, 48.0; H, 10.2; N, 7.1 
Found: C, 48.1; H, 10 . 2 ; N, 7.4 

The mother liquors were acidified and some of the chloro- 
acetal (20.2 g.) was recovered. The aqueous residue on the 
addition of alkali yielded the free base (8.9 g.), b.p. 71®/12 
mm. (Mannich and Horkheimer reported b.p. 72-75®/13 
mm.). 

This base on treatment with caproyl chloride and 5% 
sodium hydroxide at 0 ® gave an almost quantitative yield 
of ^-n-caproamidobutyraldehyde diethylacetal as an oil, 
b.p. 150®/0.025 mm.; nr>“ 1.4475. 

Calc, for C, 4 lIa« 0 ,N: C, 64.8; H, 11.3; N, 5.4 
Found: C, 61.6; H, 11.1; N, 5.6 

The dinitrophenylhydrasone separated from methanol in 
fine yellow needles, m.p. 154°. 

Calc, for CiellwOfiNs: N, 19.2 
Found: N. 19.6 

/S-Phenylacetamidobutyraldehyde Diethylacetal (CPS, 
£70). This was prepared from the amine (4.0 g.), 5% so¬ 
dium hydroxide (40 cc.) and phenylacetyl chloride (3.9 g.) 
at 0®, it was an oil (3.5 g.), b.p. 160-162°/0.007 mm., np” 

l. 5130. 

Calc, for CielHaOaN: C, 68 . 8 ; H, 9.0; N, 5.0 
Found: C, 68.7; II, 8.5; N, 4.9 

The 2,4-dinitrophenylhydrazone crystallized from ethanol in 
yellow needles, m.p. 184®. 

A higher boiling liquid from the preparatio'h of the phcnyl- 
acetylaminoacetal eventually crystallized and separated 
from benzene in shining plates, m.p. 101 - 102 ®, which were 
not identified. 

Found: C, 7.01; H, 6.3 

(/ 3 -Amino-n-propyl -4-carboxy- 6 , 6 - dimethylthiazol- 
idine (CPS.£70). /3-Aminobutyraldehyde diethylacetal was 
condensed with DL-penieillamine in warm raethanolic hydro¬ 
gen chloride or acetic acid. The dihydrochloride of the 
thiazolidine crystallized from methanol-ether in needles, 

m. p. 201 ® (dec.). 

Calc, for CoHioOjNjSCh: C, 37.1; II, 6.9; N, 9.6 
Found: C, 37.0; H, 7.0; N, 9.8 

/!l-Caproamidopropionaldehyde Diethylacetal (CPS.270). 
/ 5 -Aminopropionaldehyde diethylacetal hydrochloride (3 g.) 
in ice cold 6 % sodium hydroxide (35 cc.) was treated with 
caproyl chloride (2.6 g.). Extraction of the oil with ether 
and fractional distillation gave the caproyl derivative (3 g.), 
b.p. 132®/0.07 mm. 

Calc, for CUH 27 O 3 N: C, 63.6; II, 11 . 1 ; N, 6.9 
Found: C, 63.8; H, 11.3; N, 5.7 

The dinitrophenylhydrazone formed yellow needles, m.p. 
164-156®, from ethanol. 

Calc, for CifiHiiO«Ni: C, 61,3; H, 6.0 
Found: C, 51.7; H, 6.2 


D l-2- (/3-n-C apr oamidoethy]) - 4 -carboxy- 6 , 6 -dimethyltlii- 
azolidine (CPS.$70). A mixture of the caproamidopropion- 
aldehyde diethylacetal (1.86 g.) and DL-penieillamine 
hydrochloride (1.41 g.) was warmed to 60-70® for five 
minutes when the melt soon solidified. Crystallization from 
a mixture of methanol and ether gave the thiazolidine hydro¬ 
chloride, m.p. 186® (dec.). 

Calc, for C, 4 H 270 ,NaSCl: C, 49.6; H, 8 . 0 ; N, 8.3 
Found: C, 49.6; H, 8 . 1 , N, 8.6 

Amino Dicarboxythiazolidine Derivatives 

Thiazolidines Derived from Cysteine.* L-2-FoRMAMrDO- 
carbethoxymethyl-4-carboxy-thiazolidine (Squibb, S, 
£$, 8). L-Cysteine hydrochloride was condensed with ethyl 
formarnidoformylacctate in 50% ethanol for twenty-four 
hours and the solution evaporated under reduced pressure. 
The residue crystallized from methanol-ethor; the thiazol¬ 
idine hydrochloride had m.p. 185® (dec.). 

Calc, for C^HuO&NaSCl: Cl, 11.9 
Found: Cl, 11.5 

L-2-FORMAMIl)OrARBKTHOXyMKTnYL-4-rARBBTHOXY-Tni- 
AZOLiniNE {S.2S, 8 ). L-Cy«toin(* ethyl e.ster hydrochloride 
( 2.0 g.) and sodio-ethyl formarnidoformylacetatc ( 2.0 g.) 
were di.ssolved in water (15 cc.) and after acidification 
to pH 4 with 10% sulphuric acid, held overnight at 0 ® under 
nitrogen. The white needles produced (0.39 g.), m.p. 
100 - 101 ®, on rccrystallization from ethanol gave the free 
thiazolidine, m.p. 109®. 

Calc, for CuHigOftNaS: C, 45.5; H. 6 . 2 ; N, 9.7 
Found: C, 45.8; H, 6.4; N, 9.6 

Another preparation (Pfizer, P.19, 5) had m.p, 106-107®, 
Wd” ~17®. 

Found: C, 45.5; H, 6 . 0 ; N, 9.9 

Thiazolidines Derived from Thiothreonine,* 

Thiazolidines Derived from Penicillamine.* d-2-Amino- 

CARBOMETHOXYMETaYL.-4-CAHBOMETHOXY-5,5-DIMETHYLTIH- 

AZOLIDINE. 

(a) (Upjohn, U.19, 13.) Dimethyl D-pcnicilloate (Chapter 
XVfll, p. 627) (from 5 g. of n-pcnicillamine methyl ester 
hydrochloride) in 8 % methanolic hydrogen chloride (40 ec.) 
was allowed to stand overnight at 0®. The solvents were 
removed m vacuo, and the residue treated with potassium 
bicarbonate* solution and extracted with ethylene dichlorido. 
The dried, filtered solution was concentrated in vacuo to 
give a heavy oil, which was distilled at 100®/0.001 mm. The 
distillate was a pale amber oil, ny*^ 1.5119. 

Calc, for CioHigOiNiS: C, 45.8; H, 6.9 
Found: C, 45.4; II, 6.7 

Similarly (Merck, MM3, 3), a solution of dimethyl D-peni- 
cilloate (2 g.) in methanol (35 cc.) was refluxed for one hour 
with 0.463 N methanolic hydrogen chloride (16.21 cc.). 
Concentration, neutralization with sodium bicarbonate, 
extraction with benzene and distillation gave the amino 
compound, b.p. 100-105®/10*'‘ mm. 

(b) (Merck, M.47, 28.) A solution of D-penicillamine 
methyl ester hydiochloride (5 g.) in water (7 cc.) and acetic 
acid ( 1.6 cc.) was added to a solution of the crude sodium 
salt of a-formyl-N-formylglycine methyl ester (7 g.) in 
water (15 cc.). The precipitated oil was extracted with 
ethylene dichloride, then concentrated and dried at 60°/0.01 
mm. (yield, 6.0 g.). The heavy amber syrup was dissolved 
in 8 % methanolic hydrogen chloride (40 cc.) and allowed to 
stand for sixteen hours at 0 - 6 ®. The residual oil obtained 
by concentration under reduced pressure was neutralized 
with potassium bicarbonate solution, extracted with ethyl¬ 
ene diehloride and concentrated to an oil (5.1 g.). Evapora¬ 
tive distillation at 0.003 mm. and 100 ® gave a light amber oil 

( 8.1 g.). 

• See Chapter XVllL 
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Calc, for CjoHuOiNaS: C, 45.8; H, 6.9; N, 10.7 
Found: C, 46.9; H, 6.8; N, 10.6 

(c) 1; 47', 28.) The sodio derivative of methyl 
formamidoformylacctate (200 g.) in water (250 cc.) was 
acidified with concentrated hydrochloric acid, and benzyl- 
amine (140 g.) added. An oil separated on standing over¬ 
night. Trituration with ether yielded the Sctiiff base, m.p. 
108-109® (70.5 g.). The latter (48 g.) in waim methanol 
(100 cc.) wiis treated with D-ponicillaniine methyl ester 
hydrochloride (41.1 g.) in water (80 cc.). The mixture was 
warmed at 70° for fifteen minutes, extracted with ])enzeno, 
and the solvent evaporated to yield an oil (48 g.). This oil 
in 8.5% methanolic hydrogen chloride (160 cc.) was held 
overnight at 0°, concentrated to dryness, and redissolved in 
a little methanol. The* thin syrup was slowly poured into 
excess potassium bicarbonate solution, extracted with 
benzene and solvent removed. Kvaporative distillation at 
100®/10“^ mm. gave a pale amber syrup (18 g.). 

(d) (Pfizer, P.26, 11.) A solution of n-penicillamine 
methyl ester hydrochloride (14.4 g.; 72 millimoles) in 
water (28 cc.) was added to the benzylamine derivative of 
N-formyl-formylglycine methyl ester (16.0 g.; 72 millimoles) 
dissolved in methanol (35 cc.). This was held at 70° for 
fifteen minutes, treated with charcoal, filtered, cooled, 
extracted six times with 25-cc. portions of benzene and the 
benzene removed under reduced pressure. The viscous oil 
(13.8 g.) was treated with methanol (58 cc.) containing 
anhydrous hydrogen chloride (5.5 g.) cooled to 0® and the 
rnixtuic placed in an icebox overnight. The methanol and 
hydrogen chloride were removed under reduced pressure 
and the residue dissolved in methanol (15 cc.). This was 
poured slowly into a solution of potassium bicarbonate 
(20 g.) in water (50 cc.), with vigoious stirring. The mix¬ 
ture was extracted with five 25-cc. portions of benzene and 
the benzene removed under reduced pressure. The free 
base was an oil (10.2 g ). 

DL-2-AMlNOCARBOMKTHOXyMETnyL-4-CARBOMBTHOXY-5,5- 
DiMBTHYLTHiAZouDiNK (Abraham, Baker, Chain and 
Robinson, CPS,3^2, 3). A solution of a-methyl Di.rbenzyl- 
oxypenicilloate (Chapter XVIII, p, 599) (1,76 g.) in 
methanol (35 cc.) was saturated with dry hydrogen chloride, 
hold for forty-eight hours, evaporated to dryness in vacuo 
at 25-30® and freed of hydrochloric acid by repeated evapora¬ 
tion with more methanol. The residue was dissolved in 
water (6 cc.), shaken with ether and lyophilically evapo¬ 
rated. The crude dimethyl eater hydrochloride (1.304 g.) 
was a hygroscopic powder, 

DL - 2 - AMINOCARBOXYMETHYL-4-rARBOXY-5,5-I)IMETHYL- 
THiAZOLiDiNE (CPS.342, 3). The hydrochloride of the 
above dimethyl ester (1.304 g.) in ethanol (5 cc.) was 
cooled and tricthylamine (860 mg.) added. Ether (35 cc.) 
was added slowly, the precipitate was removed and evapo¬ 
ration in vacuo left the free ester as a thick oil (690 mg.). It 
was treated with 0.8 N barium hydroxide (6.6 cc.) fur two 
hours at room temperature, freed of tricthylamine by 
extraction with ether, and N sulphuric acid added to pH 6.5. 
The solution was filtered, concentrated in vacuo to half 
volume, and four volmnes of ethanol were added. The 
monobarium salt (600 mg.) of the dicarboxylic acid sep¬ 
arated as a nearly colorless powder. 

Calc, for ((^8Hi804NjS)aBa: C, 31.9; H, 4.3; Ba, 22.8 
Found; C, 31.7; H, 4.8; Ba, 22.9 

This barium salt (400 mg.) in water (2 cc.) was decom¬ 
posed with the theoretical amount of sodium sulphate 
solution, filtered, and evaporated lyophilically to yield the 
yellow, hygroscopic sodium salt (320 mg.). It liquefied on 
exposure to moist air, then crystallized slowly in prisms. It 
was extracted twice with methanol-isobiitanol (1;1), dis¬ 
solved in methanol, and moist isobutanol added. A pig¬ 
mented precipitate was removed; the supernatant liquid 
crystallised on evaporation, forming fine needles. The 


sodium salt was recrystallized from methanol by dilution 
with moist isobutanol. 

Calc, for CJIij 04 NaSNa »2ll^.0; 

C, 36.2; 11, 5.3; N, lO.O; S, 12.1 
Found: O, 36.0, 11, 5.6; N, 10.7; S, 12.2 

nL-2-AMlNOrARBETIlf)XYlMIiTHYL-4-CARBOX y-5,5-DIMETH- 
YLTIIIAZOLIDINB (Scpiibl), S.27, 10). Amorphous a-ethyl 
UL-penicilloato K bapter XVITI, p. 601) (1.2 g.) was treated 
with 7.5 N (‘thanolic hydrogen chloiulo (30 cc.) fo? three 
days. Aft(*r (‘vaporation m vocuo, the residue was triturated 
with ether and precipitated from ethanol with dry ether. 
The dihydrochloride (0 95 g ) had rn p, 72-75® (dec,), 

(\ilc. for Ci(,ll 2 n 04 X 2 !Sf b; N, 8.4 
Found: N, 8 5 

I> - 2 - A MIN(X’A RB E rnox yMKTir V L-4-^ARnETI^OXY-5,5-DI- 
METIni.TI£^AZ(>UI>lNE (IMerek, 10; 47, 27). A solu¬ 

tion of the ethyl ester hydroclilorule of i>-penicillamine 
(9.69 g.) in water (15 cc.) and acetic acid (3 cc.) was added 
to crude sodio formyi-N-formylglycino ethyl ester (12.75 g.) 
(NHHL, C.6) in wat(‘r (30 co.). After fifteen minutes, the 
preci pi tub'd oil w'as extracted with ethylene dichlorido, dried 
over sodium sulfate and concentrated under redxiced pres¬ 
sure to a lieavy amhc'r syrup (13.7 g.) using a final pressure 
of 0.01 mm. at 50®. 

The crud(‘ condensation product was dissolved in 8.5% 
hydrogen chloride in aKsolute alcohol (90 cc.) and allowed 
to stand overnight at 0-5°. Tlic' residual oil obtained by 
removal of solvi'iit iindt'r reduced pressure was neutralized 
with potfussiuin bicarbonate solution, extracted with ethyl¬ 
ene diehloride, diied and (joncontrated to an amber syrup 
(11.8 g.). Evaporative distillation at 0.003 mm. and 100® 
gave G.O g. (40%) of a light amber oil, [ajo +35° (c « 0.3 in 
ethanol). 

Calc, for Ci2lI«04N2S: C, 49.0; H, 7.6; N, 9.7; 011,0, 31.1 
Found: C, 49.8; H, 7.3; N, 9.5; CAUO, 29.8 

Upon treatment with one mole of mercuric chloride in 
alcohol the rotation dropped to +6° in three minute.s and to 
0° in eleven minutes. This behavior is characteristic of 
simple thiazolidines. 

D-2-AmINOCARB ETHOXY METHYL-3-PHENYLArETYLr4-CARB- 
OXY-5,5-DlMKTHyLTHlAZOHDXNE {M.37, 11). a-Ethyl N*- 
phenylacetyl-i)-penieilloate (Chapter XVIIl, p. 601) (200 
mg.) was suspended in ethanol (20 g.) containing hydrogen 
chloride (2.5 g.). After two days tlie solution was evapo¬ 
rated, and the residue in ether-ethanol treated with light 
petroleum to yield the hydrochloride, m.p. 118-120®. 

Calc, for C,«H2804N2SC1: C, 51.9; H, 6.0; N, 6.7 
Found: C, 51.6; 11, 6.4; N, 6.8 

D-2-AMINOCARBKTnOXYMBTHYLr3-PPENYLACBTYT-4-r!ARBO- 
methoxy-5,5-dimkthylthiazolidine {M.37, 12). Treat¬ 
ment of the above acid with ethereal diazomethane gave the 
methyl ethyl ester hydrochloride, crystallized from ethyl 
acetate-rncthanol on addition of ether; m.p. 151-153°. 

Calc, for C 19 H 27 O 5 N 2 SCI: C, 63.0; H, 6.3; N, 6.5 
Found: C, 53.3; H, 6.5; N, 6.7 

d-2-Amin OCARBOXYMETH YI/-3-PHENYLACETY L-4-rARBOXY- 
5,5-DiMETuyLTiiiAzoLiDiNE (M.47, 23). a-Ethyl N-^-phen- 
ylacetyl-i>-peniciUoate (Chapb*r XVIIl, p. 601) (4 g.) was 
dissolved in 50 methanol (40 cc.), N sodium hydioxide 
(19 cc.) was added, and after sixteen hours at room tempera¬ 
ture the solution was acidified with hydrochloric acid. The 
resulting dicarboxylic acid was heated on a steam bath with 
4 N hydrochloric acid (48 cc.) for fifteen minutes, the solution 
allowed to stand overnight and concentrated in vacuo. The 
resulting solid was dissolved in methanol (8 cc.) and treated 
with ether, when the amine hydrochloride (2.2 g.) crystal¬ 
lized, m.p. 156-168°. 
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Calc, for CiftIhiOsNaSf’l: (\ 49.4; 11, 5.4; N, 7.2 
Found: C', 49.0; 11, 6.9; N, 6.0 

MeTIIYLATION OF‘^AMINOCAUB()METlIOXYMETnYIr>4-CARBO- 
METHOXY-OjO-DlMETHYLTHTAZOLIDINE (Upjohll, V .20, 2). 

2 -Aniii)ocaiboincthoxyrnothyl- 4 -t*arboincthox 3 ^-r>, 5 “dimethyl- 
thiazoUdino (p. 908) (1.7 k*) was refluxed for twenty hours in 
freshly distilled methyl iodide (20 cc.). The solution was 
taken to dryness m vacuo, and the residue dissolved in 
ethylene dichloride. The solution was washed w'ith potas¬ 
sium bicarbonate and evaporateii in vacuo to yiedd a red 
oil (1.5 fr.). 

Calc, for (h.II,o 04 N 28 : C, 47.8; li, 7.3 
Calc, for CulU,0,NS: 49.7; 11, 7.6 
Found: C, 48.9; 11, 7.2 

Tricarboxythiazolidine Derivatives 

n-2,2-Dicarbethoxy-4-carboxy-B,6-dimethylthiazolidme 
(?) (Merck, M.7S, 6 ). n-Peiiicillamine hydrochloride 

(1.85 g.) and ethoxymethylencmalonic ester (3.0 cc.) were 
stirred on the st€»am bath for twenty-five minutes. The 
resultant od w as di.ssolve<l in dry ethanol and ether, and light 
petrf>leum added to incipient precipitation. The hydro¬ 
chloride whicli fornu‘d overnight was recrystallized from 
methanol-ether; m.p. 151-152° (dec.). 

Calc, for Ci 3 Ha 20 «NSCd: C, 43.9; H, 6 . 2 ; N, 3.9 
Found: C, 43.6; 11, 6 . 6 ; N, 4.3 

DL-2-Carbetboxy-2-carbethoxymethyl-4-carboxy-6,6-di- 
methylthiazolidine (( layton, Flks, I erms atul Itobinson, 
CPS.Wl). DLrPenicillamine (500 mg.), ethyl oxaloacetate 
(760 mg.) and ethanol (10 cc.) were h(‘nted under reflux. 
The thiazolidinc crystallized from a mixture of ether and 
light petroleum in prisms (470 mg.), m.p. 148-149®. 

('ale. for C„H 2 iO(,NS: C, 48.9; H, 6 . 6 ; N, 4.4; S, 10.0 
Found: C, 49.0; H, 6 . 6 ; N, 4.6; S, 10.3 

Thiazolidines with Linked and Fused 
Heterocyclic Substituents 

2-(2'*Furyl)-i)L-4-carboxy-6,6-dimethylthiazolidine 
(Squibb, S.IO, 3). KquirnoI(*cular proportions of oL-peni- 
ciilarnine hyclrochlori<lc and furfural were dissolved in 50% 
ethanol, containing potassium acetate, and left overnight. 
The solid which precipitated was recrystallized from aqueous 
ethanol; m.p. 141-143® (dec.). 

Calc, for C 10 H 13 O 3 NS: C, 52.9; H, 5.8; N. 6.2 
Found: C, 53.0; 11, 5.9; N, 6.1 

4,8,2\8'-(D-4'-Carbomethoxy-6',B'-dimethylthiazoIidino)" 
2-iminazolidone (Merck, Al.OO, 8 ). An ethereal solution of 
sodium triphenylmcthyl (17 cc.; 2.9 millimoles) was added 
to i>-2-n-caproaniidonH‘thyl-3,4-dicarbomethoxy-5,5-diraeth- 
ylthiazolidiiic (1.06 g.; 2.9 millimoles) in ether (5 cc,). 
The rc'tl color wan discharged imrru^liateiy, and a yellow 
precipitate separated. After about sixteen hours, acetic 
acid (0.18 cc.) ami ice water wore added. The ether la 3 'er 
was washed with water, dried, and evaporated in vacuo. 
The residue w^as Ircatt'd w’ith a little cold methanol, giving 
triphenylmothane (0.54 g.), m.p. 88-91 °. Evaporation of 
the filtrate yielded an oil (0.57 g ) which, w ith ether, gave a 
solid (0.12 g.), m.p. 124-127®. IVo recrystalliziitions from 
carbon tetrachloride gave a product having rri.p. 128-129®. 

Calc, for CJIuOaNaS: C, 46.9; II, 6 . 1 ; N, 12.2 
Found: C, 46.8; H, 6 . 1 ; N, 12.3 

The DL-compmind had m.p. 124-125®. 

4 , 8 , 2 S 8 '-(i>- 4 '-Carbomethoxy- 6 ', 6 '-dimcthylthia 2 olidino)- 
6-carboinethoxy-2-lniinazolidone (M.AA. H). 2-Aminocarbo- 
methoxymethyl*4-carbomethoxy-6,5-dim^‘thylth!azolidine 
(12.7 g.) in dioxan (25 cc.) was added to a solution of potas¬ 
sium bicarbonate (12.7 g.) in water (260 cc.). Phosgene 


was passed into the cooled mixture ( 0 - 6 ®) until precipitation 
was complete. The product was extracted with two 75 cc. 
portions of ethylene dichloride. Evaporation of the solvent 
gave 1.6 g. of product which separated from ethyl acetate in 
needles, m.p. 168-169® (dec.). 

Calc, for CiiHuOsN^S: C, 45.8; H, 5.6; N, 9.7 
Found: C, 45.9; H, 5.5; N, 9.6 

1-Benzyl-2-phenyl-8,4,8',2'-(4'-carboxy-thiazolidino)- 
iminazolidine (Wiuthrop, W.iO, 32). 2-Benzylaminomethyl- 
4-carboxy-thiazolidino (1.26 g.), bcnzaldehydo (0.60 g.) and 
ethanol (30 cc.) were boiled: winter was added until most of 
the solid dissolved. The solution was filtered and cliilled, 
yielding white clusters of a trihydrate, m.p. 163®. 

Calc, for CiBllioO^NaS-SHjO: N, 7.1 
Found: N, 7.1 

3,4,8',4'-(2'-Benzylthiazolidino)-l-phenylhydantoin 
(Squibb, 10 ). 2-Benzyl-4-carboxy-thiazolidino was 

shaken with cold sotlium hydroxide (1 equivalent) and 
phenvl isocyanate (1 <*quivnlent) until solution resulted. 
Acidification wdth hydrochloric acid and warming for fifteen 
minutes on the steam bath gave the phenylhydantoin, m.p. 
91-92°, erystallizing in plates from alcohol. 

(^alc. for CjJIieOaNaR: N, 8.6 
Found: N, 8.6 

8-Carbethoxymethylcarboxyamido-4-carbomethoxy-5,6- 
dimethylthiazolidine 24). 4-('arbomethoxy-5,5-di- 

methyithiazolidine h^'^drochloride (790 mg.) was converted 
to the free ester by shaking its suspension in ether with 
potassium carbonate. The ethereal .solution was dried with 
barium oxide, concentrated to 20 cc. and mixed with ethyl 
glycinate isocyanate (482 mg.) in ether (5 cc.). After two 
hours at room temperatun^ tlie solvent was removed in 
vacuo and the erystalline residue washed with ether-hexane 
Uy free it from unreacted isocyanate. The ureide (968 mg.) 
had m.p. 80-82®. 

Calc, for i\ 47.4; II, 6 . 6 ; N, 9.2 

Found: C, 47.4; II, 6.9; N, 8.9 

l-Carboxymethyl-8,4,3',4'-C6',6'-dimethylthiazolidino)- 
hydantoin (S,//), 18). The al>ove ureiile (1.22 g.) was 
treated with 1 equivalent of potassium hydroxide in meth¬ 
anol (25 cc.). Tlie solution slowly deposited an amorphous 
precipitate (53 mg.) which was removed, and the filtrate 
was evaporated in vacuo. On treatment of the residue writh 
water (a few cc.), a crystalline product (50 mg.) m.p. 175- 
176°, was obtained. It contained no sulphur; the composi¬ 
tion 8 ugg(»sts that it was the hydantoin derived from methyl 
a-amino-^,/3-dimethylacrylate. 

('ale. for CbHi 204 N 2 : 50.9; H, 5.7; N, 13.2; OCH,, 14.6 
Found: C, 50.8; H, 5.6; N, 13.1; OCH,, 14,4 

The aqueous mother liquor from this product was acidified 
and t'xtracied with ether. The syrupy ether residue slowly 
crystallized. The product (447 mg.) which was undoubt¬ 
edly a hydantoin, was recrystallized from ethyl acetate- 
hexane; m.p. 151-152®. 

Calc, for C 9 H 12 O 4 N 2 S: C:;, 44.2; H, 4.9; N, 11.5 
Found: (\ 44.7; H, 5.0; N, 11.9 

8,4,3',4'-(L-2'-l8opropy]thiazolidino)-2-thiohydantoin (S, 
48, 11). Lr2-Isopropyl-4-carboxy-thiazolidine (350 mg.) 
was treated with ethereal diazomethane and the oily residua 
(380 mg.) in acetic acid (5 cc.) refluxed with ammonium 
thiocyanate (304 mg.) for two hours. Rectangular plates 
(174 mg.), m.p. 115-117®, separated on dilution with water 
and the thiohydantoin was recrystallized from 50% ethanol, 
when it had m.p. 118-119®. Light absorption: 2,370 A 

(Em 10,300) and 2,750 A (Em 16,300); 2,600 A (Em 

5,800). 
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Calc, for CsHitONjSa: C, 44.4; H, 5.6 
Found: C, 44.3; H, 6.5 

S,4,8\4'-(DL-2'-Isopropyl-6',6'-dimethylthiazolidino)-St* 
thiohydantoin 12). This was obtained in the same 

way from DL.-2-isopropyl-4-carboxy-5,5-dimethyl thinzol- 
idine; it had m.p. 104-105'’. Light absorption: Xmiw. 2,370 A 
(Em 10,100) and 2,740 A (Em 16,900), Xmin. 2,500 A (Em 
6,700). 

Calc, for CioIIieONaS*: C, 49.2; H, 6.6 
Found: C, 49.5; H, 6.6 

l-Phenyl-8,4,3',4'-(2'-plienylacetamidocarbomethoxy- 
methyl-thiazo]idiiio)-2-thiohydantoin (Merck, 20). 

2-Phcnylacetamidocarbomethoxymethyl-4-carbomethoxy- 
thiazolidine was heated on the steam bath with excess phenyl 
isothiocyanate for thirty minutes. Addition of ether gave 
the thiohydantoin, m.p. 222-224” after two reerystalliza- 
tions from methanol. 

Calc, for CulhiOiNSi: C\ 58.0; II, 4.7; N, 9.2 
Found: (\ 57.7; II, 4.9: N, 9.5 

l-Phenyl-3,4,3',4'-(2'-phenylacetamidocarboxymethyl- 
thiazolidino)-2-thiohydantoin 8). l-Phenyl-3,4,3'4- 

(2^-phenylacetflmido^arbomethoxymethyl-thiazolidino)-2- 
thiohydantoin (100 mg.), acetic acid (10 cc.), concentrated 
hydrochloric acid (0.5 cc.) and watiT (5 cc.) were warmed on 
the steam bath for two minutes and allowu'd to stand for 
twenty-four hours at room temperature. Dilution with 
water (3 parts) gave, after solution in alkali and reprecipita- 
tion with aeid, the carboxy-thiohydantoin. 

(^alc. for (\iIUOaNS 2: C, 57.1; II, 4.3; N, 9.5 
hound: .57,1; 11, 4.5; N, 9,6 

o-l-Phenyl-3,4,3',4'-(D-2'-phenylacetamidocarbethoxy- 
methyI-6',6'-dimethylthiazoIidino )-2-thiohydantoin ((Cornell 
Bioeh., 7). A solution of a-ethyl ^-methyl n-y-benzyl- 
peniciJIoate (300 nig.) and phenyl isothiocyanate (100 mg.) 
in warm ethanol (3 cc.) was w'armed for one hour at 70” and 
evaporated iti vacuo. The residue was dissolved m a small 
volumi' of ether, and on addition of a few drops of light 
petroleum, crystals separated. These were dissolved m a 
small vfilume of ether containing a few drops of ethanol and 
recrystallized by addition of light petroleum; yield, 25 mg., 
m.p. 178-180”. 

Cii\v. for C26H2704N,S2: N, 8.5; S, 12.9 
Found: N, 8.5; S, 13.5 

i)-2-(2'-n-Amyl-4'-oxazolyl)-4-carboxy-6,6-dimethylthi- 
azolidine ((^irnforth, (kirnforth; Abraham, Baker, (yhaiii 
and Bobinson, CPS.423^ 11). A mixture of 2-n-amyl-4- 
formyloxazole (2-n^amyloxazolo-4-aldehyde. Chapter XXI) 
(170 mg.), D-penicillamine hydrochloride (190 mg.) and 
acetic acid (1 cc.) was warmed for one hoar and ether (10 cc.) 
M»as added. After two days the thiazolidine (180 mg.) 
separated as a mixture of mono- and dihydrochlorides, 
m.p. 128-130® (dec.). 

Found: C, 43.1; H, 7.0; S, 8.3; Cl, 15,3 

D-2 - (5'-Chloro-2'-n-amyl-4'-oxazolyl)-4-carboxy-6,6-di- 
methylthiazolidine (CPS.492, 5). An ethereal solution of 
2-n-amyl-4-formyl-5-chloro-oxazole (12 cc.), from the 
reduction of 2-n-aniyl-4-cyano-5-chloro-oxazole (0.6 g.) by 
the Stephen procedure (Chapter XXI), was added to a 
concentrated aqueous solution of o-penicillamino hydio- 
chloride (0.4 g.). After one hour aqueous sodium bicarbon¬ 
ate was added, and next day the lower layer was separated 
and acidified. The oil was taken up in ether, the solution 
dried, and treated with hydrogen chloride. Tlie thiazol¬ 
idine hydrochloride (0.4 g.) separated as colorless needles, 
m.p. 160-162” (dec.). 


Calc, for CuHajOjNaSCl,: C, 45.6; II, 6.0; S, 8.7; Cl, 19.2 
Found: C, 46.0; H, 6.0; S, 8.5; Cl, 18.1 

D-2-(6'-Chloro-2'-phenyl-4'-oxazo]y])-4-carhoxy-6,5-di- 
methylthiazolidine (Ooldsw^orthy, Hobitison; Abraham, 
BakfT and Chain, CPS.06O). A mixtuie made by dissolving 
2-phcnyl-4-formyl-5-chloro-oxazole (Chapter XXI) (1.14 g.) 
in ethanol (5 cc.) and ether (10 cc.), and adding n-penicill- 
amine hydrochloride (0.93 g.) in water (5 cc.) and sodium 
acetate (0.G5 g.) was shaken for four hours. The aqueous 
layer gave no coloration with ferric chloride. The mixture 
was evaporated to diyiiess in vacuo, and the residue treated 
with N sodium bicarbonate (20 cc.) and ether. The aqueous 
layer was acidified to pll 2 with N hydrochloric acid. The 
thiazolidine (1.5 g.), which precipitated, was dissolved in 
ether and hydrogen chloride pa.ssed in. The hydrochloride 
separatf'd in fine rods, m.p. 178” (dec.). 

Calc, for CuHuOaNaSCL: (\ 48.0; 11, 4.3; S, 8.5; Cl, 18.9 

Found: C, 47,8; H, 4.3; S, 8.1; (H, 18.7 

D-2-(6'-Chloro-2'-phenyl-4'-oxazolyI)-4-carbomethoxy-6, 
6-dimethyithiazolidine (CPS.()/>()), 4’he methyl ester of the 
above compound was prepared by treatment of the crude 
thiazolidine with excess ethereal diazomethane. The 
material obtained by evaporation of cthijr wiis dissolved in 
fresh ether and dry hydrogen chloride passed in. The 
hydrochloride had m.p. 120-122”. 

Calc, for rieITigO*N 2 Sri 2 : Ncut. equiv., 389 

Found: Neut. equiv., 386 

ii-2-(6'-Chloro-2'-benzyl-4'-oxazolyl)-4-carboxy-6,6-di- 
methylthiazolidine ((loldsworthy and liolunson, CPS.h'f)/?). 
A solution of freshly prepared, crude 2-bcnzyl-l-forinyl-5- 
chloro-oxazole (Chapter XXI) (0.7 g.) in ethanol (3.5 cc.) 
and other (7 cc.) was shaken for live hours with a solution of 
D-peiiicillarniiie hydrochloride (0.7 g.) and sodium acetate 
(0.5 g.) in water (3.5 cc.). After evaporation in vacuo, the 
residue was dissolved in N sodium bicarbonate, <‘xtracted 
with ether, and the aqueoas solution was aculified. The 
gummy product was extracted into ether, washed, dried, and 
treated with dry hydrogen chloride. The precipitated solid 
was crystallized from methanol-ethei giving thin prisms of 
the hydrochloride, m.p. 176-177” (dee.). 

Calc, for ChH, 803N2SC12: C, 49.4; 11, 1.6; S, 8.2; Cl, 18.3 
Found: C, 48.8; II, 4 6; H, 8.2; Cl, 18.1 

2-Keto-4-phenylacetyl-6-carboxy-S,4,6, 4^3^2'-(o-6^6'. 
dimethylthiazolidino)-piperazine (Merck, 24) o-2- 

Aminocarboxymethyl-3-phenylacetyl-4-carboxy-5,5-dimeth- 
ylthiazolidine hydrochloride (p. 969) (140 mg.) in pyridine 
(2 cc.) was heated for one hour on the steam bath. After 
one hour at room temperature the pyridine was distilled off 
and the n^sidue, in aqiUHnis sodium liicarbonate, extracted 
with ether. Acidification, evaporation to dryncs.^*, extraction 
with methanol and dilution with ether followed by addition 
of light petroleum gave a crystalline product, m.p. 190-191® 
after recrystallization from ethyl acetate. 

Calc, for Ci 6U,804N2S: C, 57.5; H, 5.4; N, 8.4 
Found: C, 57.4; H, 5.1; N, 8.8 

2-Keto-4-phenylacetyl-6-carhomethoxy-3,4,6,4',3S2 '-(d- 
6^5'-dimethyIthiazoiidino)-piperazine (?) (M,jf), 33). The 
above acid was esterified with diazomethane and the product 
recrystallized from ethyl acetate-('ther-light petroleum. It 
was a monomethyl ester, devoid of basic properties, m.p. 
144-145”. 

Calc, for C17H20O4N1S: 

C, 58.6, H, 6.8; N, 8.0; mol. wt., 348 
Found: C, 58.9; H, 5.8; N, 8.2; mol. wt., 336 



972 


THIAZOLIDINES 


5 - Phenylacetamido - 4 - keto (D*4^-caTbometh*> 

oay- 5^6'* dimethyl thiazolidino) -1,4,6,6 • tetrahydro-1,2,8- 
triazine (?) (Squibb, ^4). The a-amideof N^-uitroso- 
D-benzylpenicilloic acid (Chapter XVIII, p. 62*.)) (60 rag.) 
was dissolved in methanol (1.0 cc.) and esterified with ethereal 
diazomethane (1.6 mol.). The solution was diluted with 
ethyl acetate, washed with 6% aqueous sodium bicarbonate 
and water, dried and evaporated in mcuo. 

The crude ^-methyl ester thus obtained from 200 mg. of 
the free nitroso acid was dissolved in methanol (2 cc.) and 
treated with 1.05 N mrthanolic potassium hydroxide 
(1.0 cc., 2 moles). After fifteen minutes the solution was 
diluted with water (10 cc.) and repeatedly extracted with 


ethyl acetate. The combined extracts were dried over 
sodium sulphate and evaporated to dryness in vacuo. The 
residual yellow oil (76 mg.) was dissolved in dry acetone, 
filtered, concentrated to small volume and treated with 
hexane. The yellow crystals (33 mg.), m.p. 120-124® (dec.), 
were repeatedly recrystallized from acetone-hexane. The 
product (13 mg.) had m.p. 133-134® (dec.), [a]D** +16® (in 
ethanol). 

Calc, for CirIl2o04N4S: C, 54.2; H, 5.4; N, 14.9; S, 8.5 
Found: C, 54.8; H, 5.5; N, 14.4; S, 7.9 

Its ultraviolet absorption spectrum showed a maximum at 
2,650 A (Eicm.*^® 420) and a small shoulder at 2,750 A. 
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INTRODUCTION 

The ^lactam formula for penicillin was one of 
many suggested by Abraham, Baker, Chain and 
Robinson (PenJOSy October, 1943) very early in the 
course of the S 3 nnthe 8 is program. It was also pro¬ 
posed independently by Merck & Co. (MJ, 10; 
November, 1943). However, this formula received 
only sporadic attention during the early stages of 
the]]research because it appeared difficult to recon¬ 


cile the chemistry of known /3-lactams with that of 
penicillin. In particular, the ease of hydrolysis 
of penicillin as contrasted to that of the simple 
^-lactams and the difficulty of interpreting reactions 
such as the penillic acid rearrangement in terms of 
the /3-lactam formula appeared to contraindicate 
the presence of a /3-lactam nucleus in penicillin. 
Tlie oxazolone and tricyclic formulas seemed to 
explain the chemistry more satisfactorily and, 
conse(iuently, the bulk of the research was concen¬ 
trated on the synthesis of these compounds. 

However, as the study of penicillin progressed, a 
number of observations were made which were 
responsible for an increasing amount of research 
dire(*tod towards the evaluation and synthesis of 
the /3-lactam structure. In the first place it was 
shown by comparison of the infra-red spectrum of 
penicillin with that to be expected from the tri¬ 
cyclic formula and by a .study of models for the 
oxazolone formula that luuther of these structures 
was in at‘Cord with the infra-red data (Shell, Sh.2), 
Secondly, further infra-red studies pointed towards 
the presence of a monosubstituted amide group in 
penicillin (Sb.3) and examination of a simple 
monocyclic /S-lactam indicated that the 

spectrum of a fused thiazolidine-/3-lactam might not 
be inconsistent with that of penicillin. Shortly 
after this the Merck group succeeded in converting 
pcmicillin by Ilydrogenolysis into a compound, 
desthiopenicillin, which contained a /S-lactam ring 
(Chapter IX). 

At this point it became evident that the synthesis 
of compounds containing the /3-lactam ring and, in 
particular, those containing a /3-lactam ring fused to 
a thiazolidine ring should be carried out in order to 
make pos.sible a more accurate comparison of the 
chemical, physical and biological behavior of these 
compounds with penicillin and desthiopenicillin. 
It was oi particular interest to determine whether a 
model /3-lactam more similar in structure to peni¬ 
cillin than those already known would show an 
increased susceptibility to hydrolysis, and to 
ascertain whether the infra-red spectrum of a fused 
thiazolidinc-/3-lactam would correspond closely to 
that of penicillin. At this stage in the research the 
only authentic known /3-lactams were monocyclic 
and a few had been prepared as models for penicillin. 
In general they contained methyl or phenyl radicals 
and none had acylamino groups alpha to the car¬ 
bonyl group. No compounds containing a /3-lactam 
ring fused to a thiazolidine ring had been syn¬ 
thesized. 

Cllg—CH—S—CH 2 

io—A-in* 

(Parent thiazoIidine-/9-lactam) 

Subsequently, thiazolidine-/3-lactamsand acylamino 
jS-lactams were prepared. 

This chapter will be devoted to a discussion of the 
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synthesis and properties of, firstly, compounds 
containing a monocyclic ^-lactam ring system and, 
secondly, compounds containing the basic hctero- 
cycle of the/3-lactam formula for penicillin, namely, 
the thiazolidine-/3-lactams. 

MONOCYCLIC iS-LACTAMS 

/3-Lactams as a class of compounds have been 
relatively little explored and as a consequence the 
total amount of literature available is small. In 
this section there will be included a brief review of 
the literature which, in the main, consists in the 
development of synthetic methods with relatively 
little emphasis on reactions and properties. Con¬ 
versely, the research carried out during the peni¬ 
cillin synthesis program was concerned largely with 
a study of chemical behavior of /3-lactams and, al¬ 
though many attempts were made to develop new 
synthetic methods, only one general procedure was 
discovered. 

Preparation. The majority of the original re¬ 
search on the synthesis of i3-lactams was developed 
by 11. Staudinger and his collaborators. This work 
was an outgrowth of Staudinger’s })asi(‘ investiga¬ 
tions on the preparations and reactions of ketenes 
(H. Staudinger, Die Kdrne, Knke, Stuttgart 
(1912)). These compouncL have been used either 
directly or indirectly to produce by far the greater 
proportion of the presently known /3-lactams. In 
more recent years a new metfiod has been developed 
which involves the reaction of an inline with an 
a-bromoester and zinc (Gilman and Specter, J. 
Arn, Ckem, Soc,, 65, 2255 (1913)). 

During the penicillin synthesis program, another 
general method was evolved which comprises the 
ring closure of a /3-amino acid ester with a Grignard 
reagent (Pfizer, P.10, 1). New /3-lactams were also 
prepared by ancillary methods such as the hydro¬ 
genation of compounds already containing the 
/3-lactain ring. 

A list of known /3-lactams including both those in 
the literature and those made under tlie synthesis 
program is given in Table I, p. 977. 

A few compounds have been reported in the 
literature which \verc claimed to contain the /3-lac- 
tam ring but which were nv)t fully substantiated 
by adequate structural proof. 

Direct Combination of Ketenes with Imines. 
Although this simple and direct method has been 
used to prepare a ntimber of /3-lactams, it is by no 
means general and furthermore it is difficult or 
impossible to predict what types of imines and 
ketenes will combine in this manner. The only 
known /3-lactam from ketene itself is 1,4-diphenyl- 

CHa=CO + C6H5Cn--NC6HB 

C«H5CH—N—CoHft 


2-azetidinonc^ which was prepared from ketene and 
N-benzylideneaniline. However, the reaction re¬ 
quires a temperature of 180® to 200®. On the other 
hand dimcthylketene and diphenylketene combine 
readily with this and certain other imines at room 
temperature. 

In the case of ethylcarbethoxyketene and N-benz- 
ylideneaniline Staudinger demonstrated that the 
primary reaction product at —20® was a compound 
formed by a one to one combination of the ketene 
and imine. He postulated that the reaction pro¬ 
ceeded as follows: 

C2H500CC=C0 -1- CellfiN-^CHCeUfi 

ijii, 

C.TIsN—CHCJI5 

CjHjOoci—io 

This compound rearranged on heating to 170®, 
presumably through dissociation into the original 
components, to give the /3-lactam: 

CeHsN-CHC 6 H 5 

io—icooCsH* 

i2ll6 


During the course of the penicillin synthesis 
program the direct combination of a disubstituted 
ketene with an imine was \ised to prepare a number 
of model /8-lactams although all of them had been 
previously prepared. 

Cyclization of /3-Amino Acids. It was shown by 
Staudinger, Klever, and Kober (Ann., 374, 1 
(1910)) that /3-amino acids with the proper struc¬ 
ture could be cyclized to give the /3-lactam by 
treatment with acetyl chloride. By this procedure 
/3-benzylamino-/3-phonyl-a,a-dimcthylpropionic 
acid was converted to the lactam. 


Ceii5Cii2Nncii(CflH5)C(cii3)2COon 
CellfiCIIzN-CHCcIIs 

io—i(CH3)2 


CH.COCI 


An alternative procedure was developed during 
the penicillin synthesis program by the Pfizer group 
{P. 34 , 0)» 'vho were able to convert /3-phenyl-/3- 
anilinopropionic acid to the corresponding lactam 
by refluxing with phosphorus trichloride. 

Inasmuch as these are the only recorded exam¬ 
ples of this type of cyclization, little is known about 
the limitations of the reaction. A few unsuccessful 
attempts have been made to extend the scope of the 

’ 2-Asetidinone will be used to name the parent /S>laotam ring in 
oonfoTinity with the usage of Chemical Ahtraete (C.A., S8, 7061 (1044)). 
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reaction (see Table IV); however, a systematic 
investigation has never been undertaken. 

CycUzation of /3-Acylamino Acids. It is possible 
to convert certain /3-acylamino acids to the cor¬ 
responding /3-lactams, with loss of the acyl group, 
by heating at their melting points. By this process 
N-is()butyryl-i3-benzylamino-i3-phenyl-Q!,a-dimethyl- 
propionic acid has been easily and quantitatively 
converted to the /3-lactam: 

Beat 

C,H6CHr-NCII(C6H6)r(CII,)2C{K)H-> 

I 

C'OCIKdl,,): 

c«h,c'H 2N—C'HC’eH^ + ((’ii3)jCii(^()()n 

(*:o—c((Mr,)2 

The synthesis of this particular /3-acylainino acid 
is of interest not only as a source of a /S-lactam but 
also in connection with the previous section on the 
direct combination of a ketenc with an imine. The 
first step involved the reaction of dimethylketene 
with N-benzylidenebenzylamine a\ hich gave only a 
small amount of /3-lactam directly, while the main 
reaction product consisted of a compound derived 
from two moles of the ketenc with one of the imine. 
Its structure has been shown to be that of a substi¬ 
tuted 2,4-piperidincdione. This compound was 

2(CH8)2C-=C0 + CflHsCHsN^CHCeHB 

CJluClh^ - CHCeU, 

CO ('^(CH,)2 

—io 

very rapidly and easily hydrolyzed to a /3-acyl- 
amino acid as follows: 

CcHeCHzN-CHCflH5 ' 

io i(CH ,)2 

(CH,) 2 i—io 

C,H»CH2NCH(C6H6)C(CH,)2C00H 

(!:och(ch,)2 

The same series of reactions was carried out by 
Staudinger starting with N-benzylidenemethyl- 
amine and under the penicillin synthesis program 
with N-benzylidene-ethylamine. 

Evidence has been obtained that acetic acid and 
n-butyric acid as well as isobutyric acid may be 
eliminated from ^-acylamino acids to give /S-lactams 
(Shell, ShJOy 143). A limited study was made of 
solvents which might favor j3-lactarn formation by 
thermal elimination of aliphatic acids. It appears 
that the reaction may be carried out at somewhat 
lower temperatures in liquids which are solvents for 
the acylamino acid. 

Reaction of Ketenes with Aromatic Nitroso 
Compounds. Staudinger found that two moles of 


diphenylketene and one of nitrosobenzene reacted 
to give a /3-lactam by what was thought to be the 
following mechanism: 

(C6n5)2C-=CO + ONCello 

I (CJl5)2C--NC6H5] + CO 2 

1 not isolated J 


(C,H,)2C-^C0 


{(\lUhC 

I I 

CX)—NCflHs 


Reformatsky Reaction with Imines. This syn¬ 
thesis which might be regarded as a modified 
Reformatsky reaction was developed by Gilman 
and Specter (J. Am, Chem. Soc., 2255 (1943)). 
For example, these investigators reported the 
synthesis of l,4-diphenyl-2-azetidinone by the 
reaction of ethyl bromoacetate with zinc and N- 
benzjdideneaniline, as follows: 

Cai 5 N=-CHCen 5 + BrCIIaCOOEt -b Zn 


CellfiN-CnCeHfi 

CO—iH2 

During the penicillin synthesis program this 
method was used for the preparation of one new 
/3-lactam, l-benzyl-3-racthyl-4-phenyl-2-azetidi- 
none, and two previously known /3-lactams. 

Cyclization of /3-Amino Acid Esters with Organo- 
metallic Compounds. This reaction was developed 
during the penicillin synthesis program and was 
first applied successfully by the Pfizer group (P.fO, 
1). An example of this reaction is the prepara¬ 
tion of l,3-diphenyl-2-azetidinonp by treatment of 
ethyl /3-anilino-a-phenylpropionate with ethylmag- 
nesium bromide. 

(^II^NHCHaCHCOOCalR CaH»MgBr 


c,iiscn—CH* 

io 


■NC,H5 


The reaction was subsequently applied in the 
Merck laboratories {M,55, 2) to the preparation of 
l-phcnyl-3-phenylacetamido-2-azetidinone and 
3-benzamido-l-phenyl-2-azetidinone, which, along 
with the hydrogenation product of the former, are 
the only known synthetic /3-lactams containing 
acylamino groups. The cyclization of ethyl /3-ani- 
lino-a-phenylacetamidopropionate is illustrated by 
the equation: 


C6H5CH2C0NHCHCH2NHC«H 

I 

COOCaHs 


« CHiMgl 


C,H»CHaCONHCH—CH, 

io—ic.H, 
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TABLE I 

2-Azetidinoiie8 


Substituents on the nucleus 

1 1 


Methods** 


Hydrolysis 


—Cl—iC— 

I * 11 

CO—N— 

M.P.» or B.P. (mm.) 

of prepa¬ 
ration 



M.P. of 
amino acid 

Refer¬ 

ence 

(1) 1,4-Diphenyl-. 

164.6-165.6® 

A; B; E; F 

1,2,3,4,5 

Moderate® 

111-122® 

2.4 

(2) l,4-Diphenyl-3-methyl-. . 

113.5-114® 

E; F 

3,6.7 

Moderate® 

167-158® 

7 

(8) 4-Phenyl-l,3,3-trimethyl-. 

139.6® (13 mm.) 

C 

8.9 

Moiicrate® 

260® 

8 

(4) l-Benzyl-3,3-dimethyl-4-phenyl-. 

36®, 199® (18 mm.) 

B; C 

8,8,9,10 

Moderate® 

146-148® 

8 

(5) 3,3-Dimethyl-1,4-diphenyl-. 

148-149® 

B 

11 

Moderate® 

— 

18 

(6) 3,3-Diethyl-l,4-diphonyl.. 

72-73® 

B 

12 

Slow 

116-116® 

12 

(7) 3-Carbethoxy-3-ethyl-l,4-diphenyl-. 

109-110® 

B 

2,13 

Rapid 

154-156® 

2 

(8) 3-Carbomethoxy-1,3,4-triphenyl-. 

15R-159® 

B 

2 

— 

— 

— 

(9) 1,3,3,4-Tetraphenyl-. 

169-160® 

B 

11,14,15 

Model ate 

122-123® 

14 

(10) 1,3.3,4,4-Pentaphenyl-. 

190-191® 

B, D 

16 

— 

— 

— 

(11) 4-Styryl-1,3,3-triphenyl-. 

171-172® 

B 

14,17 


— 

— 

(12) l-(p-Dimothylaminophenyl)-3,3,4,4-tetraphenyl-. 

190-200® 

B, D 

16 

— 

— 

— 

(13) l-Bensohydryl-3,3-dimetliyl-4-plienyl-. 

— 

B 

18 

— 

— 


(14) 3,3-Dimethyl-1,4,4-triphonyl-. 

— 

B 

18 

— 

— 

— 

(16) 3,3-Dimethyl-l-phenyl-4-«tyryl-. 

— 

B 

18 

— 

— 

— 

(16) 3,3-Dimethyl-4-(p-dimethylaminophenyl}-l-phenyl-. . 

— 


18 

Moderate 

— 

18 

(17) 1,4-I)iphenyl-8,3,4-tri methyl-. 

— 

B 

18 

Moderate 

— 

18 

08) 3,3-Dimi»thyl-l-(p-nitrophenyl)-4-phenvl-. 

— 


18 

Moderate 

— 

18 

09) 3-Methyl-1,3,4,4-totraphenyl-. 

— 

B 

18 

— 

— 

— 

(20) 3-(o,o-Biphenylone)-l,4,4-triphonyl-. 

— 

B 

18 

— 

— 

— 

(21) l-Phenyl-d. 

79-80® 

F 

19 

— 

.... 


(22) l-Benzyl-3-methyl-4-phonyl-. 

141-146® (0.1 mm.) 
136® (0.02 mm.) 

E 

20 

Moderate® 

169-173®* 

20 

(23) 1-Cyclohex anemethyl-3-methyl-4-cyclohexyl-. 

136-138® (0.12 mm.) 

G 

21 

Slow® 

— 

21 

(24) 3,3-Dimethyl-l-ethvl-4-phenyi-. 

92-100® (2 mm.) 

H 

22 

Moderate 

— 

22 

(26) 3-Beiizamido-l-phenvl-. 

205-206® 

F 

23 

— 

— 

— 

(26) l-PhenyI-3-pheuylaoetamido-. 

218®, 224-226® 

V 

24,25 

Rapid® 

142-143® 
146-147®* 

26.27 

(27) l-Cyclohoxane-3-cyclohoxylacctHmido-. . 

(28) ** 3-Phenylacotamido; l-oe-n-isovaleric arid (Desthio- 

126-127® 

G 

28 

Rapid® 

Hydrochloride 

207-208® 

29,30 

benzylpenicillin). 

100-167® 

11 

31 

Rapid® 

192.6-193.6®* 

32 

(29) h Methyl ester of above. . 

(30) k 3-CyolohexanearotHmido; l-or-D-iHovaleiic acid (Des- 

108-110® 

u 

27 


— 


thiocyclohexauemethylpenicillin) . 

256-260® 

(i 

33 

— 




^ Whcro more than one melting point is given in the literature the liighest one huH been listed. 

See the accompanying key for “Methods of Preparation." 

« For conditions of hydrolj'-sis see Tables II and III. 

d Calc, for O.lIiON: C. 73.49; H. 6.13; N. 9.52. Found: C. 78.41, 73.44; H, 6.29, 6.27; N. 9.17, 9.27. 

• Calc, for CpHifOfN; C, 76.9; H. 7.06; N, 6.21; neut. equiv., 269. Found: C, 76.7; H, 6.96; N, 5.09; neut. oquiv., 264. 
^Calc. for CirlliiNjOi: C, 68.44; H, 6.08; N, 9.39. Found: C. 67.75, 67.63; H, 5.99, 0.00; N, 9.17. 
s D'd-Desthiobenzylpenicilloio acid from hydrolysis with unhyfirous formic acid. 

^ For a further study of /^-lactams 28, 29, 30 and derivatives see Chapter IX on hydrogenolysis of :>enicil]in. 
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METHODS OF PREPARATION 

A. Cyclization of a ^-amino acid 

B. Combination of a ketene with an imine 

C. Elimination of an organic acid from a 3>acylamino acid 

D. Reaction of a ketene with a nitrosobensene 

E. Reformatsky reaction with an imine 

F. Oiignard reagent with a ^-amino acid ester 
Q. Hydrogenation 

H. llydrogenolysis 


A rather extensive study of the variables in the 
cyclization of methyl jS-anilinoa-phenylacetamido- 
propionate was carried out (Merck, M,76y 10; 78y 
7). The best results were obtained wh^n an ether 
solution of methylmagnesium iodide was added to 
the amino ester in a 2:1 mole ratio in benzene 
solution at room temperature. Other organo- 
metallic compounds which have been used to 


accomplish the same result in poorer yield are 
phenyl-lithium and di-n-propylmagnesium. 

Ancillary Methods. During the study of the 
reactions of jS-lactams under the penicillin synthesis 
program several new jS-lactams were prepared by 
modification of compounds already containing the 
i3-lactam ring. In all cases these reactions involved 
either the hydrogenation of a /3-lactam containing a 
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TABLE II 

Alkaline Hydrolysis of Monocyclic fS-Lactams 


Substituents on the nucieus 

C 

Tr"!! 

CO—N- 
2-aEetidinonp 

Conditions of hydrolysis 

Extent of hydrolysis 

Reference 

1,3,3,4-Tetraphenyl- . 

0.5 N KOIl in MeOH 
reflux 25 hours 

Very slight 

Staudinger* 

1,4-] )iphenyl-3,3-dimethy 1- 

0.5 N KOH in MoOH 
reflux 25 hours 

34^0 

Btaudiiiger* 

l,4-l)iphonyl-. 

5^, KOH ill MeOH 
reflux 1 hour 

At least 85% 

PM, 1 

l-Bonzyl-3-methyl-4-phenyl- . 

1 M NaOBu in BuOII 

76®““2 hours 

Considerable hydrolysis, from 
infra-red data 

M.e4, 9 

0.12 N NaOH ia EtOH 

76°—29 hours 

63% hydrolysis, pot. titration 

M.64, 11 

1-Cy cloh oxan emethy 1-3-ni oi hy 1-4- 
cyclohexyl-. 

i 

1 Af KaOBu in BuOH 

76®—4 hours 

No change, from infra-red data 

M.e4, 9 

0.12 NaOH in EtOIl 

76“—29 hours 

No change, pot. titration 

AL04, 11 

l-Phenyl-3-phenyIacetamido- .. 

[ NaOBu in BuOH 

100® max —1 min. 

Rapid hydrolysis, from infra-red 
data 

M.e 4 , 9 

1 N NaOH 

100®—90 min. 

Extensive hydrolysis 

MM, 2 

l-Cyclohexyl-3-cyclohoxaneacetamido-. 

NaOBu in BuOH 

100® max.—1 min. 

Rapid hydrolysis, from infra-red 
data 

MM4, 9 

1 N NaOH in EtOH 

100®--15 min. 

Extensive hydrolysis 

M.63, 8 

Desthiobcnzylpenieilhn (3-Phenyl- 
aoetainido-2-azetidinone-l-a-D- 
isovaleric acid) 

NaOBu in BuOH 

100® max.—1 min. 

Rapid hydrolysis, from infra-red 
data 

MM4r ^ 

Sodium benzylpenicillinate . 

_L 

MeOH at 25®—2 hours 

(^omplete hydrolysis, from infra¬ 
red data 

Sh.S, 16 


^ ♦ Staudtnger, D%€ Ketene, Enke, Stuttgart (1912), p in. 


phenyl ring to the corresponding cyclohexyl deriva¬ 
tive or the removal of sulfur by hydrogenolysis of a 
fused thiazolidinc-iS-lactam to give the monocyclic 
^-lactam. The first example of the latter reaction 
was the hydrogenolysis of penicillin to desthio- 
benzylpenicillin (assuming the /3-lactam structure) 
carried out by the Merck group and described in 
Chapter IX. Another example of this reaction 
which will be described in more detail later is as 
follows: 


(CHs) 2C-C(C6ll5)-S H, 

io—i!r— CH*— in, nT 
(CH,)*C-CHCsH, 

I I 

CO—NC,H, 


Reactions. As mentioned in the introduction to 
this chapter one of the main objects of the synthesis 
of model /S-lactams was to study their chemical 
reactions in relation to those of penicillin. Of par¬ 
ticular interest were the rates of acid and alkaline 
hydrolysis as well as reactions with amines, hydro¬ 
chloric acid and thiocyanic acid. It was, in gen¬ 
eral, the consensus of opinion during the early 
stages of the penicillin synthetic program that the 
rate of hydrolysis of penicillin was much too rapid 
to be explained by the /3-Iactam structure. 

Hydrolysis. Both alkaline and acid cleavage of 
jS-lactams have been studied to a considerable 
extent. In Table II a number of experiments on 
various alkaline treatments are presented. The 
first three /3-lactan s in the table differ only by the 
type of substituent in the 3-position of the 2-a2etidi* 
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TABLE III 

Acid Hydrolysis of Monocyclic /3->Lactazn8 


Substituents on the nucleus 

1 1 

1« 11 

CX)— N-- 
2-azetidinone 

Conditions of hydrolysis 

Extent of hydrolysis 

Reference 

1,4-Diphenyl-.. 

2 oquivs TICI in EtOH 
roliux—1 hr 

No reaction 

1 

F.8, 1 

l-Benzyl-3-methyl-4-phenyl- 

0 12 HCn in Eton 

7G“- 8Ghr. 

0 12 N IK 1 in Eton 

7G"—86 hr. 

No reaction 

M.64, 11 

l-C'yclohexan(*mcthyl-3-mcthyI-4- 

cyclohoxyl-. 

No reaction 

M.64, 11 

l-Phenyl-3-phenylacetamido- 

1 AT H(1 in EtOH 

100**-3 hr. 

Little, if any, reaction 

MM, 2 

Cone. IICl 

100°—5 min 

Extensive, to give hydrochloride 
of amino acid 

M.ei, 3 

l-Cyclohexyl-3-cyclohexaneacetamido-. 

1 N HCl in EtOH 

23°—52 hr. 

52%, pot. titration 

M.67, 7 

1 N HCl 

100°—1 min. 

Immediate hydrolysis 

M.6S, 8 

Desthiobenzylpenicillin (3-Phenyl- 
acetamido-2-azetidinonc-l-a-i)- 
isovalenc acid). 

1 N IK’l in EtOH 

23°—96 hr. 

No hydrolysis, pot. titration 

M.67, 7 


none nucleus and, as can be readily seen, the rates 
of hydrolysis were considerably different. It is 
possible that these differenc(*8 can be explained in 
part by the steric effect of different substituents on 
the attack of the carbon}^ group during hydrolysis. 
For example, it was shown by Levenson and Smith, 
J. Am. Chem. Soc.^ 62^ 2324 (1940), that substitu¬ 
tion of phenyl groups in the a-position of ethyl 
esters of aliphatic acids greatly lowers the rate of 
saponification. These authors postulated that the 
phenomenon is caused by a powerful steric effect 
which more than overcomes any polarization effect 
of the phenyl groups (except in the case of esters of 
phenylacetic acid). The fourth and fifth com¬ 
pounds in the table differ only in the degree of 
saturation of the carbocyclic rings. It is apparent 
that in this case some factor other than steric effect 
is responsible for differences in the rates of hydroly¬ 
sis. Along these lines it has been shown by Calvet 
(J. r/tm. pAys., 50, 140 (1933); Compt. rend., 192^ 
1569 (1931)), that rates of hydrolysis of amides 
increase with increasing strength of the parent 
acid. The fact that phenylacetic acid is a stronger 
acid (Ka = 5.56 X lO"'®) than cyclohexaneaeetic 
acid (Ka = 2.36 X 10"“*) would place the j^l-lactams 
under consideration in the expected order of rate of 
hydrolysis. The amine strengths also probably 
differ to some extent and this factor should be taken 
into consideration. The last three j8-lactams 
(exclusive of penicillin) which contain acylamino 


groups a to the jS-lactam carbonyl hydrolyzed much 
more rapidly than the preceding ones and ap¬ 
proached the hydrolysis rate of penicillin. This is 
not surprising inasmuch as it is known that a-acyl- 
amino acids are stronger than the corresponding 
aliphatic acids (Zief and Edsall, J. Am. Chem. Soc., 
69, 2047 (1937)). Therefore, as noted above, the 
amides derived from these acids should hydrolyze 
more rapidly than the corresponding amides of 
purely aliphatic acids. 

The acid hydrolysis (see Table III) of the model 
iS-lactams proceeds more slowly than the alkaline 
hydrolysis. Inasmuch as the data arc not com¬ 
parable it is not possible to say whether the acyl¬ 
amino substituted jS-lactams hydrolyzed faster than 
the simple jS-lactarns, although it w^as possible to 
hydrolyze some of the former but not the latter 
under the conditions used. 

Reaction with Nitrogen Bases. A mixture of 
hydrazine with l,4-diphcnyl-3-raethyl-2-azetidinone 
when heated on the steam cone for ten to fifteen 
minutes gave a-methyl-i3-phenyl-j8-anilinopropiono- 
hydrazidc (Mich. Chem., U.IO, 4). 

Four d-lactains (Compounds 22, 26, 28, and 30 
in Table I) have given the N-benzylamide of the 
corresponding acid on heating with bcnzylamine at 
160®, This reaction wsls attempted with certain 
other /3-lactams, specifically l-cyclohexyl-3-cyclo- 
hexaneacetamido-2-azetidinonc at 100®, without 
success. 
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Reaction with Anhydrous Hydrogen Chloride. 

It was found (Merck, Af.^7, 1) that when 1-plienyl- 
3-phenylacetamido-2-azetidinono was treated with 
hydrogen chloride in dioxane for forty-five seconds 
and then warmed one minute on the steam bath, 
aniline hydrochloride precipitated when the solu¬ 
tion was cooled. Apparently a-phenylacetamido- 
/3-anilinopropionic acid was not an intermediate 
in this transformation since it is stable in dioxane 
containing hydrogen chloride, and even in hot con¬ 
centrated hydrochloric acid. One possible explana¬ 
tion for this formation of aniline hydrochloride 
might be indicated according to the following 
reactions: 

CJLCIIzCONHCH—CII 2 Hci 

J I —* 

CO—NC«H6 


penicillin were converted to 2-benzylidcne-4-mcth- 
yl-5(2)-oxazolono by heating in anisole (Merck, 
71/.7J, 8). 

Reaction with Thiocyanic Acid. l-OytIohexyl-3~ 
cyclohexaneaeetamido-2-azetidinone with thiocy¬ 
anic acid gave a thiodihydrouracil (Merck, MM2y 
3; 63y 9) by a reaction which resembles that of 
methyl benzylpenicillinate with thiocyanic acid 
(Cornell Bioch.. D.20, 4). 

Pyrolysis. Staudinger studied the thermal cleav¬ 
age of several jS-lactams and found that decomposi¬ 
tion occurred in two directions. Reversion of the 
iS-lactam to the original ketene and imine as well 
as the formation of an olefin and an isocyanate were 
observed. In the case of the /3-lactara derived from 
dimethyl-ketone and benzophenoneanil the reac¬ 
tions were as follows: 


CeHfiCHzCONHCH—CH 2 NHC 6 H 5 

ioci iici 

I, or 

CIHN-CIICHjNIICJIs 

C,H5ChJ—0—(*’0 IICI 

II 


■ CJItCHaCON IIC=-CIl5‘ 

ioOH 


+ CellsNHj-HCl 


These reactions are of interest in connection with 
one of the several mechanisms possible for the 
benzylpenicillin-bcnzylpenillic acid rearrangement. 

Another indication of an intermediate like I or II 
above in the reaction of dry hydrogen chloride witlj 
/S-lactams was obtained with l-cyclohexyl-3-cyclo- 
hcxaneacetamido-2-azetidinone (Merck, M.69y 5). 
When this /3-lactam was treated with hydrogen 
chloride in dry chloroform at room temperature 
for one minute followed by treatment with benzyl- 
amine there was obtained the benzylamide of 
a-cyclohexaneacetamido-/3-cyclohexylaminopro- 
pionic acid. This amide must have arisen from 
some intermediate other than the /3-lactam for the 
/3-lactara did not give a benzylamide when heated 
with benzylamine on the steam cone for three hours. 

Hydrogenolysis. When 1,4-diphenyl-2-azetidi- 
none was refluxed for five minutes in 50% aqueous 
dioxane with Raney nickel /3-phenylpropionanilide 
was obtained in good yield (Pfizer, P.22y 8). 

A similar behavior was noted with l-benzyl-3,3- 
dimethyl-4-phenyl-2-azetidinone (Shell, S}u9y 123). 

This reaction was tried with l-phenyl-2-azetidi- 
none, l-phenyl-3-phenylacetamido-2-azetidinone 
(Pfizer, PMy 10), and desthiobenzylpenicillin 
(Merck, MMy 10) without evidence of any such 
cleavage. 

Conversion to 6(2)~Oxazolone6. l-Fhenyl-3- 
phenylacetamido-2-azetidmone and desthiobenzyl- 


(CH3)2C=C0 + (CJl6)2C=NC«H6 

T 

( 0113 ) 20 —CO 

I I 

(06Hb) 2C—NCeHs 

i 

(CIl8)2C=C(CeH6)2 + CellBN^OO 

The decomposition rates and the proportion which 
went in each direction were dependent on the struc¬ 
ture of the /3-lactams. 

Attempted Sjmtheses of Monocyclic /3-Lactams. 
In Table IV a number of unsuccessful attempts to 
carry out novel preparations of /3-lactams or to 
synthesize /3-lactams of special interest are men¬ 
tioned. 

Compounds of Uncertain Structure Postulated as 
/3-Lactams. There are in the literature several 
compounds of questionable structure which have 
been assigned the /3-lactam structure. Kipping and 
Perkin (J. Chem, Soc.y 55y 330 (1889)) proposed an 
unsaturated /3-lactam structure as shown for the 
reaction product of ethyl or,w-diacetylcaproate 
with anhydrous ammonia. 

CH8CO(rn2)4C=ccH3 

io—NH 

Bruylants {BulL acad. roy, Belg.y (5) 7, 252 (1921)) 
proposed the following structures for the reaction 
product of glutaronitrile with ethylmagnesium 
bromide: 

N( KCH 2 ) 2 CH—C (CH 2 ) 8 CN 

io-l 

NC(CIIj) 2 CH—C=CH(CIl 2 )sCN 
io—NH 

From 2-carbethoxy-5-methylcyclohexanonc and 
ammonia Kbtz and Merkel (J, prakL Ghent.y 187, 
W)2 (1909)) obtained ethyl 5-methyl-2-tetrahydro- 
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anthranilate. This compound lost ethanol on 
heating at 200° in aniline. Kbtz and Merkel sug¬ 
gested the following structure for the product: 

CO—C—CH*—CIIj 

i!ih—(?:—CH s—(iiicH, 

BICYCLIC (9-LACTAMS 
(THIAZOLIDINE-(9-LACTAMS) 

The first attempts to prepare compounds con¬ 
taining the bicyclic thiazolidine-i3-lactam ring 
system were carried out by workers at the labora¬ 
tories of Pfizer, Merck, and Parke-Davis. These 
unsuccessful experiments involved the reaction 
of an a-bromoester with a 2-thiazolinc in the pres¬ 
ence of zinc or the reaction of a Grignard reagent 
with an ester of a 2-iliiazolidineacetic acid. 

The first synthesis of a thiazolidine-/3-lactam 
was accomplished at the Shell laboratories (Sh.7, 
70) by the reaction of diphenylketene with 2-phenyl- 
2-thiazoline. The resulting jS-lactam (I) of 2,Q:,a-tri- 
phenyl- 2 -tlua 2 olidineacetic acid did not resemble 

(Cen5)2(^—c(Con5)-s 

io—N—CHj—A hj 

I 

penicillin in its chemical reactions. However, the 
position of the infra-red absorption of the carbonyl 
group in the synthetic thiazolidine-jS-lactam was in 
good agreement with that of the labile group in 
penicillin. This discovery provided a potent 
stimulus for further work in the field of thiazolidine- 
iS-lactams and for attempts to synthesize the^l-lac- 
tam structure corresponding to penicillin. 

. In spite of numerous attempts, no other thiazol- 
idine-/3-lactams have been prepared directly by the 
reaction of 2-thiazolines with diphenylketene, 
dimethylketcnc, or ketenc itself. In general, the 
only definite products isolated have been thiazol- 
idine-2,4-piperidinedioncs: 

CO—CR2—CR'-S 

I I I 

CR2—CO—N—CHs—C’Hs 

These compounds are formed from one mole of the 
thiazoline and two moles of the kctenc by a reac¬ 
tion analogous to the formation of monocyclic 
2,4-piperidinedioncs from some open-chain imines 
with ketenes (see p. 976). 

Two of these piperidinediones, those from di- 
methylketene with 2-phcnyl-2-thiazoline and with 
2-methyl-2-thiazolinc, were converted to thiazol- 
idine-/3-lactaras by a procedure involving hydrolysis 
to N-isobutyryl-2-thiazolidine-a-isobutyric acids 
which on thermal treatment lost isobutyric acid with 
closure of the /^-lactam ring. The two /3-lactams 
thus prepared, the lactams of 2-phenyl- and 
2-methy l-2-thiazolidine-a:-isobutyric acid, proved 
to be much more resistant to hydrolysis than peni-^ 


(CH,hC -CCCellfi)-® 




O—N—CHs- 

n 


Ah, 


(CH,)2C-C(CH,)—« 

Ao— A—CH,—Ah, 


m 


cillin. However, compound II resembled penicillin 
in some significant chemical reactions (see p. 987). 
Furthermore, in both II and III the position of the 
characteristic infra-red absorption of the carbonyl 
group was in exact agreement with that of the labile 
group in i)enicillin. The structure of compound 
II was definitely established by means of degrada- 
tive studies. 

None of the three synthetic thiazolidine-/3- 
lactams had any significant antibiotic activity. 

jd-Lactam of 2,a,a-Triphenyl-2-thiazolidineacetic 
Acid. Preparation. Diphenylketene reacted 
smoothly with 2-phenyl-2-thiazoline with moderate 
evolution of heat (Shell, 81). The thiazol- 

idine-/3-lactam structure (I) has been assigned to the 
product by analogy wdth the structure of the prod- 




N—CHa 


H2 


(Cell 5)20-C(C 6 ll 6 )—S 

Ao— N—C 1 I 2 —Ah, 

I 

uct formed by the reaction of diphenylketene and 
N-benzylideneaniline (Staudinger, Ann., S56, 61, 
95 (1907)). 

(C,H5)2C-=C0 -I- C,H,CH=NCeH5 -♦ 
(C,H,i) 2 C-CHC.H, 

Ao—AceH, 

This thiazolidine-/3-lactam was a crystalline 
solid for which the analytical data were in good 
agreement with structure I or with the isomeric 
ketotrimethylenimine (3-azetidinone) structure IV, 
which would be formed by reverse addition of 
diphenylketene to the anil. The known keto- 

CO—C(C,IL)—S 

(C«H 6 ) 2 A-A—CH,—Ah 2 

IV 

trimethylenimine (see p. 975) formed from ethyl- 
carbethoxyketene and N-benzylideneaniline is a 
very unstable compound. 

Further confirmation for the j9-lactam structure 
(I) for the reaction product of diphenylketene and 
^phcnyl-2-thiazoline was provided by the agree¬ 
ment of its infra-red absorption with that of the 
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subsequently prepared /3-lactam of 2-phcnyl-2- 
thiazolidine-a-isobutyric acid, the structure of 
which was conclusively proved by dcgradative 
studies (see l)elow, p. 985). 

The infra-red absorption of the /3-lactam of 
2,Qf,a-triphcnyl-2-thiazolidineacetic acid (I) showed 
the following significant bands: a strong and sharp 
band at 5.655 /u (carbonyl) and a rather weak band 
at 6.235 /X (phenyl). 

The x-ray diffraction powder pattern of a sample 
of the crystalline /3-lactam has been determined 
(Illinois, CL6j 5). 

Reactions. The /3-lactam of 2,a,a-triphenyl-2- 
thiazolidineacctic acid could not be hydrolyzed to 
the amino acid nor methanolyzed to the correspond¬ 
ing methyl ester. With dilute base under mild 
conditions there was no change in the /3-lactam; 
under more drastic conditions the products were 
diphenylacetic acid and 2 -phen 3 ''l- 2 -thiazolinc. It 
seems probable that these products were formed by 
decompi)sition of the intermediately formed tri- 
phenylthiazolidineacetic acid, 'riiis decomposi- 

((^6H5)2C- C(Cdh)-^ H.O 

CO—N—CIl2—CTI2 

I 


(C6H,)2C- 


i 


-r((\)H6)—s 


0011 Nil—CH2—CH2 


(C6H5)2CHC001I -f L\lhC -S 

ii J 

N—CII 2 —CII 2 

tion is a reaction analogous to the decomposition of 
the /3-lactam of /3-phenyl-/3-anilinoisovaleric acid to 
isobutyric acid and N-benzylideneaniline upon 
hydrolysis with hydrochloric acid, and to the decom¬ 
position of /3-anilinobenzylmalonic acid to malonic 
acid and N-benzylidgneaniline (Staudinger, Die 
Ketene, Enke, Stuttgart (1912), pp. 73-74). 

The products of methanolysis of the /3-lactam (I) 
were not isolated. The infra-red absorption of the 
crude oily product indicated that the oil probably 
consisted of a mixture of methyl diphenylacetate 
and 2-phenyl-2-thiazoline. 

The /3-lactam reacted only slowly and incom¬ 
pletely with bcnzylamine. It did not react with 
dilute potassium permanganate, but underwent 
extensive decomposition on treatment with hydro¬ 
gen peroxide in acetic anhydride. Hydrogenolysis 
of the /3-lactam with Raney nickel at room tem¬ 
perature took place readily, but the products were 
mixtures which could not be purified. The sulfur 
was removed by this treatment, but apparently 
cleavage of a carbon-nitrogen bond also occurred. 

Two unidentified crystalline products w^ere formed 
when the /3-lactam was treated with hydrazine. 


/3-Lactam of 2-Phenyl-2-thiazolidine-a-isobutyric 
Acid. l^REPAUATiON AND Stkucttjhk Proof. The 
reaction of dimethylketcne with 2 -phcnyl- 2 -thiazo- 
line led to the formation of a thiazolidine-piperidinc- 
dione, from two molecules of the ketenc with one of 
the thiazoline, rather than a thiazolidine-/3-lactam. 
The piperidinedione was hydrolyzed to N-iso- 
butyryl- 2 -phonyl- 2 -thiaz(jlidine-a-isol)utyric acid, 
which upon heating lost isobutyric acid (‘Meiso- 
butyr 3 dation^^) with the formation of the /3-lactam 
of 2-phenyI-2-thiazolidine-a-isobutyric acid (II) 
(Shell, Sh.8\ 107). 

2(CIU)2C—C0 + (\II 5 C-S 

II I 

N—CII 2 —CHs 


CO—CHcn,)^—('(Cciio-s 


(ch3)2(;-CO-N—(’ 1 I 2 —(;h2 


H,(> nooccxcn,) 2 C(C 6 ii,)-s 


(CH8)2CHrON—CII 2 —CH 2 


((m*)2C’-C(CJl5)—s 

I I I 

CO—N—C^Hj—(.'Hi 

II 


+ (('H,)2CHCOOn 


The thiazolidine-/3-lactam structure (II) for the 
deisobutyrylation product was established as 
follows: 

1. The presence of t he /3-lactam ring was demon¬ 
strated by hydrogenolysis of the deisobutyrylation 
product to an oil the infra-red spectrum of which 
w^as identical with that of an authentic sample of the 
/3-lactam of |3-ethylamino-/3-phcnyI-a,a-dimcthyl- 
propionic acid (V). The authentic sample of V, 
also obtained as an oil, Acas prepared by thermal 
deisobutyrylation of N-isobutyryl-/3-ethylamino-/3- 
ph(5nyl-a,a-dimethylpropionic acid. 

(CH3)2C-CXCella)—S 

(^0—N—CH2—(.'Ila 

n 

lUlNi 

(CH,) 2 C-CIIC.IIs 

I I 

CO—NCHaCH, 

V 


-(CH,)iCHCOOHt 

HOOCC(CH,)r-CHC.H6 

(CH,)2CHC0N—CHaCH, 

2. The presence of a thiazolidine ring in the 
methanolysis product (VI) of the /3-lactam was 
demonstrated by the formation of a ketone (methyl 
a-benzoylisobutyrate) upon treatment of the meth- 
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anolysis product with mercuric chloride. The 
methyl a-benzoylisobulyrate was shoAvn to be 
idenlieal with a sample prepared independently 
from methyl benzoate and methyl a-bromoiso- 
butyrate in the presence of zinc. 

(CTI*)2C-C(C6ll6)—S cm,OH 

CO—N—CHj—CIIs 

II 


(cn,)2C- 


C(CeH,)—S nKCl.. 


COOCHs Nil 

VI 


—CTIj—(*'H» 


(CH3)2C—(’OCfcll, 

C’OOCH, 

_ t Zn 

(t’ll3)2CBrCOOCHa + CHaOOt’C'alU 


(VII). Apparently the water and oxygen required 
for this transformation were taken up from the air. 

(C1I3).C^ --C((\U5)-S HgCh^ 

CO—N—C^la—aia 

II 


C6ll5C()C(CIl3)2CONIICIl2Cll2SH H, 
VII I , Nf 


|(^6H5(’OC((^ll3)2CONH(^ll.,C’H2S~]. 

L VIII 


H, 


Ni 


Ceihcmnic(Q^iU)2Vi)NHC2ii, 

IX 

The /3-lactam did not react with iodine in glacial 
acetic acid. However, oxidation with hydrogen 
pcroxidi* in acetic anhydride gave a compound 
believed to be tlie cv-disulfoxide 


An attempt to prepare methyl 2-phenyI--2- 
thiazolidine-«-is(d)utyrate (VI) by condensation of 
methyl a-benzoylisohutyrate with 2-amino<4hane- 
thiol was unsuccessful. 

The infra-red absorption of the thiazolidine-/3- 
lactam (II) showed a strong and sharp absorption 
band at 5,025 (carbonyl) and very weak bandvS at 
5.95 m and 0.075 m. 

The x-ray di(Traction j)o\vder pattern of a crystal¬ 
line sample of II has been determined (Illinois, 
CLb\ 0). 

Eeactions. The i^^-lactam of 2-phenyl-2-thiazol- 
idinc-a-isobutyrie acid (II) was resistant to alkaline 
hydrolysis. It was recovered unchang(*d after five 
hours of refluxing with one ecpiivalent of alkali in 
dioxano. Under more drastic conditions the mole¬ 
cule was cleaved to fragments wiiich have not been 
identified. 

The /3-lactam was slowly but smoothly converted 
to methyl 2-phenyI-2-thiazolidine-a-is(jbutyrate by 
treatment with absolute methanol containing a 
trace of sodium metlioxide. 

The/3-lactam did not renct under moderate condi¬ 
tions with benzylarnine or with thiocyanic acid. 
Treatment witli these reagents under more vigorous 
conditions led to the formation of products Avhich 
have not beem identified. 

Treatment of the |3-lactam (II) with mercuric 
chloride gave a mercaptan (VII) wiiich w'as oxidized 
to a disulfide (VIII). Both the mercaptan and the 
disulfide gave the same hydrogenolysis product, 
bc'lieved to be the N-cthylamide of a,a-dimethyl-/3- 
phenyl-/3-hydroxypropionic acid (IX). A sample 
of the latter w^as prepared independently in less 
pure form from methyl-a,a-dimethyl-/3-phenyl-i3- 
hydroxypropionate and ethylamine. 

The ^-lactam reacted slowly with hydrogen chlor¬ 
ide in dry ether to form the same disulfide (VIII) 
as had been obtained by oxidation of the mercaptan 


f(\ll.(.H)(X(dl3)2(H)NIlCll2CJl2S—]2, 

i 

() 


whuii was hydrogenolvzcd to the N-ethylamide 

(IX). 

I^y moans of titration studies with perchloric 
acid in glacial acetic acid il was showm that the 
nitrogen atom of the thiaz()lidiuo-/3-lactam (II) w^as 
neutral even under these conditions of titration. 

/3-Lactam of 2-Methyl-2-thiazolidine-«-isobutyric 
Acid. The /3-lactam of 2-mcthyl-2-thiazolidine-a- 
isobulyric acid (III) was prepared by a pri:)cedure 
(Shell, Sh /4, 212) analogous to that previously 
described for the 2-phenyl compound (II). The 


(cn3)2C^ - cicih )—s 


CHs—CIH 

III 


thiazolidine-piperidiiKHlione from two moles of 
dimethylketcne and one mole of 2-methyI-2- 
thiazoline could not be isolated in pure form because 
of its ready hydrolysis to N-isobutyryl-2-methyl-2- 
thiazolidine-a-isobutyric acid This acid upon 
heating gave up isobutyric acid with the formation 
of thei3-lactam (III) in 74% yield 

This compound is th(' onl}^ synthetic thiazolidine- 
/3-lactam containing exclusively aliphatic substitu¬ 
ents. Like the 2-phenyl compound it reacted 
only slowly with methanol containing a trace of 
sodium methoxide. No other studies of the reactiv¬ 
ity of this ^-lactam have been made. 

In the infra-red it showed a strong and sharp 
band at 5.63 Mt and no other band in the region of 
double-bond absorption. 

Comparison of Thiazolidme-/3-lactams with Pexii- 
cillin. Of the three thiazolidine-/3-lactams which 
have been prepared, the /3-lactam of 2-phenyl-2- 
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thiazolidinc-a-isobutyri(i acid (II) has been tlie 
most thoroughly investigated. This tliiazolidine- 
jS-lactam in its clieinical beliavior ros(»mbies the 
penicillins in the following respects: ( 1 ) The nitro¬ 
gen atom of the thiaz()lidine-/3-lactam is completely 
neutral; ( 2 ) the sulfur atom of the thiazoli(line-/ 3 - 
lactam is inert to iodine in glacial acetic acid; ( 3 ) the 
thiazolidinc-/S-lactam is hydrogenolyzed by Raney 
nickel to a monocyclic |3-lactam. 

In the case of the hydrogenolysis reaction, a 
striking parallel between the behavior of the thiaz- 
olidine-/3-lactam (II) and of methyl and sodium 
benzylpenicillinate is shown by the changes in the 
positions of their double-bond absorptions in the 
infra-red upon tlu* removal of th(' sulfur atoms. 
Tlie position of absorption (5.()2 fx) of the labile 
group in penicillin is strongly shifted by hydro¬ 
genolysis and it is shifted to tlie range of absorption 
of the carbonyl group of monocyclic. / 3 -lactams 
(about 5.74 /x)- 

As far as ease of hydrolysis and of reaction with 
benzylamine are concerned, the thiazolidine-jS- 
lactams, I and II, proved to be much less reactive 
than the penicillins. The /^-lactam (III) was not 
studied in this connection. All the synthetic 


iCJU),C -r((^6H5)— S 

I I J 

CO—N—CHs—CII 2 

I 


(CH3)2(;-('(CcHs)—S 

(’II 3 —/’IIj 

II 


{C]l 3 ) 2 C- -('(ClI,)—S 

io—li—CJI2—iiij 

III 


thiazolidine-jS-lactams, including the purely ali¬ 
phatic compound (III), were much more slowly 
methanolyzed than the penicillins. 

Assuming that the penicillins have the / 3 -lactam 
formula, then their greater reactivity may be due 


RCONHCH—CH—S—C(Cn3)2 

I I I 

CO—N-CIICOOII 


to the presence of the acylamino group in the a-posi- 
tion to the /3-lactam carbonyl group and possibly to 
the presence of the carboxyl group in the 4 -position 
of the thiazolidine ring. The low reactivity of the 
iS-lactam carbonyl group in the synthetic thiazol- 
idine-jS-lactams (I, II and III) may be due, at least in 
part, to the presence of two aryl or alkyl groups in 
the o-position. 

In support of the hypothesis that the lability of 
the /S-lactam ring in the penicillins is in part due to 
the presence of the acylamino group in the a-posi- 
tion, one may cite the work of Cal vet showing that 


tlie rates of hydrolysis of amides increase with 
increasing strength of the parent acid, and that of 
Zief and Edsall showing that substitution of an 
acylamino group in the ^-position of aliphatic 
acids increases the acid strength (see discussion on 
p. 979). The labilizing effect of the a-phenyl- 
acetamido group in a monocyclic j 3 -lactam is shown 
in 4 able IL 

In the synthetic thiazolidine-i3-lactams, the 
presence of two methyl or two phenyl groups in the 
a-position to the /3-lactam carbonyl group might 
well be expected to exert a stabilizing effect on the 
cyclic amide linkage. No study of the effect of 
a-methyl or a-phenyl substitution in amides on their 
rates of hydrolysis is available for comparison. 
However, Davies and Evans {./. Chem, aSoc., 339 
(1910) have shown that a great increase in resistance 
to hydrolysis of ethyl esters of aliphatic acids is 
produced by substitution on the a-carbon atom of 
alkyl groups in general and of methyl groups in 
particular. Similarly, Levenson and Smith (/. 
Am. Clirm. aSoc., 2321 (1940)) have shown that 
the substitution of phenyl groups in the a-position 
of esters of aliphatic acifls greatly lowers the rate of 
saponification (see p. 978). 

According to Ingold (J. Chv?n. aSV., 119, 305 
(1921)) and Ingold and Thorpe [J. Chem. Soc.^ 1318 
(1928)), the very presence of a geminal dialkyl or 
other geminal grou])ing on a ring exerts a stabiliz¬ 
ing influence on the ring. 

Attempted Syntheses of Thiazolidine-/ 3 -lactams. 
REAcn'ioN OF Kktkne with Thiazolinks. Only 
one monocyclic /3-lactani, the /3-lactam of / 3 -anilino- 
/3-phenyl-proi)ionic acid, has been prepared by the 
reaction of kcterie with an imine. 

The reaction of ketene with 2-thiazoline gave an 
orange gum which has not been identified. There 
was no reaction between ketone and 2 -phenyl- 
2 -thiazoline or bcnzothiazolc, even under drastic 
conditions, 

A considerable amount of work has been done on 
the reaction of ketene with methyl 5 , 5 -dimethyl- 2 - 
thiazoline-l-carboxylato, and its 2 -mcth 3 d and 

CH—S—(X(Tl3)2 

II J 

N-CIICOOCII 3 

2 -phenyl derivatives. Although some crystalline 
products have been obtained, none of these appears 
to include a thiazolidine-/3-lactam. Products ob¬ 
tained from two of the thiazoline esters are believed 
to be thiazolidine-piperidinediones. 

No crystalline products were obtained from the 
reaction of ketene with methyl 2 -phenylacetamido- 
methyl-2-thiazoline-4-carboxylate or its 5,5-di¬ 
methyl derivative. 

These reactions are summarized in Table V, which 
includes brief experimental data and references. 

Reaction of Dimethylketene with Thiazo- 
LiNEs. Thiazolidine-piperidinediones have been 
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TABLE V 

Reaction of Ketene with 2 -Thia 2 oline 8 


Thiazoline 

ConditionR 

Product 

Analysis of product 

Infra-red of 
product 

Reference 

2-Thiazoline 

26® in benzene 

! 

Orange gum (amide ?) 

— 

Strong band at 
6.04m 

ShJ4, 216 

2* Phenyl-2> thiazoline 

25° and 90-100° 

No reaction 


— 

Sh.l4f 217 

Bcnzothiazole 

25°, 60° and 100° 

No reaction 



ShJ4. 217 

Methyl 5,5-r)imcthyl- 
2-thiazoline-4' 
carboxylate 

0° in ether 

No reaction 



U.Z1, 2 

Methyl 5,5-1 )imethyl- 
2-thiazoline-4- 
carboxylate. 

50® in heptane 

Yellow oil; may be 
methyl N-acetyl-5,5- 
dimethyl-4-thiazo- 
lid iriecar boxy late 

(iood anal, for 
r,II„NO.S 

5.73, 5.95 M 


Methyl 5,5-I)imethyl- 
2-thiazoline-4- 
carboxylate. 

50® in heptane, 
anhyd, condi¬ 
tio ns 

Noncrystalline solid, 

' possibly an isoxazo- 
liiie* 

[ 

Fair anal, for 
('«H„NO,S 

5.73, 5 99 M 

v.u-u 

Methyl 5,5-l>imcthyl- 
2-thiazolinc-4- 
carboxylate. 

50® in benzene, 
anhyd. condi¬ 
tions 

Light yellow gum, be¬ 
lieved to be N-acetyl- 
peiiicillamine methyl 
ester 

Fair anal, for 
CgHuNOjS 

i 

U.u, 2 

Methyl 5,5-Dirnethyl- 
2-thiazoline-4- 
carboxylate. 

(Not described) 

Crystals, m.p. 99 - 
102®, may be the 
piperidinedione*^ 

Calc, for (!iiI1uN04S; 
51.40; 11, 5.84; 

N, 5.45; S, 12.45. 
Found: C, 51.84; 11, 

O. 71; N, 5.45; S, 
12.32 


PJ8, 11 

Methyl 5,5-Dimethyl- 
2-thiazolinc-4- 
carboxylate 

(Not described) 

Oil 

I 

— 

B.17, 1-2 

Methyl 2,5,5-Trimethyl- 
2-thiazolinc-4- 
carboxyiate. 

30® in benzene, 
or 180®in 
p-cymene 

Crystalline solid, m.p. 
150-151®; may be 
the piperidinedione® 

Calc, for ChHitNOhS: 

C, 53.12; H, 6.32. 
Found: C, 63.25, 
53.12; H, 6.18, 6.18 


B.IS, s 'lr-st 

Methyl 2,5,5-Trimethyl- 
2-thiazoline-4- 
carboxylate. 

0® in benzene 

Product, m.p. 81-83® 

Calc, for C,oHuNO,S: 
C, 52.40; H, 6.66; 
N, 6.12; S, 13.08. 
Found: C, 62.28; H, 
6.61; N, 6.01, 6.04; 
S, 13.80, 14.06 

Not indicative of 
thiazolidine-jS- 
lactam 

P.29; S2-SS 

Methyl 2-Phenyl-6,5- 
dimethyl-2-thiazo- 
line-4-carboxylate 

(Not described) 

(Crystalline material 

— 

— 

B.1B, 3 

Methyl 2-Phenyl-5,6- 
dimethyl- 2 -thia 2 o- 
line-4-carboxylate. 

0® in benzene 

Oil (contained un¬ 
changed starting ma¬ 
terial) 



f.29, 10 

2-Phenyl-6,6-dimethyl- 
2-thiazoline-4- 
carboxylic acid 

(Not described) 

No crystalline product 
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Thiazoline 

Conditions 

Product 

Analysis of product 

Infra-red of 
product 

Reference 

Methyl 2-Phenyl- 
acetami(io-5,5- 
dimethyl-2-thiazo- 
line-4-carboxylate 

(Not described) 

No crystalline product 

I 

— 

j 

B 17, 5; 18, 6 


-CH—S—C(C’H,)j 

I I 

-CHCOOC HI. 


• CH- 

II 

CH -O 

b COCHr—CH—8-~C(CH,)t 


I 


CHaCO—N-CIICOOCHi. 

® On hydrolysis with alcoholir NaOH, the supposed piporidinedione, CO-CH 


CO 

which may be CIIiCOCH—(' S —C(CiJi)a. The methyl ester of the acid melts at 73* 

I I 

NH- CUCOOH 


-C(CHi)—S—C(CIIi)a, nave an acid melting at 218-220®, 

I I 

N-CHCOOCU, 

7 ."i* 


prepared by the reaction of dimcthylketene (two 
moles) with the following thiazolines: 2-incthyl- 
2-thiazolino, 2-phenyl-2-thiazoline, methyl 5,5- 
dimethyl-2-thiazoline-4-carboxylatc, and methyl 
2-phenyl-5,5-dimethyl-2-thiazoline-l-carboxylato. 
The reaction of dimethylketonc with benzothiazolc 
gave a benzothiazoline-piporidinedione. Each of 
these piperidinediones has been converted to the 
corresponding N-isobutyryl-2-thiazolidine-a-isobu- 
tyric acid, but only the acids derived from 2-inethyl- 
and 2-phenyl-2-thiazolinc could be converted to 
thiazolidine-jS-lactams (sot* pp. 986 and 985). 

The reaction of dimcthylketene with 2-thiazoline 
apparently gave the thiazolidine-piperidinedione 
which, however, hydrolyzed so readily that only 
N-i6obutyryl-2-thiazolidine-a-isobutyric acid was 
isolated. Heating of this acid did not effect re¬ 
moval of isobutyric acid witli formation of a /3-lac- 
tam ring. 

The experimental data for the preparation of the 
thiazolidine-piperidinediones and the N-isobutyryl- 
2-thiazolidine-a-isobutyric acids are given in Table 
VI. 

Reaction of Dipiienylketene with Tiiiazol- 
INES. In only one case has a thiazolidine-/3- 
lactam been prepared directly from a ketene and a 
2-thiazoline. This case, the reaction of diphenyl- 
ketene and 2-phenyl-2-thiazolinc, has been dis¬ 
cussed on p, 984. 

The reaction of diphenylketene with some other 
2-thiazolines has given products derived from two 
moles of the ketene and one mole of the thiazolines. 
The products have been assigned the thiazolidine- 
piperidinedione structure (X), The compounds 


2(C«H6)2C--C0 + RC- 


N—CII(R)- 


-d’H* 


CO—C(C,H»)2—C(R)-S 

i I I 

(C.H.),C-CO-N—CH(R)—CHs 


X 


formed the reaction of diphenylketene with 
2-mcthyI-2-thiazolinc, 2-styryl-2-thiazoline, and 
methyl 2,5,5-trimethyl-2"thiazolinc-4-carboxylate, 
arc belif'ved to be jiiperidinediones of structure X. 

The crystalline j)rc)duct from bcnzothiazole and 
diphenylketene has been assigned the benzo- 
thiazoline-pipcridinedione structure (XI). The 
analysis and infra-red absorption of its hydrogenoly- 
sis product are in good agreement with those 
expected for compound (XII), 1,3,3,5,5-penta- 
phenyl-2,4-piperidincdione. Methanolysis of XI 




-N-C'O-C(C6lU)2 

ill—c(Ceii6)2—io 


n, 

Ni 


XI 


CellsN-CO-C(C,H,)2 

CHs—C'((MI,)r-io 

XII 


gave a methyl ester having an analysis in poor 
agreement with that calculated for the expected 
methyl N-diphenylacetyl-a,a-diphenyl-2,3-dihydro- 
2-benzothiazoleacetate. However, methanolysis of 
the hydrogenolysis product (XII) gave a product of 
which the analysis and the infra-red absorption were 
in agreement with that expected for methyl N-di- 
phenylacetyl-jS-anilino-a, a-diphenylpropionate 
(XIII). 


C 6 H 5 N-CO-C(C6H5)2 

I I 

CHj—c(C 6 ir(,) 2 —CO 

xn 


CH.OH 

NaOCHT 


(C6lI(i)2CHCON(CeHB)CH2C(C6H6)2COOCH, 

XIII 

Reaction of Miscellaneous Ketenes with 
Thiazolines. Attempts by the Shell group to 
prepare a thiazolidme-/9-lactam containing a carb- 
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TABLE VI 

Reaction of Diincthylketonc with 2-Thiazolinofl 


Thiazoline 

C^onditions 

Piperidinedione 

Acylamino acid 

Reference 

2-7’hiazoliiie. . . . 

4 days at 25® in ethyl 
acetate 

Not isolated 

N-l8obutyryl-2-thiaz()l- 
i d 1 n e-a-iso butyric 
acid,* m.p. 120-122®; 
reeryst. from CUIOL 

Sh.lA, 214-215 

2 -Mc thyl-2-thiazoline'". 

3 days at 25® in ethyl 
acetate 

Oil (see p. 1000) 

m.p. 130-131“ (SCO p. 
1000 ) 

lih. 14 , 211-212 

2 -Phenyl-2-thiazolin(‘'*.... 

2 davh at 25® in ethyl 
acetate 

m.p. 1.36- 137® (see p. 
907) 

m.p. 157.5-158® (seep. 
997) 

Sh.8, 105-6 

Methyl 5,5-1 )iniethyJ-2- 
thiazoUm»-4-carboxylat e. 

2 days at 25® in elhyl 
acetate 

Cuinniy solid, rn.p. 75- 
95® 

! 

rn.p. 147.5 148.5®; re- 
cryst. trom CV.lh,-pet. 
ethiq-*' 

MM(S, 2-3 

Methyl 2-Ph(*nyl-5,5- 

Oveniight at 25®, then 

m.p. 154®, reeryst. from 

m p. 191-192®; reeryst. 

109; 10, 142 

diin etliy 1-2-t h iazoli 1 »e-4- 
car boxy late. 

2 hrs. at ndlux in ethyl 
acotati* 

(^•,H6-pet. ethei** 

from acj. OlLOlP 


Benzothiazole 

4 days at 25® in ethyl 
aeetatc* 

in p. 81-83^ reeryst. 
from CHsOll" 

m.p. 157-158®; reeryst. 
from isooctaiie'* 

lih.li, 213-21 4 


• Anal. Culc. for CiiHi,NO»S, C. 53 85; il, 7.81; N. 5.71; S, 13.07; neut. equiv., 245. Found: C, 63.8, 53.9; II, 7.8, 8.0; N. 6.6. 6.5; 8, 13.0, 
13.3; neut. eqtiiv., 253, 250 

^ This reartion arid the conveision to .aevlamino acid and thii*olidine-^-lactam are dcuciibed in dotml on p 997. 

® Thifi inaction and the converMon to acvhunino acid and tiiia^olidini'/^-luctiim air di‘i.ciibed in detail on j) 995. 

d D-N-Isobutvryl'4-caiboun>thox3'-5,5-diimMh>l-2-thiazoUdine-a-ifiobutviic acid. Anal. Calc, for (’i 5 H 25 ()f,NS: (’, 54 35; II, 7.00; N, 4.23. 
Found. C, 54 81; H, 7.80; N, 4.26. 

• Tin* sample which was analy/ed melted at 140® Anal Calc for (’jiH*t 04 NS C, 64 75; II, 0.99. lounil C, 04 45, 04.52; H, 7.16, 7.15. 

f N-lsobutyryl-4-cjnbomethoxv-5,5-<limeth\l-2-F»hun>l-2 lhi.iaolidiue-a-if.ol)ut> tic acul. Anal. Calc, for CjiHiiNOtB. neut. equiv., 406. 
Found: nent. equiv., 390, .392. (Piepaiinl bj hydroUeia of the pipeiidinedione with nit'thanolic NaOH.) 

« Anal Calc, for CuIInNOsb. C. 05.42; it, 0 22; N, .5.09; S. 11 04. Found; C. 05.52; li, 0 34; N, 6.2, 5 4, H, 11.8, 11 9. 
N-l8obutyrvl-2,3-dih.vdro-2-bcnzothia2<jle-« isobutyiic acid. Anal. Calc, for CiftllitNOiS: C, 01.41, U, 0.53; N, 4.78; neut. equiv., 398. 
Found C. 61.1; II, 0.7, N, 4.4; neut equiv., 309 


ethoxy group by the reaction of ethylcarbethoxy- 
keteno with 2-methvl- and 2-phcnyl-2-thiazoline, 
and of ethylcarbethoxyketene dimer with 2-i)henyL 
2-thiazoline, were unsuccessful (iS7t.^, 12()). 

Two unsuccessful attempts to prepare thiazol- 
idine-/3-lactams by the reaction of diazoketoncs 
(diazoacetophenone and diazomethyl ethyl ketone) 
and silver oxide (presumably forming a ketene) with 
2-phenyl-2-thiazoline were carried out {Sh.JJf.f 217). 

The preparation of some N-alkylbenzamido- 
ketenes was attempted in the Michigan C.'hemical 
laboratory 6) by the following series of 

reactions; 

[CaHsCONRlNa + COCI 2 [CoIIsCONRCOCl] 

ic JLCONRCOCIIN,] 

[CeHsCONRCH—C=0]. 

(R = methyl, ethyl, or benzyl) 

The intermediates and the products were not 
isolated. The crude products, presumably con¬ 
taining the ketenes, were treated with methyl 
2,5,5-trimethyI-2-thiazoline-4-carboxyIate and gave 
reaction mixtures which had no bioactivity. 

An attempted synthesis of methyl benzylpenicil- 
linate involves the reaction of methyl 5,6-dimethyl- 


2-thiazoline-4-carboxylate with phenylacetamido- 
ketene, supposedly formed by the following scries 
of reactions in which neither the diazoketone nor the 
ketene was isolated: phenylactetylcarbamyl chloride 
+ diazomethane phcnylacctylcarbamyldiazo- 
methane {C\n,CU 2 CA)^\lCOCk^ 2 ) + silver ox- 
idephenylacctamidoketene. No products were 
isolated from the reaction of this supposed ketene 
with the thiazoline ester, and the crude product had 
little or no bioactivity {B.lOy 3), 

Attempted Cyclization of N-Acyl-2-thiazol- 
iDiNEACETic AciDs. The successful preparation 
of two thiazolidine-jS-lactams by thermal removal 
of isobutyric acid (deisobutyrylation) from two 
N-isobutyryl-2-thiazolidine-a-isobutyric acids (see 
pp. 985 and 986) provided the incentive for a great 
number of attempts to prepare by a similar proce¬ 
dure other thiazolidine-i(?-lactams, especially some 
containing acylamino groups in the a-position to 
the /^-lactam carbonyl group and carbomethoxy 
groups in the 4-position of the thiazolidine ring. 

The deacylation experiments were unsuccessful 
except in the two cases already described in detail. 
Particularly disappointing was the failure to 
obtain thiazolidine-i^-lactams which would have 
been lower homologues of esters of the penicillins 
from a:-acylamino-N-acyl-4-carbalkoxy^2-thiazol- 
idineacetic acids and the failure to obtain methyl 
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TABLE VII 

Reaction of Diphenylketenc with 2-Thiazolino8 


Thiazolinti 

i 

1 

Conditions 

Product 

M.P. of prod. 

Anal, of prod. 

Infra-red of 
prod, ifi) 

Reference 

2-Phenyl-2-thiazol ine 

25”, no solvent 

Thiazolidinc-/?- 

lactarn*' 

156.6-158” 

- 

5.655, 6.235 

Sh.7-8 

2 - M ethyl-2-t hiazoline 

25”, no solvent 

Pi per idinedione, 

160.5-161" 

Calc, for (^21127- 
O 2 NS: (% 78 5; 
II, 5.5; N, 2.86. 
Found: (\ 78 2, 
78.2; H, 5.6,5 7; 
N, 2.5, 2.5 

1 

1 5.655, 6.0',), 6.24 

Sh.tO, 145 

2-Styryl-2-thiazoline*" 

25”, then 85”, no 
solvent j 

A dark-red glass, 
Ix'lievcd to be 
the piper idine- 
ihone 



5.72, 6.03, 6.25 

,SV»./4, 216 

Benzothiazole . . 

25", then 70”-! 
80” for 5 min., 
no solvent 

1 

P]peridiiiedione,‘’*‘| 

Cjdl.6N02S 

1 

1 

16.3-164.5” 

1 

C^ile for Cjblljt- 
O 2 NS: (\ 80 31; 
n, 4.78; N, 2 68; 
mol. wt , 523 
Found: C, SI 66, 
81.77; TI, 5 25, 
5.21; X, 2.37, 
2.35; mol wt., 
565 

5.()55, 6.085, 6.24 

1 

Sh.U, 144 

Methyl 2,5,5-Tri- 
metiiyl-2-thiazo- 
Iine-4-carboxylate. 

(Not described) 

Piperidinedione 

215” 

— 

(Ultravioh't max. 
at 2950 A.) 

M.06, 1 

2- Plumylacetamido- 
m e thy 1-5,5-d 1 - 
mothyl-2-thiaz()- 
lm(i-4-c a r b o x y 1 1 e 
acid. 

(Not described) 

No product r('- 
ported 




5 


^ Df'HfiiUul in tlolail on p 91 I(> 

Preparation of 2-'Mtvrvl-2-thiazoline N-Cinruiino\lethanol 0).p. IIH)- 195® (2 ram.)) wua piopared m OS', vield b\ hoatinK cinrminic «cnl and 
ethanoluinine, and was tieutod with i>hosphoiUM pent isiilfide (procedure adapted fioin Wenkei, J. Arn. Chem Soc . '>7, J(179 (1935)), to kivo an 8 4% 
yield of cnide 2-styrvl-2-tluiij?oline, boiliuK at 95-120® (,0.3 ram ). \Vitb pictic and thiB gave a picraio, tn.j*. 15S-159*, wdurli had thocmuTt unalyHiB 
for 2-Mtvi vl-2-thia4goline lucrate. dwcii. fair, foi ('i,Hi4N4( (’, 48.80, H, 3.37; N, 13 39. houml. f, 4S t>, 48 8; 11, 3.7, 3 7, N, 12.2, 12.2. 

o ^lethuuolyKia of this lupnidinedione a prodvict having an nnalyuia in luthor poor agreement witli that calculated foi the expected methyl 
N-diph«>nvlacotvl~rt,a“diphenyI-2,3-dihydro-2-benzothiazoleuee(a(e. Anal. Calc, for CieUz»NO|S: C, 77.84; H, .5.23; N, 2.52. Pound. C, 76.1, 
76.8; H. 0.0 6.6; N, 2 I. 

d This ptpeiidmedione on tieatment with Raney nickel gave a sulfur-free product believed to be the pij>ofidinedione (XII, p. 989), m.p. 
167- 109®, mfra-red 5.05.5, 0.085, 0.25ii. .4md ('ale. for (%6lIj7NOa; C, 86.19; H, 5.48; N. 2.84. Kound. f. 84 0. 84.0; II, 5.7. 5.5, N, 2.8. 
Methauoivsia of thiw sulfui-freo pipeiidinedionc gave u product melting at 146®-*14(>®, which gave aualytifal resultB in good agreement with those 
calculated for methyl N-dipheuylacc*tyl-/S-anilino“rt,a-diphenylpiopionate. Anal. Calc, for CicHnNOr C, 82 29, H, 5.90; N, 2 67. Found: C, 82.2; 
H, (>.2; N, 2.0, 2.6. 


benzylpcnicilliiiate from /^^-mcthyW-lsobutyryl-O- 
b^nzylpenicilloate. In general, upon heating the 
various N-acylthiazolidincacetic acids there was no 
reaction except decarboxylation which took place in 
some cases. Upon vigorous heating extensive 
decomposition occurred. 

These unsuccessful deacylation experiments, ex¬ 
clusive of those designed to give one of the penicil¬ 
lins or a penicillin ester (these are discussed in 
Chapter XXII) are summarized on pp. 1001’-1002, 
with brief experimental details. 

Miscellaneous Attempted Syntheses. The un¬ 
successful attempts to prepare thiazolidine-i5- 
lactams by Reformatsky type reactions, by Grig- 
nard and organolithium cyclizations, and by other 
procedures and some of the proposed but untried 


syntheses of thiazolidinc-i^-Iactams are tabulated 
at the end of the experimental section. 

E X P E R I M E N T A L 

PREPARATION OF MONOCYCLIC /3-LACTAMS 

Cyclization of a/3-Amino Acid: 1,4-Diphenyl-2-azetidinone 

(Pfizer, P.Mj fi). A mixture of 1.2 g. of i3-aniliuc)-/3-pheiiyl- 
propionic aefid and 2.4 ml. of phosphorus trichloride was 
refluxed for one-half hour. As much of the reagent as 
possible was tlnm removed und(.»r reduced pressure. The 
gummy residue was washed by decantation twice with 15 ml. 
portions of water and dissolved in methanol without drying. 
Crystals soon appeared and, after elulling overnight, were 
collected. The material weighed 0.6 g. and melted at 154- 
When mixed with an authentic specimen of the 
/3-lactam (p. 992), there was no (depression of melting 
point. 
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Cyclization of /3-Acylainiiio Acids. Synthebir of 3,3-Di- 
MBTUYi^l-ETnYL-4-PiiENyii-2-AZETii)rNONB (Shell, Sh,9 123); 
1-Ethyl-6-phknyl-3,3,5,5-tktramethyl- 2, 4-piPERimNE- 
uroNE. To 5.6 g. (0.041 mole) of N-benzylideiie-cthylaniine 
(prepared from benzaldchyde and cthylaminc) in a cylinder 
flushed with nitrogen was added a solution of 5.9 g, (0.084 
mole) of dirnethylketeiH’ (p. 997) in 60 rnl. of ethyl acetate. 
The solution became colorless after about six liours but was 
allowed to stand for tw enty hours. The ethyl acetate was re¬ 
moved under reduced pressure to leave a crystalline residue 
which weigh{’d 8.08 g. (73% yield). One gram of this 
material was rocrystallized from benzene-petroleum ether 
and gave 0.6 g. of l-ethyl-6-phenyl-3,3,r),5-tetraniethyl-2,4- 
pipendinedione as white crystals which melted at 89-90". 

Calc, for CitILsNO,: C, 74.70; H, 8.48. 

('ale for CiyllnNO,: (', 70 07; II, 8.65. 

Found: C, 73 56, 73.18; H, 8.51, 8.51. 

These values indi(‘ute that a considerable portion of the 
piperidinedione had been converted to tlie acylamino acid, 
discussed in the following section. When a sample was 
allowed to stand in a stojipered bottle for two days it w^as 
convert(*d to a crystalline material, which was shown by 
melting point, 111.5-112.5", and mixed melting point, 113- 
114.5®, to be identical with the acylamino acid obtained in 
the following experiment. 

N-IsoBUT'i Ryj.-i9-KTI!YL\NfIN<)-/3-PHENYl.-a, a-DIMErilYn- 

PROPiONK' Acid. A suspension of 7 g. of the piperidinedione 
from the previous experiment was refluxed for thirty minutes 
with 25 ml. of 10% sodium carbonate solution. All of the 
piperidinedione had gone into solution in less than ten 
minutes. The cooled solution was extracted with ether and 
acidified. The N»isobutyryI-/3-ethylamino-/3-phenyl-€r,a-dj- 
mcthylpropionic acid which separated was collected on a 
filter and dried in air; it weighed 7.0 g. (93.5% yield). This 
acid was rocrystallized from aqueous methanol and melted 
at 114-114.5®. 

Calc, for Ci 7 H 2 iiN 03 : neut. equiv., 291.38. 

Found: neut. equiv., 290, 292. 

3,3- Dimethyl- 1-ethyl-4-phenyl-2-azktidinone. 
A 6.3 g. (0.0216 mole) sample of the abo\ e acid was heated in 
a small (Tlaisen flask to 1 (>0-170® (20 mm.) for about an hour 
(until bubbling stopped). During this t^nie 1.9 g. of iso- 
butyric acid was collected. The pressure was then reduced 
and the product wras distilh'd at 92-100® (2 mm.), yielding 
3.8 g. (86.7%) of the azetidinone. 

Calc, for CiaHnNO: C, 76.80; H, 8.43; N, 6.89. 
Found; C, 76.55, 76.12; II, 8.42, 8.45; N, 6.68. 

Variables in ^-Lactam Formation prom /S-Acylamino 
Acids iSh . 9 , 129). A limited study was made of solvents 
which might favor the elimination of isobutyric acid from 
/5-isobutyrylamino acids. With N-i8obutyryI-/3-benzyl- 
amino-i9-phenyl-a,a-dimethylpropionic acid (Staudinger, 
Klever and Kober, Ann., S74, 1 (1910)) a 50% conversion 
of ^-lactam was obtained when the reaction w'as carried 
out in refluxing diisobutyl ketone (169®) for thirty minutes. 
In order to test the possibility that isobutyric acid might 
catalyze the reaction, the acylamino acid was heated for 
thirty minutes in refluxing diisobutyl ketone containing 
isobutyric acid. No improvement in conversion to jS-lactam 
(50%) was observed. Complete recovery of starting ma¬ 
terial was obtained when the acylamino acid was refluxed in 
pyridine (116®) or quinoline (160®) for thirty minutes. 

Reformatsky Reaction with an Imine; 1-Bbnzyij- 
3-METHYI^-PHKNyL-2-AZETIDINONE (Mcrck, Af.HS, 4). To 
20 g. of N-benzylidcncbenzylamine, dissolved in 100 ml. of 
dry toluene, 8 g. of 20-40 mesh zinc metal (washed with 
cone, sulfuric acid containing a few drops of nitric acid) was 
added and the whole brought to boiling. After addition of a 
crystal of iodine, 14 ml. of ethyl a-bromopropionate was 


added dropwise. After about one-half of the ester had 
been added rapid reaction took place. Following reflux for 
one-half hour the toluene solution was cooled, washed with 
concentrated ammonium hydroxide, with water, with 10% 
hydrochloric acid, and again with water, and then con¬ 
centrated m vacuo to a thick syrup. Finally the syrupy 
residue was distilled, Uio fraction boiling at 141-146® 
(0.10 mm.) (nl>^^ 1.5098) being retained. 

("ale. for CihIIitON: C, 81.2; II, 6 .8; N, 5.58. 

Found: C, 80.9; II, 6.9; N, 5.58. 

Ill a second preparation the product boiled at 135® 
(0.02 mm.), and had nu^^, 1.5702. 

Found: C, 81.0; H, G.7; N, 5.28. 

The hydrolysis of this material is discussed on pp 978-979. 

Cyclization of /3-Amino Acid Esters with OrganometalUc 
Compounds. Synthesis of 1,4-Di phenyl-2- Azetidinone 
(Pfizer, P./O, 1). The (^ngnard reagtmt prepared from 
3.27 g. (0.03 mole) of ethylbromide and 0.73 g. of magnesium 
in 25 cc. of dry ether was diluted with an equal volume of 
ether; to this solution was added 8.1 g. (0.03 mole) of ethyl 
/9-phenyl-/8“anihnopropionate (m p. 76-76.5°. Cale, for 
Ci7lT)«>0;N: N, 5.20. Found: N, 5.26, 5.19) partially dis¬ 
solved and suspended in 50 ec. of dry ether. Reaction was 
instantaneous and a tan-eolorc'd, pnrtl}’^ solid gum separated. 
The r<‘action mixture was stirred and refluxed for one>half 
hour after all the ester was added. After cooling to room 
temperature, the ether layer was decanted and the gum was 
washed with some fresh ether. The combined ether layer 
and washings were poured info water containing excess 
ammonium chloride. The ether layer was separated and 
dried Subsc'qm nt evaporation of the solvent gave 1.8 g. of 
the original ester (m p. 68-70^). The gum was covered with 
100 ee. of toluene and treated with 125-150 ce. of wotiT 
containing excess ammonium chloride. Thorough stirring 
and crushing was needed to break up the lumps. The tolu¬ 
ene layer >vhh separated and filtered through a eiry paper. 
The solvent was removed as completely as possible under 
reduced pressure. I he rcf-idue was taken up in 100-126 cc. 
of boiling methanol and upon cooling 3.6 g. of the /Sdactam 
separated. This material melted at 154.5-155.5® and a 
mixture wdth a sample prepared by tlie procedure of Cdlman 
and Specter (J. An?. Chin?. Soc., OB, 2255 (1943)) showed no 
depression of melting point. Concentration of the methanol 
mother liquor gave an additional 1.4 g. of slightly less pure 
material. Thus the >ield based on ester consumed w'aa 
93.9%. 

Synthesis of 3-Bbnzamido-1-phentl-2-azetidinonb. 
Ethyl /8-ANiLiNo-a benzamidoacrylate (Merck, 

7). Five grams of the sodium salt of ethyl formylhippurate 
(Erlenmeyer, Ann., SS7, 251 (1904)) was added to a mixture 
of 10 ml. of cold water and 12 ml. of 2.5 N hydrochloric 
acid. The oil that formed was extracted with chloroform. 
The chloroform solution was dried over sodium sulfate and 
evaporated under reduced pressure. The residual oil was 
dissolved in 5 ml. of ethanol and 1.8 g. of aniline was added. 
Heat was evolved. After the solution had stood and cooled 
a jelly-like precipitate separated. It was collected on a filter 
and dried; weight, 3.1 g. The material was dissolved in hot 
ethanol and water was added to incipient cloudiness. After 
the solution had been cooled, the precipitate was collected on 
a filter and dried in a vacuum desiccator; weight, 2.7 g., 
m.p. 144-147®. After two further rccrystallizations and 
drying at 190° (0.1 mm.) the melting point was 136-137®. 

Caic. for C,»HieO,Na: C, 69.67; H, 6.85; N, 9.03. 

Found: C, 69.76; H, 6.68; N, 8.86. 

Ethyl /S-ANiLiNO-a-BENZAMinopaopiONATB {M.81, 7). 
Two grams of /3-anilino-a-benzamidoacrylic acid ethyl ester 
was dissolved in 126 ml. of ethanol and reduced at 70® for one 
hour under 135 atmospheres of hydrogen with Raney nickel 
catalyst. The catalyst was removed by filtration and the 
solvent evaporated under reduced pressure. The residue 
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was dissolved in ether, petroleum ether was added to 
incipient cloudiness, and the mixture was allowed to stand 
in the ice box. Crystals formed; weight, 0.3 g., m.p. 
66-69®. After three rocrystallizations from ether-petroleum 
ether, the melting point was 72-73°. 

Calc, for CuHeoGiN,: C, 69.22; H, 6.45; N, 8.97. 

Found; C. 69.41; H, 6.65; N, 8.87. 

3-BENZAMrDO-l-PnENyi^2-AZBTIDINONE 7). To 

l, 00 g. of jS-anilino-a-bcnzamidopropionic acid ethyl ester 
dissolved in 40 ml. of benzene was added an ether solution 
of methylmagnesium iodide prepared from 0.16 g. of mag¬ 
nesium, 0,5 ml. of methyl iodide and 10 ml. of ether. The 
flask was shaken for five minutes and the precipitate col¬ 
lected by centrifugation. Tlie precipitate was stirred with 
10 ml. of water containing 1 g. of ammonium chloride. The 
insoluble material was collected on a filter; weight, 0.2 g., 

m. p. 175-180*". After two recrystalli/ations from methanol 
th(* melting point was 205-206^*. 

Calc, for 72.16; II, 5.30; N, 10.52. 

Found: C. 72.68; H, 5.36; N, 10.85. 

Synthesis of 1-Phbnyl-3-piienyla<’etamido-2-azetidi- 
NONK (A/.5.V, 2). The anil of ethyl penaldate was hydro¬ 
genated under 2000 lb. pressure at 65-70" for one hour in th(5 
presence of Itaney nickel in order to saturate the imine 
grouping. Th(‘ alcohol was removed in vacuo and tlie oily 
residue dissohed in ether and ])re(‘ipjtated as the hydro¬ 
chloride by the addition of hydrogen chloride A sample of 
the product, (‘Ihyl a-phcnylaectnniid()-/i'aiiilunjpropionate 
hydrochloride* [M,6S^ 8) was di.‘-solveil in alcohol and an 
equal volume of ether was added to give* crystals, m.p. 
132-133°. 

Calc for C^iJIajNjOa.lKM: 

C, 02.90; IT, 6.39; N, 7.72. 

Found: C, 62.75; H, 7.29; N, 7.29, 7.70, 8.15. 

To a stirred solid ion of 1.62 g. of ethjd a phenylacetamido- 
)5-aniIinopropionate in 30 ml. of ether was added ethyl- 
magnosiurn bromide obtained from 0.243 g. of magnesium. 
The mixture was centrifuged, most of the ether solution dis¬ 
carded, and the precipitate treated with a dilute ammonium 
chloride solution. A white solid remained suspended in the 
remaining ether. This solid was recrystallized from methyl 
alcohol to yield 135 mg. of /9-lactam melting at 218". 

Calc, for Ci 7 lIi«Oj{N 2 ; 

C, 72.84; H, 5.75; N, 10.00; mol. wt., 280.3. 

Found: 

C, 72.33; H, 5.49; N, 10.34; m. w. (Hast camphor), 279, 292. 

A sample of this /S-lactam, prepared similarly in the Pfizer 
laboratories 7), melted at 224-225° when placed in a 

bath at 210°. 

Found: N, 9.88, 9.85. 

An attempt was made to obtain the same product by the 
use of isopropylmagnesium iodide or phenyl-lithium in place 
of ethylmagnesium bromide. In neither case was the lact¬ 
am isolated. 

A study of different Grignard reagents and other organo- 
metallic compounds was made in an effort to find the best 
reagent for preparing this /3-lactam from methyl /3-anilino-a- 
phenylacetamidopropionate. 

CyCLIZATION of Methyl /9-ANILINO-af-X»HENYLACBT- 

AMiDOPBOPiONATE (Merck, Af.76‘, 10; 78^ 7). Methyl 
/3-anilino a-phonylaoetaraidopropionate, m.p.127-128°, 
was pepared by the catalytic hydrogenation of the anil, 
which in turn was synthesized from aniline and methyl 
benzylpenaldate. 

Calc. f6r CiiHuOiN,: C, 69.21; H, 6.46; N, 8.97. 

Found: C, 69.42; H, 6.50; N, 9.63, 


The following procedure was used, with minor variations, 
for the reaction of all the organometallic compounds with 
the methyl /S-anilino-a-phenylacetamidopropionate. 

Nine hundred and thirty-six milligrams (0.003 mole) of 
methyl /S-anilino-a-phenylacetamidopropionate was dis¬ 
solved in 40 ml. of warm benzene. The solution was cooled 
to room temperature and 5-10 ml. of an ether solution con¬ 
taining 0.006 mole of ethylmagnesium bromide was added 
with shaking. A precipitate was formed and, after the 
mixture was shaken for five minutes, the solid was separated 
by centrifugation. A solution containing 1 g. of ammonium 
chloride in 10 ml. of water was added to the precipitate and 
the mixture was stirred vigorously. The magnesium com¬ 
pound decomposed and the /S-lactam of ^-anilino-a-phenyl- 
acetamidopropionic acid r(*main(*d as a solid. It was 
removed by filtration and was crystallized from 35 rnl. of 
methyl alcohol to give 145 mg. (17% yield) of /3-lactam 
melting at 217-218°. 


C’yelization of Methyl /3-Anilino- 
a-phenylacctamidopropionate 



Molar 

ratio 

Yield 


Reagent 

of rea¬ 
gent to 
ammo 

ester 

(%) 

C'onditions 

Methylmagnesium iodide. 

2 

35 

Room <crap(‘ra- 
ture 

Ethylmagnesium bromide 

1 

6 

Room tempera¬ 
ture 

Ethylmagnesium bromide 

2 

17 

Room tempera¬ 
ture 

Ethylmagnesium bromide 

3 

14 ! 

1 

Room l(‘mpera- 
ture 

Ethylmagnesium iodide. . 

2 

21 

Room tempera¬ 
ture 

Phenvllithium". 

2 

9 

Room t(*mpera- 
ture 

Ter/.-Butylmagnesium io¬ 
dide. 

2 

0 

Room tempera¬ 
ture 

7Vr/.-Butvlmagnesium io¬ 
dide 

2 

9 

i 

Reflux Grignard 
complex five 
hours 

Tcr/.-Butylmagnesium 

bromide. 

2 

0 

Room tempera¬ 
ture 

Phenylmagnesium bro¬ 

mide 

2 

0 

Room tempera¬ 
ture 

Diphonylmaguesium''. 

2 

0 

Refluxed several 
hours 

Di-w-propylmagnesium*'. . 

2 

0 

Room tempera¬ 
ture 

Di-n-propylmagnesium*. 

2 

3 

Hcfliixed seven 
hours 

Diethylzinc®. . . . 

2 

0 

Room tempera¬ 
ture 

Dicthylzmc'’. 

2 

0 

Refluxed three 
hours 

Diethylcadmium **. 

i 2 

0 

Refluxed one 
hour 


Syn., Coll. Vol. II, p. 617. 

* Nollrr, ,/. Am, Chem. Soc., 68, 636 (1931). 

* Org, Syn., Coll. Vol, li, p, 1S4. 

^ JohuHou and Offonhauser, J, Am. Chem. Soc., 67, 1049 (1946). 

From the results listed in the foregoing table it is apparent 
that methylmagnesium iodide gave the highest yield. The 
following study was made to determine the most favorable 
conditions for the formation of the /3-lactam from methyl 
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/3-anilino-a-plioiiyIacelamidopropionate (0.93 j?., 0.003 mole) 
with 0.006 mole of mothyhniigiitjsiuni iodide. 


Yield (%) 

Conditions 

26 

Grignard complex refluxed thirty minutes in 
40 ml. of benzene. 

28 

Grignard complex refluxed thirty minutes in 
40 ml, of toluene. 

19 

Grignard complex refluxed thirty minutes in 
40 ml. of xylene. 

9 

Methylmagnesium iodide added to ester in 
20 ml. hot benzene. 

21 

Methylmagnesium iodide added to ester in 
100 ml. benzene at 23-26°. 

2 

Ester in 10 ml. of pyridine added to methyl- 
magnesium iodide in 20 ml. of pyridine with 
stirring at somewhat above room temperature. 


Cyclization of the IsoPRorYL Ester with CHiMgl 
(Merck, M,78j 9). Two grams of jS-aniliiio-cr-phenyl 
acetamidopropiooic acid was suspended in 50 ml. of isopropyl 
alcohol and dry hydrogen chloride was bubbled through the 
solution for forty-five minutes. After standing overnight, 
the alcohol was removed in vaevo and ether was added to the 
residue. Scratching the flask induced crystallization. A 
sample of 150 mg. was recrystallized by dissolving it in 1 ml. 
of methyl alcohol and diluting the solution with 10 ml. of 
ether. The hydrochloride of isopropyl /S-anilino-a-phenyl- 
acetamidopropionate, m.p. 122-123®, crystallized slowly. 

Calc, for C*oH«OaN 2 Cl: 

C, 63.73; II, 6.69; N, 7.44. 
Found: C, 63.09, 63.12; H, 6.64, 6.74; N, 7.63. 

An aqueous solution containing 0,75 g. (0.002 mole) of the 
hydrochloride was treated with sodium bicarbonate solution 
and the free ester was extracted with ether. The ether was 
removed tn vacuo and the dry residue was dissolved in 27 ml. 
of dry benzene, to which methylmagnesium iodide (0.004 
mole) was added slowly. The mixture was shaken for five 
minutes and then the precipitate was removed by filtration. 
The jS-lactam was isolated in the customar>' manner; yield, 
90 mg. (16%). 

Hydrogenation of Phenyl Groups in ^-Lactams. 1-Cy- 

CLOUEXYL-3-CYCLOHEXANEACETAMIDO-2-AZETIDINONE 

(Merck, MMSy 8). Eight hundred milligrams of l-phenyl-3- 
phenylacetamido-2-azetidinone was suspended in 125 ml. of 
glacial acetic acid, 200 mg. of platinum oxide was added, and 
the mixture was hydrogenated overnight at 45 lb.pressure. 
After removal of catalyst and solvent, the residue was cooled 
and stirred with petroleum other to yield 550 mg. of the 
l-cyclohexyl-3-cyclohexaneacetamido-2-azetidinone, m.p. 
126-127®. 

Calc, for CuHjsOaNj: 

C, 69.82; H, 9.65; N, 9.58. 
Found: C, 69.02, 69.40; H, 9.49, 9.07; N, 9.29. 

1-Cyclohexanembthyl-3-methyl-4-cyclohexyl-2 
AZETiDiNONE (A/.6*4, 13). l-Bcnzyl-3-methyl-4-phenyl-2- 
azetidinone (3 g.) in glacial acetic acid with 0.5 g. of Adams 
catalyst was treated with hydrogen at 4,500 lb. and 25® 
for seventeen hours. The catalyst was removed by flltration. 
The filtrate was neutralized with 10% sodium hydroxide and 
shaken with an equal volume of diethyl ether. The ether 
solution was dried and evaporated to leave a viscous liquid 
residue. Distillation under reduced pressure gave a frac¬ 
tion which boiled at 136-138® (0.12 mm.). 

Calc, for CnHitON: C, 77.5; H, 11.0; N, 5.32. 

Found: C, 77.6; H, 10.8; N, 5.40. 


The ultraviolet absorption of this substance was devoid 
of any phenyl band. Em 40 at 2350 A. 

REACTIONS OF MONOCYCLIC /9-LACTAMS 

Hydrolysis. 1-C y clo ii ex y L-3-rYrLOHEX aneacetamido- 
2-azktii)inone with dil. 11 Cl (Merck, MM8y 8). Fifty 
milligrams of the azetidinone was suspended in 0.5 ml. of I N 
hydrochloric acid and the mixture was heated on the steam 
bath one minute. A homogeneous solution never resulted, 
for the hydrochloride of a-cyclohcxaneacetamido-j8-cyclo^ 
hexylaminopropionic acid crystallized as rapidly as the 
azetidinone went into solution. The product was removed 
by filtration and recrystallizod from 0.7 ml. of ethyl alcohol; 
the crystals melted at 207-208® with softening at 203®. 

Calc, for CnHaoOjNa nCl: 

C, 58.86; H, 9.01; N, 8.08. 
Found: C, 59.52, 59.59; II, 9.20, 8.90; N, 7.85. 

Another sample was recrystallized from methanol-ether; it 
melted at 211-212°. 

1,4-Diphenyl-3-methyl-2-azbtidinone with Alkali 
(M.S5y 3). A suspension of the azetidinone in 1 A sodium 
hydroxide was warmed on the steam bath for four hours. 
By that time it was entirely in solution. The i9-anilino-/9- 
phenyl-a-mcthylpropionic acid, m.p. 157-158®, precipitated 
upon making the solution acidic. 

Calc, for CiJlnO.N: C, 75.27; 11, 6.71; N, 5.49. 

Found: C, 74.78; H, 6.82; N, 5.98, 5.87. 

Treatment of the free acid with diazomethanc converted it 
to the methyl ester, m.p. 97-98°. 

Calc, for Cx7lIi»02N: C, 75.80; 11, 7.11; N, 5.20. 

Found: C, 76.43; II, 7.34; N, 5.25. 

1 -C YCLOIIBX YIi-3-C YCLO H EX A N E A CETAMIDO-2-A ZETIDIN ONE 

WITH Alkali {M.6Sy 8). Fifty milligrams of the azetidinone 
was dissolved in 0.5 ml. of ethyl alcohol and 1 ml. of 1 A 
sodium hydroxide was added. The solution was warmed on 
the steam bath fifteen minutes and then cooled. The 
sodium salt of Q'-cyclohexaneacetamido-/3-cyclohexylamino- 
propionie acid separated. It was identified by dissolving 
it in water and forming the hydrochloride by the addition of 
1 N hydrochloric acid. 

Comparative Hates ok Hydrolysis (Af .^4, 2, 9). Since 
the hydrolysis of a /9-Iactam (2-azetidinone) in general results 
in formation of an ionic dipole or zwitterion it follows that the 
infra-red absorption spectrum may be used to follow the 
change by means of the disappearance of the strong ‘‘/9-lact¬ 
am band” at about 5.78 and/or the appearance of a strong 
carboxylate ion band at about 6.3 /it. 

About 200 mg. of the /?-lactam in question was dissolved 
in 2 ml. of 1 M sodium hutoxide in n-butanol. This cor¬ 
responds to about two moles of sodium butoxide per mole of 
/9-laotam. The reaction solution was heated at 76® for 
various periods of time and examined in the infra-red. 


Hydrolysis of ^Lactams by I Af Sodium Butoxide 


i 

Substance 

Time at 
76® 

(hours) 

Transmit¬ 
tance at 

5.78 M 

6.36 m 

l-Benzyl-3-methyl-4-phenyl-2-az- 

0 

33 

97 

etidinone. 

0.6 

61 

83 


1.0 

70 

71 


2.0 

80 

65 

l-Cyclohexanemethyl-3-methyl-4- 

0 

45 

100 

cyclohcxyl-2-azetidmone. 

2.0 

45 

90 


4.0 

45 

90 
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When l-phenyl-3-ph<*nylacctainido-2-az(*tidinono, 1-cyclo- 
hexyl-3-cyclohexaneacetamido-2-a2(*tidmone, and 3-phonyl- 
aceta 2 nido- 2 -azetidinone-l-a-D-i 60 Aalenc acid were warmed 
with the sodium butoxide in n-butanol for one minute on the 
steam cone in order to dissolve the compounds, the ‘^^-lactam 
band'' at about 6.76 n was eliminated and only a btrong 
carboxylate ion band at 6.27 m was observed in the 5-7 ^ 
region. 

A second method based on potentiometric titration of the 
reaction system has been used to follow the rates of hydroly¬ 
sis of two /3-iactams under the influence of alkali and acid 
in semi-aqueous solutions. The hydrolyses were carried out 
as follows. 

To 164 mg. of the /5-lactam in 20 ml. of ethanol was added 
10 ml. of 0.12 N sodium hydroxide. The solutions were 
heated at 76® in a closed- vessel for various periods of time. 
Fiv<'-ml. aliquots were removed and titrated potentiometri- 
cally. The length of the pK» 8.6 span was taken as a meas¬ 
ure of the a-methyl-/5-phenyl-/5-benzylaminopropionic acid 
formed. 


Hydrolysis of /5-Lactams by Sodium Hydroxide 



% Hydrolyzed 

Time at 
76° (hours) 

l-Benzyl-S-methj'M- 

phcnyl-2-azeti(linone 

l-( ’yclohexancmcthyl- 
3-met hyl-4-cyclo- 
liexyl-2-azetidinone 

0 

0 

0 

1 

0 

0 

5 

24 

0 

29 

63 

0 


The above experiment was n'peatc'd merely substituting 
hydrochloric acid for the sodium hydroxide. No hydrolysis 
was observed to take place with either compound even after 
86 hours at 76®. 

Reaction with Nitrogen Bases. l,4-DipHKNYL-3-METnYL- 
2 -azetit)IN()Nk with Hydrazine {Mich. Chem., BJ6, 4). 
One-half gram of the azetidinone prepared by the method of 
Oilman and Specter {J. Am (lum *Soc., 6‘6, 2256 (1943)) 
wab covered with 5 cc. of anhvdrous hydrazine and heated on 
a bfeani hath for 10-15 minutes. The solid rapidly dissolved. 
The addition of w^ater to the product caused the separation 
of colorless crystals, which weie collected on a filter and 
recrystallized from aqueous ethanol. These melted at 172- 
173®. The a-methyl-^i-phen>l-/i-anilinopropionohydrazide 
is soluble in dilute hydrochloric acid. 

Calc, for CioHi^ON,: C, 72.03; H, 7.15. 

Found: C, 71.4; 11, 7.06. 

l-BENZYI/-3-METIIYL-4-PnENyi.-2-AZETIDINONE WITH BeN- 
ZYLAMiNB (Merck, A/.66’, 6). The azetidinone W'as refluxed 
(170®) for five hours with excess benzylamine. Distillation 
was used to remove the excess benzylamine and unreacted 
starting material until at 170® and 0.2 mm. no further vapon- 
zation occurred. The reaction was evidently quite sluggish 
since only a low conversion to the amide resulted. The 
residue was taken up in boiling heptane from which the 
benzylamide crystallized in the form of rosettes, m.p. 
115-117®. 

Calc, for C14II1.ON1: C, 80.5; 11, 7.26; N, 7.83. 

Found: C, 80.4; H, 7.36; N, 7.84. 

Potentiometric titration with 1 M perchloric acid in glacial 
acetic acid gave a neutralization equivalent of 370 (calc. 358) 
and a pK (in acetic acid) of 2.74 units indicating the presence 
of a strongly basic NH group. The infra-red absorption 


spectrum was consistent wuth tliat to be expected from the 
N-benzylaiiiid<' of /^-berizylamino-«“rneth> I-^f-pluTiyipio- 
picnic acid. 

l-PHENYn-3-PIlENYl.ACETAMIDO-2-AZETIDINONE WITH 
Benzylamine (il/.55, 3). There was no apparent reaction 
when the azetidinone was heated with benzylamine at 100 ° 
for thirty minutes, or after a solution of it and benzylamine 
in dioxane was refluxed for two hours. 

Benzylamine (1 ml.) was added to the azetidinone (60mg.) 
and the solution was heat(*il to 160° and maintained at that 
temperature for three hours The solution was then eooled 
and diluted wulh petroleum ether (75 ml.). The precipitate 
which formed was w^ashed with pi'troleum ether and re- 
erystallized twice Ironi aqueous methanol. The benzyl- 
amide of /5-anilino-Q-phenyiacotamidopropionic acid melted 
at 160-161°. 

Calc, for C 24 H 25 N 2 O,: C, 74 39; H, 6.50. 

Found: C\ 74.52; H, 6 . 54 . 

\Mien the methyl I'stcr of /5-aniUno-cr-phenylacetamido- 
propionic acid was heated at 200 ° for five minutes with 
benzylamine, a compound, m.p. 160-161°, was isolated by 
diluting the solution with petroleum ether. The melting 
point of a mixture of this benzylamide with the compound 
described above showed no depression. 

Reaction with Anhydrous Hydrogen Chloride. 1-Phbnyl- 
3-phenylacetamido-2-azktii)inone WITH Hydrogen Chlo¬ 
ride (Merck, 4). l-Phenyl-3-plu*nylacotamido-2- 

azetidinone (150 mg.) was suspended in dry dioxane (3 ml.) 
and hydrogen chloride w^as bubbled into the mixture for 
forty-five seconds. Th(‘ suspension was warmed on the 
steam hath for one minute producing a homogen(*ous solu¬ 
tion and some coloration. The solution was cook'd and a 
solid (40 mg.) separated. This was recrystallized twice from 
methanol-ether, after which it melted at 191-192°, 

(^ale. for CeHgNCI: C, 55.61; H, 6 . 22 . 

Found: C, 55.99; H, 6.11. 

The melting point of a mixture of this compound and 
aniline hydrochloride w^as not depressed. 

jS-Anilino-a-phenylacetumidopropionic acid was stable in 
hot concentrated hydrochloric acid as well as in dioxane and 
dry hydrogen chloride as described in the experiment above. 

l-CYCLOHEXyi^3-CYCLOHEXANEACETAMID()-2-AZETIDINONE 
WITH Hydrogen Chi.oride {M.GO, 5). The azetidinone 
(120 mg.) was dissolved m 10 ml. of chloroform which had 
previously been dried over phosphorus pentoxide. Dry 
hydrogen chloride was then bubbled into the solution for 
one minute. A previous titration of a similar dioxane- 
hydrogen chloride solution indicated that the solution con¬ 
tained four to five moles of hydrogen chloride to one of the 
azetidinone. The solution was allowed to stand one minute 
and then 0.7 ml. of benzylamine was added. A white 
pn oipitate appeared. After standing two hours the mixture 
was extracted with throe 6 -ml. portions of water. The chlo¬ 
roform solution was dried over anhydrous magnesium sulfate 
and the chloroform was removed in vaevo. Fifty ml. of 
petroleum ether was added to the residual oil to give a 
solid. This was crystallized from 1 ml. of ethyl alcohol and 
twice from ethylene diehloride-petroleum ether and melted 
at 128-129°. The melting point of a mixture of this com¬ 
pound and the benzylamide of a-eyclohexaneacetamido-/ 5 - 
cyclohexylaminopropionic acid as prepared from the methyl 
ester hydrochloride (sec below) was not depressed. 

Calc, for Ca 4 Ha 702 N,:‘C, 72.14; H, 9.34; N, 10.52. 

Found: C. 72.30; H, 8.32; N, 10.33. 

Five hundred mg. of the methyl ester of a-cyclohexane- 
acetamido-/5-cyclohexylaminopropionic acid hydrochloride 
{M.66j 5) was heated at 100° for two hours with 1 ml. of 
benzylamine. An excess of water was then added which 
precipitated a gummy solid. During crystallization from 
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aqueouy ethanol an oil separated which later (;ave crystals^ 
m,p. no**. After three recrystallizations from ethylene 
dichlorido-petroleum ether, the benzylaniide melted at 
132-133'^ 6). 

Hydrogenolysis of l,4-Diphenyl-2-azetidmone to 
Phenylpropionanilide (Prizer, PM, 8). 1,4-Diphcnyl-2- 

azetidinone (0.5 g.) was reHuxod in 30 ml. of 50% aqueous 
dioxane with two teaspoonfuls of Raney nickel for five 
minutes. The mixture was filtered and the catalyst washed 
with 60 cc. of dioxane in several small portions. The color¬ 
less solution was evaporated to dryness under reduced pres¬ 
sure to give a white crystalline resKlue melting at 97-98®. 
Ilccrystallization from aqueous methanol gave 300 mg. of 
product melting at 97-98®. Another 150 mg. was obtained 
from the mother liquor by dilution with water. 

Calc, for CiJIuNO: C, 80.00; H, 6.06; N, 6.23* 
Found: C, 79.71, 80.14; 11, 6.71, 6.60; N, 6.56 

A sample of 5-phcnylpropionanilide was prepared from 
cinnamanilide by hydrogenation using Adams platinum 
oxide catalyst. The ^-phenylpropionanilide w'as recrystal¬ 
lized from Skellysolve C and melted at 97-98®. A mixed 
melting point with the material obtained from the action of 
Raney nickel on the /fct-laetam showed no deprea.sion. 

Hydrogenolysis of l-Benzyl-3,3-dimethyl-4-phenyl-2- 
azetidinone (Shell. Sh 9, 123) VN'hen this uzetidinone 
was treated with Raney nickel under conditions similar to 
those above, the infra-red absorption of the oily product 
indicated the presence of a monosubstituted amide, probably 
N-benzyl-/t^-phenyl-rt,a-dimethylpropionamide, contami¬ 
nated with a slight amount of starting material. 

BICYCLIC /3-LACTAMS (THIAZOLIDINE-/3-LACTAMS) 

S 3 mthesis of the /3-Lactam of 2,a,a-Triphenyl-2-thiazol- 
idineacetic Acid (Shell, Sh.7, 81). Diphenylketeue was 
prepared according to the procedure of Smith and Hoehn 
(Org. Syn., 20, 47 (1940)). When 3.9 g. (0.02 mole) of 
diphenylketene was added to 3.3 g. (0.02 mole) of 2~phenyl- 
2-thiazoline (procedure of Wenker, J, Am. Chem, Soc.^ ^7, 
1079 (1935)), the mixture became warm and there was con¬ 
siderable increase in viscosity. After five minutes the 
spontaneous heating had ceased, and the mixture was 
warmed at 60-70® for five minutes. On cooling to room 
temperature, the product set to a hard, amber glass. This 
was taken up in warm toluene, diluted with low-boiling 
petroleum ether, and cooled to give 4.5 g. (63%) of white 
solid which melted to a yellow liquid at 140-143®. 

This solid was readily soluble in chloroform, fairly readily 
soluble in benzene, and difficultly soluble in ethanol and 
methanol. A portion melted at 149-151® (after turning 
yellow at 140®) after rccrystallization from ethanol contain¬ 
ing a small amount of chloroform. Another portion was 
recrystallized from benzene to give hard granular crystals of 
the /3-lactam of 2,a,a-triphenyl-2-thiazolidineacetic acid, 
m.p 156.5-158®. 

Calc, for C 2 «Hi.ONS: C, 77.31; H, 5.32; mol. wt., 357. 
Found: C, 77.46, 77.49; H, 5.31, 5.36; mol, wt., (cryoscopic 

in benzene), 356. 

Reactions of the ^-Lactam of 2,^,<y-Triphenyl-2-thiazol- 
idineacetic Acid. Hydrolysis with Aqueous Alkali (Sh.,7 
81). A mixture of 100 mg. (0.00028 mole) of the thiazol- 
idine-/S-lactam and 3 cc. of 0 1 A sodium hydroxide was 
heated on the water bath at 90® for 3 hours, after which 
96 mg. of the starting material w'as recovered unchanged. 

In a second expeiiment (Sh.8, 102), 390 mg. (0.0011 mole) 
of the /3-lactam was suspended in 10 cc. of 1 N sodium 
hydroxide and heated at 90^ for 30 hours. The reaction 
mixture was diluted with 30 cc. of water and the water layer 
was d(*cantcd from a small amount of insoluble oil and 
washed with ether. The water layer was carefully acidified 
with 10% hydrochloric acid in the cold to give 193 mg. (84% 


yield) of diphcnylacetic acid melting at 143-145®. After 
crystallization from aqueous ethanol this melted at 146- 
146.6®. The mixed mdting point with authentic diphenyl- 
acetic acid was not depressed. 

Hydrolysis with Alcoholic Alkali (<8^.7, 82). The 
thiazolidine-/3-lactam (96 mg., 0.00027 mole) was refluxed for 
one hour with 10 cc. of absolute ethanol containing 0.3 cc. 
of 1 A sodium hydroxide. The mixture was cooled, exactly 
neutralized with dilute hydrochloric acid, and evaporated 
under vacuum at room temperature. From the oily residue 
there was isolated 29 mg. (30%) of unchanged starting 
material. No other product was isolated. 

Hydrolysis wuth Alkali in Dioxane {Sh.8, 102). A 
mixture of 1 g. (0.0028 mole) of the thiazolidine-/3-lactam, 
3 ec. of 1 A sodium hydroxide, and 27 cc. of dioxane was 
heated at reflux for 2 hours. The resulting solution was 
evaporated under vacuum at a maximum bath temperature 
of 50® to remove dioxane, and the residue was dissolved in 
25 VC. of winter. The turbid solution was extracted twice 
with benzene and the benzene was removed from the com¬ 
bined extracts, leaving 0.423 g. of pale yellow oil. This 
oil gave 2-phenyl-2-thiazoline picratc (m.p. and mixed 
m.p., 172-174®), corresponding to 0.372 g. or an 82% yield of 
2-plienyl-2-thiazoliiie. 

The w*ater layer which had been extracted with benzene 
was cooled in ice and carefully acidified to give 0.574 g. (96%) 
of diph(‘nylacctic acid. 

MBT^^A^roLYSI^ {Sh.8, 102; 11 , 170). The thiazolidine-/9- 
lactam (0 43 g., 0,0012 mole) was dissolved in 25 cc. of 
commercial absolute methanol containing one drop of 0.1 A 
.sodium h^^droxide and the solution was refluxed for 6 hours. 
After evaporation of the methanol under vacuum at room 
temperature, an oil remained from which 28.5 mg. (6.6% 
recovery) of starting material was separated by treatment 
with low-boiling potroU'um ether. Evaporation of the 
petroleum ether left 0.357 g. of pale yellow oil which could 
not he crystallized. The infra-rcd spectrum of this oil was 
consistent with that to be expcct(*d for a mixture of 2-ph(*nyl- 
2-thiazoline and methyl diphenylacetate (a band at 5.805 m 
probably due to ester and a band at 6.266 m probably clue to 
2-phcnyl-2-thiazoliiic). 

In another experiment, 1 g. (0.0028 mole) of the /3-lactam 
was refluxed for 6 hours with 10 cc. of absolute methanol 
containing 1 drop of 1 A methanolic sodium methoxide. 
There was obtained a 56% recovery of starting material, and 
0.45 g of pale yellow oil which appeared, on the basis of its 
infra-red absorption, to be the same as that obtained from 
the first inethanolysis. 

Reaction with Benzylamine {Sh.7, 82). From an ex¬ 
periment in which the th!azolidine-/3-lactam and a ten-fold 
excess of benzylamine were allowed to stand in benzene 
solution at room temperature for 48 hours and then heated at 
reflux for one hour, there was recovered 37.5% of starting 
material. No product was isolated. 

Reaction with Hydrazine (Mich. Chem., B.W, 4). 
The /8-lactam of 2,a,a-triphenyl-2-thiazolidineacetic acid 
appeared to be unchanged after treatment with hydrazine 
and heating for two hours. After addition of n-butyl 
alcohol, tlic reaction mixture was heated for an additional 
three hours. Following evaporation to dryness in a stream 
of air, the residue was a rod-violet mass, from which two 
substances were separated. The first, which was soluble in 
benzene, consisted of brilliant magenta needles melting at 
189-192®. The second, which was slightly soluble in 
lienzene but very soluble in alcohol, was a colorless, cry.stal- 
line solid melting at 130-132®. Neither of these substances 
has bc(‘n analyzed. 

Hydrogenolysis (Shell, Sh.8, 103). In Methanol. A 
0.16 g. portion of the thiazolidine-/3-lactam was dissolved in 
60 CO. of absolute methanol and 2 teaspoonfuls of Raney 
nickel was added. The mixture was stirred at room tem¬ 
perature for one-half hour and then at reflux for one-half 
hour. The suspension was filtered and the methanol was 
evaporated from the filtrate. The residual oil (0.15 g.) 
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could not be crystallized. Its infra-red spectrum (a strong 
band at 6.00 n, weak bands at 2.90^ 5.79, and 6.28 m) indi¬ 
cated that the oil was a mixture and that methanolysis and 
C—N cleavage had probably occurred along with Q —S 
cleavage. 

In Dioxane. Treatment of the thiazolidinc-/3-laciam 
with Raney nickel at 90® in dioxane containing a little water 
or at room temperature in dry dioxane gave a colorless, 
sulfur-free oil. The oil was apparently a mixture, but the 
presence of a strong and sharp infra-red absorption band at 
6.74 M indicated that a considerable amount of the expected 
|8-lactam of a,a,/5-triphenyl-/9-ethylaminopropionic acid had 
been formed. 

Oxidation (Sh.ll, 170; 189). Treatment of the 

thiazolidine-/3-lactam, dissolved in dioxane, with 4% potas¬ 
sium permanganate and pH 6.4 phosphate buffer at room 
temperature resulted in little reaction, and most of the 
starting material was recovered. 

The thiazolidino-jS-lactam, dissolved in acetic anhydride, 
was treated with three equivalents of 30% hydrogen peroxide 
and an equal volume of glacial acetic acid. The product 
was a gum which appeared to be a mixture From the infra¬ 
red absorption it is clear that rupture of the |3-lactam ring 
had occurred. 

Synthesis of the /3-Lactam of 2-Phenyl-2-thiazolidine-a- 
isobutyric Acid. 5-Lactam of 2 rHENYL-a,a,7,7-TETRA- 

METUYL-2-THIAZOLIDINE-7-ACETOACETIC ACII) (Shelly ^Sh.8f 
106). Into a 250-ml. glass-stoppered cylinder containing 
14.2 g. (0.087 mole) of 2-phenyl-2-thiazolino flushed with 
nitrogen was poured a solution of 15.21 g. (0.218 mole) of 
dimethylketene^ in 150 ml. of ethyl acetate. The cylinder 
was shaken and allowed to stand at room temperature for 
two days. The solution was extracted with 10% sodium 
carbonate solution. After the solution was dried with 
sodium sulfate, the etliyl acetate was removed. The residue 
aft(‘r a short final heating at 90° (1 mm.) crystallized on 
standing. Those crystals were washed with petroleum 
ether and recrystallized from petroleum ether containing a 
small amount of benzene. The white crystalline 5-lactam of 
2 -phenyl-«,r», 7 , 7 -tetramethyl- 2 -thiazolidine- 7 -acctoacetic 
acid, m.p. 135-136®, weighed 18,7 g. (71%). Concentra¬ 
tion of the mother liquor from the recrystallization gave 
3.6 g. of crude material which melted at 124-129®. Re¬ 
peated recrystallization of the material, m.p. 135-136®, from 
benzene-petroleum ether raised the melting point to 
136-137®. 

Calc, for CnHjiOjNS; C, 07.29; H, 6.98. 

Found: C, 07.25, 67.32; H, 7.05, 7.07. 

N -I SOB r TTRY L-2-PHENy L-2-THI AZO LI DI NE-a-ISOBUTTRIO 
Acid, Procedure 1; Alkaune Methanolysis of the 
5-Lactam {Sh,8, 106). A solution of 6 g. (0.02 mole) of the 
5-lactam in 60 ml. of methanol containing 0.2 ml. of 1 iV^ 
sodium methoxide was refluxed for ten hours. The solution 
was concentrated to about 30 ml. and the warm .solution 
diluted with water until crystals started forming. After the 
mixture was cooled in an ice bath, the crystalline material, 
4.9 g. (73% yield), m.p. 127-130®, was collected on a filter. 
Dilution of the filtrate with water gave 0.6 g. more of the 
crude methyl ester of N-isobutyryI-2-phenyl-2-thiazolidine- 
cr-isobutyric acid. These two fractions were combined and 
recrystallized from benzene-petroleum ether; yield, 4.2 g., 
m.p. 137-138®. 

Material which molted at 138.5°, prepared in a trial run, 
gave the following analysis. 

Calc, for CtiH2»0«NS: N, 4.18, ’ S, 9.56. 

Found: N, 4.24, 4.41; S, 9.71, 9.72. 

Saponification or the Methyl Ester of N-Isobutyryl- 
2-PHENYL-2-THlAZ0LIDINE-a-I80BUTYRIC AciD {Sh,8f 106). 

* Approximately 10% eolutione of dimethylketene in ethyl aeetate 
were prepared in 60% yield i8h.8, 104) by adding o-bromoieobutyryl 
bromide dropwiee to sino wool in ethyl acetate under nitrogen at 300 mm. 
preeeure. 


A mixture of 3.10 g. of the ester, 10 ml, of 1.019 AT sodium 
hydroxide, and 10 ml. of dioxane was refluxed for ton hours. 
After tlie solution had cooled, considerable oil separated. 
Following the addition of 10 ml. more of 1.019 N sodium 
hydroxide and 10 ml. of dioxane, the solution was refluxed 
two and one-half hours. The solutioh was then concentrated 
to 15 ml. under reduced pressure (30 mm.). After the 
addition of 20 ml. of water, the solution was extracted with 
ether and acidified. The white precipitate ( 2.1 g., 73% 
yield) was reerystallized from benzene-petroleum ether and 
gave 1.6 g., m.p. 158-159®. A mixture with known N-iso- 
butyryl- 2 -phenyl- 2 -thiazolidine-c^-isobutyric acid melted at 
159-160® (see procedure 2). 

Procedure 2: Acid Hydrolysis of the 5-Lactam of 

2-PHENYL-a,a,7,7-TETUAMEmYL-2-TllTAZOLlDINE-7-AC’ETO- 

ACETic Acid (Sh.S^ ] 07). A mixture of 1 g of the thiazolidme- 
piperidinedione, 10 ml. of ethyl aeetate, 3 ml. of water and 
two drops of isobutyric acid was refluxed for ten hours. The 
solution was cooled and extracted with sodium carbonate. 
Acidification of the extract gave 0.82 g. (78% yield) of crude 
material which melted at 155-157®. The N-i«obutyryl-2- 
phenyl- 2 -thiazolidine-a-isobutyric arid was recrystallized 
from benzene-petroleum ether and melted at 158-159®. 

Calc, for C 17 H 23 O 8 N 8 : 

C, 63.52; H, 7.21; N, 4.35; neut. cquiv., 321.5. 

Found: 

C, 63.81, 03.79; H, 7.21, 7.33; N, 4.41, 4.41; neut. equiv. 

324, 325. 

Treatment of this acid (1 g.) with diazomethane in ether 
gave 0.8 g. of a methyl ester which melted at 138..')® after 
one recrystallization from benzenc-pctroleuni (‘ther. A 
mixture with the ester (see above), obtained by alkali- 
catalyzed methanolysis of the 5-laetam melted at 138.5®. 
The infra-red absorption spectra of these two materials were 
identical. 

/^-Lactam of 2-PHENYL-2-TniAZOLiDiNE-a-iBOBUTyRic Acid 
{Sh.8f 107). A 4 g. sample of N-i8obutyryl-2-phen.yl-2- 
thiazolidinc-a-isobutyric acid was heated in a tube contain¬ 
ing nitrogen under reduced pressure (100 mm.) at slightly 
above the melting point (IGO®) for fifteen minutes. The 
frothing which occurred at the melting point gradually 
decreased in intensity. The cold trap used to catch the 
distillate had about one drop of liquid with a strong odor of 
isobutyric acid. 

The residue was taken up in ether and extracted with 
three lO-ml. portions of 10% sodium bicarbonate. After 
drying the ethereal solution with sodium sulfate the ether 
was removed and the residue was reerystallized from aqueous 
methanol to give a crystalline product; yield, 2.6 g. (90%), 
m.p. 61-62®. 

Calc, for CuHuNSO: C, 66.92; H, 6.48; N, 6.00; S, 13.74. 
Found: C, 67.14; H, 6.74. 

After two reerystallizations from methanol the melting 
point was raised to 69-69.5®. 

Found:N, 6.18; S, 14.2 

On repeated recrystallization from methanol the product 
separated as glistening parallelepipeds, m p. 71.8-72.3® 
Effect op Solvents on Formation of the Thiazolidinb- 
^-lactam iSk.9, 129). In the experiments summarized in 
the table on page 998, N-isobutyr>d-2-phenyl-2-thiazo- 
lidine-a-isobutyric acid was heated in various solvents. The 
solvent was removed under reduced pressure and the residue 
reerystallized from aqueous methanol. 

Reactions of the /3>Lactazn of 2-Phenyl«2-thiAzolidineoa* 
isobutjnric Acid. Basicity Studies (Sh.lO, 141). Titra¬ 
tion of a 0.01 M solution of the thiazolinc-/9-lactam in glacial 
acetic acid with perchloric acid gave a short flat j)OssibIy 
due to impurity after which the acidity increased without 
interruption (see Figure 1). Thus the fused /3-lactam is 
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Effect of Solvents on Formation of the Thiazolidine-/3-lactam 


Sample, ^ 
R- 

] 

Solvent j 

Temp., 

"E 

Time 

Observation 

0.5 

3 ml methyl benzoate 

120 

1 hr. 

Sample gradually went into solution. A good yield of thiazolidinc-/3-> 
lactam was obtaint^d. 

0.5 

3 ml. p-cymeiie 

140 

1 hr. 

Same as above* 

0.5 

i 

3 ml. decalin 

140 

45 min. 

No or slight reaction s(‘em(*d to occur at 120°. At 140° the sample 
slowdy went into solution. A good yield of thiaz6lidine-/3-lactam was 
obtained. 

0.5 

3 ml. methyl isobutyl 
ketone 

119 , 

45 min. 

I Sample went into solution at the start of heating. Thiazolidine-j9- 
lactam obtained ^n good yield. 

0 05 

2 ml. pyridine j 

i 

1 

116 

15 min. 

Resulue after removal of pyridine melted at 160-162°. A mixture 
with starting material showed no depression in m.p. 


neutral to jx^relilorie aeul in glacial acetic and. The titra¬ 
tion of pemcilliii under these conditions is discussed by the 
Lilly group (L.ii?, 0) and by Attenburrow, Elliott, llcinsand 
F. A liobinson of (llaxo Laboratories (CJ*S, /.S’, ,S). 
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Milliliters of 0 0985 N Perchloric Acid 
Figure 1. Electrometric titration curve of the ^-lactam 
of J^phenyl-2-thiazolidine-a-isobutyric acid. A, 1,93 milli- 
e^uivalents of saniple; 0.01 M solution. B, blank. Me¬ 
dium: glacial acetic acid. Titrant: perchloric acid in glacial 
acetic acid. 

Another indication of this neutrality is the fact that only a 
very small amount of solid separated when an ethereal solu¬ 
tion (30 ml.) of 0.3 g. of the above ^-lactam was treated with 
one equivalent (0.47 g.) of dry hydrogen chloride in 5 ml. of 
ether. 

Hydrogenolysis (Sh.9, 122). A mixture of 0,5 g. of the 
/3-Iactam and four teaspoonfuls of Raney nickel in 75 ml. of 
dioxane was shaken occasionally at room temperature for one 
hour. The Raney nickel was collected on a filter and washed 
with dioxane. The solvent was removed from the filtrate 
under reduced pressure. A pale yellow oil was obtained 
which could not be crystallized. A solution of this oil in 
30 ml. of petroleum ether was treated with charcoal. Re¬ 
moval of the petroleum ether under reduced pressure left 
0.3 g. of a clear colorless oil. The infra-red spectrum of 
this material was identical with that of the /3-lactam of 


^^-ethylamino-/3-plienyl-r¥,o'-dimethylpropioiiic acid described 
on p. 992. 

Mkthanoi.ysis {Sh.ll, 104;. A solution of I g. of the 
d-laetain of 2 -phciiyl- 2 -thia 2 olidine-o-isobutyric acid in 
15 ml. of iiH'thanol and 2 ml. of 1 N sodium niethoxide was 
refluxed for lwi‘nty-two hours. The warm solution was 
diluted with 10 nil. of water aiul cooled. Scratching caused 
erystalli/ation. The methyl 2 -i)heriyl- 2 -thiazolidine-a-i 80 - 
butyrate (0.7H g., 50% yield) melted at 79.2-79.5*. Dilution 
of the filtrate with w^ater caused the separation of an oil 
which could not be crystallized. A sample (m.p. 76.5-77°) 
from a similar run was analyz(‘d. 

C^alc. for CuHivNOiS: C\ 63.30; H, 7.20. 

Found: C, 03.2; II, 7.21. 

Reaction op the Methanolysis Product with Mer¬ 
curic Chiairide {Sh.lHy 184). A solution of 0.877 g. of 
mercuric chloride and 0.43 g. of the methanolysis product 
of the thiazolidine-/3-lactain in 20 ml. of 95% ethanol was 
refluxed for thirty minutes. The solution w^as filtered from 
mercury mercuptuh* and the filtrate was concentrated under 
reduced pressure to leave a soft paste containing some mer¬ 
curic (‘hloride. Extraction of this paste wdth carbon tetra¬ 
chloride n'lnoved 0.27 g. (80% yield) of an oil whose infra¬ 
red absorption spectrum w'lis identical with that of methyl 
a-benzoyliflobutyrnte { Sh . 13 , 185) prepared from methyl 
a-bromoisobutyrate, methyl benzoate, and zinc turnings in 
a mixture of benzene and toluem*. The method used was 
quite similar to that of Bloom and Hauser {J. Am. Chem. 
Soc.y 6*6‘, 152 (1944)) for the corresponding ethyl ester. The 
product, b.p. 73-79° (0.4 mm.), was obtained in 51% yield. 

Calc, for CijHuO,: C, 69.87; H, 6.84. 

Found: C, 69.43, 69.29; H, 6.82, 6.85. 

Hydrogenolysis op the Methanolysis Product (Sh.lS^ 
185). A 0.2 g. sample of the ester in 30 ml. of dioxane was 
treated with two teaspoonfuls of Raney nickel. The mixture 
was shaken occasionally over a period of two hours and then 
allowed to stand overnight. The oil remaining after removal 
of the dioxane under reduced pressure weighed 0.09 g. The 
infra-red absorption spectrum showed weak absorption in the 
3 n region but a strong band at 5.77 m would be expected 
from methyl ^-cthylamino-j8-phenyl-a,a-dimethyIpropionate. • 

The above ester was treated with one equivalent of 
mcthylmagnesium iodide in ether. The precipitated com¬ 
plex was decomposed with 20% aqueous ammonium chloride. 
The ether solution of the product was extracted with acid 
and dried with sodium sulfate. The infra-red absorption 
spectrum of the oil remaining after removal of the ether 
showed a band at 5.735 /u and none in the 3 m region, thus 
agreeing with the spectrum of the jS-lactam of /3-ethylamino- 
/3-phenyl-£r,a-dimethylpropionic acid. However, the two 
spectra showed minor differences in the 7-15 n region which 
may be due to impurities. 
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Reaction or the Methanolyhis Product with Sodium 
Hydroxide {ShJJj 1G4). A solution of 0.205 g. (0.001 molo) 
of the methyl ester of 2-phenyJ-2-thinzolidine-a-i8ohutyric 
acid in 8 lui. of methanol and 2 ml. of water was treated with 
0.95 ml. of 1.051 N (0.001 mole) .sodium hydroxide. The 
solution was allow'iul to stand at room tiunpc'rature tor two 
days. The solution was then diluted with two volumes of 
water and extracted with live 10-ml. portions of chloroform. 
The combined extracts were dried with sodium sulfate and 
concentrated to dryness. The residue wiughed 0.29 g. and 
molted at 71-72“. One reelystalhyation from methanol 
gave material which melted at 75-75.8“ and a mixture with 
starting material gave no (U'pression m mi'lting point. 

Reaction of the Metiianolysis Phoduct with (’IU- 
Mgl {S/tJOy 141). A solution of 0.2G5 g. (0.001 mole) of 
2-pheuyl-2-thiazoIidine-a«isol>utyne aeid methyl ester in 
10 ml. of dry ether was treated with 0.0 ml. of an ethereal 
solution containing 0.00114 mole of methylmagne&ium 
iodide*. The white curdy precipitate was collected on a 
filter, washed with ether and d(*eomposed with 10 ml. of 
20% ammonium chloride* uneh^r ether. The etluT w'as 
separateel and the aqueous laye*r (‘xtracted onee with ethc‘r. 
The ether was dried wdth sodium sulfate. Removal of the', 
ether on a steam cone left an oil (0.215 g., 81%) which 
crystallized on cooling. The crystals melte*d at .52-55®. 
Uecr^'stallization from petroh'um ether and from aqueous 
methanol gave crystals which melted at 70..5-77®, and a 
mixture with starting material me*lt(‘d at 76.5-77°. 

Attempted Hydrolyses (Sh.lO, 141). A. When a solu¬ 
tion of 0.50 g. of the thiazolidine-jff-lactam in 2 ml. of dioxanc 
containing 2.25 ml. of 0.1001 N aqueous sodium hydroxide 
was r(*lluxed for five hours, most of the starting material was 
recove*red unchanged. 

B. When the recovered material from the above reaction 
was heated with 3 ml. of 1 A sodium methoxide in methanol, 
a neutral oil was obtainc'd which was not starting material 
hut w'liich has not been identified. 

Reaction with Iodine (A/l/ / , 160). A solution of 10 mg. 
of the /^-lactam in 1 ml. of glacial acetic acid was treated 
with 10 ml. of 0.0095 N lodiiK* in glacial acetic acid and 
allow'cd to stand at room temperature for five minutes. On 
back titration with 0.0097 N sodium thiosulfate, 9,72 ml. 
was requin'd. Thus the lus(*d /^-lactam does not react with 
iodine und(*r the,se conditions. 

Reaction with Mercuuk* Chloride, hi Dilute HCl 
(SkJJ, 160). A solution of J g. of the ^J-lae1am, 5 ml. of 
concentrated hydrochloric acid, and 20 ml, of 7% mercuric 
chloride in a mixture of .50 ml. of dioxane and 50 ml. of water 
was heated on a steam cone for two hours. Fine crystals 
started forming almost immediately and continued to 
separate during the heating. The precipitate was collected 
on a filter and washed with wat<*r, methyl alcohol and finally 
ether. The product (1.78 g., 85% yield) melted at 182° to a 
turbid liquid. 

Calc, for CuHieNSOjHgCl: 

(\ 32.10; II, 3.32; N, 2.88; S, 6.59; Cl, 7.29. 
Found: 

C, 31.63; II, 3.22; N, 2.6, 2.5; S, 6.7, 6.8; Cl, 6.4, 6.5. 

The infra-red absorption spectrum indicated the presence 
of a monosubstituted amide. These facts indicate the 
following formula: CflIHCOC(CH,) 2 CONHCH*CH 2 SHgCl. 

A suspension of 1 g. of the mercury salt in 50 ml. of dis¬ 
tilled water was treated with hydrogen sulfide. The suspen¬ 
sion turned black and was heated on the steam cone for 
thirty minutes. After the suspension had been treated 
with hydrogen sulfide again, the brown solid was removed 
by filtration and the filtrate was extracted with chloroform. 
The extract was dried with sodium sulfate and concentrated 
to dryness. The residue weighed 0.51 g. (98% yield). A 
recrystaliisation of 0.4 g. from aqueous methanol gave 
0.274 g. of product which melted at 106.7-107.0°. 


Calc, for CijHnNSOs: (\ 62.12, H, 6.82, N, 5.57. 

Found: (\ 62.0; H, 6.7; N, 5.S 

This material gave a positive nitroprusside t<*st and 
a precipitate with mercuric chlorkU* but gave no color 
with ferric chloride, 'flu* infra-red and ultraviolet ab¬ 
sorption spectra are in agreement for tlie structure, 
CaU(T)C((:il8)2CONJI(^H2(^H2SH. 

This mercaptan was oxidized with iodine in acetic acid to 
the disulfide*. This disulfide was also obtained from the 
reaction of the ff-lactam with hydrogen chloride (see belowO. 

In EOur (Sh.1 /, 161). Addition of a saturated solution of 
nu*rcurk* chloride* in dry e‘ther to an equal volume of a dilate 
seilution of the /:t-la(*tam (0.005 g.) in 2 ml. of ether caused no 
miine'diate reaetiem. Alt(‘r se'veral hours a wdiite pre*cipitate 
starle'd feirming. Afte‘r twei to thre'c days at reioni te*inpe*ra- 
ture* tlie amount of precipitate* no longer increase'd and 
iiidicate'd a nearly quanlilalive reae'tion with the /^-lactam. 
The product melted at 182° and a mixture with 

(\ITi(^OC(CH,)2CONH(M42CH2SHgCl 

obtaine*d in aepieous mealhiin me*lteei at 182°. 

Reaction w^ith IhuRooEN Chloride (*S7l//, 161). A 
solution of 0.3 g. of tlic /^-lactam in 30 ml. of soelium-dried 
ether was addeel to an equivalent of dry hydrogen cliloride 
(0.047 g.) in 5.6 ml. of elry ether. After the soliitiem had 
stood in a glass-stoppe*red flask at room temperature* for a 
week only a very slight amount of prec'ipitate^ line! formed. 
The solution was about half satinated with hydrogen chlor¬ 
ide and alk)we*d to stand for two wef'ks more* at room 
temperature. During this time the amount of white ciys- 
talline precipitate* gradually inerease*d. The ether was 
decanted and the residue was washc'd with thrt‘e 10-ml. 
portions of ether. This crude product melled at 140-143°. 
The residue was dissolved in 15 ml. of w’arm absolute 
methanol and diluted with a small amount of water. Part 
of the sample was aeridemtally lost so that an accurate 
measure of the yie*ld could not be obtained but it appeare‘d to 
be of the order of 75% or bette*r. Cooling the* methariolic 
solution caused the separation of crystals. Afte'r another 
crystallization from methanol the product melted at 153.5- 
153.7°. A mixture with the disulflde from the /3-mcrrapto- 
ethylamide of a-be'nzoylisobiityric acid (see above) melted 
at i53.8-154.2°. 

Cale. for CnlluNSOa: C, (52.63; H, 6.06; N, 5.62. 

Found: C, 62.3; H, 6.6; N, 5.6, 5.8. 

The infra-red and ultraviolet absorption spectra, as would 
be expected, showed little dilTcrence from the mercaptan. 

Reaction with Hydkouen Peroxide {ShJh 162). A 
solution of 1.16 g. (0.005 mole?) of the d-lactam in 23 ml. of 
acetic anhydride was tre'ateel with 1.82 g. (0.015 mole*) of 
28.1% hydrogen peroxide* in 9.1 g. of glacial aoetici aeid and 
allowed to stand at room temperature for twenty hours. 
The solvents were removed under reduced pressure. The 
residue w^as taken up m chloroform and treated with char¬ 
coal. Crystals could not be obtained from the chloroform 
and so the solvent was removed under reduced pressure and 
the residue was r<‘erystallizpd tw'ice from methanol. The 
white crystals (0.5 g.) mi'lted at 150.9-151.4°. 

Calc, for CiaHnNSOa: 

Cy 58.40; H, 6.41; N, 5.24; 8, 11.99. 

Found: 

C, 58.40, 58.44; II, 6.14, 6,16; N, 5.0, 5.1; 8, 12.0, 12.0. 

Further purification raised the melting point to 153-153.5°. 

The ultraviolet absorption indicaU‘d the presence of a 
phenyl ketone and the infra-ied absorption indicated the 
presence of a monosubstituted amide. 

Upon treatment of a dioxane solution of the product wuth 
methylmagnesium iodide, a heavy precipitate was formed 
and methane was evolved. 
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The oxidation product was recovered unchanged after 
treatment with mercuric chloride in aqueous methanol. 

After a solution of 0.205 g. of hydrogen peroxide oxidation 
product and 2 ml. of 4 N sodium hydroxide in 10 ml. of 
methanol had been refluxed for seven hours, the only material 
that could be isolated was benzoic acid. Ethyl cr-benzoyl- 
isobutyrate gives benzoic acid under similar hydrolysis 
conditions (Hauser and Hudson, J. Arn. Chan. A'ce., 62, 02 
(1940)). 

No indications of sulfone formation were observed wdien 
the /S^-lactam was treated with pcrbenzoic acid in chloroform. 

Hvdrogenolybis of Various Derivatives of the 
/^-Lactam iShJH, 186). A solution of O.l g. of the mereap- 
tan, obtained by mercuric chloride degradation of the 
^-lactam, in 10 ml. of dioxane x\as shaken with one teaspoon¬ 
ful of Haney nickel at room temperature for one hour and 
then refluxed for throe hours. Tlie nickel was removed by 
filtration and the dioxane was removed under reduced pres¬ 
sure. The residual oil \^as analyzed. 

Calc, for CiallinNO.: C, 70.55; H, 8 05; N, 6.37. 

Found: C, 09.3; H, 8.8; N, 5,7. 

The hydrogenolysis of the disulfide obtained upon oxida¬ 
tion of the mercaptan (see above) was carried out exactly as 
in the preceding experiment except tlmt the r(‘sidual oil was 
not analyzed. 

The hydrogenolysis of the hydrogen peroxide oxidation 
product of the /3-lactam was carried out exactly as in the 
preceding experiments. The residual oil was analyzed. 

Calc, for (asHioNOo: (\ 70.55; II, 8.05; N, 6,37. 

Found: C, 00.5; 11,9.0; N, 0.0. 

The infra-red absorption spectra of the reaction products 
from the above three experiments as 5% solutions in chloro¬ 
form were idonticaJ, showing the characteristic absorption of 
monosubstituted amides. The infra-red absorption spectra 
were essentially identical with that of a crude oil obtained 
in small amount from methyl a,rt-dimcthyl-i9-j)henyl-^- 
hydroxypropionato with ethylamine at 150*^ for 72 hours. 
The ultraviolet absorption spectra of solutions of the prod¬ 
ucts in methanol were identical and showed absorption 
peaks at 2,050, 2,590, 2,530, and 2,470 A. Benzyl alco¬ 
hol gave a very similar ultraviolet absorption spectrum. 
Thus the product from the liydrogenolyf^cs seems to be 
C6H*CH0HC(CH,)./’()NHC2H5. 

In these hydrogenolysis experiments the cleavage of the 
carbon-to-sulfur bond was the expected reaction. It also 
appeared that a phenyl ketone was being reduced to a phenyl 
carbinol. To check this, methyl a-benzoylisobutyrate, a 
compound analogous to those under consideration, was 
treated with Raney nickel under hydrogenolysis conditions 
and gave an oil whose infra-red absorption was identical 
with that of methyl ot,a-dimethyl-/fJ-phenyl-^l-hydroxypro- 
pionate. This material was prepared in considerable quan¬ 
tity by hydrogenation of methyl a-benzoylisobutyrate in 
ethanol over Raney nickel at room temperature and 45 lb. 
pressure. It boiled at 113-115® (0.2 mm.) and melted at 
68-68.3® after recrystallization from chloroform-petroleum 
ether. 

Calc, for CiJInO,: C, 68.87; II, 8.19. 

Found: C, 69.2, 69.4; H, 8.0, 8.0. 

Reaction with Benzylamine 163). The /3-lac- 

tam (50 mg.) was recovered in good yield after a solution in 
0.5 ml. of benzylamine had stood at room temperature for 
forty hours followed by heating on the steam cone for one 
hour. 

A solution of 0.2 g. of the /3-lactam in 2 ml. of benzyl¬ 
amine was heated on a steam cone for 72 hours in a corked 
flask. The residue was completely soluble in petroleum 
ether. Cooling this solution caused the separation of an oil 
which could not be crystallized. The petroleum ether was 


removed on a steam cone and the residue taken up in ether 
and extracted with 3 N hydrochloric acid. Evaporation of 
the ethei left a crystalline residue (0.12 g., m.p. 67.5-69®) 
which was shown to be starting material. The acid extract 
developed a strong odor of henzaldehyde and formed a 
cr 5 'stallinc precipitate (0.030 g., m.p. 121.7-122.2®) which 
was insoluble in sodium bicarbonate. The presence of 
henzaldehyde was confirmed by isolation of its 2,4-dinitro- 
phcnylhydrazoiie. 'i'he ultraviolet absorption spectrum of 
the crystalline prc'cipitate resembled very closely that of 
other phenyl ketones cited in tliis report. The infra-red 
absorption spectrum showed bands at 2.985, 6.06, and 
6.035 n. These bands are characteristic of a monosubsti¬ 
tuted amide. The absorption of a phiuiyl ketone would be 
included in the band at 0.00 /i. 

(^alc. for Cnn 2 f.N 302 : 

(\ 07.31; 11,8.31; N, 13.85. 

Found: C, 08.2, 08.2; H, 8.3, 8.4; N, 13.0, 13.9, 14.2. 

No .structural formula has as yet been proposed to fit the 
above evidiuice. 

Kea('ti<)^ with Tiiiocyanic Acid (Sh.lt, 103). Nothing 
other than partial recovery of starting material was observed 
when the /3-lactam was treated with ammonium thiocyanate 
and sulfuric acid in tertiary butanol. 

A solution of 0.,58 g. (0.0025 mole) of the /3-lactam, 0,281 g. 
(0.0037 mole) of ammonium thiocyanate, and 2 ml. of 
acetic acid in 7.5 ml. of acetic anhydride was heated on a 
steam cene for one hour. The solvi'iits w^ere removed under 
reduced pressure. Tlui residual red oil was Insoluble in 
petroleum ether. Treatment of a caibon tetrachloride solu¬ 
tion with charcoal removed the c‘()l()r. 

Extraction of the charcoal with methanol gave a material 
which was reervstallized from benzene yielding 0.0474 g., 
m.p. 76.8-77.3®. 

Found: C, 40.1; II, 8.2. 

The infra-red spectrum showed broad general absorption 
from 2.9 to 3.15 Mr a strong band at 5.99 and moderate bands 
at 6.27 and 0.01 m- The ultraviolet absorption spectrum 
showed strong peaks at 2,600 and 2,940 A with a very weak 
peak at 2,720 A Evaporation of the carbon tetrachloride 
from the cliarcoal treatment gave 0.12 g. of the /3-lactam. 

Synthesis of the /3-Lactam of 2-Methyl-2-thiazolidine-a- 
isobutyric Acid. 5-Lactam of 2,a,a,7,7-PENTAMETHYL.-2- 
thiazoijdine-7-acetoacetic Acid (ShJ4i 211). A cold 
solution of dimethylketcne (10.5 g., 0.15 mole) in 100 ml. of 
ethyl acetate was added to 7.6 g. (0.075 mole) of 2-methyl-2- 
thiazoline in a 250-mI. glass-stoppered flask which had been 
flushed with nitrogen. After standing at room temperature 
for three days, the reaction mixture was extracted with two 
30-ml. portions of sodium bicarbonate and two 20-ml. por¬ 
tions of water. After the solution had been dried with 
sodium sulfate, the ethyl acetate was removed under re¬ 
duced pressure to leave 23 g. of a light-yellow oil (chiefly the 
5-lactam of 2,a,a,7,7-pcntamethyl-2-thiazolidine-7-aceto- 
acetic acid) which was used directly in the following experi¬ 
ment. A 5 % solution of the crude oil in carbon tetrachloride 
showed strong bands at 5.64 and 5.90 m indicative of a 
thiazolidinc-piperidinedione and weak bands at 5.765 and 
6.02 M probably due to impurities. 

N - IsOBUTYRYL - 2 -METHYL-2-THIA20LIDINB-o-I80BUTYRIC 
Acid {Sh.14, 211). The residue from the preceding experi¬ 
ment was refluxed in a mixture of 60 ml. of ethyl acetate, 
15 ml. of water, and 2 ml. of acetic acid for eighteen hours. 
The solution was extracted with three 100-ml. portions of 
10% sodium bicarbonate. These combined bicarbonate 
extracts were extracted with ethyl acetate. Acidification of 
the bicarbonate solution with 6 N hydrochloric acid gave an 
oil which crystallized on cooling. Crystallization from 
aqueous methanol gave 5.3 g. of N-i8obutyryl-2-methyl-2-‘ 
thiazolidine-o-isobutyric acid as white crystals which mdted 
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at 130.2-130.7® to a colorless liquid which gave off gas at 
140-160®. 

Calc, for C 12 H 21 NO 3 S; 

C, 55.57; H, 8,16; N, 5.40; S, 12.36; neut. cquiv., 259. 
Found: 

C, 55.4; H, 8.16; N, 5.0; S, 12.5; neut. equiv., 260. 

The ethyl acetate solution remaining after extraction with 
sodium bicarbonate was again refluxed for twenty-four hours 
with 15 ml. of water and 2 ml. of acetic acid. Extraction 
with bicarbonate followed by acidification gave no insoluble 
material. The ethyl acc^tate solution was washed, dried 
with sodium sulfate, and concentrated to a low volume under 
reduced pressure. The residual oil was distilled in a short- 
path still under a pressure of 0.1 mm. and gave 1.05 g. of 
distillate at a hath temperature of 120-145''. 

A 5 % solution of the distillate in carbon t(4rachloride 
showed one strong band at 5.635 /x indicative of the thiazol- 
idine-/ 3 -hK*tam d(* 8 cribed in the following experiment and 
weak bands at 5.905 and 6.065 n probably due to impurities. 
It may be that this /3-lactfini was forni(‘d by direct combina¬ 
tion of 2 -methyl- 2 -thiazoline and diinethylketene or \iae 
formed by decomposition of the acyliiniino acid in the reflux¬ 
ing ethyl acetate solution. 

iS-LaCTAM of 2-METHYL-2-THIAZ()UOrNI>0'-lSOBlTTYRie 

Acid (*S'/f./4, 212). A 0.5 g. (0.0010 mole) sample of N-iso- 
butyryl- 2 -methyl- 2 -thiazolidine-a-ibohutyrie acid was healed 
at 140 160® (100 mm.) for fifteen minutes. A vigorous 
evolution of gas with a strong odor of isobutyric acid occurred 
early in the heating and ceased near the end of the heating. 
The residue was taken up in ether and extracted \Nith 10 % 
sodium bicarbonate. The ether solution was dried with 
sodium .sulfatt* and concentrated to an oily residue (0.240 g., 
74% yield) under reduced pre 8 .sure. Tliis oil (the /if-lactam 
of 2 -m(*thyl- 2 -thiazolidine-a-isobutyric acid) was distilled 
in a short-path still under a pressure of 0.5 mm. at a bath 
temperature of 120®. The infra-red absorption showed one 
strong band in the double-bond region at 5.63 which 
is in complete! agreement with that of other tliiazolidiue-^- 
lae tarns. 

Calc, for CkHisNSO: 

C, 56,11; H, 7.65; N, 8.18; S, 18.72. 

Found: C, 56.0, 55.9; H, 7.8, 7.9; N, 7.5, 7.6; S, 18.6, 18.7. 

No bioactivity was observed with this material. 

Reaction of the /3-Lactam of 2-Methyl-2-thiazoi- 
idine-a-isobutyric Acid with Methanol (ShJ4^ 213). A 
mixture of 0.1 g. of the jS-lactam, 20 ml. of mctliaiiol and two 
drops of 1 N methanolic sodium methoxide solution was 
refluxed. Samples were withdrawn at the end of one hour, 
two hours, four hours, and twenty-four hours and coiiccri- 
-trated to an oil under reduced pn^ssiire. The infra-red 
absorption of the oil in carbon tetrachloride was determined. 
Only slight change had occurred after four hours but after 
twenty-Wr hours the spectrum showed strong bands of 
about equal intensity at 5.65, 5,76 and 5.845 fi. This absorp¬ 
tion is indicative of considerable (30-50%) urirented /3-lact- 
am (6.65 n), expected methanolysis product (5.845 /x) and 
some product showing absorption at 5.76 iu, perhaps methyl 
a,a-dimethyl-acctoacetate resulting from hydrolysis of the 
methanolysis product. Thus this thiazolidine-/ 8 -lactam like 
the previous examples is attacked only slowly by methanol. 

UNSUCCESSFUL AND PROPOSED EXPERIMENTS 
RELATING TO THE SYNTHESIS OF 
THIAZOLIDINE-/3-LACTAMS 

The numerous unsuccessful reactions of ketenes with 
thiazolines, which were carried out in attempts to prepare 
thiazolidine-/9-lactams, are discussed on pp. 987-991 and are 
summarized with brief experimental details in Tables V, VI 
and VII. 

The unsuccessful attempts to prepare thiazolidino-/9-lact- 


ams by other procedures, including oyclization of /3-acyl- 
amino acids (discussed 011 p. 990), Keformatsky type 
reactions, and cyclizntion of i3-amino acid ist<Ts, arc listed 
ill the following pages. Also listed here are some nnsci'l- 
laneous attempted synthese.s and some propostsl synthi’scs 
of thiazolidine-/3-lactam8. 

In most cases the preparation 01 the starting materials for 
the following reactions is not described. However, refer 
cnees ani given to the description of these preparations in th(‘ 
penicillin reports. 

Attempted Cyclization of /3-Acylamino Acids. N-Iso- 

BTITYRVI.-2-TlIIAZOLlDINi:-t¥-lSOB(JTYRlC A('ID (Table VI). 
Ileatmg at m.p. (121-122 ) and in refluxing thionyl chloride 
gave no /3-lactam (Sh.i/,, 215). 

N-JsoBUTyRYL-2,3-I)IJlYl)RYO-2-BEN/.OTHlAZOLE-<r-ISO- 
BTTTYRic Acid (Table VI). ileating gav<^ no /3-lactarn {ShJ4, 
214). 

N-lHOBUTYRYJ.-4-rARB()METirOXY-5,5-DIMETnYL-2-Tm- 
AzoLiDiNE-a-isoBiJTYiuc Acid (Table VI). One attempt to 
obtain a jS-laetani by heating gave no product which could be 
eliaraeterized (Merck, M.00, 2). 

N - 1 S OH IT T Y R Y L- 4 - C A HB O M ETli ox Y- 5-5-OIMETIIYL-2- 
enEN YL-2-TiuAZoLn>rNE-Q:-iROBUTYKic ACID (Table VI) gave 
no /3-lactam on fusion at 200®, on refluxing in dicsohutyl 
ketone, nor on refluxing in dimethylanilmc 142-3). 

(X-U E X Z AM I DO- N-1 R()B IITYR YL-2-1’H IA Z OI I D1N E A C J .TIC A Cl D. 

The bodiiiin salt of ethyl formylhippurate (Mieh. Them., 
B.l, 1) was eonvertoil to the free* ester and t his was eoiidensi'd 
with 2-amiiioetluinethiol to giv(‘ a 30% yield of ethyl 
cr-benznmiclo-2-thia7ohdineaeetate (m.p. of analyzed sample, 
lOS 111®, hut other samples varied in m.p. from 102® to 
121 ®). 


Calc, for CuHis 0 .iN 2 S: 

C, 57.14; 11, 0.12; N, 9.52. 

Found: C, 57.3, 57.4; II, 6.3, 6.3; N, 9.5, 9.5 (Sh.ld, 210). 

The ethyl a-benzaTnido-2-thiazolidinoacetate was treated 
with isobutyric anhydride in pyridine to give 40% of a yel¬ 
low gum, the infra-red absorption of which agre(*d with that 
to be expected for the N-isobutyryl compound. The crude 
product was hydrolyzed wnth one equivalent of dilute 
sodium hydroxide in aqueous methanol. The product (14% 
yield), believed to be «-benzaniido-N-i8obutyryl-2-thiazoli- 
dineacotic acid, was obtained as a finely crystalline powder 
melting at 200 - 201 ®. 


Calc, for Cibll 2 „N 204 S: neut. ecjiiiv,, 336. 

Found: neut. equiv., 342 (Sh.lS, 242). 


.\ttprnpts to prepare a thiazolidim’-/3-Iactam from the acid 
by heating the acid in solvents or above the melting point 
were unsuccessful. Under mild conditions no reaction 
took place, and under more drastic conditions decarboxyla¬ 
tion appeared to be the only reaction (Sh.16, 242-3). 

a-Benzamido-3-isobutyryl-4-carbomethoxy-2-thiazol- 
idineacetic Acid {Sh.11, 168). h^thyl <x-benzamido-4-carb- 


CeHfcCONUCIl 

(!:ooh n 


CH—S—CH, 

A: 


('’.OC 


IHCOOCH, 


!OCH(CH,)s 


oxy- 2 -thiazolidineaeetate, preqiared from the sodium 
salt of ethyl phenylponaldate (ethyl formylhippurate) and 
n-cysteine hydrochloride {B.l, 6 ) was isobutyrylated by the 
procedure described in the preceding section to give 49 % 
of glassy solid believed to be the 3-isobutyryl compound. 
This was treated with diazomethane. The best crystals 
of the product melt(‘d at 02-95®. The main portion of 
product (69 % yield) was a powdery solid nutting at 80-93®, 
having the correct analysis for ethyl a-bcnzamido- 3 -iso- 
hutyryl-4-carbomethoxy-2-thiazolidineacetate. 
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Calc, for C 2 oH 2 flO«N 2 S: 

C, 50.87; II, 6.10; N, 6.64. 

Found: 

C, 56.6, 56.6; H, 6.2, 6.2; N, 6.2, 6.3 (ShJl, 166-7). 

Treatment of this product with one equivalent of sodium 
hydroxide in aqueous methanol produced a solid melting at 
65-75*^ which is believed to contain, on the basis of its 
neutralization equivalent, 87-92% of the monornethyl ester. 

Calc, for Cigna2N20(jS: 

N, 7.11; neut. equiv., 394. 

Found: 

N, 6.62, 0.69; neut. equiv., 449, 455; 
second preparation, neut. equiv., 427, 435 {ShJly 167-8). 

Attempts to convert the crude «-ben2amido-3-isobutyryl- 
4-earbomethoxy-2-thiazolidineacetic acid to a thiazolidine- 
j8-laetaiu were unsuccessful. Heating at 125-135° (5 iiiiri.), 
at 195-200° (1 mm.), or at reflux in methyl isobutyl ketone 
gave no reaction. 

o;-BENZAMiDO-3-ACETYL-4-CAnBOMETHOXV-2-THIAZ01Jl)INJB- 
ACKTK’ A(’ji). Th(' procedure described in the section above 
was applied to the preparation of the corresponding N-acetyl 
derivative. a-benzamido-3-acetyl-4-earboiiiethoxy-2-thi~ 
azolidineacetic acid. The crude product, which was an 
amorphous powder softening at 05° and mc*lting at 85-90°, is 
believed to contain 83% of the monoester on the basis of its 
neutral equivalent, 

Calc. CiJIisNsOgS: 

N, 7.05; neut. equiv., 366. 

Found: N, 6.2, 6.4; neut. equiv., 444, 443 {Sh.lSy 181-2). 

Attempts to effect a ring closure of the monoester through 
removal of acetic acid by various heating experiments under 
vacuum or in a solvent with or without a catalyst (glacial 
acetic acid) were unsuccessful 182). 

KtHYL a-N-METnyUlENZAMlDO- 3 -ISOHUTYRyL> 4 -CARBO- 
METHOXY- 5 , 5 -r)IMETHYL“ 2 -l)-THIAZOLIDINEAC’KTATB. Ktliyl 
a-N-incthylbenzamido-4-carboxy-5,5-dimcthyI-2-i)-thiazol- 
idineacctate was isobutyrylated by treatment with isobutyric 
anhydride and pyridine. The S-isobutyryl compound 
melted at 197° and had fa] 64 Ri®** * -f60.4° (c = 0.612 in 
alcohol). 


Calc, for C 22 HJCN 2 O 6 S: 

C, 58.6; H, 6.8; N, 6.2. 

Found: 

C, 58.9; H, 6.6; N, 6.3. 

(Copp, Duffin, Smith and Wilkinson, CPS, 642^ 12.) 

This monoestcr with diazomethane formed the diester, 
m.p. 97°, [ttlbiM “ ■+•28° (c « 0.5 in alcohol). 

Calc, for CjiHaaNjOeS: C, 59.4; H, 6.9. 

Found: C, 59.5; H, 6.9. 

Pyrolysis of this dicster did not lead to biologically active 
products (CPS.6 42 f 4). 

a-N-MKTHYLBENZAMlDO-4-CARBOMBTHOXY-5,5-DlMETHYIi- 
2-thiazolidineACETIC AciD, This acid (Merck, 3) 

was treated with phosphorus tribromide, thionyl chloride, 
and isobutyryl chloride in unsuccessful attempts to effect 
ring closure. In the case of the isobutyryl chloride treat¬ 
ment, isobutyrylation and decarboxylation took place 
(M.6S, 4; 66, 3). 

/S-MbTHYL 4-l80BtJTYRYL-I)-a-9-BENZYLPBNICILLOATE SUL- 
roNE. The sulfone of ^-methyl 4-i8obutyryl-i)-a-9-bon2yl- 
pencilloate did not give a ^lactam on heating in boiling 
xylene or at the melting point. Apparently carbon dioxide 
was evolved (M.69, 11). 

Attempted Reformatsky T 3 rpe Reactions, l^'he reaction 
of ethyl bromoacetate with 2-methyl-2-thiazoline in the 
presence of zinc gave a crystalline compound (m.p. 175-176°) 


which contained bromine and was not a j5-lactam (Pfizer 
P.9, 2). 

The reaction of methyl bromoacetate, zinc, and methyl 
2,5,5-trimethyl-2-thiazolme-4-carboxylato gave an oil from 
which no crystalline material was isolated and for which 
analytical data have not been reported (Parke-l)avis, 
PD.23, 4; 94y 3). 

The only product isolated from the reaction of ethyl 
a-bromopropionate and methyl 5,5-diincthyl-2-thiazoline-4- 
carboxylate was N-fonnylpenicillamine methyl ester (Merck, 
M.67, 2). 

No crystalline product was isolated from the reaction of 
diethyl bromoinalonate, ziiu*, and 2-phenyl-5,5-dimethyl-2- 
thia2oline-4-carboxylic acid (M.6,% 18). 

Attempted Cyclization of /3-Amino Acid Esters. Methyl 
2-PHENYL-2-THIAZOLIDlNK-a-ISOBUTYRATB (p. 999) with OUe 
equivalent of ClIaMgl gave only the —NMgl derivative, 
which on hydrolysis regenerat'd the starting material (Shell, 
ShJO, 141; IS, 174). 

Ethyl a-BKNZAMIDO-2-THIAZOLIDINKArETATB (p. 1001) 
with one equivalent of CllaMgl or ClljLi gave no /9-Iactam 
(Sh.l4, 210-211). 

Methyl a-PIIENYLArKTAMII>()'2-THIAZOLIDINEACBTATB 
(M.6S, 5) was treated with C 2 ll 6 MgBr, CellftMgBr, and 
CeH Jji; no definite products were isolated (M.55, 6), 

Ethyl 4-CARnOXY-Of-PHENYL-2-THIAZOLIDINEACETATE 
w+th (^JI«MgBr or a-() 4 H 9 MgBr gave no /8-lactam; likewise 
the 4-earbomethoxy compound with C 2 H 6 MgBr gave no 
/8-lactam (Pl).S2, 4, 5; 2S, 2). 

Ethyl J>-4-CARBOMETHOXY-5,5-DIMETnYL-2-THIAZOL- 
iDiNKACETATE WHS treated with CHaMgBr; starting material 
was recovered (Squibb, S.oO, 8, 13). 

Ethyl 4-rARBETHOXY-2-PHBNYL-2-TniAZOLII>INEACKTATE 
with one equival(*nt of C 2 ll 6 MgBr gave only starting 
matt'rial (P.2S, 11). 

Ethyl 4-c arb oMETnoxy-2-METHYL-2 -th i a z o l i d i nb- 
ACETATE (Sh.lO, 145) with one equivalent of CHiMgBr gave 
only recovery of starting material and with one equivalent 
of n-C 4 n»Li no definite product was isolated (Sh.ll, 169; IS, 
183). 

Ethyl a-BBNZAMIT)0-4-CARB0]VCETII0XY-2-THIAZ()IJI>INE- 
ACBTATE with CllaMgBr, n-C 4 lI»Li, or CIl|Li gave only 
recovery of starting material (Sh.lS, 183, 209). 

Methyl a-N-METHYLBENZAMIDO-4-CAUBOMETHOXY-r),5-DI- 
MBTHYL-2-THiAZOLiniNBArBTATE was not cyclizcd by 
CaHfiMgBr (M.6S, 4). 

Thea-amino (M.4'^y 28), a-dimethylamino (Upjohn, U.20, 
2), and cr-formamido (MJi7, 28) derivatives of methyl 4-car- 
bomethoxy-5,5-dimothyl-2-thiazolidineacetatc appeared to 
undergo condensation upon treatment with isopropyl- or 
mesitylinagnesium bromide, but the products had no bio¬ 
activity (IJ.20, 1; 22, 3). 

A compound (m.p. 112-114°), prepared from 2-benzyl-4- 
hydroxymethylene-5(4)-oxa2olone and 2-aminothiophenol, 
which is believed to be one of the racemic modifications of 
ethyl a-phenylacetamido-2-benzothiazolineacetate (analysis 
in agreement with the calculated values for Ci»H 2 oN 20 »S), 
was treated with two equivalents of CHiMgl. No product 
was isolated (M.81, 9-10). 

Miscellaneous Unsuccessful and Proposed Syntheses. 

Attempted Triazine Synthesis (Squibb, S.50, 12-13). 
Compound I (below) was nitrosated and the nitroso com¬ 
pound (II) was dissolved in dioxane and treated with alkali 
to give an oil believed to be the triazine (III). This product 


H 2 NCOCH 2 CH—S—C(CH3)2 

iIh -incoocH, 


HNOi 


N.OH 


H,NCOCn,CH—8—C(CH,), 

ON—A-(tlHCOOCH, (3 equiv.) 


n 
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CO—CHr-CH—S—C(CH,), * 

III 

N=:N-N-CHCOOCH, -N* 

ra? 


CH,—CH—8—C(CH,), 


i 


O—N- 


IV? 


-i: 


HCOOOH, 


gave up a gas on heating to 100-120° in the dry state or in 
toluene, but the constitution of the residual material has not 
been determined. 

Attbmpteji) /3-Lactam Ring Closure by Acylation with 
AN Amide (Newbery, Nineham and Raphael, 2-3, 

6). The reaction shown in the accompanying equation was 
suggested by analogy with the method of Galat and Elion 
{J. Am. Chem. Soc., 1566 (1943j) for acylation of amine 
hydrochlorides by amides. 


CeH^CONHCTI 


-CH—S-(TCH,), ^ 

I J -^ 

ONEi NH-CHCOOH -NH4CI 

HCl 


CJI tCON H CH—CH—S— C (CH 3) s 
(*;0—ill-('iHCOOlI 


The amide hydrochloride was prepared, but it showed no 
signs of elimination of hydrochloric acid on heating b(‘low 
110° either alone or suspended in a solvent; above this tem¬ 
perature it decomposed completely. 

Proposed Cyclizations of /3-Amino Acid Derivatives. 
Ethyl 2-methyl-4-carbomethoxy-2-thiazolidineacetate was 
prepared from ethyl acetoacetate and cysteine methyl ester. 
It was proposed to prepare the N-ivSobutyryl derivative (V) 
as a starting material for I-Ik* following series of reactions: 


CH*—C5(CH,)—S—CH 2 

io—ll’-iHCOOCH, ^ 


(CH,/,CHCOOH 


However, treatment of ethyl 2-methyI-4-carbomethoxy-2- 
thiazolidineacctate with isobutyric anhydride in pyridine 
gave a product which did not appear to be the desired N-iso- 
butyryl compound (V) {Sh.llj 154-5, 169). 

A similar procedure, involving isobutyrylaiion of 4-carbo- 
methoxy-5,5-dimethyl-2-thiazolidineacctate and subsequent 
pyrolysis of the N-isobutyryl compound, was proposed and 
some of the intermediates were prepared 1). No 

details arc available. 

The treatment of a-phenyl-4-carboxj^-2-thiazolidineacetic 
acid with PCL for conversion to a /3-lactam has been pro¬ 
posed (F.B4j 1). 

Proposed Reaction of a Ketenb Acetal with a 
Thiazolink (S.4Jii 10, 4*^^, H)- The synthesis outlined be¬ 
low could not be cariii‘d out because’ the reaction of phenyl- 
acetamide with the eihyl aeelal of pheiiylglyoxal (VII) failed 
to give the substituted ketene acetal (VIII). 


C«H*(WTI(00>H6)2 4- (MLC^Haf^ONHa 

VII 


G6H5C=C(OC2ll6)2 

I 

XIK’OCHaCeHft 

VIII 


CH—S—C(CUI.,)2 
VIII 4- II J 

—CHCi 


N~ 


OOH 


CeH,CHaCONlIC((^eH,)—(^H—S—(^(CH ,)2 
-N-illCOOH 


C2lIjOOCCH2C(CH3)—S—ril2 


(CHa)2CUCON- 


~(!)H(X)OCHa 


ii()orrHA:((^Ha)—s-CHj 


(C’HalsCTICON- 


-CllCOOCHa- 


VI 


Proposed Imino Ether Cyclization 3). 2-Cy- 

anomethyl-5,5-dimethyl-4-thiazolidinccarboxylic acid (5.41, 
3,4) was treated with hydrogen chloride in the hope of ob¬ 
taining an imino etlier which might cyclize to a /3-lactam. 
With liydrogen chloride in methanol-ether only the hydro¬ 
chloride of the starting nmt(*rial was obtained. With 
hydrogen ehloridc in dry methanol-dioxane a product was 
formed which is believed to be the eorresponding amide. 
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INTRODUCTION 

Owing to the difficulties experienced in attempts 
to synthesize some of the proposed structures for 
penicillin, several laboratories attempted to prepare 
homologues and analogues of a few of the suggested 
structures (Cornell Bioch,, 1; Mich. Chem., 

3; and Dewar, Abraham, Baker, Chain, and 
Robinson, CPS,4S8). The work was undertaken 
with the thought in mind that the proposed homo¬ 
logues and analogues might be more amenable to 
synthesis than penicillin and that information ob- 
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tained from a study of their properties might be of 
use in the penicillin problem. 

Work along this line led to the synthesis of the 
7 -lactam (I) of benzylhomopenicilloic acid 

CeHfiCHaCONHCll—CH2—S- 

I I I 

CO-N-(’HCOOH 

I 


SYNTHESIS OF DERIVATIVES OF 
a-AMINO-/3-FORMYLPROPIONIC ACID 

One of the key iiitermeUiiites in the above series 
of compounds was a derivative of- a-atnino-d- 
formylpropionic acid. Several different synthetic 
approaches to derivatives of this amino acid weie 
made H.9, 3; and CPS 4 S 8 ). The first 

approach that met with success is outlined in the 
following equations {D.21, 0). Diethyl benzamido- 


In addition, two other y-lactams, the y-laetam (II) 
of a-bcnzamido-4-caiboxy-2-thiazolidinepropioni(! 
acid and the -y-lactam (III) of phcnylhomo[)cni(!illoic 
acid, were prepared {D. 20 ). 


CcHsCO—Nil—CII—CII2—C'll—S—CII2 




II—(’OOH 


II 


C,II sCO—NH—C 11 —cni 2— C 11 —S—(' (0 H 3) 2 




(TI—(’OOII 


HI 


Since the above compound (I) if? a homologue of 
the /3-Iactam structure for bcnzylpenicilliii (benzyl- 
pcnicillinic acid), a careful study of the properties of 
this 7 -lactam (I) and of similar compounds was 
made. (Compounds I, II, and III did not exhibit 
antibiotic activity. Chemically these 7 -lactaius 
were much more inert than penicillin. Further¬ 
more, it was not possible to demonstrate a penillic 
acid-type rearrangement. Some of the physical 
properties, however, were similar to those of penicil¬ 
lin, but the distinctive absorption in the infrared 
region at 5.07 m, which is present in penicillin, was 
absent in the 7 -lactams. 

In general, the method of synthesis of the 7 -lact¬ 
ams consisted in condensing the properly substi¬ 
tuted acyl derivative of a-amino-i 8 -formylpropionic 
acid (IV) with the appropriate a-amino-^-mercapto 
acid (V). The resulting thiazolidine (VI) was 
cyclized to the desired 7 -lactam (VII) by a variety 
of methods. 


RCONH—CHCH2CHO HS—C(ll2)2 

ioOR, HjN—ill—coon 

IV V 

ECO—NH—CH—CH*—CH—S—C(R2)2 

iooRi Ah -incooH 

VI 


ECO—NH—CH—CH2—CH—S—C(R2)2 


io- 


-N- 


-incooH 


vn 


CelRCO—Nil—CIKCOOC'.H:,). 

VIU 

c JI5C0—Nil—C(( X)0(%n5)2 

iiisCii—(MI2 

IX 

(' 6 ll..,(' 0 —Nil—CHCII2CH- ---CII2 


(XIOCsHr 

X 


CelUCO-NII—(MICH2CTIO 

I 

COOCslR 

XI 

malonate (VIII) was condensed with allyl bromide to 
give diethyl allylbonzamidomalonate (IX), The 
latter compound was half-saponified and d(‘car- 
boxylated to give ethyl allylhippurato (X). Ozon- 
ization of the double bond in ethyl allylhippurate, 
followed by reduction of the ozonide, produced the 
corresponding aldehyde, ethyl a-benzamido-jS-for- 
mylpropionatc (XI). The aldehyde (XI) was identi¬ 
fied by conversion to its 2,4-dinitrophenylhydrazone 
and to its oxime. Allylhippuric acid was also 
ozonized to the corresponding aldehyde which was 
identified by preparation of the 2,4-dinitrophenyl- 
hydrazonc derivative.^ Ethyl a-benzamido-/3-for- 
mylpropionate was converted to the acetal {0.26^ 
10 ) by the use of ethanol and hydrogen chloride. 
The resulting ethyl a-benzamido- 7 , 7 -diethoxy- 
butyratc was saponified. The free acid was treated 
with 2,4-dinitrophenylhydrazine in glacial acetic 
acid to give the same derivative as that prepared 
from the ozonolysis product of allylhippuric acid. 

A similar series of reactions was carried out in 
which diethyl phenylacetamidomalonatc was sub¬ 
stituted for diethyl benzamidomalonate as the 
starting material {D.21j 10 ). Ethyl /3-formyl-a- 
phenylacetamidopropionate was obtained from the 

* It was noted that when the 2,4-<hmtiophony]hycJrtt8!Onos of a-acyl- 
atnino dpii\alivf'(i of /S-formylpropiotuc acid were prepared in 95% 
el Hanoi (Shrincr and Fubou, IdentiJiaxHon of Orgatne Cowpounda^ John 
Wile> and Sons, New York, 1940, 2 ed., p. 143), a concurrent OBterifica- 
tion of the carboxyl Kioup occurred, and one obtained the derivative 
of the ethyl ester instead of the fine acid. A wmilar esterification of 
this type was noted by Cowley and Schuette [J. Am, Cham. Soe., S6, 
3403 (1933)) in the preparation of tin* 2,4-dmitrophen.vlhydra»one of 
levulinic acid. The use of acetic acid instead of ethanol as a solvent 
in the preparation of those derivati\ cs of /9-formylpropionic acid elimi¬ 
nates the concurrent formation of the ester 
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reduction of the ozonide of ethyl nllylphenaceturate 
and watt identified by conversion to its 2,4-(linitro- 
phenylhydrazonc and to its oxime. 

PREPARATION OF DERIVATIVES OF 
2 -THIAZOLIDINEPROPIONIC ACID 

The next step in the syntliesis of the 7 -lactams 
involved the condensation of appropriate deriva¬ 
tives of cK-acylamim)-/i-formylpropionic acid \\ith 
various a-amino-d-mercapt o acids in order to obtain 
thiazolidinos. J^oth ethyl tt-benzamido-d-iormyl- 
propionate (XI) and ethyl d“b)rmyl“ 0 -phenyl- 
acetamidopropionate c()ndens(‘d smoothly with 
L-cysteinc to giv(‘ the crystalline thiazolidine deriva¬ 
tives {DJt^ 9, 10 ). Ibmever, neither of the 

C^fllUCO—NH- CUrJUVUO HS—CHz 

I + I 

VOiK\n, NHo—CHCOOII 

XI 

CMl 5 (^ 0 —NH—CnrH2-CH—S—CH2 

COOCjHfc Nil-CHCOOII 

xn 

aldehydes gave crystalline products when condensed 
wdth D- or DL-penicillamine under a variety of 
conditions. Therefore the thiazolidines made from 
penicillamine were used as amorphous compoun<ls 
11; SSj 5). In the general procedure either 
ethyl /3-formyl-a-phenylacetamidopropionate, 7 , 7 - 
diethoxy-a-phenylacetamidobutyric acid, or the 
corresponding benzaraido derivatives was condensed 
with either r-penicillamine hydrochloride or its 
methyl ester in glacial acetic acid at 100®, The 
amorphous hydrochloride of the thiazolidine was 
then precipitated by adding the above glacial acetic 
acid solution to a large volume of ether. 

CYCLIZATION OF DERIVATIVES OF 

2 -THUZOLIDINEPROPIONIC ACID 

TO THE 7 -LACTAMS 

Numerous procedures were used to cyclize the 
derivatives of 2 -thiazolidinepropionic acid to the 
desired 7 -lactams. The structural elements in¬ 
volved in this cyclization are similar to those en¬ 
countered in the conversion of glutamic acid (XIII) 
to pyrrolidonccarboxylic acid (XIV), Therefore 

CH2—CH2—CHCOOII 

I 1 

coon NH2 

xin 

(^H 2 —cri^—(^H—COOH 

I I 

CO-Nil 

XIV 

several of the methods used to prepare the 7 -lactams 
were patterned after the glutamic acid cyclization. 


For instance, glutamic acid hydrochloride can be 
converted to pyrrolidonccarboxylic acid by fusing 
the hydrochloride at 190® (Arnow, L. E., and 
Opsahl, J. C., J. Biol. Chem.y J84j 619 (1940)). 
When the h 3 Tlrochloride of /5-methyl phenylhomo- 
peiiieilloate (a-benzamido-4-carbomethoxy-5,5-di- 
methyl-2-thiazolidinepropionic acid) (XV) was fused 
and the resulting 7 -lactam was saponified, a small 
yield of the crystalline 7 -lactam (III) of phenyl- 
homopenicilloic acid was isolated (/>.^ 6 *, 13). 

(%H,(X)NI1CTI-CTI> CU -S—C(CH3)2 

I I 1 

(’OOII Nil--- ClICOOCH, 

IICl 

XV 

i 

( ..H^CJONHCH- CIl2-(’ll—S- (’(OHl,), 

I I I 

CO--N — -CIICOOH 

III 

Dis<illation of the diethyl ester of Klutamic acid 
gives rise to the ethyl ester of pyirolidonecarboxylic 
acid (Fischer, E., and Boehner, R., Her. 44y 1332 
(1911)). Similarly, when ethyl a-benzamido-1- 
earl)ox'y-2-thiazolidinepropionate (XII) was fused 
or heated in quinoline, the crystalline y-lactam (II) 
was formed in good yield (D.S6, IZ;SS,7). C’ychza- 

CJRCONHCH -CII 2 —CII- S—CII 2 

I I I 

COOCMlfi Nil-Cn(X) 01 I 

XII 

i 

(^ellhCONHCII—CHz- -CH—S—CH 2 

I I I 

CO-N-CHCOOII 

II 

tion could also be brought about by heating the 
thiazolidine (XII) in pH 4.7 acetate buffer {D,26^ 
14). Comparable conditions had been used on 
glutamic acid (Foreman, F. W., Biochem. •/., 8, 481 
(1914)) and on glutamine (Vickery, H. B., Pucher, 
G. W., Clark, H. E., Chibnall, A. C., and Westwall, 
R. G., Btochem. 29^ 2710 (1935)) in the formation 
of pyrrolidonccarboxylic acid. 

The 7 -lactam (I) of benzylhomopenicilloic acid 
was prepared in two ways by use of different 
esters of benzylhomopenicilloic acid. In one case, 
i^-methyl benzylhomopenicilloate (XVI) was fused 
and sublimed. The sublimate was saponified, and 
the crystalline 7 -lactam (I) was isolated in small 
3 rield {DMy 16). In the other case, the hydro¬ 
chloride of a-ethyl benzylhomopenicilloate (XVII) 
was converted directly to the 7 -lactam (I) by heat¬ 
ing under a variety of conditions (D.SS, 5). The 
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C,H 5 CH 2 C 0 NHCII—cilj—CHS-C(CH,)2 

I I I 

cooil NH—CHCOOCII3 

XVI 


i 

CJIiCHsCONIICH—CH2—CII—S—C(CH,)2 


CO- 


N- 


-CIICOOH 


hydrochloride of a-ethyl phenylhomopenicilloate 
(ethyl a-benzamido-4-carboxy-5,5-dimcthyl-2-thi- 


C.HsCHsCONIICII— CIIa-CH-S— C(Cll 3)2 


('0()(\,Hr. Nil-C'lICOOII 


nci 

XVII 

i 

I 

azolidinepropionate) was cyclizod to the eorrcspond- 
ing y-Iaetain (III) in hot glacial acetic acid in the 
presence of sodium acetate (Sykes and Todd, 
CPSM77, 5). 

EVIDENCE FOR THE 7 -LACTAM STRUCTURE 

The step in the syntliesis of the 7 -lactanis that 
was open to doubt was the final reaction which 
involvetl the cyclization ot the derivatives of 
2 -thiazolidinepropionic acid t o ( he 7 -lactams. The 
assignment of the 7 -lactani structure to compounds 
I, n, and III rested on tliree Hues of evidence: (1) 
elementary composition, molecular weight, and 
tests for functional groups; ( 2 ) analogy of the 
methods used in cycUzation of the 2 -thiazolidine¬ 
propionic acids to the methods used in the con¬ 
version of glutamic acid to pyrrolidonecarboxylic 
acid; (3) several degradation reactions which are 
described below. 

The 7 -lactam (II) was desulfurized with Raney 
nickel catalyst (Mozingo, R., Wolf, D. E., Harris, 
S. A., and Folkers, K., J. Am. Chem. Soc., 65, 1013 
(1943)) under conditions similar to those used in the 
preparation of desthiobcnzylpenicillin (Merck, 
M.49, 9). The desulfurization product was then 
carried through the following scries of reactions 
{p.SS, 8 ). The dcsthio compound, isolated from 
the treatment of the 7 -lactam (II) with Raney 
nickel, possessed an elementary composition and 
labile hydrogen values in agreement with structure 
XVin. From the acid hydrolysis of the desthio 
compound (XVHI), an amino acid was isolated 
which possessed elementary analysis in agreement 
with structure XIX. The amino acid was benzoyl- 
ated, and the crude benzoyl derivative was con¬ 
vert^ back to the desthio compound (XVHI). The 
preparation, degradation, and resynthesis of this 
desthio compound (XVHI), in addition to the other 


data already cited, afforded strong evidence for the 
7 -lactara structures assigned to these compounds 

(I, H, and III). 

CeHiCONlI—CH—CHs-CII—S—CII2 

('0-N-Oil -COOH 

II 

I 

CelRCONlI- CH- CTI2-CII2 CII, 

('()-—N- —CII—COOH 

XVIII 

T 

rCcHtC^ONH-CII—CH2—(’112 CII3 1 

I I I 

COOH Nil—CH—COOH 

KH2SO4 J 

T 

NHs-ClI-CHs—CH2 CHj 

I II 

COOH NH -CH—COOH 

XIX 

Reductive desulfurization of the 7 -lactam (I) 
of benzylhomopenicilloic acid gave a desthio com- 

CelLsClIjCONH-CIl CH2-CH2 CII(CH3)2 

I I I 

CO -N ~ -CH—COOH 

XX 

pound with elementary and labile hydrogen analyses 
in agreement with structure XX. 

BIOLOGICAL PROPERTIES 
OF THE 7 -LACTAMS 

The 7 -lactams (I, II, and III) did not show anti¬ 
biotic activity in concentrations as high as 1 mg. 
per cc. when assayed by the plate method against 
B, subtilis {D,26f 16). Also, crude, non-crystalline 
preparations of the 7 -lactam (I) of benzylhomo¬ 
penicilloic acid, which might have contained several 
isomers, did not show any antibiotic activity against 
Staph, aureus when assayed by the plate method in 
concentrations as high as 2 mg. per cc. {D.SS, 15). 
Furthermore, the crystalline 7 -lactam 8 did not in¬ 
hibit the growth of Staph, aureus in liquid medium, 
nor did they have any effect on the antibiotic action 
of natural benzylpenicillin on this organism (D.SS^ 
16). Likewise, the 7 -lactams had no effect upon the 
growi,h of E. coli either in the presence or absence 
of benzylpenicillin {D,26, 16; 35, 16). 

CHEMICAL STUDIES ON* THE 7 -LACTAMS 

The chemical studies were carried out for the 
most part on the most readily available 7 -lactam, 
II. This compound was not nearly as reactive as 
penicillin. The 7 -lactam (II) was recovered un- 
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changed after standing for 12 hours at room 
temperature in 0.1 N sodium hydroxide {D.33, 14), 
and one third of the starting material was recovered 
after it had been heated under reflux for 3 hours in 
0.1 N sodium hydroxide H). Also, the 

7 -lactam (II) was stable to prolonged treatment 
with benzylamine {D.33^ 15). Preparation of the 
7 -lactam (III) of phenylhornopenicilloic acid in hot 
glacial acetic acid (Kykes and Todd, CPSM77j 5) 
demonstrated the stability of the compound in this 
solvent, which rapidly inactivates penicillin. No 
evidence was found for a penillic acid-type rear¬ 
rangement {D.3S, 3). Neither the 7 -lactam (II) 
nor its methyl ester formed a thiocyanate derivative 
(p.33, 15) under the conditions that were used to 
prepare the thiocyanate derivative of the methyl 
ester of benzylpenicillin. However, it was possi¬ 
ble to open the 7 -lactam ring by the action of 
methanolic hydrogen chloride {D.SS, 15). 

A further comparison of the chemical properties 
of the penicillins and the 7 -lactams was made by a 
study of the action of alkali on their respective 
sulfoxides (Syk(‘s and Todd, CPS.077). The 
sulfoxide (XXI) of the 7 -lactani of pheuylhomo- 
penicilloic acid was prepared by treating the parent 
7 -lactam (III) with sodium metaperiodate. In 
its stability to alkali, this sulfoxide (XXI) appeared 


O 


CellsCO—NH—CH—CH 2 —CH—S—(XCH 3)2 

i I I 

Oo-N-CII—COOH 


XXI 


to be similar to the sulfoxides of N-acylated 
thiazolidines and dissimilar to the sulfoxide of 
methyl benzylpenicillinate. When the sulfoxide 
(XXI) was treated with hot alkali, it was split in 
such a way as to form a-amino-i3,i^l-dimethylacrylic 
acid and the aldehyde, a-benzamido-jS-formylpro- 
pionic acid. When the sulfoxide of benzylpenicillin 
methyl ester was treated under similar conditions, 
it appeared that the proposed /3-lactam ring, and not 
the thiazolidine ring, was opened to give the sulf¬ 
oxide of benzylpenicilloic acid. 

PHYSICAL MEASUREMENTS 
ON THE 7-LACTAMS 

The 7 -lactam (I) of bcnzylhomopenicilloic acid 
showed no selective absorption in the ultraviolet 
region at a concentration of 0.01 mg. per cc. 

17). Polarographieally (see Chapter XIV), the 
7 -laclam 8 (II and III) did not show any sulfhydryl 
anodic wave or any catalytic wave in the Brdicka 
solution (D.SSy 12). Potentiomctric titration of the 
7 -lactam ( 11 ) indicated the presence of one acidic 
group. No basic group could be detected by po- 
tentiometric titration either in water or in an¬ 
hydrous acetic acid {D,S3, 14). The above 

properties of the 7 -lactam 8 are similar to those of 
benzylpenicillin. 


An x-ray analysis of the 7 -lactam (I) of benzyl- 
homopenicilloic acid and its methyl ester was carried 
out (Illinois, Cl4y 8 ). It was found that the dif¬ 
fraction patterns of the two compounds were not 
similar to that of the sodium salt of benzylpenicillin, 
but did have a close resemblance to the pattern of 
the methyl ester of benzylpenicillin. 

A preliminary investigation of the infrared absorp¬ 
tion of some of the 7 -lactams and desthio 7 -lact¬ 
ams was made (Mich. Phys., R.2y 12 ; S, 20; 8, 
Chart XXX; Shell, Sh.7, 76; S, 100). The results 
of those studies indicated that the distinctive ab¬ 
sorption band present in the penicillins at 5.67 m 
(S hell, 8>h.2, 4; li.2, Chart VI; Cornell, RS,ly 3) was 
ab.sent in the 7 -lactam homologue. In penicillin 
the 5.67 ju band has been attributed to absorption 
by the /3-laotam carbonyl group {Sh.7, 71). The 
absorption of the 7 -laetam carbonyl of the methyl 
est or of t he 7 -lactam (I) has been assigned a tentative 
value of 5.85 m 100). However, in other re¬ 

gions certain similarities in the absorption of the 7 - 
lactam and benzylpenicillin were noted (Sutherland 
and Darmon, CPS Mot, 9; GOG, 8 , 15). The latter 
lalx^ratory has pointed out similarities in the absorp¬ 
tions of the methyl ester of 7 -lactam (I) {Sh.8, Fig. 
51) and of natural benzylpenicillin in the regions of 
5.98 M, 6.6 M (attributed to the monosubstituted 
amide) and 3 

OTHER 7-LACTAMS 

The 7 -lactam (XXII) of 4-carboxy-5,5-dimcthyl- 
2 -thiazolidinesuccinic acid ethyl ester has been 
prepared (Harvard, Wo.10), In order to prepare 

C2H5OOC—CII-CH—S—C(CH8)2 

I I I 

(TI 2 —CO—N-CH—coon 

XXII 

the above compound, diethyl succinate was for- 
mylated by a procedure similar to that described by 
Carricrc {Ann. chim., 17, 38 (1922)). The diethyl 
formylsuccinate was then condensed with D-penicill- 
amine hydrochloride in the presence of sodium 
acetate to obtain diethyl 4-carboxy-5,5-dimethyl-2- 
thiazolidinesuccinate (XXIII). The latter com- 

C2H5OOC—CH-CH—R—C(CH ,)2 

injCoocsHs NH-in—COOH 

xxm 

pound was cyclized by heating to produce the 
7 -lactam (X3QI) as a viscous oil. The oil was 
characterized by preparation of the sodium salt and 
conversion to the di-acid. 

EXPERIMENTAL* 

Diethyl AUylbenzamidomalonate (IX) (Cornell Bioch.^ 
DM, 6). A 500-cc. three-necked was fitted with a 

* Melting point* deeignnted '‘m.p.*' are eorreeted capillary melting 
pointe. Those designated “micro m.p." are corrected micro melting 
points determined on a hot stage. 
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dropping funnel, mercury-sealed stirrer, and condenser pro¬ 
tected by a soda-lime tube. To the flask were added 
200 cc. of absolute ethanol (distilled from sodium) and 
2.3 gm. (0.1 mole) of bright sodium. When the sodium had 
completely dissolved, 28 gm. (0.1 mole) of diethyl benz- 
amidomalonate were added. The mixture was stirred and 
warmed in a water bath for 15 minutes. 1'he bath wa.s then 
removed, and 10 cc. (0.1 mole) of allyl bromide were added 
through the dropping funnel over a period of about 5 min¬ 
utes. When all of the bromide had been added, the solution 
was refluxed gently for two hours, after which time the 
mixture was acid to phenolphthahun. It was evaporated 
to a syrup in vacuo^ and 200 cc. of water were added. The 
mixture was cooled and shaken vigorously. The syrup 
crystallized and the product was (*oll(‘ct(‘d, washed with 
water, and was recrystallized from 200 cc. of ethanol by the 
slow addition of an (*qiial volume of water. The yield of 
recrystallized product was 22.5 gm. (70Vo of the theoretical 
amount), m.p. 61-63°. 

Calc. (', 7 H 2 , 05 N: C 63.88; H 6.63; N 4.38 
Found: C 64.04; H 6.46; N 4.72 

Diethyl Allylphenylacetamidomalonate (XXIV) (D.i?/, 6). 
This compound was prepared by the proc(*dure used for the 
preparation of diethyl allylbenzamidomalonate, except that 
the diethyl benzamidomalonate was replaced by 29.4 gm 
(O.l mole) of diethyl plienylacetarnidonialonate (Squibb, 
S.IJ, 9). The mixture was stirred and refluxed for three 
hours. The mixture was then cooled, and diluted with 
400 cc. of water. The resulting precipitate was reerystal- 
lized from 100 cc. of ethanol. The yield of recrystallized 
material was 22 gm. (66% of the theoretical amount), m.p. 
104-105^ 

Oalc. (/ihIIssOsN: N 4.19 
Found: N 4.28 

Ethyl Allylhippurate (Ethyl 2-Benzamido-4-pent6iioate) 

(X) 7). To 39 gm. (0.122 mole) of diethyl allyl¬ 

benzamidomalonate dissolved in 120 cc. of ethanol were 
added 122 cc. (0.122 mole) of 1 N (‘thanolic sodium hydroxide 
(Shriner and Fuson, Idenlijication of Organic Compounds^ 
John Wiley and Sons, New York, 1940, 2 ed., p. 118). The 
solution was allowed to stand for 12 hours at room temper- 
atun», after which time it was acid to phenolphthalein. It 
was then evaporated in vacuo to a syrup, which was dis¬ 
solved in 350 cc. of water. The aqueous solution was 
shaken twice with ether, and evaporated to about 75 cc. 
Then 21.1 cc. of 5.80 N hydrochloric acid (0.122 mole) were 
added, and the mixture was evaporated to dryness in vacuo. 
The dry residue was heated for 30 minutes in an oil bath 
at 150°, during which time much of the material melted, 
and a vigorous evolution of gas occurred. The residue was 
cooled to room temperature and shaken with 350 cc. of 
ether, and 360 cc. of water. The ether layer was separated 
and shaken with sodium bicarbonate solution. The ether 
solution was dried over anhydrous sodium sulfate and 
evaporated in vacuo. The resulting syrup soon crystallized, 
m.p. 54-55°. The yield was 26 gm. (86% of the theoretical 
amount). For analysis, a small sample was recrystallized 
from 100 volumes of petroleum ether. The melting point 
was unchanged. 

Calc. CiiHitOiN: N 6.67 
Found: N 6.69 

Ethyl AUylphenaceturate (Ethyl 2-Phenylacetamido-4- 
pe&tenoate) (XXy) 7), The procedure used for the 

preparation of this compound was similar to that described 
above for the preparation of ethyl allylhippurate except that 
diethyl allylphenylacetamidomalonate (3.34 gm., O.Ol mole) 
was used as a starting material. The ethyl allylphenacetu- 
rate was first obtained as an oil which graduaUy crystallized 
when it was kept at 0-6° for two days. The slightly colored 


product weighed 1.32 gm. (51 % of the theoretical amount), 
m.p. 41-42°. 

Calc. CitllioOtN: N 5.37 
Found: N 5.54 

Allylphenaceturic Acid (2-Phenylacetamido-4-pentenoic 
Acid) (XXVI) (DMt, 6). The ethyl ester of allylphenaec't iirie 
acid (5 gm.) was dissolved m 40 ec. of 1 N ethanolic sodium 
hydroxide, and the solution was refluxed for 2 hours. The 
etlianol was removed in 7>acuo, and tlu* residue was dissolved 
in 50 cc. of water. The solution was cooled to 5° and made 
acid to Congo red by the addition oi concentrated hydro¬ 
chloric acid. Crystals of tlie aeid separated from the solu¬ 
tion. After it had been dried, tlie crude acid was recrys¬ 
tallized from 25 cc. of ethyl acetate* by the slow addition 
of 6 volumes of pentane. I’he reervstalliz(‘d allylphenacet- 
urie a<*id weMghed 3.4 gm. (76% of the theoretical amount), 
m.p. 103-104°. 

Calc. CuHuOsN: N 6.04 
Found: N C.30 

Esterification of Allylphenaceturic Acid {D.26, 6). Allyl- 
pheiiaccturic acid (15.0 gm. 0.064 mole) was refluxed with a 
mixture of 30 cc. of absolute ethanol, 225 ee. of benzene and 
3 drops of eon centra terl hydrochloric acid for 8 hours. The 
watc*r produced in the esterification was continuously re¬ 
moved from the condensed vapor by means of a trap 
located betweem the reflux condenser and the flask. The 
reaction mixture was washed with sodium bicarbonate- 
.sodium chloride solution and shaken with anhydrous sodium 
sulfate. After the solvents had been removed m vacuo, 
the resulting syrup crystallized when it was cooled. It was 
dissolvc'd in 100 cc. of absolute etlier and treated with char¬ 
coal. The ether was removed tn vacuo to leave 16.0 gm. 
(95% of the th(‘oretieal amount) of crystalline ethyl allyl- 
phenaceturate, micro m.p. 42-44°. 

Allylhippuric Acid (2*Benzamido*4-pentenoic Acid) 
(XXVII) {J).26, 6). Ethyl allylhippurate (10.0 gm., 0.041 
mole) was refluxed for 2 hours with 40 cc. of 1.3 N ethanolic 
sodium hydroxide (0.052 mole). The alcohol was removed 
in vacuo. The residue was dissolved in 50 cc. of water, 
cooled to 5°, and made acid to Congo red by the addition of 
6 N hydrochloric acid. When the mixture was cooled, 
crystals separated. The material weighed 8.0 gm. (90% of 
the theoretical amount), micro m.p. 109-111°. After the 
material had been recrystallized from 25 cc. of ethyl acetate 
and 160 cc. of pentane, 7.7 gm. of crystalline product were 
obtained, m.p, 109-110°. Sorensen {Ber.41, 3387 (1908)) 
reports a melting point of 107-107.5° for this compound. 

Calc. CisHiaOsN: Neut. Eq. 219 
Found: Neut. Eq. 218 

Ethyl a-Benzamido-a-carbethoxy-^-formylpropionate 
(XXVIII) (D.21, 6). Diethyl allylbenzamidomalonate (1.02 
gm.) was dissolved in 20 cc. of dry ethyl acetate. The solu¬ 
tion was cooled in a dry icc-cellosolve bath, and ozone was 
passed through the solution until the ozone was no longer 
absorbed as indicated by titration of the iodine formed from 
a solution of potassium iodide through which the exit gases 
were bubbled. The resulting solution was allowed to warm 
to room temperature, and then added dropwise with stirring 
to a suspension of 0.25 gm. of zinc dust in 5 cc. of acetic 
acid and 20 cc. of water. The mixture was refluxed for 0.6 
hour; then the apparatus was arranged for downward dis¬ 
tillation, and the mixture was concentrated to about one-half 
of its original volume. The residue was diluted with water 
and shaken with ether; the ether layer was washed suc¬ 
cessively with water, 5% potassium iodide solution, 0.5 N 
sodium thiosulfate, and water. After the ether had been 
evaporated in vacuo, an oil (0.54 gm.) was obtained It was 
dissolved in 20 cc. of ethanol and treated with 0.4 gm. of 
2,4-dinitrophonylhydrazine. The mixture was warmed, and 
1.0 cc. of concentrated hydrochloric acid was added. Warm- 
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ing was continued for 15 minutes, after which time the solu¬ 
tion was cooled in an ice batli. \ellow plates, m.p. 192- 
194®, precipitated. Tl}e yield was 0.40 gni. For analysis, 
100 mg. of the product wen' rccrystalli/ed from 15 ec. of 95% 
ethanol. The recrystalli/A‘d product melted at 195-197®, 
and had the composition of the diuitrophenylliydrazono of 
the expected aidehydi* (XXVIII). 

Calc. (WIusO^Nt: C 52.70; II 4.03; N 13.97 
Found: C' 52.91; IT 4.77; N 13.75 

Ethyl ar»Benzamido-/S-formylpropionate (XI) (0,2]^ 8 ). 

A. PhEPAIIATION and JIyDIIOI.YSIS of the OZONIDB OF 

Kthyi. Allyluippukate. a 500-rng. sample of ethyl al- 
ljdhipj)urate wtis dissolved in about 25 ee. of dry ethyl 
acetate. The solution was cooled in a dry ice-cellosolvc 
bath and ozone was passed through the solution until the 
ozone was no longer absorbed to a deUictable degree. The 
resulting solution w as allowc'd to warm to room temperature, 
and tlnm it was poured into a suspension of 0 9 gm. of zme 
dust in 15 ee. of water and 15 ee. of acetic acid. The flask 
was arranged for dowuiward distillation and the contents of 
the flask were stirred and gradually warmed until the ethyl 
acetate distilled slowly. After one hour, the volume of the 
residue was about 20 ec. This residue was then evaporated 
to dryness m vacuo and shaken with 25 cc. of t'ther and 25 cc. 
of water. The ether layer was shaken successively with 
potassium iodide solution, sodium bicarbonate solution, and 
water. It was th(*n evaporated to dryness, and the residue 
was warmed with 0.2 gm. of 2,4-dinitrophenylhydrazine and 
10 cc. of ethanol. 1 cc. of G A hydrochloric acid way added 
to the solution. After the solution had been heated for two 
minutes, it was cooled, and * 0.22 gm. of very fine yellow 
needles separated. For analysis 0.1 gm. of the material was 
recrystallizcd from 10 cc. of ethanol. The reorystallized 
derivative melted at 157-162®, with softening at about 145®. 

Calc. CiJIi^OtN^: C 53.15; H 4.46; N 16.28 
Found: C 52.65; H 4.46; N 16.09 

C 53.36; II 4.09 

B. Catalytic Reduction op the Ozonidk. 2.5 gm. of 
ethyl allylhippurate were dissolved in 20 cc. of absolute 
ethanol and ozonized as in the preceding experiment. A 
5-cc. aliquot of the ozonide solution was then removed and 
plact'd in a low^-pressure hydrogenator at 40 lbs. pressure of 
hydrogen with 0.3 gm. of palladium-calcium carbonate 
catalyst (Busch, M., and Stowe', H., Ber., 4 ^, 1064 (1916)). 
After 8 hours, the catalyst was removed by filtration, and 
the filtrate was warmed with 0,6 gm. of 2,4-dinitrophenyl- 
hydrazine. I cc. of concentrated hydrochloric acid was 
added, and the solution was warmed for 2 more minutes. 
The crystalline product was collected and recrystallizcd from 
80 ec. of ethanol. The recrystallizcd material weighed 
0.60 gm. (55% of the theoretical yield from ethyl allyl¬ 
hippurate) and melted at 165® after softening from about 
140®. 

Ethyl /3-Formyl-a-phenylacetamidopropionate (XXIX) 

{D.Sly 10). 1 gm. of ethyl allylphenaceturate was dissolved 

in 10 cc. of absolute ethanol, and was cooled in an ice bath. 
An excess of ozone was bubbled through the solution. The 
reduction catalyst (0.5 gm. of palladium-calcium carbonate) 
was then added, and the suspension was shaken for 12 hours 
under 40 lbs. of hydrogen. The catalyst was removed by 
filtration, and the filtrate was warmed with 0.5 gm. of 
2,4-dinitrophenylhydrazine. 1 cc. of concentrated hydro¬ 
chloric acid was added to the mixture, and it was heated for 
2-3 minutes. After the solution had cooled for several 
hours, a precipitate (0.8 gm.) was collected and dried. For 
analysis, a 100 -mg. sample was rocrystallized from 10 cc, of 
95% ethanol. The recrystallized product melted at 
155-157®. 

Calc. CioHiiOtN#: N 15.78 
Found: N 15.60 


By making use of tli(‘ ozonizer described by Honne and 
Perils!cm {J. Atu. Chem. Soc.y (id, 2183 (1943)"), ethyl allyl- 
pherjaeetiinite ui ethyl acetate was ozonized rapidly in 0.2 
molar amounts (D.iJO, 4). 

a-Benzamido-/^-formylpropionic Acid (XXX) 6). 

Allylhippurie acid (6.0 gm., 0.023 mole) was dissolved in 
60 cc. of purilied ethyl acetate. A rapid stream of dry 
oxygen was passed through tl)e ozonizer and th(*nce through 
the ice-cold ethyl acetate solution. Absorption of ozone 
was complete in 45 minutes. In order to reduce the ozonide 
0.2 gm. of 1.4% palladium oxide on calcium carbonate was 
added to the ethyl acetate solution, and the mixture was 
shaken for 12 hours under 40 lbs. of hydrogen. The removal 
of the catalyst by filtration yielded an ethyl acetate solution 
of a-benzarnido-^-formylpropionic acid. 

The product was eharacterized by preparation of the 2,4- 
dinitrophenylhydrazone. A portion of the solution equiva¬ 
lent to 0.6 gm. of starting niaterhil was evaporated to a 
syrup. To the residue were added 0.3 gm. of 2,4-dinitro¬ 
phenylhydrazine, 4 cc. of acetic acid, 8 cc. of wattjr, and 
0.3 cc. of concentrated hydrochloric acid. The mixture was 
refluxed for 30 minutes. The oil which separated when the 
mixture was cooled was crystallized from glacial acetic acid. 
The yield was 0.4 gm. When the compound was heated 
slowlv on the hot stage, it melted at about 170®, then crystal¬ 
lized and remelb'd at 195 ’. Several recrystallizations from 
glacial acetic acid did not affect the melting point behavior 
appreciably. 

Calc. (hTHioOyNft: (- 50.99; 11 3.77; OCjlUO; Neut. Eq. 401 
Found: C 51.00; 11 3.76; OC 2 H 6 0; Neut. Eq. 395 

^-Formyl-a-phenylacetamidopropionic Acid (XXXI) 

(D.SGy 7). Allylphenacetiiric acid (10.0 gm., 0.043 mole) was 
dissolved in 200 cc. of purified ethyl acetate. The solution 
was cooled in an ice bath and a rapid stream of dry oxygen 
containing ozone was passed through it. After 1 hour the 
absorption of ozone was complete. About one-third of the 
ethyl acetate had «‘vaporated from the reaction vessel, and a 
small amount of the dissolved material liad separated to 
form a gum on the sides of the vessel. The volume was 
increased to 225 ee. by the addition of ethyl acetate, and 
the solution was hydrogenated at 40 lbs. pressure of hydrogen 
for 5 hours over 0.4 gm. of 1.4% palladium oxide on calcium 
carbonate. The catalyst was removed by filtration to yield 
an ethyl acetate solution of jS-formyl-a-phenylacetamido- 
propionic acid. 

30 cc. of the solution wore evaporated in vacuo at room 
temperature to an oily residue which weighed 697 mg. This 
was refluxed for 30 minutes with a mixture of 0.4 gm. of 
2,4-dinitrophonylhydrazine, 6 cc. of glacial acetic acid, 12 ec. 
of water, and 0.5 ce. of concentrated hydrochloric acid. 
After the solution had been cooled overnight, 550 mg. of 
orange mierocrystall ine material (62% of the theoretical 
amount) were collected. On recrystallization from acetic 
acid and water the material possessed a micro melting point 
of 198-202®. The melting point was not depressed when the 
material was mixed with the 2 , 4 -dinjtrophenylhydrazone 
prepared from 7 , 7 -diethoxy-a-phenylacetamidobutyric acid. 

Calc. CisHuOiNe: N 16.85 
Found: N 16.89 

Oxime of Ethyl a-Beiizamido-/3*foniiylpropioxiate (/>.£!, 
9). An ethanolic solution (40 cc.) of ethyl a-benzamido-^- 
formylpropionate, obtained by the reduction of the ozonide 
of 4 gm. of ethyl allylhippurate, was refluxed with 2.24 gm. of 
hydroxylamine hydrochloride and 20 cc, of pyridine for 1 
hour. The solution was concentrated to a syrup in vacuo. 
The syrup was distributed between 30 cc. of water and 50 cc. 
of ether. The layers were separated, and the aqueous layer 
was extracted twice with 40-cc. portions of ether. The 
combined ether solutions were washed with 30 cc. of I A 
hydrochloric acid, and then with three portions of saturated 
sodium chloride aolution. The ether solution was dried over 
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anhydrous maRncsium sulfate. The ether was removed in 
vacuOf and a 8 emi-er 5 '^stalline residue remained. After the 
residue had been dissolved in 5 ec. of commercial absolute 
ethanol, 20 cc. of ether were added, and the oxime was 
precipitated by the gradual addition of 150 cc. of pemtane 
(Skellysolve A). The mixture was allowed to stand over¬ 
night, and the crystals were collected. The material weighed 
2.80 gm. (08% of the thcoreticial amount from the ctliyl 
allylhijipurate), micro m.p. 114-116®. 

Calc. C:„Hio 04 N,: C 59.15; H 6.09; N 10.61 
Found: C 59.22; 11 6.02; N 10.88 

Oxime of Ethyl j3-Fonnyl-a~phenylacetamidopropionate 

8). An ethanolic solution (15 cc.) of ethyl /^-forinyl- 
tt-plienylacctamidopropionate, obtained from th<‘ reduced 
ozoiiide of 1 gm, of ethyl allylpheiiaceturate, was refluxed 
witlj 0.53 gm. of hydroxylainine liydrocliloridc and 4 cc. of 
pyridine for J hour. The solution was concentrated to a 
syrup in vaevo. The syrup was distributed between 20 cc. 
of waller and 20 cc. of ether, the layers wore separated, and 
the aqueous layer was extracted with two 15-cc portions of 
ether. The combined ether solutions were wssIkmI with 
10 cc, oi \ N hydrochloric acid and with 3 portions of 
saturated sodium chloride solution, and then dried over 
anhydrous magnesium sulfate. Wien the ether was 
removed in vacuo^ an oil remained. The oil was allowed 
to stand at 0-5® for a wx^'k, during which time it gradually 
crystallized. Tliis material was nearly dissolved in 3 cc. 
of absolute ethanol, 15 cc. of eth(*r were addc'd, and a <‘rystal- 
line product was precipitated by the gradual addition of 
80 cc. of pentane. After the mixture had stood overnight 
at 0-5®, 0.7 gm. ofc rystalhne product, rnicrom. p, 90-93®, 
was collected. 

Calc. CulIisOiNs: C 60.40; II 6.52; N 10.06 
Found: C 60.47; H 6.44; N 10.26 

7 , 7 -Diethoxy-a-phenylacetamidobutyric Acid (XXXII) 
(D.S6\ 9). A. Ethanou ^NI) Hydrooen ChiLoRiuB. A 
crude syrup of ethyl /51-foi ni\l-^r-])lien> lacetamidopropionatc 
(2.6 gm.), obtained from the o/onolysis of ethyl allylphen- 
aceturate, was dissolved in 10 cc. of ahsoluti* ethanol. To 
this ice-cold solution were added 15 cc. of 9 A (‘thanohe 
hydrogen chloride. After the solution had stood overnight 
at room temperature, most of Ihi’ ethanol was removed by 
distillation in vacuo. I'he residue was dissolved in 50 cc. of 
ether, and the ether solution was poured into a mixture of ice 
and 40 cc. of 10% sodium carbonate. After the mixture 
had been shaken thoroughly, the laj^ers were separated. 
Th(‘ water layer was extracted twice with ether. Then the 
combini^d (‘ther solutions were washed twice with 5% sodium 
bicarbonate, twice with saturated sodium chloride solution, 
and dried over anhydrous magnesium sulfate. When the 
ether was removed in vaevo, a yellow oil, which weighed 
2.7 gm., remained. This material was dissolved in 8 cc, of 
1.2 A^ ethanolic sodium hydroxide. The solution was al¬ 
lowed to stand for 3 hours at room temperature and then for 
15 hours at 0-5®. The alcohol was removed in vaevo at 
a temperature below 50®, and the residue was dissolved in 
20 cc. of water to give a turbid solution. The aqueous solu¬ 
tion was extracted twice with ether, and then cooled in an ice 
bath while 10 cc. of 1 AT hydrochloric acid were added. An 
oil form<*d which was extracted immediately into a total of 
100 cc. of ether. W^hen the ether solution was washed with 
saturated sodium chloride solution, a small amount of 
gummy precipitate separated and adhered to the sides of the 
separatory funnel. The nature of this precipitate is un¬ 
known. Aft^r the ether solution had been dried over an¬ 
hydrous magnesium sulfate, the ether was removed in vacuo 
to yield 1.46 gm. of a yellow oil. 

A portion of the yellow oil (0.63 gm.) and 0.4 gm. of 
2,4-dinitrophcnylhydrazine were added to a mixture of 6 cc. 
of glacial acetic acid and 12 cc. of water. The mixture was 
heated to boiling and 0.3 cc. of concentrated hydrochloric 


acid was added. Tlu* ri'siilting solution was refluxed for 3 
minutes and then allowed to <‘ool. 460 mg. of crystalline 
matt'rial (55of the theoretical amount) were colh‘cted, 
micro rn.j). 203 205 A mixture of this material with the 
2,4"dinitrophenylhydrazone prepared from /3-forniyl-a-plH‘ii- 
ylacetamidopropionic acid showt d no depression m the 
melting point. 

Cldc. (hKHnOrNi.: N 16 85 
Found: N 16.42 

B. Ethyl Orthofoumate. \ crude syrup (10 gin.) of 
compound XXIX was di.ssohed in 1.1 ec, of ahsohitc ethanol 
(dried with sodium 4 ethyl phlhalate). Ethyl ortho- 
formate (15 cc.) and ammonium bromide (0.5 gm.) were 
added. The solution was rcfluxiul for 45 minutes. The 
contents of the flask were cooled and diluted wdth 150 cc. of 
ether. The ammonium bromide was removed by filtration, 
and the ctluT solution was washed with three 50-cc. portions 
of saturated sodium chloride solution. After the ether 
solution had been dried over anhydrous sodium sulfate, and 
tlie ether had been removed ?n vacuo 11.1 gm, of a thick syrup 
remained. This material was saponified and the crude 
acetal w^as isolated in a manner similar to that described 
under Method A. The thick synip of 7 , 7 -diet hoxy-a- 
phenylacetamidobutyric acid weighed 4.3 gm. There was 
isolated in this procedure, as was also the case in Method A, 
an unidentified material (3.5 gm.) which was not soluble 
in dry ether. 

a-Benzamido- 7 , 7 -diethoxybutyric Acid (XXXIII) (D.S6, 
10). This compound was prepared in a manner analogous 
to Method A for the preparation of 7 , 7 -diethoxy-a-phenyl- 
acetamidobutyric a ( id. From 9.8 gm. of the reduced ozonide 
of ethyl- allyhippurate, 6.5 gm. of the crude acetal were 
obtained. The product was (diaractcnzed by preparation 
of the 2 , 4 -dinitrophenylhydrazone as described for the cor¬ 
responding phenylacetyl compound. The derivative was 
crystallized se\ oral tim(‘s from glacial acetic acid. When the 
compound was heated slowly on the hot stage, it melted at 
about 170®, then crystallized and rcmelted at 195®. A mix¬ 
ture of this compound wdth thc' 2,4-(iinitrophen>lhydrazonc 
prepared from a:-l)onzari)ido-/3-formylpropionic acid showed 
the sam<* melting point behavior. 

(‘ale. (hTHuOrNs: ^ .50.99; 11 3 77 
Found: (‘ 51.70, II 3 SS 

cv-Benzamido-4-carboxy-2-thiazolidinepropionic Acid 
Ethyl Ester (from L-Cysteine) (XII) 9). An ethanolic 

solution (6 cc.) of ethyl a-b('nzanndo-/f-formylpropionatc, 
obtained from 0,5 gm. of ethyl allylhippurate, was warmed in 
a water bath for 5 minutes w ith 0.3 gm. of L-cysteinc hydro¬ 
chloride. Then 1 cc. of 2 N sodium hydroxide and 3 cc. of 
water wore added. The solution was warmed for 10 minutes. 
After the solution had been cooled overnight, a crystalline 
product (80 mg.) w^as collected. It gave negative tests for 
sulfhydryl and disulfide groupings with nitroprussidc. For 
analysis, it w-as reerystallized from 20 cc. of 95% ethanol. 
The reerystallized product possessed a micro melting point 
of 172-177®. 

Calc. CjJIaoOftNsS: X 7.94; S 0.10 
Found: N 7.58; S 9,24 

It was later noted {D.SS, 13) that when this comxiound was 
placed on the micro stage at 170®, it melted at 181-184® and 
then resolidified to give' crystals which melted at about 220 - 
230® (dec.). The specific rotation of ethyl a-benzamido-4- 
carboxy-2-thiazolidinepropionate was —75® (1% 

in 2.5% borax solution) (D.SS, 13). 

a-Benzainido-4-carboxy-2-thiazolidinepropionic Acid 
(from L-Cysteine) (XXXIV) {D.26, 14; SS, 13). To 400 mg. 
of ethyl a-benzamido-4-carboxy-2-thiazolidinepropionate 
were added 2 cc. of ethanol and 2 cc. of 1.30 N ethanolic 
sodium hydroxide. The ester dissolved rapidly. The 
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resulting solution was allowed to stand at room temperature 
for 20 hours, and then was acidified with 2.5 cc. of I N 
hydrochloric acid. A crystalline precipitate was <‘oIlcctcd. 
This product weighed 210 mg. and possessed a neutral 
equivalent of 160. A portion of this material was recrystal¬ 
lized from water, and separated in needle-like crystals, 
micro m.p. 203-204°, when placed on the hot stage at a 
temperature of 190". It possessed a specific rotation of 
la]i>®^ * —100° (1% in 0.2 M phosphate buffer at pH 8). 

Calc. CuHiflOftNaS: N 8.64; Neut. Eq. 162 
Found: N 8,65; Neut. Eq. 168 

If a melt of this compound was allowed to remain at 200°, it 
largely crystallized; the crystals remelted at 220-230°. 
Also, when the starting material was heated slowly from 
room temperature, it melted at about 225-230". These 
data suggest that the acid may be converted to the lactam by 
prolonged heating. 

Ethyl 4-Carboxy-cr*phenylacetamido*2-thiazolidinepropi- 
onate(XXXV) 10; SiO, 8; S3, 13). A. From l-Cys- 

TEiNB. An ethyl acetate solution of aldehyde obtained from 
the ozonolysis of 0.4 grn. of ethyl allylphenaceturate was 
evaporated to a thick syruj) in vacuo. To this symp was 
added 0.156 gm. of L-cysteine hydrochloride, and the entire 
mixture was dissolved in 10 cc. of 50% etlianol. Then 
0.16 cc. of benzylarnine was added, nitrogen was bubbled 
through the solution for a few minutes, and the flask was 
stoppered and allowed to stand overnight. The crystalline 
precipitate was collected, washed with ethanol and dried. 
The yield was 0,19 gm, (35% of the theoretical amount) 
micro rn.p. 157-159°. Another preparation which pos¬ 
sessed a micro m.p. of 161-163° had a specific rotation of 
[crlo** —75° (1% in 0.2 M phosphate buffer at pll 8). 

B. From nL-t'YSTwiNE. An ethyl acetate solution of 
aldehyde prepared by ozonolysis of 2.5 gm. of ethyl allyl¬ 
phenaceturate was evaporated to a syrup in vacua. To the 
syrup were added 1.20 gm. of niv-cysteine, 10 cc. of 1 N 
hydrochloric acid, 15 cc. of water, and 25 cc. of ethanol. 
When all the solid had dissolved, 1,05 cc. of benzylarnine were 
added, and the solution was allowed to stand overnight. 
The precipitated material (0.59 gm.) was collected. A 
second crop (0.18 gm.) was obtained aifter the filtrate from 
the first crop had been cooled for several hours. The 
combined crops were crystallized from 50% ethanol, micro 
m.p. 154-157°. 

Calc. CnHwOfcNjS: S 8.75 
Found: S 9.09 

Hydrochloride of /3-Methyl Benzylhomopenicilloate from 
D-Penicillamine (4-Carbomethoxy-5,6-dimethyl-a-phenyl- 
acetamidoo2-thiazolidinepropioiiic Acid Hydrochloride) 
(XXXVI) (D.$6\ 11). A solution of 1.13 gm, of the crude 
7 , 7 -diethoxy-a-phcnylacetamidopropionic acid and 0.73 gm. 
of tlie methyl ester of n-penicillamine hydrochloride in 6 cc. 
of glacial acetic acid was heated in a boiling water bath for 
30 minutes. The solution was cooled and poured dropwise 
with vigorous stirring into 150 cc. of absolute ether. A white 
amorphous product precipitated. After the mixture had 
stood for 12 hours at 0-5°, the ether was removed by decan¬ 
tation. The product was washed 3 tiroes by decantation 
with absolute ether, and then collected on a filter. While 
still moist with ether, the product w^as placed in a vacuum 
desiccator and dried under suction over phosphoric an¬ 
hydride. This amorphous material weighed 1.05 gm., micro 
m.p. 92-98°. 

Calc. Ci«n,*0*N,iSCl: N 6.74; S 7.69; Cl 8.54 
Found: N 6.90; S 7.74; Cl 8.47 

Not every preparation made in the above manner gave cor¬ 
rect analytical results, for the methyl ester of n-penicillamine 
hydro(!hloride was often present as a contaminant. The 
amorphous preparations of this and other thiazolidine 


hydrochlorides are hygroscopic and should be stored in a 
vacuum desiccator over phosphoric? anhydride. 

/3-Methyl Benzylhomopenicilloate from n-Penicillamine 
(4-Carbomethoxy-6,6-dimethyl-a-phenylacetamido«»2- 
thiazolidinepropionic Acid) (XVI) (D.iSff, 16). In order to 
convert the crude hydrochloride of d-methyl homopenicil- 
loatc (XXXVI) to the free base, 2.45 gm. of the hydrochloride 
were dissolved in a little ethanol, and two equivalents of 1 AT 
sodium bicarbonate were added. The solution was diluted 
with a large amount of water and shaken several times with 
ether in order to remove any tin reacted n-penicillamine 
methyl ester. The aqueous solution was then acidified 
with a little over 1 equivalent of 1 A hydrochloric acid. The 
oil, which formed, was extracted into chloroform. The 
chloroform solution was dried over anhydrous magnesium 
sulfate and the solvent was removed in vacuo. The residue 
was dissolved in iert.-butanol and the solution was lyophil- 
ized. 1.4 gm. of a white powder were obtained which did 
not give a nitroprusside or ferric chloride test for a sulfhydryl 
group 

Hydrochloride of a-£thyl Benzylhomopenicilloate (from 
n-Penicillamine) (Ethyl 4-Carboxy-6,6-dimethyl-a-phenyl- 
acetamido- 2 -thiazolidinepropionate Hydrochloride) (XVII) 

{D.SS, 5). An ethyl acetate solution of the aldehyde 
(XXIX), obtained from the ozonolysis of 10 gm. of ethyl 
allylph('naceturate, was evaporated in vacuo to a syrup which 
weighed 8 gm. n-Penicillamine hydrochloride (3.5 gm.) 
was added to the syrup and the mixture was dissolved in 
15 cc*. of glacial acc'bic acid. The acetic acid solution was 
heated in a boiling water bath for 30 minutes, cooled, and 
poured dropwise into 500 cc. of absolute ether. The tan 
amorphous material which settled out was washed twice by 
decantation with 200 -cc. portions of ether. The material 
was collected on a filter and, while still moist with ether, it 
was placed in a vacuum desiccator with suction. The 
amorphous product weighed 7.7 gm. 

Hydrochloride of /3-Methyl Phenylhomopenicilloate (a- 
Benzamido-4-carhomethoxy-5,5-dimethyl-2-thiazolidine- 
propionic Acid Hydrochloride from i>-PeniciUamine) (XV) 
\D.2(>, 11). To 1.5 gm. of the acetal-acid (XXXIII) dis¬ 
solved in 10 ec. of glacial acetic acid was added 0.8 gm. of 
D-pcnicillaminc methyl ester liydrochloride. The solution 
was warmed on the water bath for 45 minutes, cooled, and 
poured slowly with stirring into 200 cc. of absolute ether. 
The suspension was allowed to stand for 15 minutes, and 
then the white* powder was collected, washed with ether, and 
dried. The yield was 1.1 gm., m.p. about 80-90°. 

Calc. C 17 H 23 O 6 N 2 SCI: N 6.95; H 7.95 
Found: N 7.49; S 8.55 

Wlicn the substance was titrated in dilute ethanol, using 
phcnolphthalein as an indicator, a neutral equivalent of 236 
(calculated 201.5) was obtained. 

7 -Lactam of a-Beiizamido-4-carhoxy-2-thiazoIidinepro*- 
pionic Acid (from L-Cysteine) (II) (D.26, 13; S3, 7, 13). 

A. From Ei*HYL er-BENZAMIDO-4-CARBOXY-2-THIAZOLIDINB- 
PROPIONATE, 

1. By Fusion. hJthyl a-benzamido-4-carboxy-2-thiazol- 
idinepropionate (XII) (1.7 gm., 0.005 mole) was placed in a 
tube and the system was evacuated to 1 mm. of mercury 
pressure. The tube was heated in an oil bath at 195° for 
20 minutes. During this time the material partially fused 
and became slightly brown. 0.22 cc. of a volatile liquid, 
presumably ethanol, collected in a dry ice trap. After it had 
cooled, the product in the fusion tube was extracted with a 
total of 18 cc. of ethanol. This extraction removed most of 
the colored material and left 0.9 gm. of white solid, micro 
m.p. 237-242° (doc.). Isolation of the acidic material in 
the ethanolic extract yielded an additional 0.13 gm. of an 
identical product. 350 mg. of the product were recrystal¬ 
lized once from isopropanol-wator, and twice from methanol. 
The last two recrystallizations did not raise the melting 
point. The final product weighed 70 mg., micro m.p. 
241-244° (dec.). 
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Calc. CuH, 404 N 2 S: C 54,85; H 4.61; N 9.14; S 10.44 
Found: C 54.84; H 4.61; xNT 9.00; S 10.93 

Ncut Eq. 304; calc., 306 
Mol. Wt. (Rast) 337 

By Heating in Aqueoun Solution. A suspension of 
0,5 Km. of compound XII in 75 oc*. of 0.2 M sodium acetate 
buffer at pH 4.7 was heated in a boiling water bath for 10 
hours. During this time the compound gradually went into 
solution. At the end of the heating period, the pH of the 
solution was 4.5. The solution was concentrated in vacuo 
to 15 cc., filtered, and made strongly acid by the addition of 
3 (?c. of 6 N sulfuric acid. Immediately a crystalline precipi¬ 
tate began to form. After the mixture had stood at 0-5° for 
1 hour, 255 mg, of product, micro m.p. 237-239° (dec.), 
were collected. The compound was recrystallized from 5 cc. 
of methanol to give 150 mg. of product, micro m.p. 242-245° 
(dec.). The melting point of a mixture of this product with 
that isolated by fusion (Method 1 ) showed no depression. 

S. By Heating in Quinoline. 2 gm. of the ester (XII) were 
added t,o 10 (^c. of quinoline, and the mixture was heated in an 
oil bath at 190° for 5 minutes. During the heating, the 
mixture was stirred until all of the solid had disKSolved. The 
solution was then cooled, diluted with 25 cc. of ether, and 
extracted with sodium bicarbonate solution. The sodium 
bicarbonate extract was washed w ith ether, decolorized with 
charcoal, and acidified slowly with hydrocliloric acid. The 
crystalline precipitate was collected, washed, and dried. 
The product w'eighed 1.3 gm. (74% of the theoretical 
amount) and po.sse 8 so<l a neutral equivalent of 310 (calc. 
306) and a micro melting point of 233-238° (dec.). 

4. By Heating in Benzyl Alcohol. 0.5 gm. of the ester 
(XII) in 10 cc. of benzyl alcohol was heated for 5 minutes in 
an oil bath at 180°. The alcoholic solution was diluted 
with 30 cc. of ether, and then extracted with sodium bi¬ 
carbonate. Upon acidification of the aqueous solution, a 
crystalline precipitate separated. This material, micro 
m.p. 236-242° (dec.) weighed 95 mg. 

The specific rotation of a sample of the y-lactam of a-benz- 
amido-4-carboxy-2-thiazolidinepropionic acid (from iz-cys- 
teine) wdiich had a micro m.p, 241-244° (dec.) was 
—213° (1% in pyridine). 

B. From «-Bli:NZAMlDO-4-CARBOXY-2-TniAZOLIDINEPBO- 
PIONIC Acid {0.26, 14). The acid (XXXIV) (27 mg.) was 
heated in vacuo for 15 minutes while the temperature of the 
bath was gradually raised from 185 to 225°. The solid 
darkened somewhat during the heating. The product was 
dissolved in about 1 cc. of hot ethanol; the solution was 
decolorized with a small amount of charcoal and cooled. 
The crystalline material which separated (10 mg.) possessed 
a micro melting point of 225-235° (dec.) when placed on the 
hot stage at 200°. There was no depression of the melting 
point when this material was mixed with a sample of y-lact- 
am prepared from a-benzamido-4-carboxy-2-thiazolidine- 
propionic acid eth 3 d ester. 

7 -Lactam of Benzylhomopenxcilloic Acid (from n-Peni- 
cillamine) ( 7 -Lactam of 4-Carboxy-6,6-dimethyl-a-phenyl- 
acetamido-2-thiazolidinepropionic Acid) (I) {D.26, 16; SS, 
5, 13). A. From a-ETHYL Benzylhomopenicilloatk. 

t. By Fusion, 431 mg. of the hydrochloride of a-ethyl 
benzylhomopcnicilloate (XVII) were heated for 5 minutes in 
an oil bath at 170-180° under a pressure of 1 ram. of mercury. 
The fused material was dissolved in ethanol (20 cc.), and 
0.1 sodium hydroxide was added until the solution was 
just alkaline to plicnolphthalcin. When the alkaline solu¬ 
tion was concentrated to about 20 cc., a small amount of 
insoluble oil separated which was removed by extraction 
with ether. The aqueous layer was treated with charcoal 
and was concentrated to 8 cc. Upon the addition of 1.5 cc. 
of 1 AT hydrochloric acid, an oil formed. After the mixture 
had been seeded and allowed to stand overnight at 0-5°, the 
oil solidified to a crystalline mass (52 mg.). The neutral 
equivalent of this material was 348 (calc. 348). When 
the solution from the determination of the neutral equivalent 


was acidified, 34 mg. of material, micro m.p. 255-257° 
(doc.), separated. 

Ualc. CnH 2 o 04 N 2 S: 0 58.55, H 5.42 
Found: C 58.S5, H 5.78 

2. By Fusion m the Presence of Sodium Acetate. 670 rng. 
of the hydrochloride of a-ethyl benzylhomopcnicilloate 
(XVII) were mixed well with 125 mg. of anhydrous acetate. 
The mixture was heated for 6 minutes in an oil bath at 180° 
under a pressure of 2-3 mm. of mercury. The fused ma¬ 
terial wa.s dissolved in ethanol and water. 0.1 N sodium 
hydroxide was added until the solution was just alkaline to 
phenolphthalein (22 c(‘.). The cloudy, alkaline solution 
was extracted twice w'ith ether. The aqueous layer was 
treated with cliarcoal, concentrat(»(i to 10 cc., and acidified 
with 2.5 cc. of 1 N hydrochloric acid. The oil, which formed, 
crystallized when it was seeded and allowed to stand for 24 
hours at 0-5°. The material weighed 210 mg. After it had 
been recrystallized from cthanol-watcr, 91 mg of crystals, 
micro m.p. 245-250° (dec.) were obtained. 

3. By Heating in Glacial Acetic Acid. 431 mg. of the 
hydrochloride of a-cthyl benzylhomopenicilloate (XVII) and 
85 mg. of anhydrous sodium acetate were dissolved in 10 cc. 
of glacial acetic acid. I'he solution was heated on a boiling 
water bath for 3 hours, and then evaporated to dryness in 
vacuo. The residue was titrated into solution with 0.1 A^ 
sodium hj'^droxide (26 cc.). The solution was treated with 
charcoal and concentrated in vacuo to a volume of 5 cc. 
Then 25 cc. of 0.1 N hydrochloric acid were added, and the 
resulting solution was seeded and allowed to stand. 64 mg. 
of crystals, micro m.p. 245-249° (dec.) were obtained. 

4 . By Heating in pH 4^^ Acetate Buffer. 0.5 gm. of the 
hydrocliloride of a-ethyl benzylhomopenicilloate (XVII) was 
suspended in 10 cc. of 2 M acetate buffer at pU 4.7. The 
mixtun? was heated in a boiling water bath for 7 hours, at 
which time the solution was homogeneous. The solution 
W’as made acid to Congo red by the addition of 4 cc. of 6 AT 
sulfuric acid. The brown oil, which separated, partially 
crystallized when it was seeded and allowed to stand at 0-5°. 
The partially crystalline material was titrated into solution 
with 0.1 AT sodium hydroxide (9.5 cc.). The solution was 
treated with charcoal, the filtrate was concentrated to 3 cc., 
and was acidified with 10 cc. of 0.1 N hydrochloric; acid. 
After the solution had beefi seeded, cry^stals gradually 
separated. The material, micro m.p. 248-252° (dec.) 
weighed 34 mg. 

d. By Heating in Quinoline. A mixture of 670 mg. of the 
hydrochloride (XVII) and 5 cc. of quinoline was h(*ated in an 
oil bath at 170-175° for 3 minutes. A clear solution formed 
After it had cooled, the solution was diluted with 25 cc. of 
chloroform. The chloroform was extracted with 5 cc. of 
1 N sodium hydroxide and then with water. After the 
combined aqueous layers had been washed with chloroform, 
they were made just acid to phenolphthalein by the addition 
of 0.7 ce. of 1 N hydrochloric acid. This solution was treated 
with cliarcoal, and the resulting clear solution (20 cc.) was 
acidified with 5 cc. of 1 V hydrochloric acid. When the 
solution was seeded, crystals were gradually deposited. The 
material, micro m.p. 248-255° (dec.), weighed 18 mg. 

The specific rotation of a sample of the 7 -lactnm of benzyl- 
homopeiiicilloic acid (from o-penicillamine) which had a 
micro m.p. 251~25()° (dec.) was =» -1220° (1% in 

methanol). 

B. From /3-Metiiyl Benzylhomopenicilloatb. 
/3-Methyl benzylhomopenicilloate (100 mg.) was placed in a 
sublimation apparatus at 10 “^ mm. of mercury pressure and 
heated in an oil bath at 160-170°. The mat(;rial melted 
immediately. After 1 hour the heating was discontinued, 
and 46 mg. of a white material, that had sublimed onto the 
cold finger, were collected. Approximately 40 mg. of this 
material were dissolved in ethyl acetate. The ethyl acetate 
solution was washed thrice with sodium bicarbonate solu¬ 
tion, thrice with saturated sodium chloride solution, and 
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thou dried over anhydrous magnesium sulfate. The ethyl 
acetate was removed w vacuOy and the residue was dissolved 
in 1 cc. of 95% ethanol. 0.9 ec. of O.l N sodium hydroxide 
^ as added, and the resulting solution was heated in a water 
bath at 60° for 20 minutes. The solution w^as concentrated 
in vactw to half its original volume and 0.9 ce, olO.l N hydro¬ 
chloric acid was added. The oil which formed w^as extracted 
into ether. When the ether was removed tn vacuoy 28 ing, of 
material remained. This material was dissolved in a little 
ethanol (0.25 cc.) and water was added to opalescence. 
After the mixture had stood several days at 0-*5°, a crystal¬ 
line material (11 mg.) separated, micro m p. 225-240° (dec.). 

Essentially the same procedure was repeated on a larger 
amount of starting material. The sublimate from 670 mg. 
of /9-methyl benzylhomopenicilloate weighed about 500 mg. 
After purification and saponification of this sublimate, 41 
mg. of a crystalline compound, micro ni.p. 245-248° (dec.), 
were obtained. This mat erial was recTystallized from ethan- 
ol-watf*r to yield 27 mg. of long needle-like crj'stals, micro 
m.p. 255-258° (dec.). 

Calc. (hTlUoO^NaS: 

58.55; 11 5.77; K 8.04; S 9.19; OCfl, 0 
Found: C 59.17; 11 6.00; N 8.29; S 9.65; OCH, 0 

7 -Lactam of Phenylhomopenicilloic Acid (from d-P eni¬ 
cillamine) (y-Lactam of a-Benzamido-4-carboxy-5,5-di¬ 
methyl-2-thiazolidinepropionic Acid) (III) (D.^Gy 12; Sj^kes 
and Todd, CPS. 677, 5). A. From /9-Mktiiyi. Piienyl- 
HOMOPENiciLLOATE 13). A Sample of the hydro¬ 

chloride of /3-inethyl phenylhomopenicilloate (XV) (2 gm.), 
which w^as contaminated with .some D-pcnicillammc methyl 
ester hydrochloride, was placed in a tube wdiich was evacu¬ 
at'd to a pressure of 1 mm. of mercury and was heated in an 
oil bath at 150° for 10 minutes. The material melted com¬ 
pletely. A small amount of compound, micro m.p. 164- 
167°, sublimed out of the melt, A mixture of this material 
with the rn(*th>l ester of D-penicillamine hydrochloride 
showed no depression of the melting point. The fused 
residue was dissolved m 8 cc. of ethanol, and an oil was precip¬ 
itated by the addition of 50 cc. of water. This mixture was 
extracted 3 times with a total of 100 cc, of chloroform. The 
chloroform solution was washed twdcc with 1 N hydro¬ 
chloric acid, tw'ice with sodium bicarbonate-sodium chloride 
solution, thrice with a saturated sodium chloride solution, 
and then dried ov<‘r anhydrous magnesium sulfate. When 
the chloroform was removed tn vacuo, 340 mg. of material 
remained. In order to saponify the material, it was dis¬ 
solved in a little 95% ethanol, 0.8 cc. of 1.30 Af cthanolic 
sodium hydroxide was added, and the resulting solution 
was heated for 20 minutes at 60°. The ethanol was re¬ 
moved tn vacuo, and the residue was dissolved in water. 
The aqueous solution was extracted with ether, made just 
acid to phenolphthalcin, and treated with charcoal. The 
aqueous solution was concentrated to 6 cc, and acidified 
with 1 cc. of 1 A hydrochloric acid. The gummy material 
which separated was extracted into chloroform. Removal 
of the chloroform left 180 mg. of residue. The material 
was dissolved in 1 equivalent of alkali. When this solution 
was acidified with the theoretical amount of acid, crystals 
gradually formed. This material weighed 100 mg., micro 
m.p. 218-226° (dec.). After it had been recrj^stallized once 
from ethanol-water, and once from acetone-hexane, 23 
mg. of crystalline product were obtained, micro m.p. 226- 
237° (dec.). 

B. From a-ETHYL Phenylhomopenicilloate (CPS.677, 
6 ). Ethyl or-benzamido-4-carboxy-5,6-dimethyl-2-thiazol- 
idinepropionate hydrochloride (4 gm.) and anhydrous sodium 
acetate (0.76 gm.) were dissolved in glacial acetic acid 
(70 cc.) and the solution heated on a boiling water-bath for 
3 hours, then evaporated in vacuo. The residual orange gum 
was taken up in the minimum of 0.1 A sodium hydroxide 
(225 cc.), the solution decolorized with charcoal, concen¬ 
trated to 50 cc. and neutralized with hydrochloric acid 


(22 cc. of AO. (’olorless crystals (1.4 gm.) separated which 
consisted largely of starting material. On concentrating the 
mother liquor to a small bulk and setting aside in the ice 
chest, the 7 -lactam separated as colorless prisms, m.p. 
241°. The material weighed 0.2 gm. (5% of the theoretical 
amount). 

7 -Lactam of <x-Benzamido-4-carbomethoxy-2-thiazol- 
idinepropionic Acid (from L-Cysteine) (XXXVII) (D.S6, 15; 
33, 13). a-Bcnzarnido-4-carboxy-2-thiazolidinopropionic 
acid 7 -lactam (II) (190 mg.) was partially dissolved in 5 cc. 
of cold methanol. As the mixture was treated with an 
ethereal solution of diazomethane in an ice bath the com¬ 
pound gradually dissolved. At least 4 molar equivalents of 
diazomcthaiie wen* used before a permanent yellow solution 
was obtained. The solution was allowed to stand for 1 hour, 
and then the solvent and excess diazomethane were removed 
in vacuo. The residue was dissolved in chloroform. The 
chloroform solution was extracted w^ith sodium bicarbonate- 
sodium chloride solution, sodium chloride solution, and then 
was dried over anhydrous magnesium sulfate. The chloro¬ 
form solution was concentrated to a volume of 4 cc., and a 
crystalline material was precipitated by the gradual addition 
of 5 volumes of hexane. The material, long rectangular 
crystals, w eighed 140 mg., micro m .p. 158-160°. The specific 
rotation was « — 200 ° (1 % in methanol). 

Calc. CuI 1 i 604 N 2 S: C 56.30; H 5.04; OCIl, 9.67 
Found: C 66.51; II 4.80; OCH, 9.32 

Methyl Ester of the 7 -Lactam of Benzylhomopenicilloic 
Acid (from n-Penicillamine) (4-Carbomethoxy-6,5-di- 
methyl-tt-phenylacetamido- 2 -thiazolidinepropionic Acid 

7 - Lactam) (XXXVIII} (J).3S, 7). 34 ing. of the 7 -lactani of 
benzylhomopenicilloic acid w^re dissolved in 4 cc. of metha¬ 
nol. Dry ethereal diazomethane was added to the cold 
methanolic solution until a permanent yellow color was 
obtained. After the solution had been allowed to stand for 
30 minutes, the solvents were remo\ed. '^J'he residue was 
dissolved in ether. The ether solution was washed wdth 
sodium bicarbonatc-sodiurn chloride solution and dried over 
anhydrous magnesium sulfate. llemo\ al of the ether left a 
syrup which crystallized when it w^as triturated with absolute 
ether (1 cc.). After the addition of several volumes of 
hexane, 17 mg. of crystalline product, micro m.p. 129-131°, 
were obtained. After one recr> stallization from chloroform- 
hexane and one recrystallization from the minimum volume 
(2 cc.) of hot isoprojiyl ether, 11 mg. of material, micro m.p. 
130-132°, were obtained. 

In another preparation, 123 mg. of twice-recrystallized 
methyl ester were obtained from 170 mg. of the 7 -lactam of 
benzylhomopenicilloic acid. This material possessed a 
micro melting point of 130-131° and a specific rotation of 
[otjpJi » -f203° (1% in methanol). 

Calc, CigH 8204 N,S: C 59.75; H 6.12; N 7.73; OCII* 8.55 
Found: C 59.99; H 6.33; N 7.55; OCH« 7.61 

Reductive Desulfurization of the 7 -Lactam (II) of 
ar-Benzainido-4-carboxy-2-thiazolidinepropionic Acid to Give 

8- Benzamido-cit-methyl-2-oxo-l-pyrrolidineacetic Acid 
(XVIII) (D.S3, 8 ). 

A. At 100°. 204 mg. of the 7 -lactam (II) of a-benzamido- 
4-carboxy-2-thiazolidinepropionic acid were dissolved in one 
equivalent of 0.1 A sodium hydroxide. About 3 gm. of 
R^ney nickel catalyst (Mozingo, R., Wolf, D. E., Harris, S. 
A., and Folkers, K., J. Am. Chem. See., 66, 1013 (1943)) and 
30 cc. of water were added. The mixture was placed in a 
preheated oil bath at 170° and kept there for 18 minutes after 
it had begun to boil. The nickel was removed and washed 
well with water. 1 cc. of 0.1 A hydrochloric acid was added 
to the filtrate (60 cc.), and the slight precipitate of aluminum 
hydroxide was removed. The filtrate was concentrated in 
vacuo to 15 cc. and was acidified by the addition of 0.3 cc. of 
1 A hydrochloric acid. When the solution was allowed to 
stand at 0-5^, long filamentous crystals gradually separated. 
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This material weighed 35 mg., and possessed a micro melting 
point of 94-96® and a neutral equivalent of 292. This 
indicated that the product was the monohydrate of the 
desihio compound XVIII. Upon acidification of the neutral 
equivalent solution, 18 mg. of crystalline material were 
obtained. An additional 33 ing. of identical material were 
isolated from the combined mother liquors. Qualitative 
tests for sulfur were negative. 

Calc. Ci 4 Hi« 04 N* n,0: C 57.20, H 6.15 
Found: C 56.67, II 6.89 

C 57.01, II 6.73 

When the compound was dried to constant weight in 
vacuo at 80®, the loss of weight was 6.06% (calc. 6.13). The 
dried compound possessed a neutral equivalent of 284 (calc. 
276). Since the hydrogen analyses on the desthio com¬ 
pound were in good agreement for the compound XXXIX it 
was decided to determine the number of labile hydrogen 

CH, 

(^:Hj cii, 

C,H»CONIlinCONHiHCOOH 

XXXIX 

atoms by the deuterium method (Z>.^/J, 19). 

19.66 mg. of the dried desthio compound were dissolved in 
a mixture of 476.2 mg. of 1)20 (99.9%) and 490.9 mg. of 
dioxane by warming the mixture in a closed container. The 
solution was cooled and aliow(‘d to equilibrate for 20 min¬ 
utes. The solvent was then rcmovcnl in vacuo^ and 251.5 mg. 
of CII*011 were added to the r(\sidue. This solution was 
again allowed to equilibrate for 20 minutes. The methanol 
was distilled in vacuo and analy 7 <‘d for its deuterium content 
after combustion. The value obtained, 0.41 ± 0.02 atom 
per cent I) in the water, corresptuids to 1.8 labile hydrogen 
atoms per molecule. 1 'his result indicated that the desthio 
compound was the y-lactam, XVIII, an<l not the dipepiide, 
XXXIX. The high hydrogen analyses might be attributable 
to partial hydrogenation of the benzene ring during treat¬ 
ment with Haney niekel catalyst. In an attempt to avoid 
this possibility the desulfurization was earried out at room 
temperature. 

B. At 24®, 204 mg. of the 7 -lactam (II) wert* dissolved 

in one equivalent of O.l N sodium hydroxide. About 3 gni. 
of Haney nickel catalyst and 30 cc. of water were added. 
The mixture was placed on a shaking machine for 24 hours. 
The nickel was removed and the desthio compound was 
isolated as the monohydrate from the filtrate in a manner 
similar to that described above. 70 mg. of the monohydrate, 
micro m.p. 98-103®, were isolated in the first crop. For 
analysis this material was recrystallized twice from hot 
water and dried to constant weight in vacuo at 80°. 

Calc. CuH, 404 Nt: C 60.80, H 5.84 
Found: C 60.56, H 5.67 

C 60.55, H 5.97 

For the determination of labile hydrogen atoms, 28.48 mg. 
of the dried desthio compound were dissolved in a mixture of 
357.2 mg. of DjO (99.9%) and 284.7 rag. of dioxane by warm¬ 
ing the mixture in a closed container. After the solution 
had cooled, it was allowed to equilibrate for 20 minutes. 
The solvent was then removed in vacuoj and 194.6 mg. of 
OHtOH were added to the residue. The solution was again 
allowed to equilibrate for 20 minutes. The methanol was 
distilled in vacuo and analyzed for its deuterium content after 
combustion. The value obtained, 0.70 ± 0.02 atom per 
cent D in the water, corresponds to 1.7 labile hydrogen atoms 
per molecule. 

In another experiment 0.75 gm. of the 7 -lactam (II) was 
treated with Kaney nickel catalyst at room temperature for 
44 hours. 290 mg. of the desthio 7 -lactam (XVIII) mono¬ 
hydrate were isolated in the first crop. This material was 


dried in vacuo at 90® over phosphoric anhydride. The 
anhydrous compound was then rccrystallized from ethyl 
acetate-hexane. The crystals, micro m.p. 162 181 weighed 
235 mg. This material was rccrystallized twice from tli(‘ 
minimum volume of ethyl acetate. The final product, 
micro m.p. 189-192®, weighed 54 mg., » —47® (1% 

in pyridine). 

Calc. Ci 4 Hi« 04 N 2 : C 60.80, II 5.84 
Found: C 60,56, II 6.01 

Hydrolysis of the Desthio 7 -Lactam (XVIII) to Give 
a-Ammo- 7 -(l-carboxyethylamino)-butyric Acid (XIX) 

9). 100 mg. of th (5 desthio compound XVIII were 

heated under reflux for 4 hours in 3 ec. of concentrated 
hydrochloric acid. The slightly brown hydrolysate w^as 
extracted four times with ether. 31 mg. of benzoic acid 
(85% of the theoretical amount) were isolated from this 
ether extract. The aqm'ous layer wfis concentrated to dry¬ 
ness in vacuo. The slightly brown residue was dissolved in 
95 % ethanol (3 cc.), and the solution was treated with 
charcoal and filtered. When the filtrate (6 ec.) w^as neutral¬ 
ized with pyridine, an amorphous precipitate formed. This 
material weigh(*d 43 rag. It was dissolved m 12 cc. of hot 
water, and ethanol (25 cc ) was added slowly to the hot 
solution to incipient opalescence. Wht*ii the solution was 
allowed to cool, very fine needlc-like crystals (31 mg.) 
separated. 

This matt'rial and subsequent preparations of the amino 
acid (XIX) decomposed on the micro stage at varying tem¬ 
peratures between 260 and 300®, depending upon the size of 
the sample, the temperature at which the sample was placed 
on the micro stage, and the rate of lu*atmg. In capillary 
melting point determinations, samples which were placed in a 
bath at 220® began to sinter at about 245° and decomposed at 
252-256®. 

Calc. r 7 lIu 04 N 2 : C 44.18, H 7.42, N 14.74 
Found: C 43.60, H 7.70, N 14.46 

Resynthesis of the Desthio 7 -Lactam (XVIII) from the 
Amino Acid (XIX) 10). 57 mg. of the amino acid 

(XIX) were dissolved in 6.5 ee. of 0.213 N barium hydroxide. 
0.04 cc. (1.1 equivalent) of benzoyl chloride w^as addl'd, and 
the mixture was shaken thoroughly for 10 minutes. 9.7 cc. 
of 0.197 N sulfuric acid were added, and the precipitate of 
barium sulfate was removed. Th(' filtrate was then con¬ 
centrated to ilryness in vacuo. The residue was dissolved in 
2 cc. of water, and the solution was extracted w ith ether to 
remove benzoic acid. The resulting aqueous solution was 
concentrated to dryness in vacuo to give 100 mg. of residue. 
This material was dissolved in a few drops of water. The 
addition of 5 cc. of ethanol caused the separation of 24 mg. of 
material which was removed The ethanol solution was 
concentrated to dryness in vacuo to yield about 72 mg. of the 
crude benzoyl derivative. 

37 mg. of the crude benzoyl derivative and 1 cc. of quino¬ 
line were heated in an oil bath at 180® for 5 minutes after a 
homogeneous solution had formed. The brown solution 
was diluted with 5 cc. of ether and was extracted with four 
2 -cc. portions of 0.12 N sodium bicarbonate. The combined 
sodium bicarbonate solutions were extracted with three 4 -cc. 
portions of ether. The aqueous solution was concentrated to 
a volume of 1 cc. and 0.2 cc. of 6 iV sulfuric acid was added. 
When this clear solution was seeded with the desthio 7 -lact- 
am (XVIII) monohydrate, an immediate separation of 
crystals occurred. The crystalline material weighed 9 mg. 
and its micro melting point, 104-109®, agreed with the micro 
melting point of the desthio 7 -lactam monohydratc. After 
the product had been dried at 90® m vacuo over phosphoric 
anhydride, it possessed a micro melting point of 184-189®. 
The anhydrous material was rccrystallized from ethyl 
acetate-hexane to give 8 mg. of crystals, micro m.p. 188- 
191®, [or]D*‘ * —53® (0.3% in pyridine). A mixture of this 
material with an authentic sample of the desthio 7 -lact- 
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am (XVIII) showed no depression of the molting point 
(capillary). 

Calc. CuH, 604 xNa: C 60.80, 11 5.84 
Found: C 60.99, H 6.23 

Reductive Desulfurization of the 7 *>Lactam (I) of Benzyl- 
homopenicilloic Acid to Give a-l8opropyl-2-oxo-3-phenyl- 
acetamido-l-pyrrolidineacetic Acid (XX) {D.HS, 11 ). 200 

mg. of the 74 actani (I) of benzylho?nopcnicilloi<* acid were 
dissolved in I equivalent of 0 .1 N sodium hydroxide. About 
3 gm. of Raney nickel catalyst and 30 cc. of wat(T were 
added. The mixture was placed in a pre-heated oil bath at 
180® and kept there for 12 minulos aft<‘r it had begun to boil. 
The nickel was removed and washed well with water. I cc. 
of 0.1 N hydrochloric acid was added to the filtrate (60 cc.), 
and the solution was concentrated in vacuo to a volume of 
3 cc. A precipitate of aluminum hydroxide was removed, 
and 5 cc. of 0.1 A hydrochloric acid uere added to the clear 
filtrate (10 cc.). Crystallization was started by scratching 
the wall of the vessel. After the mixture had stood for 
several hours, 44 mg, of crystalline matiTial, micro m.p. 
181-185®, were collected. When the mother liquor was 
concentrated to about 1 cc., an additional 60 mg. of crystal¬ 
line material, micro m.p. 166-174®, were obtained. The two 
crops were combined and recrystallizcd from the minimum 
volume (4 cc.) of hot 10% ethanol. 50 mg. of material, 
micro m.p. 184-187®, were obtained, which possessed a 
rotation of [aI d®* -f 167® (1 % in pyridine). A qualitative 
test for sulfur was negative. 

Calc. Ct 7 H* 204 N 2 : C 64.19, H 6.95 
Found: C 64.05, II 7.42 

C 64.23, ll 7.45 

F'or the determination of labile hydrogen atoms, 20.94 mg. 
of this compound w’ere dmolved in a mixture of 346.0 mg. 
of DjO (99.9%) and 201.9 mg. of dioxane freshly distilled 
from sodium. The solution was allowed to ^equilibrate for 
20 minutes. The solvent w^as then removed m mcuo, and 
the residue was allowed to equilibrate with 154.2 mg. of 
CIIjOIl for 20 minutes. The methanol was then distilled in 
vacuo and analyzed for its deuterium content after combus¬ 
tion. The value obtained, 0.64 ± 0.02 atom p(ir cent D in 
the water, corresponds to 2.0 labile hydrogen atoms per 
molecule. 

The Action of Methanolic Hydrogen Chloride on the 
7 -Lactani (11) of a-Benzamido-4-carboxy-2-thiazolidme- 
propionic Acid (JD.55, 15). 0.6 gm. of the 7 -lactam (II) was 
dissolved in 25 cc, of 7 N methanolic hydrogen chloride and 
the solution w’as heated under reflux for 1 hour. The 
solution was evaporated to a syrup in vacuo and the syrup 
was dissolved in etiicr. The ether solution was washed with 
an excess of sodium bicarbonate solution. Evaporation of 
the ether yielded 0.4 gm. of an oil, presumably a mixture of 
esters, from which no crystalline compound coiild be 
separated. Saponification of this material with 1 N ctha- 
nolic sodium hydroxide at room temperature yielded 0.3 grn, 
of crystalline acids. Extraction of this material with warm 
methanol left a residue of 0.15 gm. This nmterial w as recrys¬ 
tallized to yield 0.12 gm. of the pure dibasic acid, a-benz- 
amido-4-carboxy-2-thiazolidinepropionic acid (XXXTV), 
m.p. 200 ® (when the compound w'as placed on the micro 
stage at 190°). A small amount of the 7 -lactam (II) was 
isolated from the methanol extract. 

Sulfoxide of the 7 -Lactam of Phenylhomopenicillosc Acid 
(XXI) (Sykes and Todd, CPSM77, 5). To the 7 -lactam (III) 
of phenylhomopenicilloic acid (300 mg.) dissolved in warm 
ethanol (10 cc.), aqueous sodium metaperiodate (250 mg. 
in 15 cc. of water) was added. The solution was set aside 
for 24 hours and then extracted with two 25-cc. portions of 
chloroform. The combined extracts were dried roughly by 
freezing out the water in a dry ice-ethanol bath. The 
chloroform was removed to leave a crystalline residue which 
was reorystaliized from chloroform by the addition of ether. 


The sulfoxide (XXI) was obtained in colorless hydrated 
prisms (130 mg.), m.p. 164®; after dehydration at 130° the 
product had a melting point of 20 i° (doc.). 

Calc. CuHisOftNaS ^lIsO: C 49.6; H 5.6; N 7.2 
Found: C 49.5; H 5.3; N 7.2 

When the hydrated material was dried to constant weight at 
130° over phosphoric anhydride, the loss in weight was 
8.9%; the theoretical loss of weight on drying is 9.2%. 

Action of Alkali on the Sulfoxide (XXI) of the 7 *Lactam of 
Phenylhomopenicilloic Acid (Sykes and Todd, CPS.677f 5). 
The sulfoxide (XXI) (0.4 gm.) was recovered unchanged on 
acidification after standing 24 hours at room temperature 
in aqueous sodium hydroxide (3.5 cc. of A). A similar solu¬ 
tion was heated under reflux for 2 hours, then neutralized 
writh hydrochloric acid (3.5 cc. of N) and the cloudy solution 
extracted with three 10-cc portions of ether. Evaporation 
of the ethereal extract gave a non-acidic resin (A); while 
evaporation of the residual aqueous solution gave a second 
resin (B) contaminated w'ith inorganic material. 

Re.sin (A) could not bo crystallized but on warming 0.5 
hour with 2,4-dinitrophenylhydrazine hydrochloride in 
ethanol, red prisms (110 nig.) separated, m.p. 174° (dec.). 
From its properties this product appeare<l to be a-benzamido- 
d-forniyl prop ionic acid 2,4-diiiitroplienylhydrazone; in ac¬ 
cordance with this view it yielded with ethanol and anhydrous 
hydrogen chloride an ethyl e.ster, m.j). 153°. 

Resin (B) gave a positive ninhydrin test but could not be 
crystallized. It was therefore dissolved in aqueous sodium 
hydroxide (3 cc. of A) and acetic anhydride (0.5 cc.) added. 
The mixture was allowed to stand overnight, when crystals 
of «-acetamido-^,i3-dimethylacrylic acid (55 mg.) separated, 
m.p. and mixed m.p. 201 °. 

Ultraviolet Absorption of the 7 -Lactams, I, II, and III 

17). The ultraviol(‘t absorption of tlie 7 -Iactams, I, 
II, and III, (0.01 mg. per cc. in 95% ethanol) at various 
wave lengths is listed below. 


inM 





I 

11 

III 

270 

170 

1,600 

900 

255 

250 

3,650 

3,300 

250 

350 

5,250 

5,0.50 

245 

400 

7,400 

7,400 

240 

600 1 

9,700 

10,000 

235 

1,300 

12,000 

12,600 

230 

2,850 

13,800 

14,600 

224 

6,100 

14,600 

15,400 

220 

9,400 

14,300 

14,900 


The 7 -lactams, II and III, exhibited a maximum at 224 m/* 
with an Km of about 15,000 while the 7 -lactam (I) of benzyl- 
homopenicilloic acid showed only end absorption. In this 
respect the two compounds, II and III, are similar to the 
a-benzylamide of /3-methyl phenylpenicilloate, and the 7 -laci- 
am (I) of benzylhomoponicilloic acid is similar to the 
a-benzylaraide of jS-methyl benzylpenicilloate (Merck, 
MA2c, 11, 16). 

Potentiometric Titrations 14). A. Ethyl a-BiSNZ- 

AMID0-4-CARBaXy-2-THIAZ0LimNEPH0P10NATE (XII). 

Jf. In Aqueous Medium, A 34.21-mg. sample of com¬ 
pound XII was dissolved in 2.0 cc. of 0.0982 A sodium 
hydroxide and 1 cc. of methanol. The solution was titrated 
with 0.0934 A hydrochloric acid. Precipitation of the 
compound started at pH 4.7. The titration curve indicated 
the presence of two acid-binding groups. The half-neutrali¬ 
zation ]x>ints of the two groups were at pH 5.5 and 3.2, 
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These values may be assigned to the thiazolidine nitrogen 
and to the free carboxyl group, respectively. 

In Anhydrous Acetic Acid. The titration of compound 
XII in anhydrous acetic acid with perchloric acid showed the 
presence of one acid-binding group which may be attributed 
to the thiazolidine nitrogen. 

B. 7 -Lactam of a-BENZAMiD0-4-cARB0XY-2-TuiAZ0L- 

IDINEPBOPIONIC Acid (II). /. In Aqueous Medium. A 

25.08-mg. sample of compound 11 was dissolved in 1 cc. of 
methanol and 1 cc. of 0.0982 N sodium hydroxide. The 
solution was titrated with 0.0934 N hydrochloric acid. The 
compound began to precipitate at pH 3.75. The titration 
curve indicated the presence of one acid-binding group with 
a half-neutralization point at pH 3.8. This value can be 
assigned to the carboxyl group. 

In Anhydrous Acetic Acid. When compound 11 was 
titrated in anhydrous acetic acid with perchloric acid, the 
titration curve was indistinguishable from the blank. This 
indicated that there was no weakly basic group present. 

C, MpyrHYL Estkii ok the y-Lactam (II). An 18.05-nig. 
sample of the methyl ester of the 7 -lactam of a-benzamido-4- 
carboxy- 2 -thiazolidinepropionic acid was dis.solved in I cc. 
of methanol and 1 cc. of 0.0934 N hydrochloric acid. When 
this solution was titrated with 0.0982 N sodium hydroxide, 
the titration curve was indistinguishable from a blank. 

Ethyl Formylsuccinate (XL) (Harvard, Wo.lO^ 2). Sodium 
sand was prepared by melting 27.6 gm. of sodium in lOOgm. 
of boiling toluene, then stirring vigorously. The toluene 
was removed, and the sodium washed with dry ether. To 
the sodium in 400 cc. of ctlier was added slowly 55.2 gm. of 
absolute* al(;ohol with stirring. 

To the sodium ethylate in ether was added gradually the 
mixture of 174 gm. of diethyl succinate and 89 gm. of ethyl 
formate. The reaction mixture was stirred overnight at 0® 
during which time the solution turned deep orange and a 
small amount of solid was deposited. The mixture was 
poured into 200 gm. of 50% sulluric acid and 300 gm. of ice. 
The ethereal layer was separated, and the aqueous layer 
extracted twice with 100 -cc. portions of ether. The com¬ 
bined ether extracts were washed once with 100 cc. of potas¬ 
sium carbonate and then twic<} wdth 20 cc. of water. 

The ethereal solution was dried over sodium sulfate, 
filtered (Norit), the ether removed in vacuo at 40*', and the 
resulting oil fractionated at 4 mm. The product, 160 gm. 
(about 80% of the theoretical amount) of ethyl forrnylsuc- 
cinate, boiled 130-132® (16 mm.). One gram of the above 
product gave nearly the theoretical amount of semicarba- 
zom*, melting at 125-126®. 

/3-Fonnylpropionic Acid (XLI) {Wo.10^ 3). Ethyl formyl- 
succinate (10 gm.) was added to a solution of 1.5 gm. of 
oxalic acid in 50 gm. of water and refluxed for six hours, dur¬ 
ing which time alcohol w*as distilled over for 10 minutes every 
0.5 hour. The volumt* of carbon dioxide evolved was meas¬ 
ured by connecting a 1,000 ee. graduate (dipping in salt 
water) to the system. During tlie six hours, about 900 ec. of 
gas were collected. 

The oxalic acid was precipitated from the resultant reaction 
liquor with 1.9 grn. of (calcium acetate, and tin* precipitate 
was centrifuged to aid in filtration. The filtrate was con¬ 
centrated in vacuOf extracted with ether, filten'd to remove 
calcium salts, and the ether was evaporated. Distillation of 
the resultant liquor yielded a fraction, 2 gm., completely 
soluble in water and boiling at 121® (9 mm.). On standing, 
this material slowly solidified. 

/9-^-Dicarboxy*-5,6«dimethyl-2-thiazolidiiiepropionic Acid 
(XLII) (WoJOy. 3). To 0.55 gm. of ^-formylpropionic acid 
obtained from the hydrolysis of ethyl formylsuccinate, and 
dissolved in 2 cc. of water, were added 1.02 gm. of penicill¬ 
amine hydrochloride and 0.75 gm. of sodium acetate in 
10 cc. of water. On standing overnight at room tempera¬ 
ture, tiny needles separated which on recrystalUzation from 
aqueous alcohol melted at 147-148®. 

Calc. C,H,i 04 NS: C 46.38; H 6.43 
Pound: C 47.21; H 6.32 


4-Carboxy-5,6-dimethyl-2-thiazolidmeBuccinic Acid 
ethyl Ester (XXIII) (Wo.10, 3). To 0.65 gm. of j)-pem- 
cillamine hydrochloride dissolved in 1 cc. of water, was added 
0.48 gm. of sodium acetate in 1 cc. of water and then enough 
watt*r to dissolve the resulting precipitate bringing the 
volume to about .5 cc. An equal volume of absolute idcohol 
was added, and then 0.71 gm. of ethyl formylsuccinate plus 
just enough alcohol to c*ff(‘et a clear solution. On standing 
overnight at 0 ®, 0.5 gm. of addition product w^as deposited. 
This, wdien recrystallized from aqueous alcohol, yielded 
tiny pri.sms, in.p. 113-114". This compound, when warmed 
at 60", slowly changed into a visi'ous oil (see 7 -lactam, 
below). 

Calc. CuH-isOsNS: C 50.45; H 6,96 
Found: C 50.95; 11 6.99 

7 -Lactam of 4-Carboxy-5,6-dimethyl-2-thiazolidine6uc« 
cinic Acid Ethyl Ester (XXII) {Wo.lO, 4). One gram of the 
above condensation product (XXIII) was warmed at 100® 
m vacuo {1.5 mm.) for about 6 hours until effervescence 
ha<l ceased and the white solid had changed to a clear white 
viscous oil. Attempts to crystallize this oil from various 
solvents were unsuccessful. It was, however, characterized 
by two crystalline derivatives: 

A. Sodium Salt. The viscous oil, 0.918 gm., was dis¬ 
solved in 3 cc. of alcohol and 1 N sodium liydroxide was 
added to a phenolphthalein end point. The neutralization 
equivalent was 279 (calc. 287). On a larger scale, 3.9 gm. of 
acid (XXII) were neutralized with 1 N alkali (Nout. Eq. 299) 
and the resulting solution was concentrated in vacuo with a 
capillary leak connected to a source of nitrogen. The syrup 
was taken up in absolute alcohol and allowed to stand 
oveniight in the refrigerator. From this solution was ob¬ 
tained, as a first crop, 1 gm. of crystlilline sodium salt 
which, when slowly recryst alii zed from 95% ethanol, gave 
long needles molting at 250-255® with decomposition and 
charring after previous sintering. On standing in air, the 
salt absorbed moisture readily, changing from silky trans¬ 
parent to fluffy white needles. 

Calc. CnHijOtNSNa-I-LO: C 44.04; H 6.53 
Found: C 43.44, H 6.48 

B. Dicarkoxylic Acid. On completion of the neutrali¬ 
zation described in (A) above, an equivalent amount (6.34 cc. 
of 1 N) alkali was added to the solution of the sodium salt, 
and the reaction mixture warmed on the steambath for 15 
minute.s. The solution was acidified with 1 N hydrochloric 
acid, filtered (Norit), and allowed to remain at 0 ® overnight. 
On standing thus, large prismatic plates (200 mg.) were 
deposited which were recrystallized easily from water, m.p. 
217-222® with foaming. 

Calc. CioIIiaOtNS: C 46.31; II 4.82 
Found: C 46.63; H 5.01 

Hydrazide-hydrazine Salt (XLIII) of the 7 -Lactam (XXII) 

{Wo. 10, 5), Two grams of the condensation product of 
DL-penicillaniine and ethyl formylsuccinate, were warmed on 
the stc'ambath in vanio as previously described, and con¬ 
verted to the 7 -lactam (XXII). The oil was taken up in 5 
cc. of alcohol, the solution clarified by filtration and 0.71 gm. 
(about 2 equivalents) of hydrazine hydrate (85% in water) 
was added at 0®. The reaction vessel was stoppered and 
allowed to remain at room temperature for 48 hours. From 
this solution were olitained clusters of short needles which 
were easily recrystallized from nearly absolute alcohol. The 
yield of the first crop was 0.75 gm. The melting point of 
this compound was not sharp, there being softening at about 
100 ®, followed by gradual decomposition with evolution of 
bubbles but no darkening up to 125®. 

Calc. CioH,. 04 N#S: C 39.85; H 6.09 
Found: C 39.32; TI 6.20 
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INTRODUCTION 

The isolation in this Laboratory of synthetic 
benzylpenicillin as the crystalline trielhylam- 
monium salt has been reported (du Vigneaud, 
Carpenter, Holley, Livermore and Rachele, Science, 
104y 431 (1946)). This synthetic penicillin was 
prepared in minute yield by the reaction of n-peni- 
cillamine hydrochloride (I) ^\^th 2-ben zyl-4-meth- 
oxymethylene-5(4)-oxazolone (II).^ Much experi¬ 
mental evidence had already been obtained which 
warranted the conclusion that the antibiotic activity 
obtained in this reaction was actually due to the 
synthesis of a small amount of penicillin (Chapter 

I At the requeet of the Editorial Board of the Monograph, this chapter, 
which originally had been submitted on August 2, 1946, to the Journal 
of the Amertcan Chemical Society for publication following release of the 
Monograph, was withdrawn and included in the Monograph. The 
authors wish to thank the Editors of the Journal of the American Chemical 
Society for their cooperation. 

tThe authors wish to express their appreciation to the Rockefeller 
Foundation for a research grant which has contributed to the support 
of this investigation. 

• Department of Biochemistry. Cornell University Medical College. 

* For a comprehensive review of this reaction up to January 1946, see 
Chapter XXIII. 


HS-C(CH 3)2 

I 

HCMloN—CH—COOH 

I 

CcIl6CH2—C--N~C=CHOCH, 

I I 

0-CO 

II 

XXIII, p. 894; cf. Cornell Bioch., D,38, 16). 
With the isolation of the crystalline triethylam- 
monium salt of benzylpenicillin from the reaction 
mixture, unequivocal proof of the synthesis of peni¬ 
cillin has been obtained. Because of the obscurity 
of the reaction mechanism, the synthesis, at this 
stage of development, can not be used as syn¬ 
thetical proof of structure of penicillin. However, 
as long as an une(iuivo(*al synthesis of penicillin by 
any other approach has not been demonstrated, 
the study of the mechanism of the above synthesis 
is extremely important. In this connection, the 
present chapter contains a discussion of preliminary 
investigations of .the role played by hydrogen chlo¬ 
ride in the synthesis of benzylpenicillin from 
compounds I and II. 

The present chapter also contains a detailed 
description of the methods used to prepare and 
isolate the benzylpenicillin in amounts large 
enough to permit a thorough comparison of tlie 
synthetic material with natural benzylpenicillin. 
The melting point, infrared and ultraviolet absorp¬ 
tion si)ectra, antibiotic activity and specific rota¬ 
tion of the two compounds were identical, within 
the limits of experimental error. It is particularly 
noteworthy that the material isolated from this 
reaction mixture was the same optical isomer as 
natural benzylpenicillin. 

Investigations in this Laboratory on the role of 
hydrogen chloride in the production of activity 
from the condensation of compounds 1 and 11 have 
resulted in a modification of the procedure shown 
by the Merck group {MJ2a, 13; cf. Chapter XXIII, 
p. 895) to lead to the production of antibiotically 
active mixtures. It was found that one of the 
factors which controlled the rate of synthesis of 
activity was the concentration of hydrogen chloride 
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in the pyridine. Thus at a given temperature, an 
increase in the hydrogen chloride concentration 
in the pyridine resulted in an increased rale of 
synthesis of antibiotic activity. It was possible 
to control the action of the hydrogen chloride by the 
addition of triethylamine to the pyridine solution 
of compounds I and II, and thereby to stop the reac¬ 
tion at an intermediate stage. 

When compounds I and II were condensed in 
pyridine containing triethylamine, an intermediate 
product was formed which did not possess any 
antibiotic activity and which was apparently free of 
starting materials. When this intermediate })rod- 
uct was heated in i)yridinc containing hydrogen 
chloride (added as pyridinium chloride), antibiotic 
activity was produced. 

Robinson, Abraham, Baker, Chain and Robinson 
{CPS. 04 ^; cf. Chapter XXTII, p, <S97) have inde¬ 
pendently arrived at the possil)ility of an inter¬ 
mediate stage in the synthesis of a minute amount 
of antibiotic activity using another oxazolone, 
4-ethoxymethylene-2-phenyl-5(4j-oxazolone.'’ 

In the preparation of benzylpenicillin described 
in this chapter, the synthesis w’as divided into two 
steps. A crude product was isolated from the 
condensation of D-pcnicillaitiinc hydrochloride (I) 
and 2-benzyl-4-met hoxymet hylone-5(4)-oxazolone 
(II) in i)yridine containing triethylamine. This 
crude product was then converled to benzylpcnicil- 
lin in small yield by the action of hydrogen chloride 
in hot pyridine. 

The synthesis of benzylpenicillin under the above 
conditions gave rise to a reaction mixture containing 
apjiroximately 0.1 per cent benzylpenicillin. "Jlie 
isolation of the synthetic material from this mixture 
was cornjilicated by the innate instability of penicil¬ 
lin as well as by the presence of isomeric compounds 
such as benzylpenicillenic acid and possibly of 
diastcreoisoiners of benzylpenicillin. 

''I'he method which was used to isolate the benzyl¬ 
penicillin from the reaction mixture was based on 
the “counter-current distribution^^ principle (Craig, 
J. Biol. Chem., t/jo, 519 (1944); Craig, Golumbic, 
Mighton and Titus, J, Biof. Chem., IGl, 321 (1945)). 
Pre\'ious work in this Laboratory had demonstrated 
that concentration of the biologically active ma¬ 
terial from the one-step synthesis could be effected 
by the application of this distribution method, but 
difficulties had been encountered in obtaining 
reproducible results in both the synthesis and con¬ 
centration of the active material (D,S8, 5; Chapter 
XXIII, p. 904). The use of the two-step synthetic 
procedure described in this chapter appeared to 
eliminate these diflficulties. However, the isolation 
of the crystalline triethylammonium salt of syn¬ 
thetic benzylpenicillin in amounts large enough for 
full characterization was realized only after careful 
standardization of each step in the procedure. 

* Thctir report reached this Laboratory after the above studies had 
*>••0 eomploted. 


EXPERIMENTAL 

Condensation of 2-Benzyl-4-methoxymethylene-6(4)- 
oxazolone with i)-PenicUlamine Hydrochloride. A. solution 
of 10 g. of D-penicillainine liydrochlorido in 10 cc. of warm 
water was cooled in ice. It was then added to an ic(*-cold 
solution of 11 g. of 2-hcnzyl-4-methoxy!ncthylciu'-5(t)- 
oxazolone in 40 cc. of pyridine (reagent grade) and 10 cc. of 
redistilled triethylamine. Tlie mixture was alIoW(‘d to 
stand in the ice-bath for ten minutes and was then diluted 
with 200 cc. of cold redistill(‘d chloroform. 

Ill a cold room at 5-10^*, the chloroform solution was 
washed first with 500 cc. of 2 M phosphoric acid and then 
with two 200-cc. portions of 1.31 M phosphate hufler 
(plT 5.2). The buffer solution was prepared to contain 
167 g. of sodium dihydrogen phospiiate rnonohydratc and 
18.2 g. of dipotassiiiin hydrogen j)hosj)hate pf'r liter. 'Che 
emulsion which formed was broken by centrifugation and the 
chloroform solution wuis dried at 5-10® for one to two hours 
with about 115 g. of anhydrous sodium aulffite. The chloro¬ 
form wuis removed in vacuo at a bath temperature not ex(u»ed- 
ing 25°. In some experiments the resulting glass was 
stored at the temperature of solid for as long as seven 
da.ys before proceeding to the next step. In this experiment, 
however, the material was used immediately in the activation 
priicedure described below. 

Activation of the Condensation Product. The crud(‘ con¬ 
densation product was dissolved at room tcinperaf iir(‘ in 
200 cc. of pyridine containing 6.5 mg. of pyridinium chloride 
per cc. This solution was divided into approximately 
15-cc. portions in test tubes (20 X 150 irirn.) which were 
then placed in an oil-bath at 130° for 7.0 minutes Im¬ 
mediately after each tulx' was removed from tlie oil-biith, 
1 5 cc. of redistilled triethylamine were added, and the 
tube was placed in an ice-bath. The pyridine-triethvlaraine 
solution was concentrated in 30-cc. portions in vacuo at a 
bath temperature of 50°. The concentration apparatus w'as 
so designed that it rcipiired no longer than six minuti's to 
concentrate each portion to a gum wdiich weighed approxi¬ 
mately 3 g. , 

Th(' residues were dissolved in ice-cold chloroform, and the 
combined solutions w’cre diluted to 400 cc. with chloroform. 
Alupiots were evaiDornted, and the residues were dissolved 
in phosphate buffer (pH 6.0) for assay for antibiotic 
activity. Unless otlierwise specified, all assays were per¬ 
formed by a modification of the filter-paper disc m(*thod of 
Vincent and Vincent (/Voc. Soc. Exp. Biol. Med.j 55^ 
162 (19M)), using B. suhliliR, ATCC 6051, as the test 
organism and crystalline sodium benzylpenicillin as the 
standard. 

The chloniforrn solution contained a total of 23,950 units 
of penicillin activity. In five experiments the total activity 
obtained in cacli, at this stop, ranged from 16,800 to 23,950 
units (average, 20.950). 

Preliminary Concentration of the Active Material. In the 
cold room the above chloroform solution wiis washed with 
400 cc. of 2 M pliosphate buffer (pH 1.6) for one minute. 
The organic layer was then washed with 100 cc. of 2 M 
sodium dihydrogen phosphate, and the emulsion which 
formed was broken by centrifugation. The chloroform 
solution w as then diluted with 400 cc. of chloroform, and the 
penicillin was extracted from the diluted solution with 
800 cc, of 1.31 M phosphate buffer (pH 5.2). The rnat(‘rial 
obtained upon evaporation of the chloroform layer was 
stored at —70° and later was combined with similar frac¬ 
tions from other experiments. This material was again put 
thnmgh the activation and concentration procedures de¬ 
scribed above. In this manner an additional amount of 
benzylpenicillin was obtained. 

The buffer solution containing the penicillin activity was 
shaken with 800 cc. of commercial absolute ether and the 
ether layer was discarded. The solution was then acidifit*d 
with 140 cc. of 2 M phosphoric acid and was extracted 
injmediately \iith 400 cc. of redistilled commercial abssolutc 
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FunntI Number 

Figure 1. Results of eight transfer distribution: 0» weight; 
□, activity. 

ether. The other solution was then stored ovorniglit in 
solid CO 2 . The storage at —70® caused the separation of 
water as ice and also the precipitation of some organic ma¬ 
terial. These precipitates were removed })y filtration of the 
cold solution. The separated organic material (450 mg.) 
possessed little or no antibiotic activity. The dried ether 
solution was then concentrated in vacuo at a bath tempera¬ 
ture of 26®. The residue weighed 665 mg. and possessed an 
activity of 18 U/mg. In six experiments, the amounts of 
material obtained from the dried ether solutions ranged 
from 620 to 665 mg. and the antibiotic activities ranged 
from 11 to 18 U/mg. The residue obtained at this step was 
immediately submitted to an eight-transfer distribution. 

Aliquots were removed from the solutions after each of the 
steps described above. The partition of the antibiotic 
activity at each stage i.s i)rescnted in Table I. 

Bight-Transfer Distribution between Ether and pH 4.88 
Buffer. The material obtained from the preliminary con- 


TABLE I 

Partition of Antibiotic Activity during Preliminary 
(/oncentnition 


Operation 

Total 

activity 

Chloroform solution from activation. 

Chloroform solution after pH 1.0 buffer ex¬ 
traction . 

23,950 units 

16,630 

15,050 
! 14,840 
14,840 
12,100 
11,770 

Chloroform solution after NaH 2 P 04 extrac¬ 
tion . 

pH 5.2 Buffer extract of chloroform solution. 
pH 5.2 Buffer after ether extraction. 

Ether extract of aciilificd buffer. 

Dried ether extract. 


centration procedure (11,770 units) was combined with the 
product obtained from another similar experiment (10,600 
units) to give 1.606 g. of matciial having an activity of about 
13.y U/mg. In tlu* cold room this mat(‘rial was dissolved in 
a mixture of 200 cc. of redistilled commercial absolute ether 
and 200 cc. of 2 M phosphate buffer (pH 4.88) which had 
previously been mutually saturated. This buffer solution 
was prepared to contain 248 g. of sodium dihydrogon 
phosphate monohydratc and 34.8 g. of dipotassium hydro¬ 
gen phosphate per lit(‘r. An eight-transfer counter-current 
distribution was then carried out between ether and pH 4.88 
phosphate buffer in nine 1-liter separatory funnels (num¬ 
bered 0, 1, 2, . . . 8) in the cold room. After the distribu¬ 
tion was completed, 50 cc. of 2 M phosphoric acid were 
added to each funnel, and the mixtuic was immediately 
shaken vigorously for one minute. An aliquot of each 
ether layer was removed and assayed for antibiotic activity. 
The remainder of the f‘ther solution was dried by freezing 
out the water in dry ice overnight (one hour is adequati‘). 
The c*ther solution from eaeh funnel was then (;oucentrated 
to dryness in vacuo at a bath teinp(*rature of 25®. 

The results of this distribution are shown in Figure 1. 
Forty-eight per cent of the solids was located in funnels 
6, 7, and 8. The maximum activity (6,050 units) and the 
maximum concentration of activity (40 U/mg.) occurred at 
funnel 5. Results similar to the.se were obtained in three 
other eight-transfer distributions. 

Extraction of the Activity from Chloroform with pH 4.88 
Buffer. The combined material from funnels 3, 4, 5 and 6 
of the eight-transfer ether-buffer distribution (497 mg.; 
34 U/mg.) was dissolved in 20 cc. of redistilled chloroform in 
the cold room. This solution was thenextracted four times 
with 20-cc. portions of cold 2 M phosphate buffer (pH 4.88). 
Aliquots were removed for antibiotic activity determina¬ 
tions from the extracted chloroform solution and from the 
combined buffer extracts. The buffiT solution was then 
acidified wdth 20 cc. of 2 M phosphoric acid and extracted 
immediately with 80 cc. of redistilled chloroform. This 
chloroform solution w’as placed in solid CO 2 for about fifteen 
minutes and was then filtered. An aliquot was removed 
for tussay. The solids remaining in the original chloroform 
solution and those extracted from the acidified buffer were 
determined by removal of the solvent in vacuo at a bath 
temperature of 25®. The r(5.sult,8 of this stop in the purifica¬ 
tion are summarized in Table II. 

In four experiments the activity of the material extracted 
from the acidified buffer ranged from 54 to 75 U/mg. 

Twenty-five-Transfer Distribution between Chloroform 
and pH 4.88 Buffer. In tlic cold room, the 127 mg. of 
material (76 U/mg.) which was obtained from the preceding 
step was carried through a t\venty-five-tran.sfer distribution 
between chloroform and 2 M phosphate buffer (pH 4.88) 
using the Craig counter-current distribution apparatus. 
Since the emulsions in the first tube tended to separate 
slowly, it was necessary to equilibrate the first four transfers 
in test tubes outside the machine. The equilibrations of the 


TABLE II 

Partition of Antibiotic Activity between Chloroform 
and pH 4.88 Buffer 



Activity 

Material 

i 

Total 

units 

U/mg. 

Starting material. 

17,085 

34 

Material not extracted by buffer. 

3,660 

11 

Material extracted by buffer. 

11,000 

— 

Material extracted from acidified buffer... 

0,500 

76 
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Tube Number 

Figure 2. Results of twenly-five transfer distribution: 0» weight: □, aetivity. 


remaining twenty-one transfers were performed in the 
distribution apparatus. The solutions in each tube were 
then transferred to centrifuge separatory funnels, acidified 
with 2 ce. of 2 M phosphonc acid, shaken vigorously for 
thirty seconds, and centrifuged. The chloroform layers 
were stored overnight in solid CO?. The cold solutions from 
the odd-numbered tubes and also from tubes 12, 14, 16 and 
18, were then filtered into separate tarod flasks; the flasks 
were placed in a vacuum desiccator, and the solvent was 
removed in mcuo at room teinperatur<\ The weighed 
residues were dissolved in 6 cc. of redistilled commercial 
absolute ether, and 0.5 cc. aliquots were removed for assay. 
The results of this purification step are presented in Figure 2. 
The maximum activity, 1560 units (463 U/mg.), occurred at 
tube 16. 

In three similar distributions, the maximum activity was 
located in the vicinity of tube 16, as shown in Table III. 
However, it was noted that some emulsification occurred 
during the run which resulted in a volume change in the 
tubes. Therefore these distribution curves cannot be com¬ 
pared with theoretical distribution curves for bensylpenicillin. 

Crystallixatiou of the Triethylammonium Salt of Synthetic 
Benzylpenicillin. Tire ether solutions from tubes 14, 16, 
•ad 16 from the preceding experiment were combined. The 


solvent was removed in vacuo at 0®, and the residue (8.62 mg., 
455 U/mg.) was dissolved in 6 cc. of redistilled commercial 
absolute ether. One and one-half cubic centimeters of a 
freshly prepared ethereal solution of triethylamiue (0.2 cc. of 
triethylaminc diluted to 20 cc. with ether) was added. An 


TABLE III 

Summary of Results of Twenty-five Transfer Distributions 



Starting material 

Maximum activity 

Distri- 






Weight, 

Activity, 

Tube 

Weight, 

Activity, 

bution 


nig. 

U/mR. 

No. 

mg. 

u/mg. 

I 

123 

67 

15 

2.89 

320 

II 

127 

75 

16 

3.35 

463 

HI 

250 

66 

14, 15, 16‘ 

14 42 

270 

IV 

287 

54 

14, 15, 16' 

20.10 

293 


i Th(» matorial from those tubes was oombined for determination of 
dry weight and antibiotic activity. 
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amorphous precipitate formed immediately and coagulated 
after standing for approximately one minute. The super¬ 
natant liquid was decanted, and this solution was clarified 
by gravity filtration through cotton. The flask and filter 
were washed with 0.5 cc. of ether. The combined ether 
filtrates wore then seeded with an extremely minute trace 
of the triethylammonium salt of natural benzylponicillin 
(Heyden, 1; Chapter V, p. 90) and storcsd at 0°. 

Crystals of the triethylammonium salt of benzylponicillin 
began to separate after approximately one hour. After it 
had been kept at 0** for two days, the mixtun* was allowed to 
warm to room temperature, and the supernatant liquid was 
removed by decantation. The crystals were transferred to a 
small tared centrifuge' tube and washed twice b^*^ elecaiitation 
with 0.5 cc. of ether. The dried crystals weighed 1.64 mg., 
micro m.p. 122-146° (dec.). 

It was found necessary, iti order to eliminate variance in 
melting point with size of the sample and particle size, to 
determine all melting points under the following conditions. 
The sample was placed on the hot stage at 100°, and the 
stage was heated at such a rate that the temperature was 
raised from 135° to 145° in one minute. 

The crystalline triethylammonium salt was also obtained 
by a similar procedure from the combinc'd material (12.67 
mg.; 290 U/mg.) from tubes 12, 13, 17 and 18. The isolated 
salt weighed 1,28 mg., micro m.p. 122-138° (dec.). 

A summary of the above concentration and isolation pro¬ 
cedures is given in Figure 3. 

By similar procedures, a total of 14.82 mg. of the crude 
crystalline triethylammonium salt was i.solated from the 
activation of the products obtained from the condensation 
of a total of 70 g. of D-penicillamine hydrochloride with 77 g. 
of 2-benzyl-4-methoxymethylone-5(4)-oxazolone. 

Purification of the Triethylammonium Salt of Synthetic 
Benzylpenicillin* The crude triethylammonium salt was 
purified by two recrystallizations. The first of these was 
performed by adding 1 cc. of redistilled commercial absolute 
ether to a methylene dic.hloride solution of the crude salt 
(3.08 mg. in 0.15 cc.), A slight turbidity appeared in the 
solution and was removed by filtration through cotton. 
The tube and filter were washed with 0,5 cc, of ether, and 
tlie combined ether filtrates were stored for two days at 0°. 


The triethylammonium salt, which separated in rosettes, 
weighed 1.69 mg., micro m.p. 126-146° (dec.). 

The final recrystalhzation was performed in anhydrous, 
alcohol-fro(' acetone. The once recrystallized material 
(6.6 mg.) and acetone (0.4 cc.) were sealed in a piece of glass 
tubing (3 X 120 mm.). The compound was dissolved by 
totally immersing the tube in a water-bath at 60° for five 
minutes. The tube was then allowed to cool slowly to 
room temperature over a period of one hour. Crystals 
grH<lually formed during this time and increased in amount 
when the tube was gradually cooled over a period of forty- 
five minutes to —70°. The tbhe was kept at —70° for 
fourteen hours, and then it was centrifuged at high speed at 
—70° in <»rder to pack the crystals firmly into one end of the 
tube. The tube was then inverted and centrifuged at low 
speed in order to separate the supernatant liquid fiom the 
crystals. The last traces of solvent were distilled from the 
crystals by placing the end of the tube containing the super¬ 
natant liquid in a bath at —70°, while the other end of the 
tube, containing the crystals, was held at room temperature. 
The dried crystals weighed 3.9 mg. The measurements 
described below were performed on this purified sample. 

Comparison of the Properties of the Synthetic Material 
with the Triethylammonium Salt of Natural Benzylpenicillin. 

Melting Point. The micro mt'lting point of the syn¬ 
thetic material was 133-148° (dec.) with previous sintering. 
The micro melting point of the triethylammonium salt of 
natural benzylpenicillin was 133-146° (dec.) with previous 
sintering. The micro melting point of a mixture of the two 
compounds was 135-149° (dec.) with previous sintering. 

Si»K(TFic Rotation. The specific rotation of the tri¬ 
ethylammonium salt of the synthetic material, determined 
in a tube 1 dm. in length, was ^ +239° (c 0.22 in 1 % 
pho,sphate buffer at pH 6.0). The average value of five 
deierminations of the specific rotation of the triethylam¬ 
monium salt of natural benzylponicillin was * +241° 
(c 0.22 in 1 % phosphate buffer at pH 6.0). 

Antibiotic Activity. The antibiotic activity of the 
triethylammonium salt of the synthetic material was deter¬ 
mined by a turbidimetric method similar to that described 
by McMahan (J, Biol, Chem,^ 153^ 249 (1944)) using crystal¬ 
line sodium bcnzylpcnicilhn as the standard and Staph^ 


Condensation 1 

10 g. Penicillamine 

11 g. Oxazolone 

i 

Activation 
23,950 units 

Preliminary Concentration 
11,770 units 18 U/mg. 

\ 

\ 

\ 

\ 

\ 


Condensation II 

10 g. Penicillamine 

11 g. Oxazolone 

i 

Activation 
19,100 units 

Preliminary Concentration 
10,500 units 11 U/mg. 


/ 




8 -Transfer Distribution 
Funnels 3, 4, 5, and 6 
17,086 units 34 U/mg. 

Buffer Extraction of CIICli Solution 
9,500 units 75 U/mg. 

i- 

25-Transfer Distribution 

Tubes 12, 13, 17, and 18: Tubes 14, 15, and 16: 

3,685 units 290 U/mg. 8,910 units 455 U/mg. 

Jr J. 

Crtstalune Triethylammonium Salt Crtstalune Triethylammonium Salt 

1.28 mg. m.p. 122-138° 1.64 mg, m.p. 122-146° 

Figure 3. Outline of procedure lor the oonoentration and isolation of ayntheUo beniylpenioillin. 
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Figure 4. Ultraviolet abeorption spectra of the triethylammonium salts of benzylpenioillin: •, natural; Oi synthetic. 


aureus H as the tost organism. The value found was 1,340 
U/nig, The calculated value for the triethylammonium 
salt of benzylpenioillin (based on a value of 1,667 U/mg. for 
the sodium salt) is 1,363 U/mg. The ratio of the activity 
found on B. subtilis to that found on Staph, aureus was 
0.96 (standard value, 1.00). 

Ultraviolet Absorption Spectrum. The ultraviolet 
absorption spectra of 0.01% solutions of the triethyl- 
ammonium salts of the natural and synthetic benzylpeni- 
cillin in 1 % phosphate buffer at pH 6.0 are shown in Figure 4. 
At this concentration both compounds exhibited only strong 
end absorption with no characteristic absorption peak. 

Infrared Absorption Spectrum. The absorption spec^ 
tra of the triethylammonium salts of the naturfld and syn¬ 
thetic bcnzylpenicillin in the infrared region from 770 to 
3,760 cm.**' are shown in Figure 6. The absorption spectra 
were determined on samples of the crystalline compounds 
(about 0.6 mg.) mulled in mineral oil between two sodium 
chloride plates.* Since no attempt was made to obtain 

* We Are indebted to Dr. R. Bowling Barnee and Dr. Robert C. Core 
of the Stamford Reeearoh Laboratories. American Cyanamid Company, 
(or the preparation of the mineral oil mulls on the sodium chloride 
plates and for helpful suggestions in the infrared work. The infrared 
absorption apeotra> of the triethylammonium salts of both the natural 


exactly the same thickness of layers between the salt plalos 
for the two samples, attention must be focused on the loca¬ 
tion of the transmission minima rather tlian on the relative 
per cent transmission at any one wave number. The infra¬ 
red absorption spectra shf)wn in Figure 5 were determined 
in this Laboratory on a Perkin-Elmer Recording Infrared 
Spoetroineter with gain control to compensate for the 
energy distribution of the (llobar source. It should be 
I)ointed out that the transmission minima at 1,384, 1,460 
and 2,910 (doublet) cm. "' are due to absorption by the 
mineral oil. 

SUMMARY 

A detailed description of the isolation of syn¬ 
thetic bcnzylpenicillin from the condensation of 
0-penicillamine hydrochloride and 2-benzyl-4-meth- 
oxymethylene-6(4)-oxazolone has been presented. 

and synthetlo bensylpenioillin wore aUo deiertnined in the above Labora<- 
tories as woU as in our own on a Porkin-Klmor instrument without tlie 
use of a gain control. The curves obtained on the two samples were 
identical within the limits of the determination. 





Fraquancy, cm.** 

Figure 5. Infrared absorption spectra of the triethylammonium salts of synthetic anfl natural benzylpenicilhn. 

A comparison has been made between the tri- pyridine containing triethylamine to form an 
ethylammonium salts of natural and synthetic intermediate. In the second step, this intermedi- 
benzylpenicillin as to melting point, specific ate product was converted to benzylpenicilhn in 
rotation, antibiotic activity, ultraviolet and infra- small yield by the action of hydrogen chloride in 
red absorption spectra. It has been found that hot pyridine. 

these properties are identical within the limits of Acknowledgment. The authors wish to express 
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PHYSICAL AND CHEMICAL METHODS^ 

This review is concerned with physical and chemi¬ 
cal methods for the assay of penicillin. Only brief 
abstracts with working directions are given for 
those procedures already published, but methods 
taken from unpublished progress reports are 
presented in detail. The methods are considered, 
arbitrarily, in the following order: biochemical, 
titrimetric, spectrographic, polarographic, and col¬ 
orimetric methods of assay. Finally, the differ¬ 
entiation of the various penicillins is considered. 

Biochemical Methods of Assay. A. Goth and 
M. T. Bush (J. Ind, Eng. Chevi., Anal. Ed., 16, 451 
(1944)) reported a rapid method for the estimation 
of penicillin which is based upon the ability of 
penicillin to inhibit the production of nitrite from 
nitrate by actively growing Staphylococcus aureus 
cultures. The decreased nitrite formation, as com¬ 
pared to a control, is determined colorimetrically 
following diazotisation and coupling. The test can 
be completed within 60 to 90 minutes, and it possesses 
greater accuracy than that of the standard dilution 
method. The principle upon which the method is 
based can be used for the estimation of other anti¬ 
biotics which inhibit the growth of Staphylococcus 
aureus. Working details of the method areas follows: 


The test strain of Staphylococcus aureus is grown 
for 24 hours on a medium containing 2% Difeo, and 
0.6% sodium chl(»ri(lo. The 24 hour culture is 
diluted I to 4 with an ice-cold medium containing 
2% Difeo, 0.6% sodium chloride, 0.02% sodium 
nitrate and 0.05% p-aminobenzoic acid. The 
suspension is left on ice for 10 to 15 minutes while a 
standard solution of penicillin and the unknown are 
diluted with 0.05 M sodium phosphate to concentra¬ 
tions of 0.5 to 1.5 units per cc. One cc. of each 
solution is pipetted into 50 cc. Erlenmeyer flasks in 
duplicate, and 1 cc. of buffer (prepared by mixing 
equal volumes of 0.05 M mono- and dibasic sodium 
phosphate) is pipetted into each of 3 control flasks. 
Five cc. of the ice-cold Staphylococcus suspension 
are added to each flask and the mixture is incubated 
at 37*^ for 60 to 90 minutes. The concentration of 
the nitrite is then determined as follows: 0.5 cc. 
is pipetted into 6 cc. of water which contains I cc. 
of 15% trichloroacetic acid. After 3 minutes, 
0.5 cc. of a 0.1% solution of N-(l-naphthyl)- 
ethylenediamine dihydrochloride is added. After 
3 minutes the color intensity is measured and com¬ 
pared with a standard curve to obtain the nitrite 
concentration. Knowing the nitrite content, com¬ 
parison with the solutions containing 0.5, 1.0, and 
1.5 units of penicillin gives the penicillin content of 
the unknown. 

Turner ct at. (Turner, J. G., Heath, F. K., and 
Magasanik, B., Nature, 152, 326 (1943)) observed 
that urease was inhibited by the crude penicillin 
preparations available to them at the time when 
they performed their experiments. They sug¬ 
gested the in vitro inhibition of the enzyme as a basis 
for the assay of penicillin, but subsequent investi¬ 
gation (Scudi, J. V., and Jelinck, V. C., Science, 
100, 312 (1914)) demonstrated that the inhibition 
is not produced by pure penicillin, (consequently 
the inhibition of urease is not a measure of penicillin 
content. 

Methods involving the use of penicillinase are 
considered in subseciuent sections. 

Titrimetric Methods of Assay. The early obser¬ 
vation of Abraham and Chain (Abraham, E. P., 
and Chain, E., Brit. J. Exp. Path., 2S, 103 (1942)) 
that alkaline inactivation of i>enicillin produces a 
new acid group, affords a basis for the titrimetric 
determination of penicillin. Two such methods 
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were developed in the Pfizer research laboratories 
{I\S0). The methods were not offered to replace 
the Oxford cup method, but because of their facility 
and the short time required to perform an analysis, 
they were believed to be useful for control purposes. 

Procedure A: 10 cc. of a penicillin solution con¬ 
taining from 60,000 to 150,000 units are pipetted 
into a 50 cc. beaker equipped with a motor driven 
stirrer and with glass and calomel electrodes con¬ 
nected to a pll meter. Using 0.1 N sodium hydrox¬ 
ide, sufficient solution is added dropwise to bring 
the pH to 8.0. Exactly 10.00 cc. of the standard 
alkali is added to bring the pH to approximately 12. 
The solution is allowed to stir at room temperature 
for 10 minutes and is then titrated back to pH 8.0 
with standard 0.1 N hydrochloric acid, noting the 
volume of acid consumed. The number of penicil¬ 
lin units = (cc. N NaOlI—cc. N IICl) X 591,000. 
The factor 594,000 is based on a molecular weight 
of 356 for sodium benzylpenicillinate and an estab¬ 
lished potency of 1667 units per milligram. 

Procedure B: 10 cc. of a penicillin solution con¬ 
taining from 60,000 to 150,000 units are pi])etted 
into a 50 cc. beaker equipped with glass and 
calomel electrodes as described under Proceilure A. 
The pH is adjusted to 8.0 with 0.1 N sodium hydrox¬ 
ide and 3 cc. of 3% hydrogen peroxide solution 
(previously adjusted to pll 8.0) are added for each 
100,000 units of penicillin. The pH of the solution 
drops very quickly. The pH is maintained at 8.0 
by the dropwise addition of 0.1 iV sodium hydroxide. 
Wlien the pH remains constant at 8.0 or the drop is 
less than 0.1 unit in 40-60 seconds, the amount of 
sodium hydroxide used subsequent to the addition 
of the hydrogen peroxide is recorded. The number 
of penicillin units == cc. N NaOIl X 594,000. 

' The above procedures were carriod,out with many 
of the commercial penicillins available on the market 
as well as on several types of solutions which occur in 
the course of penicillin production, and satisfactory 
results were obtained. The results were more 
reproducible than those obtained by means of 
the Oxford cup method. With pure crystalline 
sodium benzylpenicillinate the assay varied from 
100% to 102%. The method did not give satis¬ 
factory results in the analysis of highly buffered 
solutions, low potency samples, or fermentation 
broths. The application of these procedures to 
liquors low in penicillin content is under investiga¬ 
tion. Attention is called to the fact that if the 
bioassay values of the material being tested differ 
substantially from that of sodium benzylpenicil¬ 
linate (as in the case of those containing sodium 
p-hydroxybcnzylpenicillinate) an appropriate cor¬ 
rection is necessary since the calculation of the 
factor 594,000 is based solely on the values for 
sodium benzylpenicillinate. 

J. W. Foster {Science, 101, 206 (1946)) observed 
that when penicillin is inactivated by penicillinase 
a new acid group is formed. Although the reaction 


was studied manomotrically by means of the carbon 
dioxide liberated from a carbonate buffer, the reac¬ 
tion was not adapted to the assay ^f penicillin. 
Later, J. J. Murtaugh and G. B, Levy (/. Am, Chem, 
Soc., 67, 1042 (1945)) standardized the reaction for 
the alkalimotric titration of penicillin. Their 
method consists of adjusting separately, to pH 8, 
a 10 cc. aliquot of penicillin (5,000 to 20,000 units) 
and a 1 to 2 cc. solution containing 1000 to 2000 
units of penicillinase. The enzyme is added to the 
penicillin and the mixture is maintained at pH 6.8 
by the gradual addition of 0.02 N sodium hydroxide. 
After a few minutes the penicillin is inactivated and 
the pll becomes constant. The titration is then 
completed by a rapid adjustment to pH 8.0. The 
method is applicable to solutions of potency over 
200-500 units per cc., which do not contain an 
excessive amount of buffer. 

An iodomctric method for the assay of penicillin 
preparations was developed at the Squibb Institute 
for Medical Research {S,51) (Alicino, Ind, and 
Eng, Chem,, Anal. Ed., 18, 619 (1946)). The assay 
method, which is based on earlier observations 
(Lilly, L.19) of the behavior of penicillin and certain 
of its inactivation products toward iodine, involves 
the differential titration of the penicillin prepara¬ 
tion before and after inactivation by alkali. 
Analyses are performed as follows: 

A weighed sample (3-5 mg.) of crystalline sodium 
benzylpenicillinate, placed in a glass-stoppered 
flask, is dissolved in 5-10 cc. of water, and treated 
with 0.5 cc. of 1 NaOH. The alkaline solution 
is allowed to stand for 15 minutes and then neutral¬ 
ized with 0.5 cc. of 1 N HCl, A measured excess 
of 0.01 N iodine solution (about 10 cc.) is added. 
After 30 minutes the unconsumed iodine is titrated 
with 0.01 N thiosulfate. It was found that one mg. 
of sodium benzylpenicillinate will consume under 
these conditions 2.52 cc. of 0.01 N iodine solution, 
corresponding to 8.97 atoms of iodine per mole, 
which is in good agreement with the range reported 
from the Lilly Laboratories for penicilloates (8.6- 
8.9). Tliis value is reproducible and within fairly 
wide limits is independent of the penicillin con¬ 
centrations and the excess of iodine used. Sodium 
2-pentenylpcniciIlinatc (crystalline, anhydrous) con¬ 
sumed 2.64 cc. of 0.01 N iodine solution per milli¬ 
gram, or 8.8 atoms per mole, showing that the 
double bond in this compound is inert to iodine 
under these conditions. This was confirmed by the 
blank titration (without prior alkali treatment) 
which showed an uptake of only 0.07 cc. per milli¬ 
gram. However, it is probable that sodium 
p-hydroxybenzylpenicillinate might give abnor¬ 
mally high values in this procedure. 

In the assay of unknowns an amount of material 
corresponding to approximately 1,000-5,000 units 
is inactivated with alkali, and the neutralized 
solution is treated with iodine and titrated after 
30 minutes as described. A blank titration in 
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which the treatment with alkali is omitted is 
carried out on a separate sample of the same 
magnitude. The difference between both titra¬ 
tions gives the amount of penicillin present in 
terms of mg. of sodium benzylpcnicillinate, which 
figure is then converted to international units by 
multiplying by 1667. When relatively pure prepa¬ 
rations (800-1,000 U./mg.) were assayed in this 
manner, the figures agreed well with the bioassay 
values regardless of the time allowed for contact 
of the blank sample with excess iodine, the small 
amounts of iodine-consuming impurities present in 
such preparations having little influence on the 
final result. However, with preparations of lower 
potency containing proportionately greater amounts 
of iodine-consuming impurities, the iodometric 
results were considerably lower than the bioassay 
figures. It was found empirically that the dis¬ 
crepancy between the iodometric and bioassay 
values was minimized when the blank value arrived 
at by immediate back-titration was used in com¬ 
puting the results. In the final procedure adopted 
for the assay of high- as well as low-grade prepara¬ 
tions, the blank sample is therefore back-titrated 
immediately after the addition of the iodine solu¬ 
tion, whereas with the alkali-inactivated sample the 
30-minute interval is maintained. 

With the use of this procedure good correlation 
between the iodometric and bioassay values w^as 
obtained on a variety of carefully bioassayed solid 
sodium salt preparations of widely varying potency. 
Comparison of the values obtained by the iodo¬ 
metric, the alkalimetric (Pfizer) and the two stand¬ 
ard bioassay methods w^as conducted in the Sr|uibb 
Biological Laboratories on solutions of commercial 
sodium salt preparations ranging in potency from 
900 to 1,150 U./mg. The data showed that the 
agreement is in most cases satisfactory enough for 
practical purposes. • It remains to be seen whether 
the iodometric method can be used other than for 
the quick assay of high-grade final products. 

An iodometric method for the assay of penicillin 
has been devised in the laboratories of the Food and 
Drug Administration in Washington, by Mundell, 
Fischbach, and Eble (Science, 104 , 84 (1940); J. Am, 
Pharm, Assoc,, 35, 373 (1946)). 

Five cc. aliquots of a solution containing 2.5 to 
3.6 mg. of sodium benzylpcnicillinate are placed in 
each of two iodine-containing flasks. To one, an 
equal quantity of 1 N sodium hydroxide is added, 
and the reaction mixture is permitted to stand at 
room temperature for 15 min. Five cc. of 1.1 N 
hydrochloric acid and 15 cc. of 0.01 N iodine are 
added and after 15 min. the excess of iodine is 
titrated with 0.01 N thiosulfate. As the end point 
is approached an occasional drop of 1% starch 
solution is added. About 6 cc. of carbon tetra¬ 
chloride is added and the titration is completed with 
frequent shaking until all of the iodine is removed 
from the carbon tetrachloride. To the second 


flask, 15 cc. of the 0.01 N iodine solution is added 
and the titration is completed immediately. The 
difference between titers divided by 2.52 equals the 
number of mg. of penicillin in the original aliquot, 
Spectrophotometric Method of Assay. A spec- 
trophotometric method for the estimation of the 
penicillins w^as descrih(‘d by K. M. llerriott (J, 
Biol, Chem,, 164, 725 (1946)). The method con¬ 
sists of measurements of the absorption at 322 m/x 
before and after heating for 15 minutes at 100° in 
0.3 M acetate buffer p\ \ 4.6, and comparison of the 
change in absorption with a similarly treated 
standard penicillin preparation. Two related pro¬ 
cedures were used. The first one, A, when ample 
quantities of more concentrated solutions wore 
available. I'he second, B, when the concentration 
or quantity w^as low. 

A. A 2 cc, aliquot of a penicillin solution contain¬ 

ing 30-300 Oxford units per cc. was added to 6 cc. 
of 0.4 M acetate, p\\ 4.6. 4 cc. of this solution was 

pipetted into a 30-50 cc. test tube placed in boiling 
w'ater for 15 minutes, after w^hich the solution was 
cooled rapidly to room temperature. During the 
heating a small funnel in the test tube served as a 
reflux condenser. The absorption of the heated 
and unheated aliquots was determined at 322 mix 
in a Beckman quartz photoelectric s])ectrophotom- 
eter (Cary, 11. H., and Beckman, A. ()., J, Opt, 
Soc, Am,, 31, 082 (1941)). The change in absorp¬ 
tion w^as converted to units of penicillin with the aid 
of a standard curve. 

B. To 4 cc. of a penicillin solution containing 
8-80 Oxford units per cc. was added 0.25 cc. of a 
5 M acetate buffer solution, pH 4.6. The final 
concentration and pll w^ere the same as in A. 
This solution w^as read in the spectrophotometer at 
322 m/x before and after being heated as described 
in A. 

Depending on the number of samples to be 
analyzed at one time the source of heat or volume of 
w^ater should be such that when the test tubes are 
introduced the water temperature drops no more 
than a few degrees. Solutions of penicillin in 0.3 M 
acetate pH 4.6 do not change absorption values for 
at least a half hour and once they are heated and 
cooled there is no appreciable change for several 
hours. The increase in absorption caused by 
heating varies almost linearly with increasing 
penicillin concentrations. If it is assumed that the 
above treatment })roduces a complete conversion 
of penicillin into the absorbing material, then the 
extinction, Eiom.^'" for this substance is about 240. 
Crystalline ammonium salts of 2-pentenylpencil- 
linic, p-hydroxybenzylpenicillinic and n-heptyl- 
penicillinic acids had nearly the same absorption 
spectrum as crystalline sodium benzylpenicillinate. 
This was true after heating as well as before. Thus 
spectrophotometric analyses are independent of 
the nature or proportion of these various penicillins. 

The results of two spectrophotometric analyses 
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of five different commercial preparations carried out 
on two different days, using procedure A were com¬ 
pared with bioassays and Scudi colorimetric analyses 
of the samples. The spectrophotoraetric results 
were in substantial agreement with those obtained 
by the two accepted methods. The data also 
show that the spectrophotomctric results are 
readily reproducible. A precision of ±5% has 
been obtained with solutions containing 10 to 
100 Oxford units per cc. 

No impurity was found whose absorption at 
322 mu is changed on heating under the conditions 
of the method, but a great many substances either 
absorb or scatter light of 322 and when present 
in sufficient concentration prevent a precise estima¬ 
tion of the penicillin. Blood, urine and certain 
microbiological suspensions contain such inter¬ 
fering substances in high concentrations. It may 
be possible to separate quantitatively the penicillin 
from these substances and thus render the spectro- 
photometric method applicable to such systems. 

Poiarographic Methods of Assay. Polarographic 
studies of penicillin and related compounds have 
been conducted in a number of different laboratories 
(C/ornell Bioch., D.6, 13; Merck, M.3; Cook, Hall, 
Heilbron, and Roberts, CPS.208; Hems, Pago, and 
Robinson, CPS.325; 290; 384)- The use of the 
polarograph for the assay of penicillin was sug¬ 
gested by Cook et aL (CPS.203). These workers 
found that if the penicillin preparations were 
inactivated with alkali (30 mins, at pH 11) and the 
solutions then kept for 60 mins, at 90-95° with 
N/IO acid (‘‘penilloic acid’^—penicillamine deg¬ 
radation) there was a very marked —SH effect, 
and the height of the — SH wave was a measure of 
the activity employed. By taking a known solu¬ 
tion as standard, the biological activity of others 
could be predicted by means of purely physical 
measurement. Clearly this was a measure of the 
derived thiol grouping and could not take account 
of different penicillins which, it is known, have 
somewhat different potencies against any one 
selected organism. However, in view of the fact 
that the known penicillins are not of widely dif¬ 
ferent molecular weights and mainly occur as 
mixtures of which only the resultant potency is 
measured biologically, the present method may, it 
was suggested, provide a useful subsidiary method, 
and, from the chemical viewpoint, may have 
advantages. 

Hems etal. (Hems, Page, and Robinson, CPS.225) 
of the Glaxo Laboratories also studied the polaro¬ 
graphic method of assay. They reported that 
many degradation products of penicillin contain 
free sulfhydryl groups which yield catalytic steps 
when examined in an ammoniacal buffer solution 
containing divalent cobalt. They believed that 
this step might be used for the estimation of the 
penicillins and their derivatives. Brdicka (Coll. 
Czech. Chem. Comm., 5, 112, 148, 328 (1933)) had 


found that cysteine and cystine in an ammoniacal 
buffer solution containing divalent cobalt or nickel 
(but not trivalent cobalt) give a single catalytic 
step. This catalytic step occurs at a more nega¬ 
tive potential than corresponds to the reduction 
of cystine and must, therefore, be caused by 
the reduced form, cysteine. The step formed 
by cystine is identical with that obtained with a 
cysteine solution of double the concentration. The 
catalytic nature of the stop is indicated by the fact 
that the step obtained with cystine is 500 times as 
great as that for the reduction of cystine to 
cysteine. The Cornell group (D.O, 2) reported that 
penicillamine in ammoniacal buffer solution con¬ 
taining cobaltous chloride showed a polarographic 
wave like that produced by cysteine. Hems et al. 
found that this process yields an excellent catalytic 
step which is about 500 times as high as the anodic 
step. They suggested that this step should be 
invaluable for the determination of small quantities 
of penicillamine, since quantities of the order of 
1 X 10~® molar can be detected. Calibration 
curves were prepared for cysteine, penicillamine, 
several thiazolidines and penicillin, under the same 
polarographic conditions. It was found (Hems, 
Page, and Robinson, CPS.290) that when the con¬ 
centrations of these substances were expressed in 
molar quantities (assuming that the potency of the 
pure penicillin is 1,650 Oxford units per mg,), 
the calibration curves could, within experimental 
error, be superposed on each other. This estab¬ 
lished the fact that alkaline inactivation followed 
by acid hydrolysis of penicillin and simple hy¬ 
drolysis of the thiazolidines liberates the sulfur 
from these substances quantitatively as free sulf¬ 
hydryl groups. It was originally suggested that the 
method might be of value for assaying routine 
commercial samples of penicillin (containing about 
200 Oxford units of penicillin per mg.), but it was 
found later (CPS.S84) that the correlation between 
the height of the step and the biological activity was 
not consistently satisfactory for these grades of 
penicillin. Nevertheless, an accuracy better than 
10% vras obtained when solutions of purified penicil¬ 
lin were used. The method is more rapid than 
either the biological or Scudi^s method, the standard 
procedure requiring only about 2.5 hours. The 
procedure was described as follows: 

A Cambridge recording polarograph was used, a 
micro cell (capacity 3 cc.) being used to hold the po¬ 
larograph solu tions. The instrument was calibrated 
to read directly in microamp, by the procedure rec¬ 
ommended by Kolthoff and Lingane (Polarographyy 
New York, 1941). The capillary used had the 
following characteristics: At a pressure of 29.0 cm. 
of mercury, the droptime (t) on open circuit in 0.1 AT 
potassium chloride was 2.10 sec., weight of mercury 
dropping per second (m) = 2,52 mg. and * 
2.09. The symbols are those adopted by Kolthoff 
and Lingane. 
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The following modified procedure for the routine 
examination of clinical samples of penicillin was 
recommended: 

One cc. of a solution containing between 30 and 
150 Oxford units per cc. of penicillin is mixed in a 
pyrex test-tube with 1 cc. of 0.1 N caustic soda and 
2 cc. of water. The mixture is allowed to stand 
at room temperature for 30 minutes and then 
treated with 1 cc. of N hydrochloric acid follow^ed 
by 5 cc. of water. The mixture is heated in a boil¬ 
ing water bath for 1 hour, cooled, and then added 
to a freshly prepared mixture of 1 cc. of N am¬ 
monium chloride, 1 cc. of 0.02 M cobalt chloride and 
2 cc. of N ammonia in a 15-cc. graduated flask. 
The solution is made up to 15 cc. w’ith 1 cc. of 0.1 % 
gelatin solution. Three cc. of the solution are 
transferred to the polarograph cell and examined at 
a sensitivity of }{i ()0 over the voltage range of — 1.2 
to —2.0 volts. The examination is repeated at a 
second sensitivity depending on the height of the 
catalytic step observed during the first measure¬ 
ment. When 1 cc. of a solution containing 120 
Oxford units of penicillin was treated by the above 
procedure, a diffusion current of aboul 11 microamp. 
was obtained. 

Colorimetric Methods of Assay. Abraham et aL 
(Abraham, E. P., Chain, E., Baker, W., and Robin¬ 
son, R., Nature y 151 y 107 (1943)) noted that acid 
hydrolysates of penicillin gave a blue-violet colora¬ 
tion wdth the ninhydrin reagent, and that the color 
intensity of the reaction ran parallel to the anti¬ 
bacterial activity of their preparations. More 
recently, Allinson (Allinson, M. J. C., Proc. Soc. 
Exp. BioL Med.y 60 j 293 (1945)) in a preliminary pa¬ 
per reported on the use of the ninhydrin reagent in 
the analysis of solutions containing 3 to 9 7 of pure 
penicillin. 

In the course of study of the inactivation of 
benzylpenicillin by hydroxylamines, the Merck 
Laboratories reported {M.S8) that following the 
hydroxylamine, jS-methylhydroxylamine and jS- 
benzylhydroxylamine reactions with sodium benzyl- 
penicillinate, a characteristic red color is produced 
on addition of ferric chloride. Methylhydroxamic 
acid gives an identical color reaction with ferric 
chloride. This color reaction might serve as the 
basis of an assay of penicillin. Schematically, the 
hydroxylamine reaction would be: 

RCONHCH—CnSC(CH8)2 

I 1 I +NH20H-^ 

60 —N-CHCOOn 

RCONH-CH—CHSC(CH3)2 

HCNH-io iIh— inCOOH 

This method was developed in the Lilly Research 
Laboratories (L./5, 11 ) and reported as follows: 

A solution of sodium bcnzylpenicillinate is placed 
in a 10 cc. volumetric flask. One cc. of molar 
borate buffer, pH 9 . 0 , 1 cc. of N hydroxylamine 


hydrochloride, and 2 cc. of N potassium hydroxide 
are added. The solutions are mixed and allowed to 
stand at room temperature for three minutes. 
One cc. of 2 N hydrochloric acid is added. The 
flask is placed in an ice bath and cooled. Then 
one cc. of 2 % ferric chloride solution is added and 
the contents of the flask diluted to the mark with 
ice cold distilled water. The contents are mixed 
and the depth of color is immediately determined in 
a ‘^Cenco” photclometer containing a Wratten H 
filter (450 m/x). (The color examined in a Coleman 
spectrophotometer was found to exhibit maximum 
absorption at 110-470 m/x.) 

This method is subject to considerable improve¬ 
ment. 1. The color produced is somewhat unstable. 
It has betm found, however, that fading is less 
rapid in a cold solution than at room temperature. 
It would appear that the instability of the color is 
not a function of the penicillin molecule, since the 
color formed under similar conditions with butyro- 
lactone is also unstable. 2 . The sensitivity of the 
test as described is not as great as may be desired. 
A difference in penicillin concentration of 150 units 
results in only 5-G points difference in photclometer 
reading. Since the instrument cannot be read 
closer than ±0.5 points, an error of ±15 penicillin 
units is possible. Preliminary tests using free 
benzylpenicillinic acid in ether solution indicate 
that a greater sensitivity miglit thus be attainable. 
In addition, a considerable increase in sensitivity 
should be possible by a decrease of the total volume 
of the solution. 

Althoiigh the specificity of the reagent described 
above has not been determined completely, sodium 
benzylpenicilloate (natural and synthetic*) and 
sodium benzylpenillate (natural) give no color. 
Methyl and ethyl benzylpenicilloate (synthetic) 
and the methyl and ethyl alcohol inactivation prod¬ 
ucts of benzylpenicillin do give the color. 

A colorimetric method for the determination of 
the penicillins, which is based upon the following 
reaction, was reported (Scudi, J. V. J. BioL Chem., 
164, 183 (1946)). 

R'NH-CHsCHaNHj + 

I 

RCONH-CH—CHSC(CH8)2 

III ^ 

CO—N-CHCOOII 

RCONHCH—CHSC(CHa)2 

R'NHCH^CIIsNH-io NH—illCOOH 

n 

During the development of the test, methodologic 
variations were introduced from time to time. The 
procedure ultimately adopted involves the follow¬ 
ing considerations. The reagent I (N-(l-naphthyl- 
4-azobenzene)ethylenediamine) is a strong base, 
and the primary amine is the stronger of the two 
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basic gfoups. In the presence of acetic acid, which 
accelerates the reaction, the reagent condenses witli 
the free acid of the penicillins in a water-immiscible 
solvent. Extraction of the organic solution with 
sodium hydroxide removes the condensation prod¬ 
uct as the sodium salt, heaving the excess reagent 
in the organic phase. The weakly basic condensa¬ 
tion product II is then extracted from the acidic 
solution. Any of tlie strongly basic reagent I that 
may have passed into alkaline solution remains 
in the acidic, aqueous phase. The penicillin con¬ 
tent is then determined colorimetrically in terms 
of the highly tinctorial dye incorporated into the 
condensation product II. The reader is referred 
to tlie original article for details of the method. 

The method, which is applicable to solutions 
containing 10 to 120 micrograms of penicillin, 
possesses certain specificity requirements. For a 
substance to be measured as a penicillin, it must be 
water-soluble at pH 7.0; it must be extractable by 
chloroform from aqueous solutions at pH 2.0; it 
must condense with the reagent within a restricted 
period of time, the product must possess a carboxyl 
group; and finally, the condensation product must 
not possess strongly basic properties. That some 
potential interfering substances do not meet this 
final requirement is evidenced by the fact that 
variable amounts of colored material are left in the 
acid phase in the course of analysis of commercial 
samples of penicillin. In this connection, it may 
also be noted that a variety of degradation products 
of penicillin have been tested with no significant 
evidence of interference. 

Despite these specificity requirements, inter¬ 
ferences by other types of substances may be 
anticipated; for example, ether-soluble keto acids 
may react with the colored amine to give alkali- 
soluble products of the Schiff-base or aldehyde- 
ammonia type, and lactones, azlactones and esters 
may react to give amidic compounds. Neverthe¬ 
less, when applied to a large number of commercial 
samples of penicillin, the method gave results which 
were satisfactory in comparison with microbiological 
data (correlation coefficient = 0.9()4). Further, 
comparison of the stability characteristics of pure 
sodium benzylpenicillinate and of the active princi¬ 
ple of commercial preparations also indicated that 
penicillin was measured specifically. When applied 
to low potency broths, however, interfering sub¬ 
stances may be detected. If significant amounts 
are present (which is seldom the case), these can be 
eliminated readily. 

The marked lability of the penicillins affords a 
ready means of differentiating the active principle 
from inactive interfering substances. A given sam¬ 
ple may be analyzed as usual to give a ^*total” 
concentration. An aliquot, exposed to the action 
of some inactivating agent, may be analyzed to give 
a ''non-penicillin'' value. The "total" minus the 
''^non-penicillin" value would be expected to give a 


close approximation of the true penicillin concentra¬ 
tion. Such a differential procedure was described. 

This colorimetric method was studied in the 
laboratories of the Food and Drug Administration 
(F.j?, 4, 5, (}\ 7) and a modification aimed at the 
elimination of the first step of tlie assay was evolved 
(F.7). The procedure worked out is as follows: 
About 8 mg. of penicillin were dissolved in 2.5 cc. 
of water and acetone added to make 50 cc. Aliquots 
of this standard were pipetted into 25 cc. glass- 
stoppered graduated cylinders containing 10 cc. 
of an ether solution of the dye (10 mg. dye). (For 
the aliquots smaller than 1.0 cc. an amount of 95% 
acetone was added to make the total volume of each 
sample 1.0 cc.) Then 0.1 cc. of glacial acetic acid 
was added, the solution made to 20 cc. with ether, 
tlh‘ mixture thoroughly shaken and allowed to 
stand for three hours. A 10 cc. aliquot was then 
pipetted into a separator containing 25 cc. of 0.1 N 
NaOII and 20 cc. of petroleum ether. The mixture 
was shaken for one minute; and after the layers had 
separated, about 80% of the top layer was aspirated 
off. Three successive washings with 25 cc. each 
of petroleum ether were then made, shaking each 
for one minute and aspirating off about 80% 
each time. Finally a washing with 25 cc. of carbon 
tetrachloride was made, shaking only about 10 
seconds. The CCU was drawn off and the assay 
completed by adding 1 cc. of HCl followed by 
butanol, etc., as in the original method. 

A rapid micro-method for the fluorometric 
determination of penicillin has been reported 
(Scudi, J. V., and Jelinek, V. C., J, Biol. Chem.^ 164, 
195 (1940)). The original colorimetric method, 
which was used extensively in the analysis of com¬ 
mercial penicillin preparations and broths, is 
more precise and appears to be more specific than 
existing biological methods. It is, however, limited 
in sensitivity. In order to extend the range of appli¬ 
cability of the method by increasing its sensitivity, 
a strongly fluorescent amino acridine (2-methoxy- 
6-chloro-9-(N‘-ethylenediamine)-acridine) was 
synthesized, and the amino-acridine was used in 
place of the highly tinctorial azo dye originally used. 
Quantitative measurements of small amounts of pen¬ 
icillin were thus achieved. The amino-acridine con¬ 
denses with penicillin at a more rapid rate than the 
azo dye. Consequently, it was possible to reduce 
the condensation time to one hour. Working details 
of the method are available in the article cited. 

The method, as presented, is directly applicable 
to solutions containing 0.0625 to 0.625 micrograms 
of penicillin per cc. For more dilute solutions, 
larger volumes may be concentrated as described 
in the original report. The method is directly ap¬ 
plicable to the analysis of urine or protein-free 
filtrates of whole blood or plasma. 

All of the specificity requirements incorporated 
in the colorimetric method for the determination of 
penicillin are inherent in the fluorescence method. 
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The method is precise to ± 10%. It is a compara¬ 
tively simple method which is carried out almost 
entirely in a separatory funnel, and it is a relatively 
rapid mcithod which may be used by a trained 
operator to complete 8 analyses in about 2 hours. 

Differentiation of the Penicillins. Chemical pro¬ 
cedures, like those described above, which are 
bas(^d upon a key functional (^roiip common to all 
penicillins, yield molar values for all varieties of 
penicillin without differentiation between the vari¬ 
eties. Clearly, such a differentiation is desirable. 
Recently II. Fisclibach, M. Mundell, and T. K. Eble 
(Science^ 704, 84 (1940)) reported on the successful 
separation and quantitative determination of so¬ 
dium n-heptylpenicillinate in the presence of the 
other penicillins. Their procedure, which employs 
a partition chromatography teclmique, was reported 
as follows: 

Twenty-five grams of silica g(d prepared accord¬ 
ing to Cordon ct aL (Gordon, A. II., Martin, A. J. P., 
and Synge, R. L. M., Biochem. J., 57, 79 (1943)) 
were thoroughly moistened with 12.5 to 16.5 cc. 
(depending upon the absorijability of the gel) of 
20% potassium phosphal^e, pH 6.4. Washed 
chloroform was added to the mixture, and the 
slurry was poured into a glass cylinder of 22 mm. 
inside diameter, using slight pressure to facilitate 
the uniform settling of the silica gel. The penicil¬ 
lins (25 to 50 mg.) were extracted at 0® from pH 2.0 
buffer into chloroform, and the extracts were 
passed through the column at 10°. Cold chloro¬ 
form was used to furnish 100 to 200 cc. of eluate. 
The rate of elution varied between 10 and 35 min¬ 
utes per 25 cc. without causing discernible dif¬ 
ferences. Of the n-heptylpenicillinic acid, 70-75% 
was removed in the first 25 cc. of eluate and the 
remainder was removed within the first 3 or 4 
fractions. Three to four additional 25 cc. frac¬ 
tions exhibited no activity. From this point on, 
anesthesia ether saturated with water was used as 
the eluent until all remaining activity was recovered. 

A gravimetric method for the determination of 
sodium benzylpenicillinate in the presence of other 
penicillins was reported by Sheehan et al. (Sheehan, 
J. C., Mader, W. J., and Cram, D. J., J, Am, Chem, 
Soc.f 68, 2407 (1946)). The method takes advan¬ 
tage of the sparing solubility of the N-ethylpiperi- 
dine salt of bcnzylpenicillinic acid in amyl acetate- 
acetone mixtures. In actual operation samples of 
the mixed penicillins are acidified, the acids are 
extracted with amyl acetate, and, after drying, the 
N-ethylpiperidine benzylpenicillinate is selectively 
precipitated. The recovery appears to be quanti¬ 
tative when sodium benzylpenicillinate comprises 
over 60% of the sample. 

MICROBIOLOGICAL METHODS^ 

The method of assay for penicillin most suited to 
the clinician is the determination m vivo of the 

< By H. B. Woodruff. 


effi(iacy of penicillin for the treatment of a specific 
disease agent. The chemist requires an exact 
evaluation of the molar concentration of penicillin 
in solution. Between these extremes, attempts 
have boon made to develop satisfactory methods 
of assay for penicillin. Biological methods are 
liipited to the effect of penicillin on growth of a 
microorganism or to its effect on some measurable 
metabolic activity of a microorganism. During the 
pr( liminary studies on pcmicillin, biological methotls 
of assaj?^ were the method of necessity, since no 
others were available. At the present time, 
biological methods an* the m<4hods of choice, since 
the modiiications in antibacterial activity brought 
about by mixtures of the various types of penicil- 
linates cannot ))e forcitold by chemical procedures. 

Requirements of a Penicillin Assay. The re¬ 
quirements of a penicillin assay may vary according 
to the particular interest and need for accuracy of 
the individual worker. The main objective is to 
determine, as accurately as required, the antibac¬ 
terial activity of a particular sample of penicillin. 
When a high degree of accuracy is not necessary, 
many facto!‘s conducive to precision may be ignored. 
On the other hand, detection of relatively small 
differences in potencies is often required and pre¬ 
cautions must be taken to insure this order of 
sensitivity. 

The results obtained on any given sample of peni¬ 
cillin must be reproducible in the same and different 
laboratories. A common language for expressing 
the activity of penicillin preparations should be used. 

Preferably, samples should not require pretreat¬ 
ment to make them suitable for assay. Pretreat- 
ment becomes a great handicap when applied to a 
routine procedure. 

Any method of more than limited value should be 
amenable to the running of large numbers of tests 
in routine and yield results in a reasonably short 
period of time. 

Entirely fallacious results may result from the 
assay for penicillin of any substance unless it is 
shown that penicillin is the only antibiotic present. 
In specific instances, it may be possible to design 
assay methods to be specific for penicillin in the 
assay of a mixture of two known antibiotics. For 
example, the action of notatin may be eliminated 
by the choice of an assay medium lacking sugar, 
with an assay organism of sufficient sensitivity to 
allow dilution of the sample to insignificant sugar 
concentration. With the above precautions, peni¬ 
cillin may be assayed in a mixture of penicillin and 
notatin because the latter requires certain sugars 
for expression of its antibacterial activity. Except 
in assays especially designed to eliminate the action 
of contaminating antibiotics, the penicillin assay 
methods are applicable to preparations containing 
penicillin alone. 

For the determination of the molar concentration 
of penicillin in a given preparation, it is necessary 
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that the penicillin be a single type, sodium n-heptyl- 
penicillinate, or sodium benzyl penicillinate, etc., 
for which the potency of the pu]*e preparation is 
known. Organisms often respond in a different 
manner to tlie various penicillins. Thus, a stand¬ 
ard test organism must be selected. When mix¬ 
tures of penicillins are presented for avssay, the 
microbiological assay indicates the biological activ¬ 
ity of the preparation, but yields no exact figure for 
the actual quantity by weight of penicillin present. 
Attempts to determine the latter quantity, will be 
discussed below under the heading ^‘differential 
assays. 

No competitive phenomenon analogous to p- 
aminolxmzoie acid reversal of sulfonamide bacterio- 
stasis is known for penicillin. Tlius, the growth 
inhibition of bacteria in a medium is a function of 
penicillin concentration. Introduction of small 
quantities of impurities contained in the penicillin 
samples is of litth' significance. Tliis cannot be 
interpreted to allow inclusion of high concentra¬ 
tions of solvents or amino acids with the sample for 
assay. Solvents act synergistically with penicillin 
in concentrations not bacteriostatic for the test 
organism and certain amino acids act likewise with 
specific test organisms. 

Designations of Activity. Numerous terms have 
been employed to express penicillin activity. 
These include the inhibitory dilution, the number of 
micrograms, and arbitrary units. 

The dilution unit, or the greatest dilution at which 
inhibition of a given test organism is obtained, is the 
traditional method of expression. Rigid standardi¬ 
zation of medium, test organism, and physical 
factors arc required. Standardization on this 
basis has been found impractical where highly 
accurate results are required. 

Utilization of a microgram basis of terminology 
requires a punj reference standard. This Avas not 
available at the time of development of most assay 
methods. Therefore, arbitrary units were devised 
for the interim period until a pure reference stand¬ 
ard became available. As mentioned previously, 
the different antibacterial action of the various 
pcnicillinates makes the microgram terminology 
impractical even at present. 

Standards. Because of the difficulty in standard¬ 
izing all variables of an assay, considerable discrepH 
ancies are obtained in day to day determinations. 
A standard, of similar composition to the unknown 
sample, serves to minimize daily fluctuations. 
Changes in response of the test organism to penicil¬ 
lin are compensated for in calculations of results by 
the similar change which takes place with the 
penicillin standard. 

The concept of a penicillin unit to define the 
antibacterial potency of the antibiotic substance has 
been proposed (Chain, Fletcher, Gardner, Jen¬ 
nings, and Florey, Lancet, 2^1, 177 (1941)). In 
honor of the research team pioneering in the work. 


the term Oxford unit was accepted as the designa¬ 
tion for the unit until it became possible to define an 
International unit. A standard of partially puri¬ 
fied solution of purely arbitrary strength was 
established initially as an internal reference stand¬ 
ard for the use by the Oxford team; this unit was 
defined as “that amount of penicillin which when 
dissolved in 1 cc. of water gives the same inhibition 
as this standard.” The standard produced an 
inhibitory zone of 24 mm. by the cup assay pro¬ 
cedure (see below) and was maintained in phosphate 
buffer solution, saturated with ether, in the 
ice-chest. 

Later a quantity of dried solid was pr(‘.pared at 
Oxford and adopted by them as a reference stand¬ 
ard, the material being found by them to contain 4.4 
units per mg. (Therapeutic Research Corporation, 
Pen.Ct., 1). Samples of this material w^ere dis- 
tribulc^d by the Oxford workers to manufacturers 
and inv<‘stigators to assist in establishing a uniform 
basis of comparison. Secondary standards were 
established by comparison w'ith the Oxford material. 

Difficulties soon arose from the necessity of using 
an unstable material for a standard. Additional 
problems were presented by the periodic need of 
establishing new substandards. To meet these 
problems, an assay panel w'as organized as a part of 
the Therapeutic Research Corporation in January 
of 1943 {Pen.C L, 1). Problems presented to the 
panel included indications of non-homogeneity of 
the Oxford standard {Pcn.C23, 1) and evidence of 
difference in assay values arising from comparisons 
of Merck penicillin against the Oxford standard 
wdth several microorganisms {Pen.ClS, 1). To 
eliminate difficulties thought to be due to the exist¬ 
ence of more than one type of penicillin in material 
being assayed, the panel decided to use a standard 
strain of organism for its determinations. The 
panel also assigned values, in terms of the Oxford 
standard, to two reference standards, samples of 
which later proved of assistance in defining the 
International unit of penicillin. (Therapeutic Re¬ 
search Corporation, PmJ21, 6; League of Nations 
Bulletin 12, No. 2,194). 

The T.R.C. suggested large units, as an aid to 
clinicians, to remain in force on a temporary basis 
until official standards were established at an 
International Conference. The new units were 
the kilo-unit == Ku = 1,000 Oxford units and the 
mega-unit == Mu » 1,000,000 Oxford units {Pen,C 
IS, 1). 

In the fall of 1943 the U. S. Food and Drug 
Administration was called upon to start a regular 
program of penicillin assays. The extensive varia¬ 
tion obtained between manufacturer’s assay and the 
F.D.A. assay dictated an extensive cooperative 
assay for the establishment of master and secondary 
standards. (A. C. Hunter and W. A. Randall, 
J. Assoc. Official Agr. Chem., 22, 430 (1944)). 
Chemically pure sodium salt of benzylpenicillin 
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served as the master standard. Comparison by 
different manufacturers of the master standard 
with standards derived from the Oxford prepara¬ 
tion yielded an average value of 1,000 Oxford units 
per mg. of master standard. In January 1944, the 
standard was accepted as official for assays made in 
the F.D.A. laboratory. Later, to facilitate con¬ 
version of potency designation to a weight basis, 
the master standard was assigned the value of 1,650 
Oxford units per mg. As an alternative expression, 
ampules could be labeled to contain the antibiotic 
activity of 00 mg. of pure penicillin sodium, in place 
of 100,000 Oxford units. 

A working standard of impure calcium penicillin, 
distributed to those having a legitimate need for it, 
and of a potency established by cooperative assay, 
was maintained by the F.D.A. This preparation 
contained 370 Oxford units per mg. and was similar 
in purity to the bulk of commercial penicillin 
produced at that time (early 1941). 

At a mooting held at the Royal Society, London, 
from October 10-19, 1941, an International Con¬ 
ference on Penicillin met for establishment of 
standardized procedures for the assay of penicillin 
(Science, 101, 42 (1915)). The following draft of 
resolution was adopted: 

(1) That, notwitliKtanding the* existence of more than one 
penicillin, it is desirable and possible to select and adopt 
an International Penicillin Standard consisting of a 
specimen of the pure crystalline sodium salt of Peni¬ 
cillin II or (1; and an International Penicillin Working 
Standard, the specific activity of which has boon deter- 
min(*d in relation to that of the International Standard. 

(2) That the use of these Standard Preparations, for the 
time being, would mei^t the nc'eds of practical standard¬ 
ization and render quantitative results obtained in 
different countries sufficiently comparable. 

(3) That the offer of the representatives of the United 
States of America to prepare the material for the 
International Standard, from contributions generously 
supplied for the purpose by manufacturers in the 
United States and the United Kingdom be gratefully 
accepted, and that the individual contributions be 
brought into one solution and finally crystallized as one 
uniform preparation. 

(4) That, with a view to the eventual replacement of this 
International Standard by a preparation of identical 
properties, the physical and chemical constants of the 
preparation now being adopted' shall be accurately 
determined. 

(5) That' approximately 8 grams of the International 
Standard shall be prepared and a quantity regarded as 
adequate to satisfy international requirements shall be 
deposited with the Department of Biological Standards, 
the National Institute for Medical Research, Hamp¬ 
stead, London, N. W. 3, on behalf of the Health 
Organization of the League of Nations. 

(6) That, on receipt at Hampstead, the International 
Standard shall be dispensed in suitable quantities into 
separate containers and after complete desiccation 
shall be sealed in these containers in pure dry nitrogen 
gas, by the method and technique hitherto adopted for 
other International Biological Standards and shall 
thereafter be maintained in cold storage pending 
supply to national control centers. 

(7) Tl^t the International Penicillin Working Standard for 
general distribution shall, for the present, consist of a 


calcium salt of penicillin and that the offer of the 
Food and Drug Administration of the United States of 
America to supply such a preparation be gratefully 
accepted. As in the case of the International Stand¬ 
ard, the International Penicillin Working Standard 
shall be deposited with the Department of Biological 
Standards, the National Institute for Medical Re¬ 
search, Hampstead, London, N. W. 3, on behalf of the 
Health Organization of the League of Nations. It 
shall be dispensed in suitable quantities, in the manner 
described above, and stored and distributed under the 
same conditions as other International Biological 
Standards. 

(8) That the International Unit of Penicillin be defined as 
^‘the specific penicillin activity contained in O.C micro- 
gram of the International Penicillin Standard.^' 

The International Lnit so defined is approximately 
equivalent to the unit originally adopted by Heatley 
and other collaborators of klorey (1941) and com¬ 
monly known as the “Oxford*^ unit. 

(9) That 2.7 micrograms of th(‘ present International 
Penicillin Working Standard (8(*e paragraph 7 above) 
be accepted as containing 1 International Unit of 
Penieillin. 

(10) That for the determination, by a suitable method of 
comjiarative assay, of the specific activity of an 
unknown preparation of p(‘iiicillin in terms of the 
International Standard it is lU'ccssarv to use a suita- 
bl(‘ strain of Staphi^locorcus <jurnis, and that this 
strain must have practically eijual sensitiveness to the 
inhibitory actions of Penicillin I, or F, and Penicillin 11, 
or (i. The two strains of Stapht/loroccus aun us which 
at presimt can be certified, by the experiimoe of many 
workers, to fulfill these conditions are those knowix 
variously as: 

(a) No. 6571 of the National (bJlection of Type Cul¬ 
tures (England). 

No. NRRL B-314 (NortluTn Regional Research 
Laboratory, Peoria, Illinois, IJ. S. \ ). 

No. 9144 of the American 1'ype Culture Collection 
(Washington, D. C., U. S. A.). 

and 

(b) No. 209-P, the Food and Drug Administratioq 
(Washington, D. C., U. S. A.). 

No. NRRL B-313 (Northern Regional Research 
Laboratory, Peoria, Illinois, U. S. A.). 

No. 6538 of the Arne.rican Type Culture Collection, 
Washington, D, C., U. S. A.). 

Both of these cultures may be obtained by application 
to the National (Collection of Type Cultures, Tlie Lister 
Institute, London, or to the American Type (Culture 
Collection, Georgetown University, Washington, D. C. 

(11) That the Conference recognizes that it may eventually 
become necessary and jiracticablo to establish further 
standards made from other varietii's of Penicillin; and 
recommends that, with a view to such further develop¬ 
ment, efforts should be made to make pure sample of 
other penicillins available for international exchange 
among research workers in this field. 

Supplemental data concerning the preparation 
and properties of the International Penicillin 
Standard, which could not be published due to the 
prevailing secrecy regulations, were presented in a 
report from R. D. Coghill of NRRL {C,21, 1). 

Because of secrecy regulations, the report covering the 
preparation of the International Penicillin Standard was, of 
necessity, incomplete. This supplemental report describes 
the method used in the recrystallization of the Standard 
and supplies further data relative to its composition and 
properties. 
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A. Method of Crystallization. The crystallization of the 
pooled samples of sodium benzylpenicillin was carried out 
as follows; The 19.0 g. of sodium salt was placed in a 3 X 16 
cm. test tube, cooled in an ice bath, and 9.50 ml. of water 
added. The mixture was worked with a stirring rod at 
room temperature until all the solid was in solution. Eleven 
ml. of n-butyl alcohol was then gradually added at room 
temperature wdth stirring. I^'he resulting clear solution was 
filtered under nitrogen pressure through a cotton-asbestos 
pad, n-butyl alcohol being used for washing. To the clear 
filtrate was added more n-butyl alcohol, so that the total 
amount used in the crystallization was 238 ml. (25 times the 
volume of water used). 

This solution wa.s allowed to stand at room temperature 
for two hours, during which time a heavy deposit of crystals 
(blades) appeared. The material was then treated as de¬ 
scribed in the report previously submitted. 

B. Elementary Analysis. The crystals, after drying, were 
analyzed for carbon, hydrogen, nitrogen, sulfur, and sodium. 
The results, as well as those retjuired by theory, are given 
below: 

Per Cent 

C HNS Na 

(^alc. for CuHnOiNjSNa: 53.92 4.81 7.86 9.00 6.45 

Found: 54.15 4.94 7.90 9.22 6.50 

54.14 4.95 7.83 9.01 6.46 

8.80 

C. Ultraviolet Absorption Spectrum. The ultraviolet 
absorption of the penicillin was measured in duplicate in 
95alcohol (in which the absorption shows no change for 

TABLE 1 

Ab.sorption Data of International Penicillin Standard in 

95% Ethyl Alcohol (Concentration in g. per 100 ml. 
of Solution) 


Wave 

length 

Ab.sorji- 

tion 

(Aiig- 

1 

(Aiig- 

E. 

(Ang- 


Stroms) 


strorns) 


Stroms) 

V \ % 






C-I icin 





3450 

.103 

2650 

4.63 

2515 

9.01 

3400 

.135 

2645 

4.78 

2510 

, 9 11 

3350 

.163 

2640 

4.57 

2505 

9.27 

3300 

.183 

2635 

4.30 

2500 

9.53 

3250 

.191 

2630 

4.14 

2490 

10.3 

3200 

,188 

2625 

4.26 

2480 

11,2 

3150 

.175 

2620 

4.52 

2470 

12.2 

3100 

.163 

2615 

4.87 

2460 

13.2 

3050 

.144 

2610 

5.21 

2450 

14.3 

3000 

.128 

2605 

5.55 

2440 

16.0 

2950 

.126 

2600 

6.00 

2420 

20.4 

2900 

.155 

2595 

6.45 

2400 

24.4 

2875 

.201 

2590 

6.87 

2380 

29.4 

2850 

.228 

2587 

7.12 

2360 

35.4 

2825 

.245 

2585 

7.11 

2340 

43.1 

2800 

.265 

2580 

7.04 

2320 

52.0 

2775 

.320 

2575 

6.84 1 

2300 

61.9 

2750 

.396 

2570 

6.56 

2280 

80.0 

2725 

.669 

2565 

6.39 

2260 

99.8 

2700 

1.39 

2560 

6.41 

2240 

119 

2690 

2.22 

2555 

6.55 

2220 

143 

2685 

2.71 

2550 

6.79 

2200 

175 

2680 

2.91 

2545 

7.17 

2180 

219 

2675 

2.93 

2540 

7.54 

2160 

263 

2670 

3.05 

2535 

7.95 

2140 

304 

2665 

3.28 

2530 

8.36 

2120 

362 

2660 

3.70 

2525 

8.67 

2100 

401 

2655 

4.24 

2520 

8.86 




TABLE II 

Uirig Diameters, Spacings, and Relative Intensities of Lines 
m X-Ray Powder Pattern of the International 
Penicillin Standard 


Ring diameter 
cm. 

Spacing “d” 
in A 

Intensity 

.99 

15.60 

VS 

1.83 

8 52 

vw 

2.02 

7.72 

vw 

2 68 

5.84 

vs 

3.15 

5.02 

vs 

3.32 

4.78 i 

vs 

3.75 

4.31 

w 

3.91 

4.14 

s 

4.08 

4.00 

w 

4.53 

3 65 

M 

4.73 

3.51 

M 

4.92 

3 40 

M 

5.13 

3.27 

W 

5.40 

3.13 

s 

5 75 

2 98 

w 

5 97 

2.89 

M 

6 28 

2.78 

M 

6.56 

2.69 

VW 

6.88 

2 59 

M 

7.14 

2 52 

M 

7.60 

2.40 

W 

7.80 

2 35 

W 

8.34 

2 25 

VW 

8 60 

2.21 

vw 

9.38 

2 08 

w 


several days). The measurements were made with a 
Beckman photoelectric spectrophotometer and the peaks 
and valleys are just fully resolved by using the narrowest 
nominal band width, which is 10 A. (0.39 mm. slit width) 
as defined by T. 11. Ilogness, cl aL (J, Phys. Chem,, 41 ^ 379 
(1937)). 'Fhe absorption data are given in Table I below. 
One of these covers the range from 2,100 to 3,400 A., the 
other covering 2,500 to 2,825 A. in order better to show the 
peaked absorption. Two portions of the absorption curve.8 
of **pure*' penicillin preparations vary with different sources 
of sample and method of purification. The first portion of 
the spectrum of the IntiTnational Penicillin Standard which 
does not represent pure penicillin arises from the material 
giving the peak at 3,240 A. This substance forms from 
penicillin in aqueous solution and represents, in this prepa¬ 
ration, only 0.3% of impurity if the absorption coefficient 
found by Merck and CJompany and reported by Shell 
Development Company (*S/i.^?, 21) is used. The second 
portion is the shoulder at 2,850 A., which some of the 
components making up the original sample did not show 
at all. This absorption is at the peak position for peni¬ 
cillin X (III), and assuming about half the absorption is 
due to this impurity, it would represent 0.25%. 

D. X-ray Powder Pattern. An X-ray powder pattern 
was taken of the penicillin. The conditions were: self- 
rectified tube, voltage 37 K.V.P., 15 ma. current, 5.0 cm. 
sample to film distance, exposure seven hours, pin-hole 
0.013 inches, and Ni filtered Cu radiation. The sample wifs 
not ground but was packed with pressure into a hole, . . . 
some of the crystals [were] too large for a smooth powder 
picture. Table II gives the measured ring diameters, the 
calculated spacings, and estimated relative intensities. 
Other specimens of “pure” penicillin treated similarly yield 
prints showing variations in relative intensities, especially in 
the outer rings. 

B. Specific Rotation. The specific rotation of a 2% 
aqueous solution was found to be * « +301®. 
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Methods of Assay. The methods of assay may 
be grouped under several distinct headings. These 
are the serial dilution, turbidimetric, diffusion, and 
special methods based on metabolic activity of the 
test organism. A fifth type, the differential assay, 
makes use of one of the foregoing methods with 
several test organisms, for the differentiation of 
types of penicillin. An attempt will be made to 
abstract the first report of each method of assay, 
including the procedure, and to mention significant 
modifications. For full details the reference should 
be consulted. 

Serial Dilution Assays. A serial dilution assay 
for penicillin was proposed by Fleming {Brit. J. 
Ex per. Path., lOy 220 (1929)) for the accurate 
estimation of penicillin. 

Tlu' inhibitory powor can bo accurately titrated by making 
Honal (lilutiOTiH of piuiicillin in frcHli nutrient broth, and then 
implanting all the tubes with the same volume of a bacterial 
suspension and incubating them, 'rhe inhibition can then 
readily be seen by noting the opaeity of the broth. 

For the e.slimation of the antibacterial po^\er of a mold 
culture, it IS unm*cessary to filter as the mold grows only 
slowly at 37*^0., and in 24 hours, when the results are read, 
no growth of the mold is perceptible. Staphylococcus is a 
very suitable microbe on which to test the broth as it is 
hardy, lives well in culture, grows rapidly, and is very 
sensitive to penicillin. 

Later, in a more detailed description (Fleming, 
Lancet, ^4^, 732 (1912)), Fleming proposed a broth 
consisting of peptone (1 gm.), sodium chloride 
(0.6 grn.), glucose (1 gm.), Andrades’ indicator 
(1 cc.) an(l water {q.s. to 100 cc.). A 3 mm. loop of 
a 21 hour broth culture of aS. aureus was inoculated 
into f) cc. of the medium and serial dilutions of 
penicillin added. After incubation for 24 hours, the 
endpoint was determined from the appearance of 
red color in those dilutions allowing bacterial growth. 

C'lutterbuck, Lovell and Ilaistrick {Biochem. J., 
26, 1907 (1932)) extended the serial dilutiim assay to 
include tests with the pneumococcus and II. influ¬ 
enzae. Opacity readings established the endpoint. 
A standard strain of hemolytic streptococcus 
(C. 203 M.) was proposed by Hobby, Meyer and 
Chaffee {Proc. Soc, Exper, Biol. Med., 50, 277 
0912)). 

Rammelkamp’s method {Proc. Soc. Exp. Biol. 
Med., 51, 95 (1942)) was designed to meet the 
clinical problem of measuring very low levels of 
penicillin in blood or other body fluid. Addition of 
erythrocytes improved the serial dilution method 
greatly by yielding a sharply defined endpoint, 
the point of hemolysis. 

The unknown samples of penicillin are stored at S'^C. 
until the time of testing. If the samples are known to be 
contaminated, sterilization is effected by passing them 
through a Seitz filter. 

To the first 2 tubes of a series of small culture tubes 
0«2 00 . of the unknown sample is added. The tubes, with 
the exception of the first one in the series, contain 0.2 cc. 
of veal infusion broth. From the second tube, then, 0.2 cc. 
of the broth-penicillin sample is removed and serial dilutions 


are made. In addition, if the solution to be tested is known 
to contain a very small quantity of penicillin, a further tube 
coiitainmg 0.5 cc. of the unknown is added to the test. 

A control run with each determination is made up from 
a standard of penicillin which is stored at 5°C. in a solution 
of 0.85 % sodium chloridt' in a concentration of 20 Florey 
units p(‘r cc. This standard is then treated in a manner 
similar to the unknown samples. 

The test organism is a C*roup A strain of hemolytic 
streptococcus obtained from the blood stream of a patient 
with erysipelas. The appropriate dilution of a 12-hour 
broth culture is made in veal infu‘'ion broth containing 
3% erythrocytes so that the linal number of organisms 
vanes between 1,000 and 10,000 per cc. The inoculum 
consists of 0.5 cc. of this dilution and is added to each tube 
as well as to the control series containing dilutions of a 
known amount of perucillin. Th(‘ cultures are then incu¬ 
bated for 18 hours, following which the tubes are examined 
for hemolysis. A 3 mm loop of the cultures near the 
endpoint is streaked on blood agar jilates as a check of 
sterility. 

Further improvements or modifications intdude 
reduction of tlio assay time 3 to 2 hours by use of 
actively multiplying cultures (Wilson, Nature, t52, 
475 (1913); Rake and Jones, Proc. Soc. Exper. Biol. 
Med., 5Ji, 189 (1943)) and choice of reduction of 
hemoglobin by Staphylacoccus aureus NRRL 313 
grown under anaerobic condition.s as the indicator 
for bacterial growth (Personal (Communication, J. 
D. Thayer, U. S. Public Health Service, Marine 
Hospital, Staten Island, N. Y.) 

Heilman and Herrell, {An J. Clin. Path., 15, 7 
(1945)) working in the laboratories of th(‘ Mayo 
Clinic, have found an adaptation of the Wright 
slide-cell technique to be the most satisfactory 
in their experience for the determination of the 
amounts of penicillin in the various body fluids. 
Fleming’s modification of the technique, (Fleming, 
Lancet, 2^7, 020 (1911); Am. J. Clin. Path., 15, 1 
(1945)), as used by the above authors, effects a 
considerable saving of time and eciuipmcnt. 

The materials used are sterile whole human blood defibrm- 
ated by shaking wdth glass beads, a 24-hour broth eulture 
of Streptococcus pyogenes, and penicillin of kiiow'ii strength. 
Various dilutions of standard penicillin and of serum . . . 
are mixed with the delilirinated blood, in which the leuko¬ 
cytes have been killed, and are incubated on glas-s slides 
divided into sections bv strips of paper dipped into hot 
petrolatum. After incubation, the dilution that completely 
prevents hemolysis du(‘ to S. pyogenes is determined and 
then multiplied by the concentration of the standard in the 
same test that completely prevents, hemolysis. For ex¬ 
ample, if a 1:4 dilution of the same test substance caused 
complete inhibition and the endpoint with the standard 
were 0.03 units per ce., the tested fluid contained 0.12 units 
of penicillin per cc. 

A method of penicillin assay in which variation in 
repeated runs is insignificant, thus eliminating the 
need for a standard, has been claimed by Heilman 
{Am. J. Med. Sci., 207, 477 (1944)). While the 
method is essentially a serial dilution determination, 
a semisolid tissue culture serves as the medium. A 
standard strain of pneumococcus is the test organ¬ 
ism. The method is not recommended for deter¬ 
mining the amount of penicillin in blood or other 
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tissues of patients, but is strictly a method for 
standardizing penicillin. 

Serial dilution in an agar medium was employed 
by Clutterbuck, Lovell, and Kaistrick {Biochem, J., 
26, 1907 (1932)) as a check against their broth 
assays. Waksman and Reilly {Ind. Eng. Chem. 
Anal. Ed., 17, 550 (1945)) presented the advantages 
and limitations of this method for the testing of 
antibiotics. The advantage of including a number 
of test organisms on each dilution plate should be 
emphasized. The characteristic spectrum obtained 
servos to verify the identity of the antibiotic under 
test. Modification to a micro scale was reported 
by Jackson (J. Bact., 51, 407 (1940)). 

Turbidimetric Assays. "I'urbidimetric assays are 
a natural extension of the serial dilution assay. To 
obtain a sharp endpoint in turbidity, hemolysis, or 
any indicator employed in the serial dilution method, 
increments of 50-100% are usually required in the 
penicillin concentration. Intermediate levels yield 
stages of partial inhibition. In many media, when a 
measurement of degree of inhibition is made at 
intermediate penicillin levels, a logarithmic relation¬ 
ship can be .shown to exist between degree of 
growth and penicillin concentration. Under favor¬ 
able conditions this type of assay is capable of high 
precision. Impurities affect the slope of the growth 
curve. Assays of broths and low-potency products 
arc often questionable when determined by the 
turbidimetric method, but the method is the most 
exact biological procedure known for purified 
preparations. 

In the first report of a turbidimetric assay applied 
to penicillin, Foster (J. Biol. Chem., 144, 285 (1942)) 
described the method as follows: 

In this work the Oxford strain of Staphylococcus a^^reus 
has been used. To tubes containing 6 ml.»of various dilu¬ 
tions of penicillin samples are added 5 ml. of sterile, double 
strength nutrient broth, inoculated just prior to apportion¬ 
ment. For inoculum, 0.4 ml. of a 20-hour nutrient broth 
culture of the test organism is added to 100 ml. of the 
double strength broth. Dilutions are made as follows: The 
original samples of penicillin arc diluted with ice-cold 
sterile 0.02 M phosphate buffer at pll 7.2 so as to contain 
approximately 0.02 unit per ml. These, together with the 
standard, are kept in an ice bath until all the samples have 
been treated similarly. Different amounts, namely 0.5, I.O, 
2.0, 3.0, and 6.0 ml., are then added aseptically to tubes 
previously sterilized with 4.5, 4.0, 3.0, 2.0, and 0 ml. of 
buffer, respectively. 

Aseptic precautions should be observed throughout. In 
assaying dry preparations of penicillin, contaminants are not 
a serious factor owing to the ultimate high dilution and short 
incubation. With penicillium filtrates or penicillin solutions 
contaminations may, however, be serious. Such liquids, 
when possible, should be obtained aseptically and main¬ 
tained sterile. Otherwise they should be kept cold (0®-5^), 
or saturated with ether or chloroform to minimize con¬ 
tamination. These solvents are without effect on the test 
organism under these conditions. 

After 16 hours (overnight) incubation at 37®, the tubes 
are shaken, the contents poured into calibrated Evelyn 
tubes, and the turbidimetric readings obtained. Galva¬ 
nometer differences (per cent transmissible light) are 
plotted against penicillin concentration. Three to five 


levels are run on each unknown, depending on how many 
can be predicted to fall on the central (three-fourths) region 
of the curve. . . . 

In practice the log curve may be used as reference; only 
3 or 4 points are required to define the log curve. 

Pope independently developed a turbidimetric 
assay, (Therapeutic Research Corporation, Pen, 
S9(F), 2), which was accurate for purified prepara¬ 
tions. A linear relationship did not exist between 
penicillin and a logarithmic function of the density 
of growth when samples containing destruction 
products of penicillin were assayed. A layer of 
paraffin over the surface of the culture medium 
minimized fluctuations in assay results (Therapeutic 
Research (Corporation, Pen.50, 1). 

Foster and Woodruff (./. Bad., 4^, 187 (1943)) 
showed that the turbidimetric assay could be 
modified to yield maximum growth of controls and 
normal standard curves within a 4 hour incubation 
period by inercasing the inoculum of B. aureus, to 
overcome the log phase. A similar assay with B. 
adherans as the test organism and incubation under 
conditions of agitation to promote the growth rate 
was reported later (Foster and Wilker, J. Bad., 4(h 
377 (1943)). 

Staiulanl curve: Five points in duplicate (0, O.l, 0.2, 0.3 
and 0.4 Florey uiiits/IO cc.) deline the curve although it 
is probable that three W’ould suffice. Two hundred cc. of 
sterile nutrient broth are inoculated witli 2.0 cc. of an 
overnight aerated broth culture of i?.ad/icra«.s (or S. aureus) 
and then distributed in 10 cc. amounts into 60 cc. JOrlen- 
meyer flasks. The curv^e tends to flatten out near tlu' end 
if the inoculum contains too few or slow growing cells. The 
standard penicillin solution containing 1,0 Florey unit per 
cc. is stored in the refrigcTator or, preferably, in dry ice. 
Quantities of 0, 0.1, 0.2, 0.3 and 0.1 ec. of the standard 
solution are added to tlie resjiective flasks in duplicate. 
Samples: Unknown samples are diluted to contain 1.0 Florey 
unit per ec. on the basis of the expected potency and 0.1, 
0.2 and 0.3 cc. added in duplicate to flasks as above. All 
dilutions are made in advanct* and the penicillin added to 
the medium all at one time. Sterile glassware is not re¬ 
quired; the flasks do not need to be plugged. The flasks 
are placed on a shaking machine at 37®Cb for 3 to 5 hours, 
after which growth is stopped immediately by cooling in ice 
water or by adding a drop of disinfectant solution (5% 
phenol or formalin). Turbidities are read in the Evelyn 
photoelectric colorimeter. The standard curve is obtained 
by plotting per cent transmissible light against penicillin 
concentration. Potencies of the unknowns are computed 
from the standard curve, the values obtained for the three 
levels being averaged. . . . While not furnishing as high an 
order of accuracy as desirable, this method has found valu¬ 
able application in the production of penicillin. 

Joslyn {Science, 99, 21 (1944)) proposed reading 
light transmission in the same test tubes in which 
the culture is grown. Reduction of the assay time 
in a turbidimetric test was accomplished by Lee et al. 
{J. Biol. Chem., 162, 485 (1944)) with a culture of 
group B streptococcus used for inoculum in the 
active growth phase. Holmes and Lockwood 
{Am. J. Med. Sd., 207, 267 (1944)) successfully 
detected amounts of penicillin as low as 0.01 unit per 
ml. but were not successful in developing a satis* 
factory tvirbidimetric assay for blood serum. 
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However, Kirby and Rantz (J. BaH, 003 (1944)) 
proposed a modified method which permitted the 
determination of penicillin in body fluids. Labor- 
saving devices were introduced by McMahan 
(J. Biol Chem., 163, 249 (1944)) in an assay that 
proved successful in the routine determination of 
large numbers of samples, yielding assays more 
precise than were obtained by diffusion methods. 

Thermostable factors in the broth were found to 
cause drift in assay values at the University of 
Wisconsin (OPRD Report No. 9, 13). The lowest 
value obtained was found to correspond most 
closely to the cup assay. The average of a large 
number of samples indicated that the turbidimetric 
values were 18% higher than cup assay values. 
By adding heated broth, in which the penicillin 
was destroyed, to the standard, valid assays could 
be obtained turbidimetrically. 

Improved results with an alternate method of 
measurement were claimed by Osgood (»/. Clin, 
Invest 23, 948 (1944)). A relation Avas found to 
exist between the growth rates of staphylococci and 
the penicillin concentration in the medium. Lysis, 
whicli often occurred after maximum growth with 
staphylococci, did not affect growth rate determina¬ 
tions, wdiereas it introduced errors in the normal 
method of measurement. 

Enterococci have been employed in turbidimetric 
tests (Park, 1944, M.S. Thesis, University of 
Wisconsin). Stjrpiococcifs ladis 30-5 \vas par¬ 
ticularly adaptable to turbidimetric*. procedures. 
Assay of broth activities often yielded anomalous 
results due to the sensitivity of the test organism to 
various chemicals added to submerged fiTmenta- 
tions for anti foam properties. A concentration of 
0.008 mg./cc. linoleic acid or 0.04 mg./cc. saponified 
corn oil completely prevented growth of the test 
organism. The systematic errors introduced by 
these substances different from penicillin are greater 
than the reduction in random errors of assay with 
the enterococci, as compared with S, aureus. 
Therefore, no advantage could be claimed for this 
method of assay. 

Diffusion Assay. The detailed reports of Abra¬ 
ham et al {Lancet, 2U, 177 (1941)), which served 
as a basis for most studies on penicillin, contained 
the description of a diffusion method of assay. 
Fleming {Bril J. Exper. Path,, 10, 226 (1929)) had 
first proposed use of diffusion of penicillin as a rough 
means of measurement, by incorporating penicillin 
and agar in a gutter cut in an agar plate. Modifica¬ 
tion of this procedure to a quantitative method was 
proposed by the Oxford workers. 

Ordinary nutrient agar plates are seeded with the test 
OTf^BJiiam’-^Stciphylococciis aureus has been used in this 
work—^by allowing a broth culture of the organism to flow 
over the surface of the agar and draining off the excess 
broth. The plates are then dried for an hour in the incu¬ 
bator at 87*’C. in a special rack which supports the lid of 
the Petri dish half an inch above the lower part. When 
dry the seeded plates are removed from the incubator and 


can be kept in the refrigerntor for one or two days. Cylin¬ 
ders made fron\ slu)rt longlliH of glass tubing, llio dimensions 
of whicli will b(‘ soen from the inset of Fig. 1, are placed on 
the agar. Tlie lower edge of the cylinder is carefully ground 
level and lias an internal bevel so that the thin edge tends 
to sink into the agar and make a water- and bacteria-tight 
seal. Vitreous porcelain cylinders of the same size and 
shape, coloured at the non-bevelled end to facilitate* their 
orientation, have also proved satisfactory. The cylinders 
are filled with tlie fluid to b(* tested, and the plates, resting 
on a block of wood, arc incubated for 12-1C hours at 37'’C. 
(If placed directly on the warm incubator shelves moisture 
may condense on the lids of the Petri dishes and drop on 
the agar, thus obscuring t he results.) By the end of incuba¬ 
tion most of the fluid in the cylinders has disappeared and 
each cylinder is surrounded by a eir<‘ular zone where no 
bacterial growth has occurred. The diameter of the zone 
depends on the concentration of the penicillin, the type of 
relation being shown iii Fig. 1. [Here reference is made* to 
a standard curve.] 

The possibilities and limitations of this method of assay 
have not yet been fully worked out, but the following points 
may be noted. 

1. The diameter in mm. of the zone of inhibition (whicli we 
have called the “assay value”) is only slightly smaller 
(1-2 mm.) when the cylinder is half filled then when it 
is fully filled. 

2. The assay value is unaffected by the pTI of the fluid 
being tested, provided it is not strongly buffered and 
lies within the range pll 5 *8.5. 

3. No inhibition is pro\icled by a saturated aqueous solu¬ 
tion of ether or by w'ater containing free droplets of 
chloroform. 

4. Diffusion of penicillin seems to be practically complete 
in 2-3 hours, and assay values after 14 hours of incu¬ 
bation are only very slightly smaller (0.5-1 mm.) than 
after a further 8 hours at 37' C. 

5. Provided the plate is not jarred the fluid cannot escape 
Irom the cylinders, and even if the fluid is not sterile 
the contaminating bacteria are confined to the inside of 
the cylinder. 

6. The assay value is not affected b> the thickness of tlie 
agar provided it is lietwecii tin* limits of 3 to 5 mm. 

7. The assay value varies slightly w*ith different batches of 
plates and wuth the density of bacterial population at 
the beginning of incubation. P^or this reason, uneven 
seeding of tin* plates must be avoided. 

8. Sometimes the clear zone of inhibition is surrounded by 
a halo of partial inhibition, which varies from a faint 
ghost to almost complete inhibition. So far no explana¬ 
tion for, or means of controlling, this phenomenon has 
been discovered. 

9. When the antibacterial activity of blood is to be assayed 
plasma or serum must be used, since red cells tend to 
form a layer immediately on top of the agar which seri¬ 
ously impedes the diffusion of penicillin and leads to low 
values- 

High accuracy cannot be claimed for this method of assay, 
but if it is done in triplicate (preferably on three different 
plates), and if the unknown solution is diluted so os to give 
an assay of not more than 26 mm. (before the curve has 
flattened out), the error is probably not greater than ±25% 
and may bo considerably less. We have no evidence that 
under suitable conditions this method is inferior in accuracy 
to the serial-dilution method and it is certainly many times 
quicker. In addition, less than 0.25 cc. of fluid is required 
for each test. 

Full practical details were subsequently pub¬ 
lished by Heatley {Biochem. J,, 38, 61 (1944)), 
including quantitative information on limits of 
accuracy. 

The F.D.A. 209 strain of S, aureus was found to 
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form sharp boundaries in the cup assay. Larger 
circles were obtained with agar of pH O.O-O.S than 
of 7.0-8.(). (NRRL, CMR Report No. 3.) In¬ 
organic salts present in the sample were found to 
give increased zone size. Crystalline benzyl- 
penicillin, dissolved in ilf/5 pll 7.0 phosphate 
buffer, showed an activity of 5,133 units per mg. 
when assayed against a crystalline standard in 
ilf/5() buffer with an assumed potency of 1 ,G50 units 
per mg. (Merck, ilf.^P, 17). 

Fleming {Lancet^ 2J!f2y 732 (1912)) concluded that 
a porcelain cup to contain penicillin was unneces¬ 
sary. Removal of agar from a plate with a cork 
borer provided a suitable receptacle to hold the 
antibiotic. While keeping the basic technique 
of the Oxford workers, Foster and Woodruff (J. 
Biol. Chem.y USy 723 (1913)) proposed a modifica¬ 
tion to improve rei)roducibility of the assay. A 
spore suspension of a sensitive strain of B. auhiilis 
was substituted for S. aureus. Spore suspensions 
provide a stable source of inoculum for periods of at 
least a year when maintained at temperatures 
below 4°C. Detailed procedures for the cup assay 
have been reported, including discuissions of various 
influential factors. (Foster and Woodrufl, J. 
BacLy 47, 43 (1944); Schmidt and Moyer, J. BacLy 
47, 199 (1944); Univ. of Wisconsin, OPRD Report 
No. 4, 5). 

An increase in size of the agar container has been 
proposed to reduce variation between plates 
(Stanford University, t)PRD Report No. 4> I; 
Epstein, Foley, Perrine and Lee, J. Lah. Clin. Med., 
319 (1944)). Replacement of the cup as a 
container for penicillin has proven successful. 
Filter paper or blotting paper discs of a constant 
size liberate penicillin into the agar medium, 
(Vincent, J. G., and Vincent, 11.' W., Proc. Soc. 
Exper. Biol Med.y 56, 1G2 (1944); Sherwood, Falco 
and de Beer, Science, 99, 247 (1944)). However, 
the absolute volume of solution added to a disc 
affects the zone size markedly, while such variations 
have little effect in the conventional cup assays. 
Both the size of the zone and slope of the relation¬ 
ship between zone and penicillin wx're found to vary 
with increase in diffusion times of penicillin (Univ. 
of Wisconsin, OPRD Report No. 4, ^)* 

Statistical methods of evaluating the assay have 
been proposed by Bliss {Science, 100, 577 (1944)) 
and by Knudsen. {Science, 101, 46 (1945.U 
Various types of cylinder guides for placing the 
assay cups have considerably aided the adaption 
of the method to a routine procedure (Stanford 
Univ., OPRD Report No. 4, 1; Oswald and Randall, 
Science, 101, 99 (1945); Reeves and Schmidt, J. 
Bad, J^9, 395 (1945)). Elimination of cups in 
favor of Fleming's agar hole method has been 
proposed (Cholden, J. Bact., ^7, 402 (1944); 
Therapeutic Research Corporation, PenA39, 1). 

For the control of penicillin produced in the 
United States, the Food and Drug Administration 


of the United States Department of Agriculture 
has proposed an official method of assay, based on 
the cup procedure, with acceptable modifications. 
The method has undergone revision at Yz yearly 
intervals. Portions of the revision of July 1946 
(Tests and Methods of Assays to Determine 
Compliance with Standards for Penicillin Products. 
Revised July 1945. Food and Drug Administra¬ 
tion, U.S.D.A.) with modifications effective Septem¬ 
ber 8, 1945, (Section 141.1, part 141, Chapter 1, 
title 21, Federal Register, September 8, 1945), are 
reported below^* 

I. Sodium Penicillin and Calcium Penicillin 

A. Potency 

1 (Cylinders (Cups): Make from standard wall pyrex 
tubing or fnun glazed porcelain, stainless steel, or aluminum 
tubing of the same wall thickness (±0.1 mm.), having an 
outside diameter of 8 mm. (±0.1 mm.), by cutting into 
I 0 cm. lengths. Unless made from stainless sb^el, the 
cylinders are beveled inside on one end at an angle of 30® 
to 40*". The beveled surface is ground to a smooth edge. 

2 Culture Media: (i) Make nutrient agar, for the assay 
and for carrying the test organism, as follows: 


Peptone . 6.0 gms. 

Pancreatic Digest of Casein. 4.0 gms. 

Yeast Extract. 3.0 gms. 

B(‘of Extract. 1. *5 gms. 

Cliicose. 1.0 gms 

Agar. 15.0 gms. 

Distilled TLO q.s . 1,000 ml. 

pll 6.5-^6.6 after sterilization 

(ii) Make nutrient broth, for preparing an inoculum of 
the test organism, as follows: 

Peptone.5.00 gms. 

Yeast Extract. 1.50 gms. 

Beef Extract. 1,50 gms. 

NaCl. 3.50 gms. 

Glucose. 1.00 gms. 

Dipotassium phosphate. 3.68 gms. 

Potassium dihydrogen phosphate.. 1.32 gms. 

Distilled U 2 O q.a . 1,000 ml. 

pll 7.0 after sterilization 

(iii) Media ingredients: (a) The yeast extract used in (i) 


and (ii) is a peptonc-like substance which represents the 
soluble products of yeast cells, (S. cerevisiae) autolyzed 
under optimum conditions, clarified and desiccated to a 
powder. One gram of the extract represents not less than 
7.5 gm. of the original yeast. 

It is a reddish-yellow to brown powder with a character¬ 
istic but not putrescent odor. It is soluble in water, 
forming a yellowish to brown solution having a slight acid 
reaction. 

Its nitrogen content, after drying to constant weight at 
100°C'., as determined by the Kjeldahl method, is not less 
than 7.2% and not more than 9.5%. 

Its residue on ignition, as determined by weighing accu¬ 
rately about 0.5 gm. and heating slowly until it is thoroughly 
charred, cooling, adding 1.0 ml. of sulfuric acid, and igniting 
to constant weight, is not more than 15%. 

Its I 08 .H at 100°C., as determined by weighing accurately 
about 1.0 gm. and drying to constant weight at 100®C., is not 
more than 6%. 

It contains no coagulable protein, as determined by the 
absence of precipitate when a filtered aqueous solution 
(1 in 20) is heated to boiling. 

Its chloride content, calculated as sodium chloride, is not 
more than 5%. 
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It contains no carbohydrate other than that naturally 
present. 

(b) The pancreatic digest of casein (bacteriological 
peptone) used in (i) and (ii) is a grayish-yellow powder, with 
a characteristic but not putrescent odor. It is freely soluble 
in water, a 2 % solution having a light yellgw color, being 
free from turbidity or sediment, and having a reaction of 
pH 6.5 to 7.0; it is insoluble in alcohol or ether. The casein 
used in the preparation of the digest is good commercial 
grade or better of acid precipitated casein which meets the 
following specifications: 


Ash.not more than 2.5% 

Moisture. not more than 8.0% 

Fat.not more 1 han 0.5% 

Free acid (as lactic acid) not more than 0.25% 

Reducing sugars. trace 

Fineness. 100% through a 20- 

mesh sieve 


The sodium chloride content of the pancreatic digest of 
cas(*in is not more than 1 %. 

Its loss at 100®(1., as determined by weighing accurately 
about 2 gm. and drying to constant w(‘ight at 100°C., is not 
more than 7 %. 

Its nitrog(‘n content, after drying to constant weight at 
100”C., as determined by the Kjeldahl method, is not less 
than 10%. 

Its residue on ignition, as determined by weighing ac¬ 
curately about 0.5 gm. (previously dried to constant weight 
at 100°C.) and heating it 8lov\ly iintil it is thoroughly 
charred, cooling, adding 1.0 ml of sulfuric acid, and igniting 
to constant weight, is not more than 15%. 

If the poptoncj meets the above requirements it need not be 
dried to constant weight for the following tests: 

It m(*ets the following tests for degree of digestion: Dis¬ 
solve I gm. in 10 ml. of distilled wat(*r. (a) Stratify a few 
drops of 10 % acetic acid in 50 Vo alcohol on about 1 ml. of the 
solution. No ring or precipitate forms at the junction of the 
two fluids and, when shaken, no turbidity results, (b) Mix 
1 ml, with 4 ml. of a saturated solution of zinc sulfate. A 
moderate amount of precipitat(*d proteoses is formed. 

(c) To 1 ml. of filtrate from (b) add 3 ml. of distilled water 
and 4 drops of saturated bromine water; a distinct reaction 
for tryptophane is given. 

It IS free from nitrites as determined by the following test: 
To about 5 ml. of a 2% solution add (a) a few drops of sul- 
fanilic acid reagent (sulfanilic acid, 0.8 gm; sulfurii' acid of sp. 
gr. 1.84, 5 ml; distilled water, 100 ml.) and (b) a few drops 
of dimethyl-«-naphthylamine ri'agent (dimethyl-a-naph- 
thylamine, 0.6 ml; glacial acetic acid, 30 ml; distilled water, 
70 ml.). Mix and allow to stand for 15 minutes. No pink 
or red color develops. 

It meets the following tests for bacteria-nutrient properties: 

Prepare media by adding to distilled water—(a) 2 % of the 
bacteriological peptone, 0.5% of sodium chloride; (b) 1 % of 
the bacteriological peptone, 0.5% of sodium chloride; (c) 
0.1 % of the bacteriological peptone, 0.5 % of sodiiun chloride; 

(d) 1 % of the bacteriological peptone, 0.5 % sodium chloride, 
0 .5% dextrose; (e) 2% of the bacteriological peptone, 
0.5 % sodium chloride, 1.5% agar. 

Adjust the reaction of all media to pH 7.2-7.4. 

To medium (a) add sufficient phenol red indicator to give a 
readable color, tube in Durham fermentation tubes, and 
autoclave. Inoculate with a loop of 24-hour culture of 
Escherichia coli. Neither acid nor gas is produced during 
incubation for 48 hours at 37‘‘(b 

Inoculate 5 ml. of medium (b) vrith Eberihella typhosa. 
Suspend between the cotton plug and the moutl.i of the test 
tube a strip or loop of lead acetate paper so that it hangs 
about 2 inches above the medium. After incubation at 
37 °C. for 24 hours the lower tip of the lead acetate paper 
shows little, if any, darkening; after 48 hours it shows an 
appreciable amount of brownish blackening (lead sulfide). 


Incubate 5 ml. of medium (c) inoculated with E, rob for 24 
hours at 37‘"( \; add about 0.5 ml. of indol reagent (p-di- 
methylaminobenzaldehyde, 1 gm.; ethyl alcohol, 95 ml.; 
hydrochloric acid of sp. gr. 1.18, 20 ml.); a distinct pink or 
red color forms which is soluble in chloroform. 

Inoculate 5 ml. of medium (d) with Aerohacter aerogenes^ 
and incubate for 24 hours at 37®C. Test by adding to the 
culture an equal volume of 10% solution of sodium or 
potassium hydroxide; shake and allow to stand at room 
temperature for several hours. The presence of acetyl- 
methyl-carbinol is shown liy the appearance of a pink color. 

In lieu of preparing the medium from the individual 
ingredients specified in paragraphs (2) (i) and (ii) of this 
section, they may be made from a dehydrated mixture 
which, when reconstituted with distilled water, has the same 
composition as such media, 

3. Working Standard: Keep the working standard (ob¬ 
tained from the Food and Drug Administration) in tightly 
stoppered vials, which in turn are kept in larger stoppered 
tubes containing anhydrous calcium sulfate, constantly at 
freezing temperature. Weigh out (‘arefully between 4 and 
5 mg. of the working standard and dilute with sterile 1 % 
phosphate buffer (pH 6.0) to make a stork solution of any 
convenient concent ra tion. Keep t h is sol u tion at a tern pera- 
ture of about 10°(\; do not use it later than 3 days after it is 
made. From this stock "solution make daily a wmrking 
dilution containing 1.0 unit p(T ml. and anotlier containing 
0.26 unit per ml. 

4. Preparation of Sample: Dissolve asojitically, in pyrogen- 
free sterile distilled water, the samiile to l)(‘ tested to make a 
stock solution containing 5,000 units (estimated) per ml. 
In the assay for potency, place 1.0 ml. of this solution in a 
100 ml. volumetric flask and make up to volume by the 
addition of sterile distilled water. Transfer 1.0 ml. of this 
50 unit (cst.) per ml. solution to a flask containing 49 ml. of 
1 % phosphate buffer (pH 6.0). Transfer 1.0 ml. of this 
1.0 unit (est.) per ml. solution to 3 ml. of buffer to make a 
solution containing 0.25 unit (est.) per rnl. Use these last 
two dilutions in the assay for potency. 

5. Preparation of Plates: Add 21 ml. of agar to each Petri 
dish (20 X 100 mm.). After the agar has been distributed 
evenly in the plates and has hardened, store in the refriger¬ 
ator until the following day. (They may be kept several 
days before use). The test organism is Straphylococcus 
aureus (F.D.A. 209-P). Maintain the test organism on agar 
slants and transfer to a fresh agar slant about once a week. 
Prepare an inoculum for the plates by transferring the cul¬ 
ture from the agar slant into broth and incubate* at 37'’C. 
From 16 to 24 hours there'aftor add 2.0 ml. of this broth 
culture to each 100 ml. of agar which has been melteel and 
cooled to 48°C. Mix the culture and agar theiroughly and 
add 4 ml. to each of the plates containing the 21 rnl, of the 
uninoculated agar. Tilt the plates back and forth to spread 
the inoculated agar evenly over the surface. Replae*e the 
glass covers of these inoculated plates w ith porcelain covers 
glazed on the outsidi*. Place four cylinders on the agar 
surface (beveled end down) so that they are at approximately 
90° intervals on a 2.9 cm. radius. In so placing the cylinders 
drop them from a height of inch, using a mechanical 
guide or device. 

6 . Assay: Use four plates for each sample. Fill one 
cylinder on each plate with the 1.0 unit p(»r ml. dilution, and 
one with the 0.25 unit per ml. dilution, of the working 
standard. Add the estimated dilutions of 1.0 unit p€»r ml. 
and 0.25 unit per ml. of the sample under test to the remain¬ 
ing 2 cylinders on each plate. ( arefully placi* the plates in 
racks and incubate 16 to 18 hours at 37°(X After incubation 
measure the diameter of each circle of inhibition to the 
nearest 0.5 mm. using a colony counter with a mm. scale 
etched into the supporting glass over the light source. 
Other measuring devices of equal accuracy may be used. 

7. Estimation of Potency and Error: For this purpose 
reference is made to the charts and nomograph published 
by Knudsen {Science^ 101^ 46 (1945); cf. Welch, Randall, and 
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Knudsen Am. Pharm. Aaaoc ., 55,102 (1946)). To use the 
chart for estimating potency, two values, namely, V and W, 
are required. For each plate calculate two values: v ** (ul 
-f uh) - (sl 4- sh) and w «= (uh 4* sn) - (ul 4- sl), where 
sh and sl are the dianicteSrs of the zones of inhibition in mm. 
of the 1.0 unit and 0,25 unit dilutions of the standard respect¬ 
ively and Uh and ul refer similarly to the corresponding dilu¬ 
tions of the sample under test. The value V is the sum of the 

V values for all plates and W is the sum of the w values for all 
plates. To estinmie the potency locate the point on the 
chart corresponding to the values V and W, and the potency 
can be read from the radial lines on the chart. 

The error of the assay is estimat(‘d by using the nomo¬ 
graph which requires five values, namely, the potency, V, 
W, Rv, and Rw. Rv (the range of the v’s) is the highest value 
of V minus, the lowest value of v obtained from the individ¬ 
ual plates. Similarly, Rw is the difference between the 
highest and lowest w values. After obtaining these five val¬ 
ues, connect with a straight edge the points corresponding to 

V and W on the respective scales on t he right side of the nom¬ 
ograph. Mark with a pin or sharp pointed-pencil the inter¬ 
section of the straight edge and the diagonal line of the 
nomograph. Move the straight edge so that it connects the 
value of Rw on its scale and the diagonal line at the point of 
the pin. The value for Q is thus determined by the scale 
value where the straight edge crosses the line labeled 

T is obtained by adding the squares of Q and Rv. On the 
left side of the chart connect the values of T and W with the 
straight edge and read the value of the ratio (error of 
assay/potency) where the straight-c»dge interaecls the scale 
of values for the ratio. This value multiplied by the 
potency equals the percentage error of the assay. The 
error of the assay calculated here estimates only how closely 
one assayist can check himself on any given set of dilutions 
of unknown and standard. It does not include any errors of 
weighing or errors due to variations in mat(*rials or sub¬ 
divisions of a lot of pciiicillin. 

Table III gives an example of a typical assay with the 
five values inserted. 

The chart for determining potency should not be used for 
determinations of potency lower than 50% or higher than 
150% of the standard. If the potency lies outside these 
limits, the assay should be repeated using a higher or lower 
dilution. The radical lines on the chart beyond these limits 
permit a rough estimation of potency froip a low as 5 % to as 
high as 1,000% when low values of W are found. If the 
value of V or W falls outside the limits of the chart, divide 


both V and W by the same proper number to bring them into 
the range of the chart and read the potency from the radical 
lines as before. If 11.4 Rw is greater than W, the slope 
of the assay does not differ significantly from zero and the 
assay is invalid. (The figure 11.4 was obtained by use of 
Student*8 tiest for determining the significance of a slope.) 

In certain laboratories it has been noted t|iat with the 4 to 
1 ratio, involving (soncontrations of 0.25 unit for the low 
dose, the zone of inhibition given by this dose may either be 
too small for accurate reading or have edges which are 
poorly defined. In order to permit the use of a higher con¬ 
centration of penicillin for the low dose the third of the 
attached charts may be used in assays in which the ratio of 
doses is 2 to 1, i.c., the high dose (sn) is twice the low dose 
(PLh As in the previous charts, if the potency lies outside 
the limits of 50% to 150% the assay should be repeated, 
using a lower or higher dilution. The potencies on this 
chart have been extended beyond these limits for rough 
estimation purposes when low values of W are found, namely, 
for 1, 2, and 3 plate assays. These c.\tenBions can also be 
used for four (or more) plate assays if both V and W are 
divuled by the same proper number to bring them into the 
range of the chart. 

8 . 'flu* potency of sodium penicillin and calcium penicillin 
is satisfactory whtm assayed by the above method if the 
immediate containers arc represented to contain: 

200,000 units or less and contain 85% or more of the 
number of units so represented. 

More than 200,000 units and contain 90 % or more of the 
units so represented. 

Metabolic Activity Assays. Until the mode of 
action of penicillin is elucidated, assays cannot be 
made on the metabolic function directly affected 
by penicillin. Those methods based on microbial 
metabolism, which have bc'en proposed, arc merely 
alternative procc'dures for measuring the growth of 
the test organism. More exact measurements may 
be made of small quantities of many metabolic 
products of micToorganisms than of increase in cell 
numbers, therefore such assays may be completed 
with relatively short incubation periods. Goth 
and Bush {Ind. Kvg. Chem.j Anal. Ed., 16, 451 
(1944)) investigated nitrite production from nitrate 


TABLE III 
Penicillin Plate-assay 


Standard 



Unknown 



St. 

Sll 

Ul 

Uh 



Plate 

0.25 u./ml. 

1.0 u,/ml. 

estimated 

estimated 

V or 

w or 

No. 

mm. 

mm. 

0.25 u./ml. 

1.0 u./ml. 

(ul + Uh) - (si, + Sh) 

(sh + Uh) - (sl + Ul) 




mm. 

mm. 



1 

18.0 

24.0 

18 5 

24 0 

4-0.5 

n.5 

2 

18.0 

24.5 

18.0 

24.0 

-0.5 

12.5 

3 

18,0 

25.5 

18.0 

24.5 

-1.0 

14.0 

4 

18.0 

24.0 

18,0 

24.0 

0 

12.0 

Sum . 

72.0 

98.0 

72.5 

96.5 

-1.0-V 

50.0 « W 

Range. 




— 

1.5 - Rv 

2.6 - Rw 


Potency -« 97 % of standard 
Q -0.1 
T - 2.26 

Error of Assay - ±3.93% of standard 
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by actively growing S, aureus cultures and found 
that this property would lend itself to the deter¬ 
mination of penicillin. This method is discussed in 
detail in the first section of this Chapter. 

A method proposed by Hirsch (Turk Fiztki vi 
Tabu Ilimler Sosyetesi Yillik Bildiriglcri ve Arsivi,, 
38 (1943-1944)) is based on inhibition of oxygen 
utilization of actively multiplying <S. aureus cul¬ 
tures by penicillin. Manometric procedures are 
utilized for measurement and a relationship deter¬ 
mined for the percentage of inhibition of O 2 uptake 
compared with the quantity of penicillin added. 
Four to five hours are required for a single deter¬ 
mination, with 0.01 to 0.05 Oxford units per ml. the 
smallest quantity that can be detected. The prime 
advantage of the procedure is the removal of inter¬ 
ference by other products of P. notatum having 
bacteriostatic activity (notatin). A somewhat 
different method of measurement has been proposed 
(Levitov, M. M., Vyshepan, K. D., and Nenasheva, 

A. M., Biochimia.y lOy 491 (1945)), in which a vessel 
containing the smallest amount of penicillin in 
which there is no increase in respiration with time 
is taken as the endpoint. 

Differential Assays. In January of 1944 indi¬ 
cations of a biological difference in the penicillins 
isolated from P, notatum 832 and P, Jwtatum 1,249 
were reported by W. H. Schmidt (NKllL, CMR 
Report No. 17y 3). Credit was given to Dr. W. R. 
Boon, Imperial Chemical Industries, for first noting 
the existence of more than one compound having the 
antibiotic activity associated with penicillin. Evi¬ 
dence had been obtained that the Merck penicillin, 
when assayed against the British standard, yielded 
divergent assay values depending on the micro¬ 
organisms used in the assay. For one preparation, 
values of 140 were obtained with S, aureus, 217 with 

B, subtiliSy and 185 with C. bulgaricus (llierapeutic 
Research Corporation, Pen,C 13, 1; 95, 5). 

Crystalline sodium benzylpcnicillinate from P. 
notatum 832 showed 1,500 Oxford units wdth S. 
aureus NRRL 313 and 1,540 with B, subtilis 
NRRL 618. The purest material obtained from P, 
notatum 1,249, mostly of the sodium 2-pentcnyl- 
penicillinatc type, showed 900 units per mg. with 
S. aureus and 612 with R. subtilis (NRRL, CMR 
Report No. 17, 3). As soon as pure crystalline 
sodium 2-pentenylpenicillinate became available, 
Schmidt and Ward of NRRL (CMR Report No. 18, 
6) were able to propose the use of differential 
assays for the determination of the proportion of 
the two types of penicillin present in a mixture. 
Pure sodium 2-pentenyl- and benzylpenicillinates 
were equally active for S, aureus, within experi¬ 
mental error, but sodium 2-pentenylpeniciUinate 
was only 66% as effective as sodium benzylpenicil- 
linate, for the inhibition of B. subtilis. The 
lelationship of B. subtilis activity for mixtures was 
linear between the extremes of 100% and 66%. 
Therefore, the error in determining relative amounts 


was three times the standard assay error. Mixtures 
of the pure penicillins, added to penicillin broth 
inactivated with acid, yielded true values. 

Crystalline sodium p-hydroxybenzylpenicillinate 
was found to contain 900 Oxford units per mg. when 
measured against a sodium benzylpcnicillinate 
standard with S, aureus and 1,200 units with R. 
subtilis. It was noted that the presence of the 
p-hydroxy type in a mixture vitiated the proposed 
differential assay method of Stodola, Wachtcl, 
Benedict, and Schmidt (NRRI.., CMR Report No. 
31, 4). 

The ratio, R. suhfibs assay/iS. aureus assay, 
served as a measure of the response initiated by 
various penicillins. The ratio for sodium benzyl- 
penicillinate is, by definition, 1.00. Marked varia¬ 
tion in the ratio occurred in the determination of 
sodium p-hydroxybenzylpenicillinate at various 
times. Schmidt (NRRL, CMR Report No. 32, 3) 
refiorted this to l)e due in large measure to the 
phase of R. subtilis used for inoculum. Ratios, as 
determined with the rough phase, were 2.0, with the 
smooth phase 0.88-1.00, and for an ordinary stock 
culture about 1.3. No marked ]>hase difference 
was noted in determinations of ratios for the 
2-pentcnylpenicillinate. 

Frequent transfer, high glucose concentration in 
the medium and a short incubation pericKl (12 hrs. 
at 30‘^C.) maintained the smooth phase of R. 
subtilis, while a sugar content of less than 0 C J and 
extended incubation period (24 hrs. at 30 37''C.) 
favored the change to a rough phase. 

Based on the marked difference in response of S, 
aureus NRRL 313, R. si(btths 558 (smooth), and R. 
subtilis 558 (rough), a method was proposed 


TABLK IV 



Benzyl- 

2 -Pen- 

tenyl- 

penicillin 

P-lly- 

droxy- 

i 

penicillin 

benzyl- 
pen icilhn 



units 
per mg 


NRIU. B-313. .. . 

1667* 

1490 

845 

NRRL B-314 

1667* 

1440 

1 935 

NRRL B-558 (smooth phase) 

1607* 

970 

800 

NRRL B-558 (rough phase) 

1667* 

970 

1200-1700 


1 

2 -Pontcnyl- 

penicillin 

1 

p-Hydroxy- 

ben/iVl- 

penieillin 

Activity vs. R. stibhlis (smooth) 

0 65 

0.95 

Activity vfl. S, aur/us (313) 
Activity vs. R. subtilis (rough) 

0.65 

! 

1.42-2 00 

Activity vs. S, aureus (313) 


* By definition. 
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whereby the conU^nt of any of the above three 
penicillins in a sample may be approximated. 
(Schmidt, W. H., Ward, G. e‘., and Coghill, R. D., 
liacL, 49, 411 (1945)). 

With this salt as a standard [sodium bcnzylpcnicillinate] 
the pure sodium salts of penicillins F and X [sodium 
2-peutenyiponiciIIinate and sodium p-hydroxybenzyb 
penicillinate] have been assayed against Staphylococcus 
aureus NllRb B-313 (FDA strain 209P), S, aureus NRRL 
Ji-314 (tleatley strain), and Bacillus suhiilis NRRL B-558 
(both smooth and rough phases) bv means of the cylinder- 
plate assay met hod. T> pical results are shown in Table IV. 
The data (‘an be used to calculate the ratios of the activities 
of <h(* various penicillins against the organisms in question. 
In vieiv of these different ratios, when a given sample of 
penicillin is assayed against those three organisms, it is 
possible to draw tentative conclusions as to the proportions 
of the various penicillins preaemt. Such conclusions involve 
the assumption that there are present no other substances 
possessing ant iliac terinl activity. If the rough phase of 
B. sublihs 18 used, each day's inoculum must be standardized 
against a known pure penicillin X [sodium p-hydroxy- 
benzjdpenicillinate], since some variation in the sensitivity 
of this dissociated strain has been encountered, presumably 
because of variation in the degree of dissociation. In pre¬ 
senting these data, no claim is made that this mefhod 
affords a precise means of analysis; it is believed, however, 
that results thus obtained are in most cases indicative of 
composition. 


The presence of sodium n-heptylpenicillinate, 
sodium n-amyliwnicillinate or so(Uum 3-pentenyl- 
penicillinatc in the mixture invalidates results 
obtained by the above method. The differential 
method may l)e extended to be specific for each new 
type of penicillin by choosing test organisms excep¬ 
tionally sensitive or exceptionally reastant to the 
new penicillin. However, with each additional 
penicillin the error of the determination increases. 
With the large number of natural and biologically 
synthesized penicillins now available, any of which 
may be prcscuit in a given sample, biological meth¬ 
ods may be expected to show only a very general 
indication of the types present. 

Thus, two methods are available for expressing 
the quantity of penicillin in a mixture. (1) By 
appropriate chemical isolation and analysis or very 
roughly by the differential microbiological assay 
procedure, the weight of each type of penicillin 
may be determined. (2) With a standard test 
bacterium, an expression of the antibacterial activ¬ 
ity of the preparation may be measured. W'hile 
most present methods propose a standard strain 
of (S', aureus, modification to an in vivo evaluation 
against a recognized pathogen may be proposed for 
future consideration. 
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This appendix contains information as to the origin, date of issue and date of re(*eipt of the indi¬ 
vidual progress reports which form the basis of the foregoing chapters. Wh(‘never possible, the names of 
the investigators who contributed the technical data contained in each report are stated; in some partici¬ 
pant groups, however, the scientific ])ersonnel constituted integrated teams, all of the members of wdiich 
are to be regarded as contributing to every report issued by their group. 


BRITISH MINISTRY OF SUPPLY 

Penicillin Phoduction Committee 


Report No.‘ 

Date of report 

Date rcc(»iv('d by 
O.S.U.D. (N. y.) 

1 

Group 

1 

1 Investigators 

1 

PEN.6S 

15 Feb. 1943 

5 Oct. 1946 

Wellcome 

Dufhn, W. M , and Smith, S. 

79 

19 May 1943 

5 Oct. 1940 

Oxford 

Abraham, K P., Baker, W., Chain, E., and 





Robinson, U. 

81 

9 Juii. 1943 

5 Oct. 1946 

Wellcome 

Duffin, W. M , and Smith, S. 

8B 

23 Jun. 1943 

5 Oct. 1946 

Oxford 

Crowfoot, I) , and Low, H 

86 

10 Jul. 1943 

5 Oct. 1946 

Wellcome 

Duliin, W. M , and Smith, S. 

87 


5 Oct. 1946 

Oxford 

Abraham, E P., Baker, W., Chain, E., and Rob- 





insun, If 

88 

30 Jul. 1943 

24 Jan. 1944 

Oxford 

Abraham, E. 1\, Baker, W., Cham, K., and Rob- 
in.son, R. 

Holiday, E. R. 

89 

4 Aug. 1943 

24 Jan. 1944 

Ixmdon Hospital 

90 

16 Aug. 1943 

24 Jan. 1944 

Wellcome 

Diiffin, W. M., and Smith, S. 

91 

14 Aug. 1943 

24 Jan. 1944 

1 Oxford 

Abraham, E. P., Baker, W., Chain, E., and Rob- 





inson, K. 

9S 

27 Aur. 1943 

24 Jan. 1944 

Glaxo 

Hems, H A. 

H 

2 Sep. 1943 

24 Jan. 1944 

Oxford 

Abraham, K P., Baker, , Chain, E , and Rob- 





iiuson, R. 

96 

G Sep. 1943 

24 Jan. 1944 

Wellcome 

Pope, C. G., and Stevems, M. 

96 


24 Jan. 1944 

Oxford 

eVowfoot, I)., and Diw, B. 

97 

16 Sep. 1943 

24 Jan. 1944 

Oxford 

Abraham, K. P., Baker, W., Chain, E., and Rob¬ 





inson, R. 

98 


24 Jan. 1944 

Oxford 

C^rowfoot, D., and Low, B. 

99 

29 Sep. 1943 

24 Jan.1944 

I.(\S. 

Caleb, J. R., Cook, A. II., Elvidge, J. A., Hall, 




R. H., and lleilbron, I. M. 

100 

4 Oct. 1943 

24 Jan. 1944 

Oxford j 

Abraham, E. P., Baker, W., Chain, E., CJornforth, 
J. W., Coniforth, R. H., and Robinson, R. 

101 

4 Oct. 1943 

24 Jan. 1944 

Oxford 

Crowfoot, D., and Low, B. 

10$ 

19 Oct. 1943 

24 Jan. 1944 

I.(\S. 

Bentley, R., Chteh, J. R,, Cook, A. H., Heilbron, 
I. M., Hall, R. 11., and Elvidge, J. A. 

10$ 

22 Oct. 1943 

24 Jan. 1944 

Oxfonl 

Abraham, E. P , Baker, W., Chain, E., and Rob¬ 





inson, R. 

104 

23 Oct. 1943 

24 Jan. 1944 

Oxford 

Crowfoot, D , and IjOW, B. 

m 

25 Oct. 1943 

24 Jan. 1944 

I.C.S. 

Bentley, R., (htch, J. R., Cook, A. II., Elvidge, 
J. A., Hall, R. H,, and Heilbron, I. M. 

106 

26 Oct. 1943 

24 Jan. 1944 

i.r.s. 

Bentley, R., Cratch, J. R., C^ook, A. H., Elvidge, 
J. A., Hall, R. H., and Heilbron, I. M. 

109 

8 Nov. 1948 

24 Jan. 1944 

Oxford 

Abraham, E. P., Baker, W., Chain, E., and Rob¬ 





inson, R. 

110 

8 Nov. 1943 

24 Jan. 1944 

I.C.S. 

Bentley, R., Catch, J H., Cook, A. H., Elvidge, 
J. A., Hall, R. 11., and Heilbron, I. M. 

111 

17 Nov. 1943 

24 Jan. 1944 

Oxford 

Abraham, E, P., Baker, W., Chain, E., and Rob¬ 
inson, R. 


^ Thd rtporte in thia teries not here listed contained no information lelating to the chemical constitution of ponicillin. 
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Report No. 

Date of report 

Date received by 
O.S.K.D. (N. Y.) 

Group 

Investigators 

PEN.llB 

18 Nov. 1043 

21 Jan. 1941 

Oxford 

(Vowfoot, D., and Low, H. 

US 

25 Nov. 1913 

16 Dec. 1946 

I.C.S. 

Bentlev, R., Catch, J. R., Cook, A. H., Elvidge, 
J. A., llnll, B. H., and Hcilbron, I. M. 

114 

11 Doc 1943 

10 Dec. 1946 

l.(^S. 

Bentley, 11., ('atch, J. R., Cook, A. H., Elvidge, 
J A., Hall, K. 11., and Ileillmiii, I. M. 

U5 

11 Doc. 1943 

16 Doc. 1946 

Glaxo 

Smith, E. L. 

UG 

22 D<h-. 1943 

16 Doc. 1946 

Wellcome 

Trevan, J. W. 

117 

2 .Ian. 1944 

16 Doc. 1946 

Oxford 

Crowfoot, D., Ijow, B., and Schmidt, G. 

118 

21 Jan, 1944 

16 Doc. 1946 

Glaxo 

Smith, E. L., and Anderson, F. W. 

119 

30 Doc 1943 

11 Nov. 1944 

(ilaxo 

Hems, B. A., Holland, D. 0., and Mathews, 





D. M. 

121 

21 Fob. 1944 

11 Nov. 1944 

Wellcoin(‘ 

Pope, G., and Stevens, M. F. 

122 

4 Mar. 1944 

11 Nov. 1944 

B.D.H. 

Stack, M. V., Stewart, D. I)., and Mead, T. II. 

124 

30 Mar. 1944 

11 Nov. 1944 

(ilaxo 

Smith, E L. 

126 

Apr. 1944 

11 Nov. 1911 

Glaxo 

Goddard, H. W., and Smith, E. L. 

127 

5 May 1944 

11 Nov. 1944 

H.D.ll. 

Stack, M V., Stewart, D D., and Mead, T. H. 

129 

31 May 1914 

11 Nov. 1944 

Wellcome 

Pope, C G. 

ISO 

5 Jun. 1944 

11 Nov. 1944 

Glaxo 

Ungar, J., aiid Him wick e, R. F. 

ISS 

4 Jill. 1944 

11 Nov. 1944 

B.D.H. 

Stack, M. V., Stewart, D D., and Mead, T. 11. 

1S8 

3 Oct. 1944 

28 Dec. 1911 

B.D.H 

Mead, T. H., Stack, M. V., and Stewart, D. D. 

ISO 

9 Oct. 1941 

8 Jan. 1915 

Glaxo ' 

Campbell, A. H., and Folkes, B. F. 

140 

20 Oct. 1944 

8 Jan 1945 

Glaxo 1 Garnpbcll, A. H. 

141 

15 Nov. 1944 

12 Mar. 1945 

Glaxo 

(\ampbell, A. H. 

14G 

14 Doc. 1944 

12 Mar 1945 

Glaxo 

CVimpbcll, A. H. 

144 

13 Dec. 1944 

19 Mar. 1910 

Wellcoiiie 

Pope, C. G., and Jon(‘s, T. S. G. 


MEDICAL RESEARCH COUNCIL 
CoMMin'KK ON Penicillin Synthesis 


Report No.* 

Date of report 

Date received 
by O.S.R.D. (N. Y.) 

Group 

Investigators 

CFS.l 

20 Dec. 1943 

5 Jun. 1944 

Oxford 

Abraham, E. P., Baker, W., Chain, E., and Robin¬ 
son, R. 

Not designated 

2 

8 Jan. 1944 

5 Jun.1944 

Oxford 

S 

12 Jan. 1944 

5 Jun.'1944 

Wellcome 

Not designated 

4 

21 Jan. 1944 

6 Jun.1944 

I.(kl 

Boon, W. R., Carrington, H. C. and Sexton, W. A. 
Not designated 

6 

26 Jan. 1944 

6 Jun.1944 

I.C.S. 

6 

27 Jan. 1944 

6 Jun.1944 

Glaxo 

Not designated 

7 

27 Jan. 1944 

6 Jun. 1944 

May and Baker 

Not designated 

8 

1 Feb. 1944 

5 Jun. 1944 

Oxford 

Not designated 

9 

1 Feb. 1944 

6 Jun. 1944 

Manchester 

j Not designated 

10 

4 Feb. 1944 

5 Jun, 1944 

B.D.H. 

Not designated 

11 

7 Apr. 1944 

6 Jun. 1944 

Oxford 

Abraham, E. P., Baker, W., Chain, E., and Robin¬ 
son, U. 

12 

8 Feb. 1944 

6 Jun. 1944 

Boots 

Peak, D. A. 

19 

16 Feb. 1944 

6 Jun. 1944 

Wellcome 

Copp, F. C., Duflin, W. M., Smith, S., and Wilkin¬ 
son, S. 

20 

21 Feb. 1944 

5 Jun. 1944 

I.C.L 

Boon, W. R., Carrington, H. C., and Jones, W. 


. 



G. M. 

21 

23 Feb. 1944 

5 Jun. 1944 

Oxford 

Abraham, E. P., Chain, E., Duthie, E. S., Baker, 





W., and Robinson, R. 

22 

26 Feb. 1944 

5 Jun. 1944 

Oxford 

Abraham, E. P., Baker, W., Chain, E., and Robin¬ 





son, R. 

2S 

29 Feb. 1944 

6 Jun. 1944 

I.C.S. 

Catch, J. R., Cook, A. H., and Heilbron, I. M. 
Cook, A. H., Elvidge, J. A., Hall, R. H., Heilbron, 

H 

1 Mar. 1944 

6 Jun. 1944 

I.C.S. 


. 



I. M., and Shaw, G. 

Carrington, H. C. 

26 

14 Jan. 1944 

5 Jun.1944 

I.C.L 


* Tb* numbm not here luted were aeeigned to American reporte. 
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Report No. 

Date of report 

Date received 

by O.S.lt.I). (N. Y.) 

* 

Group 

Investigators 

CPS.m 

14 Mar. 1944 

5 Jun. 1944 

Oxford 

Wilson, J. P., .lepson, J. B., Itobinson, G. M.; 
Abraham, E. P., Baker, W., (9iain, K., and 
Bobinson, R. 

27 

14 Mar. 1944 

5 Jun. 1944 

I.(M. 

Boon, W. U., Garriiigtoii, H. <\ and Froeninn, 
G. G 

Boon, W. H., C'arnngton, JI. and Fro(*nuin, 

G. G. 

28 

14 Mar. 1944 

6 Jun. 1944 

l.(M. 

20 

18 Mar. 1944 

5Jun.1944 

Oxford 

Abraham, E. P., Baker, W., (^hain, E., and Robin¬ 
son, It. 

SO 

20 Mar. 1944 

5 Jun. 1944 

Oxford 

Jepson, J. B , Abraham, E P, Baki'r, W., Chain, 
E , and Robinson, R. 

SI 

20 Mar. 1944 

5 Jun. 1944 

T.(M. 

Boon, W. R., ('alam, ('. T , and (Virrmgton, 11. ('. 

S2 

20 Mar. 1944 

5 Jun. 1944 

Oxford 

McOinic, J F VV , Al.nilmtn, E. P., Hakor, W., 
('hai)i, IC., :i)iil KoliiUHOii, R 

SS 

22 Mar. 1944 

5 Jun.1944 

Glaxo 

Gibb.s, E. M., Hems, B. A,, and Robinson, F. .V. 

Si 

25 Mar. 1944 

5 Jun. 1944 

Oxford 

Robinson, R 

S6 

27 Mar. 1944 

5Jun.1944 

Oxford 

Robin.son, G M.; Abraham, E P., Baker, W , 

('ham, E., and Robinson, R 

S6 

28 Mar. 1944 

5 Jun. 1944 

I.(\S. 

Cook, A. il., Elvidge, J. A., lloilbron, 1. M., and 
Shaw, G. 

S7 


5 Jun. 1944 

Manchester 

Tophani, A 

S8 

30 Mar. 1944 

6 Jun. 1!M4 

Glaxo 

Dupres D. J , Hems, B A., and Robin.son, K. A, 

SO 

30 Mar. 1944 

5 Jun. 1944 

May and Baker 

N()t designated 

iO 

30 Mar. 1944 

5 Jun. 1944 

May and Baker 

Barber, li. J., and Slack, R. 

41 

3 Apr. 1944 

5 Jun. 1944 

J.C.l. 

Boon, W. R., ('arrington, H. ('., Davies, J S. TL, 
and .lones, W. G. M. 

a 

3 Apr. 1944 

5 Jun. 1944 

I.(U. 

Boon, W. R., (/Vilam, C, T., ( yurrington, II. 0., and 
Freeman, G. G 

is 

3 Apr. 1944 

15 Jun. 1944 

Oxford 

Abraham, E. P.. Chain, E , Baker, W., and Robin¬ 
son, R. 

Not designated 

u 

6 Apr. 1944 

15 Jun. 1944 

I.(\S. 

is 

5 Apr. 1944 

15 Jun.1944 

May and Baker 

Newliery, G., and Raphael, R. 

46 

4 Apr. 1944 

15 Jun. 1944 

London Hospital 

Holiday, E. U. 

47 

4 Apr. 1944 

15 Jun, 1944 

London Hospital 

Holiday, E. R 

48 

7 Apr. 1944 

15 Jun.1944 

Oxford 

Barltrop, J. A., Robinson, G. M.; Abraham, E. P., 
Baker, W., Chain, E., and Robinson, R 

48 

12 Apr. 1944 

15 Jun. 1944 

I.CM. 

Boon, W^ R., Calam, Cb T., Carrington, H. C., and 
Levi, A. A. 

50 

17 Apr. 1944 

15 Jun. 1944 

B.D.H. 

Bradley, W., and Evans, A. A. 

51 

18 Apr. 1944 

15 Jun. 1944 

B.D.H. 

Bradk^y, W., and Davis, M. 

62 

17 Apr. 1944 

15 Jun.1944 

Glaxo 

Elliott, I). F., Hems, B. A., and Hobuison, F. A. 

6S 

19 Apr. 1944 

15 Jun. 1944 

1 

Oxford 

Crowfoot, D. M., Low, B. W., and Schmidt, G. 
M. J. 

H 

3 Apr. 1944 

15 Jun.1944 

N.I.M.R. 

Neuherger, A. 

55 

25 Apr. 1944 

15 Jun. 1944 

May and Baker 

Barber, 11. J., Slack, R., and Stiekings, C. E. 

66 

26 Apr. 1944 

15 Jun, 1944 

B.D.H. 

Bradley, W., MacLean, J. A. R., Pryce, N. A. C., 
and Skrimshire, G. E, 

57 

26 Apr, 1944 

15 Jun. 1944 

Oxford 

Cornforth, J. W., (Jornforth, R. H.; Abraham, E. 
P., Baker, W., ('hain, E., and Robinson, R. 

58 

1 May 1944 

15 Jun. 1944 

Oxford 

Cornforth, J. W., Cornforth, R. H.; Abraham, E. 
P., Baker, W., Chain, E., and Robinson, R. 

59 

2 May 1944 

15 Jun. 1944 

Oxford 

(^ornforth, J. W., (kirnforth, R. H.; Abraham, E. 
P., Baker, W. (’hain, E., and Robinson, R. 

60 

6 May 1944 

15 Jun. 1944 

Boots 

Peak, D. A. 

61 

4 May 1944 

15 Jun. 1944 

I.C.l. 

Boon, W. R., ( Wrington, H. C., and Levi, A. A. 

62 

10 May 1944 

15 Jun. 1944 

May and Baker 

Newbery, G., and Raphael, R. 

es 

15 Jun. 1944 

‘ I.C.S. 

Bentley, R., Catch, J. R., Cook, A. H., Elvidge, 
J. A., Heilbron, I. M, and Shaw, 0. 

64 

10 May 1944 

15 Jun. 1944 

B.D.H. 

Bradley, W. 

es 

24 May 1944 

15 Jun. 1944 

Manchester 

Baddiley, J., Openshaw, H. T., Sykes, P., and 
Todd, A. R. 

ee 

24 May 1944 

i 

15 Jun. 1944 

May and Baker 

Barber, H. J., Gregory, P. Z., Slack, R., Stiekings, 
0. E., and Woolman, A. M. 

67 

26 May 1944 

15 Jun. 1944 

I.C.S. 

Cook, A. H., Elvidge, J. A., and Heilbron, I. M. 
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Report No. 

Date of report 

Date received 
by O.S.Il.D. (N. Y.) 

Group 

Investigators 

t 

CFSms 

30 May 1944 

15 Jun. 1944 

Oxfonl 

King, F. K., Waley, S. G.; Abraham, E. P., Baker, 
W., Chain, E., and Robinson, U. 

H9 

30 May 1944 

15 Jun. 1944 

Oxford 

Cornforth, J. W., Cornforth, R. H., Dewar, M. 
J. 8.; Abraham, E. P., Baker, W., C'hain, E., 
and Robinson, R. 

70 

1 Jun. 1944 

21 Jul. 1944 

LC.T. 

Boon, W. R., Carrington, H. C., and Sexton, W A. 

71 

1 Jun.1944 

21 Jul. 1944 

Oxford 

Abraham, E. P., Baker, W., Chain, E., and Robin¬ 
son, R. 

72 

2 Jun.1944 

21 Jul. 1944 

Wellcome 

Copp, F. C., Duffin, W. M., Smith, S., and Wilkin- 

7S 

6 Jun.1944 

21 Jul. 1944 

Glaxo 

son, S. 

Attenburrow, J., Elliott, D. F., Hems, B. A., and 
Robinson, F. A. 

74 

12 Jun. 1944 

21 Jul. 1944 

Oxford 

Abraham, E. P., Baker, W., Chain, E., and Robin¬ 
son, R. 

75 

13 Jun.1944 

21 Jul. 1944 

Oxford 

Abraham, E. P., Baker, W., Chain, K., and Robin¬ 
son, R. 

76 

14 Jun. 1944 

21 Jul. 1944 

Oxford 

Wilson, J. P.; Abraham, P., Baker, W., C^hain, 
E., and Robinson, R. 

77 

17 Jun. 1944 

21 Jul. 1944 

I.C.S. 

Cook, A. 11., Elvidge, J. A., and Ileilbron, I. M. 

67 

14 Jun. 1944 

21 Jul. 1944 

Boots 

Grew, E. L. 

88 

16 Jun. 1944 

21 Jul. 1944 

I.C.L 

F'lett, M. St.C., and llorrobin, S. 

89 

16 Jun. 1944 

21 Jul. 1944 

l.C.I. 

Boon, W. R., Carrington, U. C., and Jones, W. 
G. M. 

90 

16 Jun 1944 

21 Jul. 1944 

May and Baker 

Gregory, P. Z., and Slack, R. 

91 

24 Jun. 1944 ^ 

31 Aug. 1944 

Oxford 

Wilson, J. P.; Abraham, E. P., Baker, W., Chain, 
E., and Robinson, R. 

92 

29 Jun. 1944 

31 Aug. 1944 

Boots 

Brodriek, C. I., and Peak, D. A. 

98 

29 Jun. 1944 

31 Aug. 1944 

Manchester 

Todd, A. R., and Topham, A. 

lOd 

4 Jul. 1944 

26 Aug. 1944 

j.r.8. 

Catch, J. R., Cook, A. H., and Heilbron, I. M. 

100 

7Jul 1944 

31 Aug. 1944 

I.C.S. 

(’ouk, A. H., Heilbron, I. M., and Shaw, G. 

107 

7 Jul. 1944 

26 Aug. 1944 

I CM. 

Boon, W. 11., Carrington, 11. C., and Freeman, G. 
G. 

Copp, F. C., Duffin, W. M., Smith, S., and Wilkin¬ 
son, S. 

Bentley, R., Cook, A. H., and Heilbron, I. M. 

108 

7 Jul. 1944 

31 Aug. 1944 

Wellcome 

197 

14 Jul. 1944 

31 Aug. 1944 

I.C.S. 

198 

17 Jul. 1944 

31 Aug. 1944 

Oxford 

Robinson, G. M.; Abraham, E. P,, Baker, W., 
Chain, E,, and Robinson, R. 

199 

19 Jul. 1944 

31 Aug. 1944 

I.C.S. 

Cook, A. H., Elvidge, J. A., and Heilbron, I. M. 

200 

20 Jul. 1944 

31 AUK..1944 

Glaxo 

Hems, B. A., and Robinson, F. A. 

201 

20 Jul. 1944 

31 Aug. 1944 

Glaxo 

Clayton, J. C., Elks, J., Hems, B. A., and Robin¬ 
son, F. A. 

Not designated 

202 

31 Jul. 1944 

18 Sept. 1944 

B.D.H. 

208 

31 Jul. 1944 

18 Sept. 1944 

I.C.S. 

Cook, A. H., Hall, R. H., Heilbron, I. M., and 
Roberts, E. R. 

204 

4 Aug. 1944 

18 Sept. 1944 

I.C.S. 

Cook, A. H., Heilbron, I. M., and Shaw, G. 

205 

31 Jul. 1944 

18 Sept. 1944 

May and Baker 

Harrison, J., and Newbery, G. 

206 

31 Jul. 1944 

18 Sept. 1944 

May and Baker 

Newbery, G., and Raphael, H. 

222 

14 Aug. 1944 

18 Sept. 1944 

Oxford 

King, F. E., Muir, I. H. M.; Abraham, E. P., 
Baker, W., Chain, E., and Robinson, R. 

223 

11 Aug. 1944 

18 Sept. 1944 

Glaxo 

Elks, J., Hems, B. A., and Robinson, F. A. 

224 

11 Aug. 1944 

18 Sept. 1944 

Glaxo 

Hems, B. A., Holland, D. C., and Robinson, F. A. 

225 

11 Aug. 1944 

18 Sept. 1944 

Glaxo 

Hems, B. A., Page, J. E., and Robinson, P'. A. 

226 


18 Sept. 1944 

Glaxo 

Smith, E. L., and Bide, A. E. 

227 

14 Aug. 1944 

18 Sept. 1944 

l.C.I. 

Boon, W. R., Calam, C. T., Carrington, H. C., and 
PYeeman, G. G. 

284 

23 Aug. 1944 

18 Sept. 1944 

May and Baker 

Barber, H. J., Gregory, P. Z., Slack, R., Stickings, 
C. E., and Woolman, A. M. 

285 

26 Aug. 1644 

18 Sept. 1944 

Oxford 

Abraham, E. P., Baker, W., Chain, E., and 
Robinson, R. 

244 

5 Sept. 1944 

18 Sept. 1944 

Oxford 

Beer, R. J. S., King, F. E., Waley, S. G.; Abraham, 
E. P., Baker, W., Chain, E., and Robinson, R. 
Neuberger, A. 

266 

28 Sept. 1944 

24 Oct. 1944 

N.I.M.R. 

267 

16 Sept. 1644 

24 Oct. 1944 

i.as. 

Bentley, R., Catch, J. R., Cook, A. H., Heilbron, 
1. M., and Shaw, G. 
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Report No. 

Date of report 

Date received 
by O.S.R.D. (N. Y.) 

Group 

Investigators 

cps.ges 

19 Sept. 1944 

24 Oct. 1944 

Oxford 

Beer, R. J. S., King, F, E.; Abraham, E. P., Baker, 
W., (^hain, E , unii Robinson, R. 

mo 

19 Sept. 1944 

24 Oct. 1944 

Oxford 

Robinson, R. 

ero 

23 Sept. 1944 

24 Oct. 1944 

I.C.S. 

t>)ok, A. Ji., Elvidpre, J. A., Hall, R. H., Heilbron, 
1. M., and Shaw, (}. 

271 

26 Sept, 1944 

24 Oct. 1944 

Oxford 

Abraham, E. P., liaktM*, W., (^hain, E., and Robin¬ 
son, R. 

SriAd 

16 Oct. 1944 

3 Nov. 1944 

Oxford 

Abraham, E. P., Baker, W., (’hain, K., and Robin¬ 
son, R. 

King. F. E., Wal(‘y, S. G.; Abraham, K. P., Baker, 
W., Chain, E., and Robin.s()n, R. 

Cook, A. H., Klvnigo, J. A., and Heilbron, I, M. 

272 

26 Sept. 1944 

3 Nov. 1944 

Oxford 

27S 

15 Sept. 1944 

3 Nov. 1944 

I.C.S. 

274 

27 Sept. 1944 

3 Nov. 1944 

I.C.I. 

Boon, W. R., Carrington, H C., Davies, J. S. 11., 
Jones, W. G. M., and Ramage, G. R. 

276 

27 Sept. 1944 

3 Nov. 1944 

i B.D.Il. 

Mead, T. 11., Stack, M. V., and Stewart, D. D. 

290 

29 Sept. 1944 

3 Nov. 1944 

Glaxo 

Herns, B. A., Page, J. K., and Robinson, F. A. 

291 

2 Oct. 1944 

3 Nov. 1944 


C'atch, J. R., Cook, A. H , and Heilbron, I. M. 
Smith, E. L., Bid(‘, A. E., Duckworth, A., and 
Graham, W. 

S98 

3 Oct. 1944 

3 Nov. 1944 

Glaxo 

306 

26 Oct. 1944 

13 Dec. 1944 

Boots 

Brodrick, C. ]., Peak, D. A., Short, W. F., Whit- 
iiioiit, F. F., and Wilson, W. 

311 

26 Oct. 1944 

13 Dec. 1944 

I.C.S. 

C'ook, A. 11., Heilbron, 1. M., and Shaw, G. 

312 

17 Oct. 1944 

13 Dec. 1944 

B.D.IL 

Bail(‘y, J. L , Bradley, W., Davis, M., Evans, A. 
.A., MacLean, J. A. R., Pryce, N. A. C., and 
Sayer, F. G 

313 

30 Oct. 1941 

13 Dec. 1944 

I.C.S 

Cook, A. H., Heilbron, I. M., and Levy, A. J^. 

314 

27 Oct. 1944 

13 Dec. 1944 

I.C.S. 

(’ook, A. II., Heilbron, I. M., and Graham, A. R. 

319 

7 Nov. 1944 

13 Dec. 1944 

Wellcome 

('opp, F. C., Dullin, W. M., Smith, S., and Wilkin- 

326 

1 

14 Nov. 1944 

13 Dec. 1944 

Oxford 

son, S, 

King, F. E., Waley, S. G.; Abraham, E. P., Baker, 
W., Cham, E., and Robinson, R. 

327 


13 Dec. 1944 

N.LM.R. 

Neuberg(*r, A. 

328 

13 Nov. 1944 

2 Jan. 1945 

I.C.S. 

Cook, A. 11., Klvidge, J. A., and Heilbron, 1. M. 

329 ! 

18 Nov. 1944 

13 Dec. 1944 

Oxford 

Robinson, R. 

S40 

27 Nov. 1941 

18 Jan.1945 

Wellcome 

Copp, F. C., Duffiii, W. M., Smith, S., and Wilkin¬ 
son, S. 

341 

29 Nov. 1944 

18 Jan. 1945 

Wellcome 

Copp, F. C., Dufiin, W. M., Smith, S., and Wilkin¬ 
son, S. 

342 

1 Dec. 1944 

18 Jan. 1945 

Oxford 

Abraham, K. P., Baker, W., Chain, E.. and 
Robinson, R. 

346 

4 Dec. 1944 

24 Jan 1945 

I.C.I. 

Boon, W. R., Carrington, H. C., Davies, J. 8. H., 
Jones, W. G. M., Ramage, G. R,, and Waring, 
W.S. 

Campbell, A., Harris, J. 0., Harrison, J., and 
Newbery, G. 

360 

13 Dec. 1944 

1 Feb. 1945 

May and Baker 

361 

14 Dec. 1944 

24 Jan. 1945 

Manchester 

Wardleworth, J., Todd, A. R., Sykes, P., Bad- 
diley, J., and Openshaw, H. T. 

369 

22 Dec. 1944 

1 Feb. 1946 

Oxford 

Crowfoot, D., and Rogers-Low, B. W. 

360 

22 Dec. 1944 

1 Feb. 1945 

Oxford 

Crowfoot, D., and Rogers-Low, B. W. 

361 

2 Jan. 1945 

26 Feb. 1945 

Wellcome 

Copp, F. C,, Dufiin, W. M., Smith, S., and Wilkin¬ 
son, S. 

362 

3 Jan. 1945 

1 Feb. 1945 

I.C.I. 

Bunn, C. W., and Tumer-Jonos, A. 

377 

6 Jan. 1945 

26 Feb. 1945 

I.C.S. 

Arnstein, H. A. V., (^atch, J. R., Cook, A. H., and 
Heilbron, 1. M. 

378 

12 Jan. 1945 

26 Feb. 1945 

May and Baker 

Newbery, G., and Raphael, R. 

379 

10 Jan. 1945 

26 P'eb. 1945 

Oxford 

Crowfoot, D., and Rogers-Ix)w, B. W. 

380 

15 Jan. 1945 

26 Feb. 1945 

I.C.S. 

Cook, A. H., and Hcilbnin, I. M. 

382 

22 Jan. 1945 

13 Mar. 1945 

Glaxo 

Smith, E. L., and Goddard, H. W. 

Attenburrow, J., Elliott, D. F., Hems, B. A., 
and Robinson, F. A. 

383 

22 Jan. 1945 

2 Apr. 1945 

Glaxo 

384 

30 Jan. 1945 

13 Mar. 1945 

Glaxo 

Hems, B. A., Page, J. E., and Robinson, F. A. 

386 

30 Dec. 1944 

26 Feb. 1945 

May and Baker 

Barber, H. J., Gregory, P. Z., Langford, K. N., 
Slack, R., Stickings, C. E., and Woolman, A. M. 
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Keport No. 

Date of report 

Date received 
by O.S.H.D. (N. Y.) 

Droup 

Investigators 

CFS.sse 

22Jai). 19*45 

26 Feb. 1945 


B(*ntley, B., Cook, A. 11., Harris, G., and Heilbron, 
I. M. 

3S7 

29 Jan. 1(W5 

13 Mar. 1945 

l.C.S. 

Bentley, H., (*ook, A. H , Klvidge, J. A., Heilbron, 
1. M., and Shaw, G. 

388 

5 Feb. ]9‘ir) 

13 Mar. 1945 

Wellcome 

Copp, F. C., DufFm, W. M., Smith, S., and Wilk¬ 
inson, S. 

Baddiley, J., Kilby, B. A., and Todd, A. R. 

389 

5 P'(‘b. 1945 

13 Mar. HH5 

(Vmbridge 

390 

5 Feb. 1945 

13 Mar. 1945 

Oxford 

(Jrowfoot, 1)., and Uogers-l.iOW, B. W. 

409 

7 Feb. 1045 

13 Mar. 1945 

I.(M. 

Boon, W. U., and Leigh, T. 

410 

19 Feb. 1945 

2 Apr. 1945 

May and Baker 

Slack, K. 

417 

28 Feb. 1945 

2 Apr. 1945 

Boots 

Brodrick, C. I.. Peak, D. A., and Wilson, W. 

418 

31 Oct. 1911 

2 Apr. 1945 

Oxford 

Dewar, M. J. S.; Abraham, E. P., Baker, W., 
(^hain, K , and Hobinsoii, H. 

422 

22 Feb. 1945 

2 Apr. 1945 

l.(M. 

Boon, W. R,, Carrington, H. (^, Davies, J. S. H., 
Jones, W. G. M., Kamage, G. R., and Waring, 
W. S. 

CJornforth, J. W., (’ornforth, R. H.; Abraham, E. 
P., BaktT, W., C'hain, E., and Robinson, R. 

423 

8 1945 

4 May 1945 

Oxford 

4U 

13 Mar 1945 

4 May 1945 

Wellcome 

( opp, F. C., Duftin, W. M., Smith, S., and Wilk¬ 
inson, S. 

430 

6 Mar. 1045 

4 May 1945 

l.(\S. 

Bentley, R., Cook, A. II., and Heilbron, T. M. 

438 

19 Mar 1945 

4 May 1945 

Oxford 

Dewar, M. J. S.; Abraham, E. P., Baker, W., 
('hain, E., and Robinson, R. 

439 

15 Mar. 1945 

4 May 1945 

Oxford 

Robinson, R. 

440 

19 Mar. 1945 

4 May 1945 

l.C.S. 

(’ook, A. H., Hams, G., Heilbron, I. M., and 
Shaw, G. 

441 

20 Mar. 1945 

4 May 1945 

Oxford 

Bentley, H. R., Robinson, G. M.; Abraham, E. P., 
Baker, W. C'hain, K., and Robinson, R. 

442 

22 Mar. 1945 

4 May 1945 

Oxford 

Richards, R. E., and Thompson, 11. W. 

443 

22 Mar. 1945 

4 May 1945 

l.C.S. 

Cook, A. 11., Klvidge, J. A., Heilbron, I. M., and 
Levy, A. L. 

444 

22 Mar. 1915 

4 May 1945 

B.D.II. 

Bailey, J. L., Baker, B., and Bradley, W. 

Wilson, J. P.; Abraham, K. P., Baker, W., Chain, 
E., and Robin.son, K. 

440 

23 Mar. 1945 

4 May 1946 

Oxford 

440 

29 Mar. 1945 

4 May 1945 

Boots 

Brodrick, 1 , Peak, D. A., and Whitmont, F. F. 

468 

16 Mar. 1945 

4 May 1945 

B.D.H. 

Hailey, J. L., Bradley, W., Davis, M., Evans, A. 
A., and MacLean, J. A. R. 

401 

10 Apr. 1945 

4 May 1945 

l.C.S. 

C’ook, A. H., Elvidge, J. A., Heilbron, I. M., and 
Levy, A. L. 

462 

26 Mar. 1945 

2 Jim.'1945 

I.C.S. 

Cook, A. H., Graham, A. R., Harris, G., and Heil¬ 
bron, I. M. 

403 

10 Apr. 1945 

2 Jun. 1945 

Oxford 

Barltrop, J. A.; Abraham, E. ?., Baker, W., (Jhain, 
E., and Robinson, R. 

404 

24 Apr. 1945 

2 Jun. 1945 

Wellcome 

C'opp, F. C., Duffin, W M., Smith, S., and Wilkin¬ 
son, S. 

465 

9 Apr. 1945 

2 Jun. 1946 

l.C.I. 

Bunn, C. W., and Turner-Jones, A. 

478 

30 Apr. 1945 

19 Jun.1945 

May and Baker 

Newbery, G., and Raphael, H. 

479 

30 Apr. 1945 

2 Jun. 1945 

I.(M. 

Boon, W. K., C'arrington, H. (\, Davies, J. S. H., 
Jones, W. G. M., Uamage, G. R., and Waring, 
W. S. 

480 

5 May 1945 

19 Jun. 1946 

Oxford 

Richards, R. E., and Thompson, H. W. 

490 

1 May 1945 

19 Jun. 1946 

Glaxo 

Elliott, D. F., Hems, B. A., and Robinson, F. A. 

491 

15 May 1945 

19 Jun. 1946 

Oxford 

King, f', E., Waley, S. G.; Abraham, E. P., Baker, 
W., ('hain, Pv., and Robinson, R. 

492 

11 May 1946 

19 Jun. 1946 

Oxford 

C’ornforth, J. W., Cornforth, R. PI.; Abraham, 
Pk P., Baker, W., Chain, E., and Robinson, R. 

000 

14 May 1946 

19 Jun. 1945 

I.C.S. 

Cook, A. H., Harris, G.', Heilbron, I, M., and 
Shaw, G. 

602 

21 May 1946 

26 Jun. 1946 

Oxford 

Thompson, H. W., and Richards, R. E. 

008 

29 May 1946 

26 Jun. 1945 , 

Oxford 

Crowfoot, D., and Rogers-Low, B. W. 

009 

28 May 1946 

26 Jun. 1945 r 

Oxford ' 

Robinson, R. 

010 

29 May 1945 

19Jul. 1946 ' 

1 

Glaxo 

Elks, J., Hems, B. A., Robinson, F. A,, and Ry« 
man, B. P>. 

on 

30 May 1945 

10 Jul. 1945 

Oxford 

Thompson, H, W., and Richards, R. E. 
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Report No. 

Date of report 

Date received 
by O.8.U.D. (N. Y.) 

Group 

Investigators 

CPSJIB 

18 May 1945 

19 Jul. 1945 

Oxford 

Dewar, M. ,1. S , Abraham, K. P., Baker, W , 
Cham, p]., and Hohinson, R. 

SIS 

18 May 1945 

19 Jul. 1945 

Oxford 

Dewar, M. J. S.; Abraham, 10. P., Baker, W , 





Chain, E., and Robinson, R. 

S2S 

8 Jun. 1945 

19 Jul. 1945 

I.C.I. 

Allan, D., Boon, W. R., (Wrington, H. (>., GaU' 





bcrt, P., and L(*vi, A. A. 

sm 

12 Jun. 1945 ^ 

19 Jul. 1945 

Cambridge 

Sykes, P., and Todd, A. R. 

527 

20 Jun. 1945 

19 .Jul. 1945 

I.(XS. 

Bentley, R., Cook, A. PI., and Heilbron, I. M. 
Bradley, W., Davis, M., and Maclx*an, J. A. R 
(^ook, A. H., Elvidge, J. A., and Heilbron, I. M 

528 

26 Jun. 1945 

19 Jul. 1945 

B.D.H. 

629 

20 Jun. 1945 

19 Jul. 1945 , 

I.C.S. 

541 

28 Jun. 1945 

19 Jul. 1945 

Oxford 

Thompson, H. W., and Richards, R. E. 

642 

30 Jun. 1945 

11 Aug. 1945 

Wellcome 

C^opp, P\ C., Duffin, W. M., Smith, S., and Wilkin¬ 
son, S. 

m 

26 Jun. 1945 

20 Jul. 1945 

Cambridge 

Baddiley, J., Kilby, B. A., and Todd, A. R. 

Bunn, ('. W., and Turner-Jonos, 

646 

6 Jun. 1945 

20 Jul. 1945 

I.C.I. 

647 

4 Jul. 1945 

11 Aug. 1945 

Wellcome 

Copp, P^. C., Duffin, W. M., Smjtli, S., and Wilk¬ 
inson, S. 

648 

29 Jun. 1945 

11 Aug. 1945 

Oxford 

Dewar, M. J. S., and Robinson. R 

Barltrop, J. A., Waley, S G., King, P\ P^.^ Abra- 

649 

19 Jun. 1945 

11 Aug. 1945 

Oxford 

ham, E. P., Baker, W., Chain, TO , and Robinson, 
R. 

Bentley, II R., and Rolnnson, R 

660 

18 Jun. 1945 

11 Aug. 1945 

Oxford 

661 

4 Jul. 1945 

11 Aug. 1945 

Cambridge 

Sutherland, G. B 1^ M., and Darnion, S. E. 

662 

10 Jul. 1945 

11 Aug. 1945 

I.(\S. 

('ook, A. 11., Gnihani, A. R., and Heilbron, 1. M. 
King, H. 

66S 

17 Jul. 1945 

17 Sep. 1945 


664 


17 Sep. 1945 

Oxford 

Abraham, Pi. P., Baker, W., and (’liain, PJ. 

6S2 

20 Aug. 1945 

17 Sep. 1945 

B.D.Il. 

Bradley, W., Davis, M., and Pryee, N. A. C. 

683 

12 Jul. 1945 

17 Sop. 1945 

I.C.S. 

Cook, A. H., Harris, G., and Eleilliron, I. M. 

684 

26 Jul. 1945 

17 Sep. 1945 

I.C.S. 

Cook, A. H., Harris, G., Heilbron, 1. M., and 




Shaw, G. 

585 

21 Auk. 1045 

22 Sep. 1945 

Wellcome 

•Copp, F. Duffin, W. M , Smith, S., and Wilkin¬ 

691 

20 Aug. 1945 

22 Sep. 1945 

May and Bakei 

son, S. 

Barber, H. J., Gregory, P. 2., Slack, U., and 





Stickings, C, E. 

692 

30 Aur. 1945 

22 Sep. 1945 

Boots 

Brodrick, (\ I., Peak, D. A., Whitmonl, P" P'., 




and Wilson, W. 

693 

13 Aug. 1945 

22 Sep. 1945 

Glaxo 

Elliott, D. F., Hems, B. A., and Robinson, F. A. 

600 

4 Sep. 1945 

22 Sep. 1945 

N.LM.R. 

Gell, P. G. 11, and Harington, C. R 

60S 

30 Aug. 1945 

3 Nov. 1945 

Glaxo 

Clayton, J. C., Hems, B. A., and Robinson, P\ A. 

618 

3 Sep. 1945 

3 Nov. 1945 

I.C.S. 

(yook, A. H., Elvidge, J. A., and Heilbron, 1. M. 

627 

11 Oct. 1945 

21 Nov. 1945 

B.D.H. 

Bradley, W., and Gayler, M. 

631 


7 Dec. 1945 

Oxford 

Robinson, li., Wilson, J. P.; Abraham, E. P., 





Baker, W., and Chain, Pk 

632 


7 Dec. 1945 

Oxford 

King, T. J., King. P\ K.; Abraham, K. P., Baker, 





W., Chain, E., and Robinson, R. 

633 

1 Aug. 1945 

10 Doc. 1945 

May and Baker 

Barber, H. J., and Slack, R. 

Boon, W. H., Carrington, H. (i., Davies, J. S. H., 
Gaubert, P., Jones, W. G. M., Rarnage, G. R., 

634 

4 Oct. 1945 

7 Doc. 1945 

I.C.I. 





and Waring, W. S, 

639 

26 Sep. 1945 

7 Dec. 1945 

I.C.S. 

Catch, J. R., Cook, A. H., and Heilbron, I. M. 

640 

6 Oct. 1945 

7 Dec. 1945 

LC.S. 

Amstein, H. R. V., Cook, A. 11., and Heilbron, 





I. M. 

641 

6 Nov. 1945 

9 Jan.1946 

Wellcome 

Copp, F. C., Duffin, W. M., Smith, S., and Wilk- 
inson, S. 

642 

27 Nov. 1945 

9 Jan. 1946 

Wellcome 

Copp, F. C., Duffin, W. M., Smith, S., and Wilkin¬ 
son, S. 

Boon, W. R., Carrington, H. C., and Snow, G. A. 

646 

2 Nov. 1945 

7 Dec. 1945 

I.C.I. 

647 

16 Nov. 1945 

10 Dec. 1945 

Oxford 

Cornforth, J. W., Cornforth, R. H.; Abraham, 
E. P., Baker, W., Chain, E., and Robinson, R. 
Abraham, E. P., Baker, W,, Chain, PI, and 

648 

26 Nov. 1945 

9 Jan. 1946 

Oxford 





Robinson, R. 

649 

26 Nov. 1945 

9 Jan. 1946 

Oxford 

Robinson, G. M.; Abraham, E. P., Baker, W., 





Chain, E., and llobinson, R. 
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Report No. 

Date of report 

Date received 
by O.S.R.D. (N. Y.) 

Group 

Investigators 

CPSM60 

26 Nov. 1946 

9 Jan. 1946 

Oxford 

Goldsworthy, L. J., Robinson, R.; Abraham, E. 
Baker, W., and Chain, E. 

Jones, T. S. G., Ck>pp, F. C., Dufhn, W, M., 
Smith, S., and Wilkinson, S. 

661 

17 Dec. 1945 

1 Fob. 1946 

Wellcome 

671 

10 Dec. 1946 

1 Feb. 1946 

Wellcome 

Copp, F. C., Duffin, W. M., Smith, S., and Wilkin¬ 
son, S. 

672 

10 Dec. 1946 

1 Feb. 1946 

Wellcome 

C/opp, F. C., Duffin,^W. M., Smith, S., and Wilkin¬ 
son, S. 

674 

12 Dec. 1946 

1 Feb. 1946 

May and Baker 

Newbery, G., Nineham, A. W., and Raphael, R. 

677 

9 Jan. 1946 

15 Mar. 1946 

Cambridge 

Sykes, P., and Todd, A. R. 

678 

14 Jan. 1946 

15 Mar. 1946 

I.C.S. 

Cratch, J. R., (/ook, A. H., Harris, G., and Heil- 
bron, I. M. 

680 

16 Jan. 1946 

15 Mar. 1946 

I.C.S. 

Cook, A. H., Elvidge, J. A., and Heilbron, I. M. 

68 S 

31 Jan. 1946 

26 Mar. 1946 

Oxford 

Robinson, R., Rogers, M. A. T.; Abraham, E. P,, 
Baker, W., and Chain, E. 

684 

1 31 Jan. 1946 

26 Mar. 1946 

Oxford 

j Qornforth, J. W., Fawaz, E.; Abraham, E. P., 
Baker, W., ('hain, E., and Robinson, R. 

685 

31 Jan. 1946 

26 Mar. 1946 

Oxford 

Felton, D. G. 1., King, F. E.; Abraham, E. P., 
Baker, W., (yhain, E., and Robinson, R. 

686 

6 Feb. 1946 

18 Apr. 1946 

Glaxo 

Smith, E. L., Bide, A. E., and Graham, W. 

687 

12 Feb. 1916 

18 Apr. 1946 

Glaxo 

Smith, E. L., Bide, A. E., and Graham, W. 

688 

22 Feb. 1946 

18 Apr. 1946 

Wellcome 

Copp, F. C., Duffin, W. M,, Smith, S., and Wilkin¬ 
son, S. 

689 

22 Feb. 1946 

1 23 Dec. 1946 

Oxford 

Cornforth, J. W., Coniforth, R. II.; Abraham, 
E. P., Baker, W,, Chain, E., and Robinson, R. 
Poole, J. B.; Abraham, E. P., Baker, W., Chain, 
K., and Robinson, R. 

690 

8 Mar. 1940 

23 Dec, 1946 

Oxford 

691 

8 Mar. 1946 

23 Dec. 1946 

Oxford 

Boer, C. T., Cornforth, J. W.; Abraham, E. P., 
Baker, W., Chain, E., and Robinson, R. 

692 

12 Mar. 1946 

23 Dec. 1946 

1 

Oxford 

Jansen, A. B. A.; Abraham, E. P., Baker, W., 
(liain, E , ami Hobiuson, R. 

69$ 

15 Apr. 1946 

23 Dec. 1946 

l.CM. 

1 

Boon, W. R., Carrington, H. C., Jones, W. G. M., 
Ramage, G. R., Tyler, J., and Waring, W. S. 

694 

1 May 1946 

23 Dec. 1946 

Oxford 

Bunn, C. W., Crowfoot, D., Rogers-Low, B. W., 
and Turner-Jones, A. 

696 

1 May 1946 

23 Dec. 1946 

Oxford 

Goldsworthy, L. J., and Robinson, R. 

696 

27 Apr. 1946 

17 Jun, 1946 

Cambridge 

Sutherland, G. B. B. M., and Darmon, S. E. 

697 

24 Jun. 1946 

15 Jul. 1946 

C'ambridge 

Sutherland, G. B. B. M., and Darmon, S, E, 

698 

Mar. 1946 

7 Feb. 1947 

Oxford 

Thompson, 11. W., and Richards, R. E. 


Abbott Laboratories 


Carter, Herbert E.* Milne, James W. Schenck, J. R. Toiister, Oscar 

Larson, L. W. Philip, Julian E. Spielman, M. A. Weston, A. W. 

MacCorquodale, D. W. Risser, W. C. Sylvester, J. C, ZauRg, II. E. 


Report No. 

Date of report 

Date received 

By O.S.R.D. (N. Y.) 

By Medical Research Council 

A.l 

30 Dec. 1943 

3 Jan. 1944 

pp. 1-5, 7 Jul. 1944 

pp. 6-11, 16 Mar. 1946 

2 * 

14 Jan. 1944 

17 Jan. 1944 

7 Jul. 1944 

3 

14 Feb. 1944 

17 Feb. 1944 

7 Jul. 1944 

4 

14 Mar. 1944 

17 Mar. 1944 

7 Jul. i944 

6 

15 Apr. 1944 

17 Apr. 1944 

15 Sop. 1944 


* Consultant. 

* Cireulated in nbstraot form^ 
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Report No. 

Date of report 

Date receive<i 

By O.S.R.D. (N. Y.) 

By Medical Research Council 

A.6 

15 May 1944 

17 May 1944 

7 Jul. 1944 

6 a 

10 Jul. 1944 

13 Jul. 1944 

8 tjcp. 1944 

7 


20 May 1944 

1 7 Jul. 1944 

8 

16 Jun. 1944 

17 Jun. 1944 

29 Jun. 1944 

9 

30 Jun. 1944 

8 Jul. 1944 

26 Jul, 1944 

10 

15 Jul. 1944 

17 Jul. 1944 

26 Jul. 1944 

• 11 

15 Aug. 1944 

17 Aug. 1944 

8 Sep. 1914 

12 

15 Sep. 1944 

18 Sep. 1944 

3 Oct. 1944 

12 a 


18 Oct. 1944 

6 Nov. 1944 

13 

15 Oct. 1944 

18 Oct. 1944 

() Nov. 1944 

14 

7 Nov. 1944 

11 Nov. 1944 

23 Nov 1944 

16 

15 Nov. 1944 1 

27 Nov. 1944 

8 Dec. 1944 

16 

15 Dec. 1944 

22 Dec. 1944 

11 Jan. 1945 

17 

15 Jan. 1945 

19 Jan. 1946 

7 Feb. 1945 

18 

15 Feb. 1946 

20 Feb. 1945 

15 Mar. 1945 

19 

15 Mar. 1945 

23 Mar. 1945 

0 Apr. 1945 

20 

15 Apr. 1945 

23 Apr. 1945 

5 May 1945 

21 

15 May 1945 

21 May 1915 

31 May 1945 

22 

15 Jun. 1945 

22 Jun. 1915 

20 Jiiri945 

23 

16 Jul. 1945 

18 Jul. 1945 

1 Aug. 1945 

24 

16 Aug. 1945 

24 Aug. 1945 

5 Sep 1945 

26 

15 Sep. 1945 

22 Sop. 1945 

4 Oct. 1945 

26 

31 Oct. 1945 

10 Nov. 1945 

20 Nov. 1945 


U. S. DEPARTMENT OF AGRICULTURE 
Northehn Regional Research Laboratort 


Auernhcimer, Arthur 11. 
Benedict, Robert G. 
Coghill, Robert D. 
Cowan, John C. 
Dvonoh, William 
Falkenburg, Lee B. 
Friedkin, Morris 
Hilbert, G. E. 


Lathrop, Elbert C. 
MacMillan, Duncan 
Mehltretter, Charles L. 
Mollies, Russell L. 
Melvin, Eugene H. 
Milner, Reid T. 

Morell, Samuel A 
Olds, David W. 


Paschke, Raymond F. 
Radiove, Sol B. 

Rist, Carl E. 

Schieltz, N. C. 
Schmidt, William II. 
Schniepp, Lester E. 
Scholfield, Charles R. 
Schwab, Arthur W. 


SehiKTt, Eldon S 
Stodola, Frank H 
Teeter, Howard M 
V"an Etten, Cecil II. 
Von Korff, Richard W 
Wachtel, Jacques L 
Wolff, Ivan A. 


Report No. 

Date of report 

Date received 

By O.S.II.D. (N. Y.) 

By Medical Research Council 

C,1 

7 Feb. 1944 

10 Feb. 1944 

7 Jul. 1944 

2 

12 Feb. 1944 

16 Fob. 1944 

7 Jul. 1944 

3 

4 Mar. 1944 

8 Mar. 1944 

7Jul 1944 

4 

9 Mar. 1944 

13 Mar. 1944 

7 Jul, 1944 

6 

10 Apr. 1944 

13 Apr. 1944 

15 Sep. 1944 

6 a 

21 Apr. 1944 

27 Apr. 1944 

7 Jul. 1044 

6 

21 Apr. 1944 

27 Apr. 1944 

7 Jul. 1944 

7 

25 May 1944 

5 Jun. 1944 

20 Jun. 1944 

8 

12 Jul. 1944 

21 Jul. 1944 

26 Jul. 1944 

9 

1 Aug. 1944 

7 Aug. 1944 

30 Aug. 1944 
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1 

Date received 

Report No 

1 Date of report 



By O.S.R.D. (N. Y.) 

By Medical Research Council 



c.w 

1 

1 Hep. 1944 

14 Sep. 1944 

27 Sep. 1944 

11 ^ 

1 Sep. 1944 

14 Sep. 1944 

27 Sep. 1944 


21 Feb. 1944 

25 Sep. 1944 

19 Oct. 1944 

IS 

6 Oct. 1944 

9 Oct. 1944 

19 Oct. 1944 

14 

6 Nov. 1944 

8 Nov, 1944 

21 Nov. 1944 

16> 

18 Dec. 1944 

26 Dec. 1944 

11 Jan. 1945 

16* 

15 Dec. 1944 

20 Dec. 1944 

7 Feb. 1945 

17 

! 15 Feb. 1945 

19 Feb. 1945 

3 Mar. 1945 

18 

1 .\pr. 1945 

2 Apr. 1945 

15 Apr. 1945 

19 

1 ^Iay 1945 

7 May 1945 

24 May 1945 

20 

1 Jun. 1945 

8 Jun. 1945 

29 Jun. 1945 

21 * 


18 Jul 1946 

1 Aug. 1945 

22 

1 Aug. 1945 

8 Aug. 1945 

23 Aug. 1945 

2S 

24 Se(). 1945 

24 Sep. 1945 

4 Oct. 1945 

£410 

1 Nov 1945 

1 

8 Nov. 1045 

20 Nov. 1945 


Cornell University Medical College 



Department of Biophemistry 


Brown, George B. 

Holley, Robert W. 

Partridge, Chester W. H. 

Todd, David 

Carpenter, Frederick 11. 

Livermore, Arthur H. 

Ploeser, James 

Wilson, John K. 

Dittxner, Karl 

McKcnnis, Herbert, Jr. 

Rachele, Julian R. 

Wood, John L. 

du Vigneaud, Vincent 
Funk, Koscoe C., Jr. 

Melville, Donald B. 

Stevens, (W1 M. 

Wright, Mary Elizabeth 

jKvepurt 1X0 

i-»ate 01 report 

Date received 

By O.S.R.D. (N. Y.) 

By Medical Research Council 



D.1 

3 Feb. 1944 

17 Feb. 1944 

7 Jul. 1944 

2 

3 Feb. .1944 

18 Feb. 1944 

7 Jul. 1944 

S 

3 Feb. 1944 

18 Feb. 1944 

7 Jul. 1944 

4 

15 Mar, 1944 

23 Mar. 1944 

7 Jul. 1944 

6 

16 Mar. 1944 

23 Mar. 1944 

7 J»j1. 1944 

6 

31 Mar. 1944 

7 Apr. 1944 

7 Jul. 1944 

7 

1 May 1944 

3 May 1944 

7 Jul. 1944 

8 

1 May 1944 

3 May 1944 

7 Jul. 1944 

9 

5 May 1944 

9 May 1944 

7 Jul. 1944 

10 

15 May 1944 

20 May 1944 

7 Jul. 1944 

11 

12 Jun. 1944 

15 Jun. 1944 

29 Jun. 1944 

12 

13 Jun. 1944 

16 Jun. 1944 

29 Jun. 1944 

IS 

29 Jun. 1944 

8 Jul. 1944 

26 gJul. 1944 

14 

18 Jul. 1944 

21 Jul. 1944 

26 Jul. 1944 

IS 

20 Jul. 1944 

27 Jul. 1944 

30 Aug. 1944 

16 

3 Aur. 1944 

10 Aug. 1944 

30 Aug. 1944 

17 

14 Aug. 1944 

17 Aug. 1944 

8 Sep. 1944 

18 

23 Aug. 1944 

25 Aug. 1944 

8 Sop. 1944 

19 

23 Aug. 1944 

29 Aug. 1944 

8 Sep. 1944 


• Higned by F. H. Btodola. 

• Signed by William H. Schmidt, George E. Ward and Robert D. Coghill. 
’ Signed by £. H. Melvin and K. C. Schielts. 

• Signed by F. H. Stodola, J. L, Wachtel. and R. D. Coghill. 

• Signed by Robert D. Coghill. 

** Signed by N. C. Schielti, J. L. Wachtel, and M. Friedkin. 
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Date received 

Report No. 

Date of report 



By O.S.R.D. (N. Y.) 

By Medical Research Council 



D.sn 

20 Oct. 1044 

26 Oct. 1944 

8 Nov. 1944 

SI 

25 Oct. 1944 

2 Nov. 1944 

14 Nov. 1944 

ss 

1 Dec. 1944 

4 Dec. 1944 

20 Dec. 1944 

m 

18 Dec. 1944 

27 Dec. 1944 

11 Jan. 1945 

u 

1 Jan. 1945 

12 Jan. 1945 

7 Feb. 1945 

S5 

If) Feb. 1946 

27 Feb. 1945 

10 Mar. 1945 

S6 

20 Feb. 1945 

9 Mar. 1945 

28 Mar. 1945 

27 

1 Mar. 1945 

20 Mar. 1945 

7 Apr. 1945 

28 

16 Mar. 1945 

3 Apr. 1945 

15 Apr. 1945 

29 

30 Mar. 1945 

4 Apr. 1945 

15 Apr. 1945 

SO 

29 May 1945 

1 Jun.1945 

12 Jun. 1945 

SI 

12 Juii. 1945 

15 Jun. 1945 

26 Jul. 1945 

32 

2 Jul. 1945 

18 Jul. 1945 

1 Aug. 1945 

33 

1 Aug. 1945 

7 Aur. 1945 

31 Aug. 1945 

S4 

23 Au(?. 1945 

31 Aur. 1945 

11 Sop. 1945 

36 

15 Sep. 1945 

15 Sep. 1945 

19 Sop. 1945 

36 

1 Nov. 1945 

13 Nov. 1945 

28 Nov. 1945 

37 

1 Dec. 1945 

17 Jan. 1946 


38 

15 Dec. 1945 

17 Jan. 1946 


39 

31 Dec. 1945 

24 J.an. 1946 



Husskll Sage Institute 


Furchgott, Robert F. 

Rosenkrantz, Harris Sliorr, Ephraim 

• 


Date received 

Report No. 

Date of report 



By O.S.R.D. (N. Y.) 

By Medical Research Council 



KSJ 

15 Feb. 1945 

9 Mar. 1945 

28 Mar. 1915 


Cutter Laboratories 


Beniams^ Herman N. 
Deromedi, Frank D. 

Hatch, Alden B. 

Pilcher, Karl S. 

Seoberg, Victor P. 

Johnson, Frederick F. 

Pratt, Robertson 

Winegarden, Howard M. 

Dufrenoy, Jean 



Wolfred, Morris 



Date received 

Report No. 

Date of report 



By O.S.R.D. (N. Y.) 

By Medical Research Council 



CuJ 

15 Jun. 1944 

26 Feb. 1945 

11 May 1945 

2 

1 Nov. 1944 

6 Apr. 1945 

11 May 1945 

$ 

1 Dec. 1944 

8 May 1946 

24 May 1946 

4 

1 Feb. 1945 

28 May 1945 

12 Jun. 1945 

6 

1 Apr. 1946 

11 Jun. 1946 

20 Jun.1945 

6 

1 Jun.1945 

15 Jun. 1945 

26 Jul, 1946 

7 

1 Jul. 1945 

18 Jul. 1945 

1 Aug. 1945 

8 

1 Aug. 1945 

10 Aug. 1945 

31 Aug. 1945 

9 

1 Oct. 1946 

10 Oct. 1945 

16 Oct. 1945 

10 

1 Nov. 1945 

26 Dec. 1946 

12 Jan. 1946 
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Federal Security Agency 
Food and Drug Administration 

Eble, Thomas E. Grove, Donald C. Mundell, Merlin Wiley, Frank 

Fischbach, Henry Herwick, R. P. Welsh, Llewellyn II. 


Report No. 

Date of report 

Date received 

By O.S.R.D. (N. Y.) 

By Medical Research Council 

F.l* 

24 Fob. 1944 

16 Mar. 1944 

7 Jul. 1944 

2 

10 Oct. 1944 

13 Oct. 1944 

25 Oct. 1944 

S 

10 Nov. 1944 

14 Nov. 1944 

21 Nov. 1944 

4 

10 Doc. 1944 

18 Dec. 1944 

11 Jan. 1946 

6 

10 Jan. 1945 

15 Jan. 1945 

7 Fob. 1946 

6 

14 Feb. 1945 

17 Feb. 1945 

3 Mar. 1946 

7 

15 May 1945 

4 Jun.1945 

15 Jun. 1946 


•Signed by George L. Keenan and William V. Kiaenbeig, Mioroanalytieal l>i\iMion 


Harvard University 
Department of Chemistry 


Brutachy, Frederick Kirk, Marjorie-Jane Ross, Sydney D. Wendler, Norman 

Georgian, Vlasios Kornfeld, Edmund C. Wasserman, Harry TI. Woodward, Robert B. 


Report No 

Date of report 

Date received 

By O.S.R.D. (N. Y.) 

By Medical Research Council 

Wo.l 

19 Sep. 1944 

21 Sop. 1944 

19 Oct. 1944 

2 


18 Jan. 1945 

7 Feb. 1945 

S 

1 Jun. 1945 

8 Jun. 1945 

20 Jun. 1945 

4 

27 Jul. 1945 

30 Jul. 1945 

22 Aug. 1946 

5 


20 Dec. 1945 

27 Dec. 1946 

e 


1 17 Mav 1946 


7 


17 May 1946 


8 


17 May 1946 


9 


17 Mav 1946 


10 


17 May 1946 



Heyden Chemical Corporation 




Date received 


Report No. 

Date of report 

By O.S.R.D. (N. Y.) 

By Medical Research 
Council 

Investigators 

H,1 

0 May 1944 

22 May 1944 

20 Jun. 1944 

Rigler, N. E. 

2 

9 May 1944 

22 May 1944 

20 Jun. 1944 

Rigler, N. E. 

S 

9 May 1944 

22 May 1944 

20 Jun. 1944 

Curtis, G. W., and Rapoport, H. 

4 

15 Jun. 1944 

15 Jun. 1944 

29 Jun. 1944 

Rigler, N. E. 

5 

15 Feb. 1945 

17 Feb. 1945 

3 Mar. 1945 

Darken, M. A., Rigler, N. E., and Sjolander, 
N. 0. 

6 

15 Mar. 1945 

17 Mar. 1945 

7 Apr. 1945 

Darken, M. A., Rapoport, H., Rigler, N. E., 
and Sjolander, N. 0. 

7 

15 Apr. 1945 

1 

18 Apr. 1945 

5 May 1946 

Darken, Mt A., Rigler, N. E., and Sjolander, 
N. 0. 
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Report No. 

Date of report 

Date received 

Investigators 

By O.S.R.D. (N. Y.) 

By Medical Research 
Council 

H,8 

16 May 1945 

19 May 1945 

31 May 1945 

Darken, M. A , Gorin, G , Rapoport, IL, and 
Sjolander, N. 0. 

9 

15 Jun. 1946 

21 Jun. 1945 

26 Jul. 1945 

Rapoport, 11 , and RiglcT, N. K. 

to 

15 Jul. 1945 

18 Jul. 1945 

1 Aug. 1945 

Darken, M A., Rapoport, H , Rigler, N. E., 
and Sjolander, N. 0 

11 

15 Aug. 1945 

21 Aug. 1945 

5 Sep. 1945 

Busch, E., Curtis, G. W., Port, W. S., and 
Rapoport, 11. 

IX 

16 Sep. 1946 

17 Sep. 1945 

19 Sep. 1945 

Darken, A., Gorin, G., Rapoport, H, 

Rigler, N. E., and Sjolander, N, 0. 

IS 

16 Oct. 1946 

18 Oct. 1945 

20 Oct. 1945 

Darken, M A., Gorin, G., Rapoport, IJ., 
Rigler, N. E., and Sjolander, N. 0. 

U 

31 Oct. 1945 

10 Nov. 1945 

28 Nov. 1945 

Port, W. S., Rigler, N E., and Ziegler, W. M. 


University of Illinois 
Department op Chemistry 


Report No. 

Date of report 

1 

Date received 

1 

Investigators 

1 

By O.S.R.D. (N. Y.) 

By Medical Research 
Council 

CU 

1 Jul. 1944 

1 3 Jul. 1944 

5 Aug 1944 

Clark, G. L., and Kaye, W. 1. 

la 


12 Aug. 1944 

8 Sep. 1941 

dark, G. L., and Kaye, W. I. 

X 

1 Sep. 1944 

11 Sep. 1944 

27 Sep. 1944 

(3ark, G. L., and Kaye, W. I. 


1 Dec, 1944 

11 Dec. 1944 

11 Jan 1945 

dark, G. L., and Kaye, W. I. 

u 

1 Apr. 1945 

11 Apr. 1945 

5 May 1945 

dark, G. L. 

6 

1 Jun, 1945 

13 Jun. 1945 

26 Jul. 1945 

dark, G. L., and Pipenberg, K. J 

6 

16 Sep. 1946 

20 Sep. 1945 

4 Oet. 1945 

Clark, G. L., and l^ipeiiberg, K. J 

7 

31 Dec. 1945 

25 Jan. 1946 


Clark, G. L., and Pipenberg, K. J 


Eli Lilly and Company 


Behrens, O. K. 
Brown, William L. 
Carter, Herbert E.“ 
Clowes, G. H. A. 
Corse, J. W. 

Davis, W. W. 
Dickman, S. R. 


Glanz, Alberta R. 
Hager, G. P. 
Hunter, Howard L. 
Jones, Reuben G, 
Kleiderer, E. C. 
Krahl, M. E. 


Lcighty, John A. 
McGuire, James M. 
Miller, Marjorie J. 
Noe, Reta E. 

O^Brien, John H. 
Parke, Thomas V., Jr. 


Rohrmann, E. 
SchabackcT, I^irothea E 
Shonle, 11. A. 

Van Abcelc, Frederick H. 
Walden, George B. 
Weber, Dorothy E. 


Report No. 

Date of report 

Date received 

By O.S.R.D. (N. Y.) 

By Medical Research Council 

LJ 

27 Deo. 1943 

3 Jan. 1944 

15 Mar. 1945 

fH 

13 Jan. 1944 

17 Jan. 1944 

7 Jul. 1944 

S 

12 Feb. 1944 

16 Feb. 1944 

7 Jul. 1944 

4 

15 Mar. 1944 

16 Mar. 1944 

7 Jul. 1944 


11 CoQBUlttnt. 

I* Cirottlated in nbttmot form only. 
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Report No. 

' Date of report 

Date rereivcd 

By O.S R.D. (N. Y.) 

By Medical Research Council 

L.d 

28 Mar. 1944 

10 Apr. 1944 

7 Jul. 1944 

f) 

15 Apr. ] 944 

19 Apr. 1944 

15 Sep. 1944 

7 

28 Apr. 1944 

1 May 1944 

7 Jul. 1944 

8 

16 May 1944 

J7 May 1944 

7 Jul. 1944 

9 

15 Jun. 1944 

21 Jun. 1944 

26 Jul. 1944 

to 

30 Jun.1944 

8 Jul. 1944 

26 Jul. 1944 

11 

1.5 Jul. 1944 

20 Jul. 1944 

26 Jul. 1944 

12 

15 Aug. 1944 

21 Aug. 1944 

8 Sep. 1944 

12a 


20 Aug. 1944 

8 Sop. 1944 

18b 


8 Sop. 1944 , 

21 Sep. 1944 

1^ 

9 Sep. 1044 

14 Sop. 1944 ! 

27 Sep. 1944 

u 

15 Oct. 1944 

26 Oct. 1944 

6 Nov. 1944 

16 

7 Nov. 1944 

11 Nov. 1944 

23 Nov. 1944 

16 

15 Nov. 1944 

24 Nov. 1944 

8 Doc. 1944 

17 

18 Nov. 1944 

1 Dec. 1944 

20 Dee, 1944 

18 

13 Dec. 1944 

111 Dec. 1944 

11 Jan 1945 

19 

16 Dec. 1944 

21 D«-c. 194,4 

11 Jan. 1945 

20 

15 Dec. 1944 

23 Dec. 1944 

11 Jan. 1945 

20n 


1 Feb. 1945 

15 Feb. 1945 

21 

11 Jan. 1945 

15 Jan. 1945 

7 Feb. 1945 

22 

15 Jan. 1945 

1 Feb. 1945 

15 Feb. 1945 

23 

15 Feb. 194.5 

21 Feb. 1945 

15 Mar. 1945 

24 

15 Mar. 191.5 

30 Mar. 1945 

17 Apr. 1915 

26 

15 Apr. 1945 

26 Apr, 1945 

11 May 1945 

26 

15 May 1945 

21 May 1945 

31 May 1945 

27 

15 Jun. 1-94.5 

25 Jun. 1945 

26 Jul. 1946 

28 

15 Jul. 1945 

23.1ul. 1915 

10 Aug. 1945 

29 

15 Aur. 1945 

1 Rep. 1945 

9 Oct. 1945 

SO 

31 Oct. 1945 

13 Nov. 1945 

27 Nov. 1945 

St 


8 Dec. 1945 



Merck & Co., Inc. 


Report No, 

Date of report 

Date received 

By O.S.R.D. (N. Y.) 

By Medical Research Council 


3 Jul. 1942 

27 Sep. 1946 



30 Oct. 1942 

18 Jan. 1944 



31 Mar. 1943 

18 Jan. 1944 



31 Jul. 1943 

18 Jan. 1944 



Sep. 1943 

30 Dec. 1943 



Oct. 1943 

30 Doc. 1943 

14 Feb. 1944 

M.l 

Nov. 1943 

28 Deo. 1943 

14 Feb. 1944 

2 

Nov. 1943 

28 Dec. 1943 

14 Feb. 1944 

3 

14 Dec. 1943 

28 Dec, 1943 

14 Feb. 1944 









6 

Dec. 1943 

27 Jan. 1944 

7 Jul. 1944 

7 

Dec. 1943 

27 Jan. 1944 

7 Jul. 1944 

8 

Jan. 1944 

14 Feb. 1944 

7 Jul. 1944 

9 

Jan. 1944 

14 Feb. 1944 

7 Jul. 1944 

JO 

31 Jan. 1944 

14 Fob. 1944 

7 Jul. 1944 

10 a 

22 Oct. 1946 

27 Oct. 1945 

; 20 Nov. 1946 

ili% 



* 

12 a 

29 Feb. 1944 

6 Mar. 1944 

7 Jul. 1944 

12 b 

29 Feb. 1944 

6 Mar. 1944 

7 Jul. 1944 


» Varioui Britiah report* in the PEN. aeriaa, eopiee of which were eupplied to O.S.R.D. by Merok and Co.. Ine. 
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Date received 

Report No. 

Date of report 

---- 

- - - -- 



By O.S.H D (N. Y.; 

Hy Medical Hesearch Council 

M.lXc 

Keb. 1944 

6 Mar. 1914 

I 7 Jul. 1944 

m 

18 Feb. 1944 

6 Mar. 1944 

7 Jul. 1944 

IS 

10 Mar. 1944 

14 Mar. 1944 

1 7 Jul. 1944 

H 

17 Mar. 1944 

25 Mar 1944 

j 7 Jul. 1944 

Ida 

Mar. 1944 

, (> Apr. 1944 

1 7 Jul. 1914 

16b 

31 Mar. 1944 

6 Apr. 1914 

1 7 Jul. 1944 

16c 

31 Mar. 1044 

() Apr. 1944 

1 7 Jul. 1944 

16 

14 Apr. 1944 

18 Apr. 1944 

1 15 Sep 1944 

17 

17 Apr. 1944 

25 Apr. 1944 

1 7 Jul. 1941 

18 

18 Apr 1944 

25 Apr. 1944 

7Jul 1914 

19 1 

24 Apr. 1944 

4 May 1944 

' 7 Jul 1944 

SO 

24 Apr. 1944 

4 May 1944 

1 7 Jul 1944 

21 1 


A May 1914 

7 Jul 1944 

21 a 

28 Jul. 1944 

12 Aug. 1944 

SSep 1944 

eib 


22 Sep. 1944 

3 Oct 1944 

21 c 


23 Jan. 1945 

7 Keb. 1945 

eid 


23 Jan. 1945 

7 Fob 1945 

22 

29 Apr. 1944 

5 May 1944 

7 Jul 1944 

2S 

29 Apr. 1944 

5 May 1944 

7 Jul 1944 

S4 

29 Apr. 1944 

5 May 1944 

7 Jul 1944 

26 

Apr. 1944 

5 May 1944 

7 Jul 1944 

26 

Apr 1944 

5 May 1944 

7 Jul 1944 

27 

12 May 1944 

20 May 1944 

7 Jul. 1944 

28 

31 May 1944 

5 Juu.1944 

20 Jun. 1944 

29 

31 May 1944 

5 Jun. 1944 

20 Jun, 1944 

SO 

May 1944 

5 Jun. 1944 

20 Jun 1944 

SI 

8 Jun.1944 

12 Jun. 1944 

29 Jun. 1944 

S2 

30 Jun. 1944 

17 Jul 1944 

26 Jul 1944 

. SS 

30 Jun. 1944 

17 Jul 1944 

26 Jul. 1944 

H 

Jun. 1944 

17 Jul. 1944 

26 Jul. 1944 

S6 

27 Jul. 1944 

4 Aug. 1044 

30 Aug. 1944 

36 

31 Jul. 1944 

4 Aug. 1944 

30 Aug. 1944 

S7 

31 Jul. 1944 

4 Aug. 1944 

30 Aug. 1944 

38 

Jul. 1944 

4 Aug. 1944 

30 Aug. 1944 

39 

31 Aug. 1944 

11 Sep. 1944 

27 Sep. 1944 

40 

31 Aug. 1944 

11 Sep. 1944 

27 Sep. 1944 

41 

Aug. 1944 

11 Sep. 1944 

27 Sep. 1944 

4^ 

29 Aug 1944 

11 Sep. 1944 

27 Sep, 1944 

43 

30 Sep. 1944 

11 Oct. 1944 

25 Oct. 1944 

44 

30 Sop 1944 

11 Oct. 1944 

25 Oct. 1944 

46 

Sep. 1944 

11 Oct. 1944 

25 Oct 1944 

46 

31 Ofit. 1944 

8 Nov. 1944 

23 Nov. 1944 

47 

31 Oct. 1944 

8 Nov. 1944 

23 Nov. 1944 

46 

Oct. 1944 

8 Nov. 1944 

21 Nov. 1944 

49 

30 Nov. 1944 

16 Dec. 1944 

11 Jan. 1945 

60 

30 Nov. 1944 

16 Dec. 1944 

11 Jan. 1945 

61 

30 Nov. 1944 

16 Dec. 1944 

11 Jan. 1945 

62 

30 Dec. 1944 

12 Jan. 1945 

7 Feb 1946 

6 S 

30 Doc. 1944 

12 Jan. 1945 

7 Feb. 1945 

64 

31 Jan. 1945 

8 Feb. 1945 

27 Feb. 1945 

66 

31 Jan. 1945 

8 Feb. 1945 

27 Feb. 1946 

66 

28 Feb. 1945 

9 Mar. 1945 

28 Mar. 1945 

67 

28 Feb. 1945 

9 Mar. 1945 

28 Mar. 1945 

68 

28 Feb. 1945 

9 Mar. 1945 

28 Mar. 1945 

69 

31 Mar. 1945 

13 Apr. 1945 

5 May 1945 

60 

31 Mar. 1945 

13 Apr. 1945 

6 May 1945 

61 

31 Mar. 1945 

13 Apr. 1945 

5 May 1946 

62 

30 Apr. 1945 

17 May 1945 

31 May 1945 

6 $ 

30 Apr. 1945 

17 May 1945 

31 May 1946 

64 

30 Apr. 1945 

17 May 1945 

31 May 1945 

66 

31 Mav 1945 

11 Jun. 1946 

21 Jun. 1946 
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Date received 


Report No. 

Date of report 

Hy O.S.R.D. (N. Y.) 

By Medical Research Council 

M.66 

31 May 1945 

11 Jun. 1945 

21 Jun. 1945 

67 

31 May 1946 

11 Jun. 1945 

21 Jun. 1945 

68 

30 Jun.1945 

27 Jul. 1945 

10 Aug. 1945 

69 

30 Jun. 1945 

27 Jul. 1945 

10 Aug. 1945 

70 

30 Jun.1945 I 

27 Jul. 1945 

10 Aug. 1945 

71 


1 Aug. 1945 

22 Aug. 1945 

72 

31 Jul. 1945 

13 Aug. 1945 

31 Aug. 1945 

73 

31 Jul. 1945 

13 Aug. 1945 

31 Aug. 1945 

74 

31 Jul. 1945 

13 Aug. 1945 

31 Aug. 1945 

76 

31 Aur. 1945 

13 Sep. 1945 

25 Sep. 1945 

76 

31 Aug. 1945 

13 Sep. 1945 

25 Sep. 1945 

77 

28 Sep. 1945 

17 Oct. 1945 

29 Oct. 1945 

78 

28 Sep. 1945 

i 17 Oct. 1945 

1 29 Oct. 1945 

79 

30 Sep. 1945 

17 Oct. 1915 

29 Oct. 1945 

80 

31 Oct. 1945 

1(3 Nov. 1945 

30 Nov. 1945 

81 

31 Oct. 1946 

1(3 Nov. 1945 1 

1 

30 Nov. 1945 



InveHtiRator 


Kcport 


Aliminosa, L. M. 
Anderson, R. C. 

Arth, Glen E. 

Babson, R. D. 
Bacher, F. A. 

Bachcr, M. H. 

Berg, C. J. 

Bittenbender, W. A. 
Bolhofer, W. A, 

Boos, R. N. 
Braunmuller, A. R. 
Brink, N. G. 

Buhs, R. P. 

Clark, R. L. 

Conn, J. B, 

Cram, D. J. 

Easton, N. R. 

Field, Lamar 

Folkers, K. A. 


Goldsmith, D. F. J. 
Graber, R. P. 


Harris, S. A. 
Hetrick, J. C. 


,^epl. 1043; Oct. 1943; M.l; 2; 6; 8; 10; 12a, 6, d; 13; 14; ISh, c; lih2(>; 22-24; 31-33; 30-37; 

39; 40; 4^-44; 40; 4^; 43; OO; 62-67; 60; (iO; 62; 63; 66 ; 66 ; 68 ; 60; 72; 73; 76-78; HO; 81 
M.l; 2 ; 6 ; 8 ; 10 ; 12 a, b, d; 13; 14 ; 16b, c; 16-20; 22-24; 26-20; 31-33; 36-31; 39; 40 ; 42-44; 40; 47; 
49; 60; 62-67; 69; 60; 62; 63; 65; 66 ; 68 ; 69; 72; 73; 76-78; 80; 81 
M.l 2 d; 14 ; 24; 26; 29; 33; 36; 37; 4 O; 42; 44; 32; 63; 66 ; 66 ; 68 ; 69; 72; 73; 76-78; 80; 81 
July 1942 -Sepl. 1043 (Phys. Chcm.); Sept. 1043 (Phyn. Chevi.); M.3; 7; 0; 12c; 16a; 26; 30; 34; 38; 
41 ; 46; 48; 61; 68; 61; 64; 67; 70; 74; 79 

Sept. 1943 {Phys. Chern.); M.3; 7; 9; 12c; 16a; 26; 30; 34; 38; 41; 46; 48; 61; 68; 61; 64; 67; 70; 74; 79 
M.16b, c; 16-20; 22-24; 26-20; 31-33; 36-37; 30; 4 O; 42-44; 46; 47; 49; 60; 62-67; 69; 60; 62; 63; 66; 
66; 68; 69; 72; 73; 76-78; 80; 81 
M.62; 63; 66; 66; 68; 69; 72; 73; 76-78; 80; 81 

M. 24 ; 26; 29; 33; 35,'$7; 39; 4 O; 42-44; 40 ; 47; 49; 60; 52-67; 60; 60; 62; 63; 66; 66; 68; 69; 72; 73; 
76-78; 80; 81 
Microanalyses 

M.12d; 14; 24; 26; 29; S3; 36; 37; 4 O; 42; 44 

M.S9; 40 ; 42-44; 40; 47; 49; 60; 62-67; 69; 60; 62; 63; 65; 66; 68; 60; 72; 73; 76-78; 80; 81 
July 1942-Sept. 1943 (Phys. Chem.); Sept. 1943 (Phys. Chem.); M.3; 7; 9; 12c; 16a; 26; 30; 34; 38; 
41; 46; 48; 61; 68; 61; 04; 07; 70; 74; 79 

M.l; 2 ; 6 ; 8 ; 10; 12a, b, d; 13; 14; 16b, c; 16-20; 22-24; 26-29; 31-33; 36-37; 39; 4 O; 42-44; 46; 47; 
49; 60; 62-67; 69; 60; 62; 63; 66 ; 66 ; 68 ; 69; 72; 73; 76-78; 80; 81 

July 1942 -Sept. 1943 (Phys. Chem.); Sept. 1943 (Phys. Chem.); M.S; 7; 9; 12c; 16a; 26; 30; 34; 38; 
4 I; 46; 48; 61; 68; 61; 64; 67; 70; 74; 79 

M.12d; 14; 24; 26; 29; 33; 35; 37; 4 O; 42; 44; 02; 63; 66; 66; 68; 69; 72; 73; 76-78; 80; 81 
Sept. 1943 

M.24; 26; 29; S3; 36; 37; 39; 4 O; 42-44; 40; 47; 49; 60; 52-67; 69; 60; 62; 63; 66; 66; 68; 69; 72; 73; 
76-78; 80; 81 

July-Oct. 1942 ; Nov. 1942 -Feb. 1943; Apr.-July 1943; Sept. 1943; Oct. 1943; M.l; 2; 6; 8; 10; 12a, b, 
d; IS; 14; 16b, c; 16-20; 22-24; 26-29; 31-33; 36-37; 39; 4 O; 42-44; 40; 47; 49; 60; 62-67; 69; 60, 
62; 63; 66; 66; 68; 69; 72; 73; 76-78; 80; 81 
M.12d; 14; 24; 26; 29; S3; 36; 37; 4 O; 42; 44 

Nov. 1942 -Feb. 1943; Apr.-July Wifi; Sept 1943; Oct 1943; M.l; 2; 6; 8; 10; 12a, b, d; IS; 14; 16b, e; 
16-20; 22-24; 26-29; 31-33; 36-37; 39; 4 O; 42-44; 40; 47; 49; 60; 62-67; 69; 60; 62; 63; 66; 66; 68; 
69; 72; 73; 76-78; 80; 81 

Oct 1943; M.l; 2; 6; 8; 10; 12a, b, d; 13; 14; 16h, c; 16-20; 22-24; 26-29; 31-33; 36-37; 39; 4 O; 42-44; 
46; 47; 49; 60; 62-67; 69; 60; 62; 63; 66; 66; 68; 69; 72; 73; 76-78; 80; 81 
July-kkt. 1942 (Phye. Chem.) 
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Investigator 

Hoffhine, C. E., Jr. 

Hoffman, C. H. 

Humphrey, W. R. 
Jelinek, V. C. 
Johnson, O. H. 

Kaczka, E. A. 

Koniuszy, F. R. 

Kuna, Martin 

Ladenburg, Kurt 
McGregor, John 11. 
McPherson, J. F. 

Meifis, E. H. 
Mozingo, Ralph 

Peck, R. L. 

Phillips, R. F. 

Pierson, E. H. 
Reiss, Wilhelm 

Rogers, E F, 

Rosalsky, Leonard 
Scudi, J. V. 
Sheehan, J. C. 

Shunk, C. H. 

Southwick, P. L 

Stiller, E. T. 
Thornton, E. J., Jr. 
Tishler, Max 

Trenner, N. R. 

Webb, T. J. 

Wilson, A. N. 

Wolf, D. E. 



Sept, IHS; Oct, UH3; M.l; 2 ; 6 ; S; 10 ; 12 a, 6, d; 13; 14; ir>h, c; UI- 20 ; 22 - 2 /; 26-20; S 1 -SS; S6-37; 
39; 40; 43-44; 40; 47; 40; SO; 62-57; 69; GO; 62; 63; 66 ; 66 ; 68 ; 69; 72; 73; 76-78; 80; 81 
M,l; 2 ; 6 ; 8 ; 10 ; 12 a, h, d; 13; 14; 18b, c; 16-20; 22-24; 26-29; 31-33; 36-37; 39; 40; 42-44; 46; 47; 
49; 60; 62-57; 69; 60; 62; 63; 65; 66 ; 68 ; 69; 72; 73; 76-78; 80; SI 
Microanalyses 
M,21; 21a, b, c, d; 71 

M.l; 2 ; 6 ; 8 ; 10 ; 12 a, b, d; 13; 14 ; 16b, c; 16-20; 22-24; 26-29; 31-33; 35-37; 39, 40 ; 42 - 44 ; 46 ; 47; 
49; 60; 62-67; 69; 60; 62; 63; 66 ; 66 ; 68 ; 69; 72; 73; 76-78; 80; 81 

M.l; 2; 6; 8; 10; 12a, h, d; 13; 14; 16b, c; 16-20; 22-24; 26-29; 31-33; 36-37; 39; 4 O; 42 - 44 ; 46; 47; 
49; 60; 62-67; 69; 60; 62; 63; 65; 66; 68; 69; 72; 73; 75-78; 80; 81 

M.l; 2 ; 6 ; 8 ; 10 ; 12 a, b, d; 13; 14; 16b, c; 16-20; 22-24; 26-29; 31-33; 35-37; 39; 4 O; 42-44; 46 ; 47; 
49; 60; 62-67; 69; 60; 62; 63; 66 , 66 ; 68 ; 69; 72; 73; 76-78; 80; 81 

Nov. 1942 -Feb. 1943; Apr.-July 1943; Sept. 1943; Oct, 1943; M.l; 2; 6; 8; 10; 12a, b, d; 13; 14; 16a; 
26; 30; 34; 38; 41; 46; 48; 51; 68; 61; 64; 67; 70; 74; 79 

M. 12 d; 14; 24; 26; 29; 33; 36; 37; 4 O; 42; 44; 32; 63; 65; 66 ; 68 ; 69, 72; 73; 76-78; 80; 81 
Microanalyses 

Sept 1943; Oct. 1943; M.l; 2; 6; 8; 10; 12a, b, d; IS; 14; 16b, c; 16-20; 22-24; 26-29; 31 -33; 36-37; 
39; 40 ; 42~44; 49; 47; 49; 60 ; 62-67; 69; 60 ; 62 ; 63; 66; 66; 68; 69; 72; 73; 75-78; 80 ; 81 

Microanalyses 

Sept. 1943; Oct 1943; M.l; 2; 6; 8; 10; 12a, b, d; IS; 14 ; 16b, c; 16-20; 22 - 24 , 26-29; 31-33; 36-37; 
39; 40 ; 42-44: 43; 47; 49; 60 ; 62-67; 69; 60 ; 62 ; 63; 66; 66; 68; 69; 72; 73; 76-78; 80 ; 81 
July-Oct. 1942 ; Nov. 1942 -Feb. 1943; Apr.-July 1943; Sept. 1943; Oct. 1943; M 1; 2; 6, 8; 10; 12a, b, 
d; 13; 14 : 16 b, c; 16-20; 22-24; 26-29; 31-33; 35-37; 39; 4 O; 42-44; 43; 47; 49, 60 ; 52 ~57; 69; 60 ; 62; 
03; 66; 66; 68, 69; 72; 73; 76-78; 80; 81 

M 6; 8; 10; 12a, b, d; IS; 14; 16b, e; 16-20; 22-24; 26-29; 31-33; 35-37; 39; fj!; 4^-44: 46, 47; 49; 60; 
62- 67; 59, 60; 62; 63; 65; 66; 68; 09; 72; 73; 76-78; 80; 81 
M.12d; 14 : 24: 26; 29; S3; 36; 37; 4 O; 42; 44 

July 1942 -SepL 1943 (Phys. Chem ); Sept. 1943 (Phys, Chem.); M.3; 7; 9; 12c; 16a; 26; SO; 3^^; 38; 
41 ; 46, 43; 61; 68; 61; 64; 07; 70; 74; 79 

M.l; 2; 6; 8; 10; 12a, b, d, IS; 14; 16b, c; 16-20; 22-24; 26-29; 31-33; 36-37: 30; 4 O; 42-47^; 43; 47; 
49; 60, 52-67; 69; 00; 62; 63; 66; 66; 68; 69; 72; 73; 76-78; 80; 81 
MicroanaJyses 
M.21; 21a, b, c, d; 71 

M. 12 d: 14; 24; 26 : 29; 33; 36; 37; 39; 4 O; 42-44; 43; 47; 49; 60; 62-57; 69; 60 ; 62 ; 03; 65, 06 , 68; 69; 
72; 73; 75-78; 80; 81 

M. 6 ; 8 , 10; 12 a, b, d; 13; 14; 16b, c; 16-20; 22-24; 26-29; 31-33; 36-37; 39; 4 O; 42-44; 46 , 47; 49; 60; 
62-67; 69; 60; 62; 63; 66; 66; 68; 69; 72; 73; 76-78; 80; 81 

M.l; 2 ; 6 ; S; 10 ; 12a, b, d; IS; 14 ; 16b, c; iP-20; 22-24; 26-29; 31-33; 36-37; 30; 4 O; 42 44; 46; 47; 
49; 60; 62 67; 59; 60; 62: 63: 66 ; 66 ; 68 ; 69; 72; 73; 76-78; 80; 81 
July-Oct. 1942; Nov. 1942-Feb. 1943 
Microanalyscs 

M 12 d; 14 ; 24; 26; 29; S3; 36; 37; 39; 4 O; 42-44; 46; 47; 40; 60; 62-67; 59; 60 ; 62; 63, 65; 66; 68; 69; 
72; 73; 76-73; 80; 81 

July 1942 -Sepi. 1943 {Phys. Chem ); Sept. 1943 {Phys. Chem.); M.3; 7; 9; 12c; 16a; 26; 30; 34; 38; 
41 ; 46: 48; 61; 68 ; 61; 64; 67; 70; 74; 79 

July 1942 -Sept. 1943 {Phys. Chet?}.); Sept. 1943 {Phys. Chem.); M.3; 7; 9; 12c; 16a; 25; SO; 34; 88; 
41; 46; 48; 61; 68; 61; 64; 67; 70; 74; 79 
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Moore, M., and Wintersteiner, 0. 

60 

1 Nov. 1945 

8 Nov. 1946 

20 Nov. 1946 

Wintersteiner, 0., Anchel, M., Stavcly, H. E., 
Moore, M., and Boyack, G. A. 

61 

1 Nov. 1946 

8 Nov. 1946 

20 Nov. 1945 

Alicino, J. F. 

6t 

1 Nov. 1945 

8 Nov. 1945 

20 Nov. 1946 

Shaw, E., Lott, W. A., Bernstein, J., and 
DiCarlo, F. J. 

68 

22 Jan. 1946 

24 Jan. 1946 


Wintersteiner, 0., Anchel, M., Stavely, 
H. E., and Moore, M. 


Stanford UniTorsity 
Dbpabtment op Biology 


Report No. 

Date of report 

Date received 

Investigators 

By O.S.R.D. (N. Y.) 

By Medical Research 
Council 

Bt.l 

18 Aug. 1946 

30 Aug. 1945 

11 Sep. iks 

Beadle, George W., Bonner, David M., Horo¬ 
witz, Norman 11., and Mitchell, Herschel K. 

$ 

28 Deo. 1946 

7 Jan. 1946 


Beadle, George W., Bonner, David M., Horo¬ 
witz, Norman H., and Mitchell, Herschel K. 

I 













1066 


APPENDIX 


The Upjohn Company 


BohonoSy Nestor 
Carter, Herbert E,** 
Cartknd, G. F. 
Cohen, Harry 
Emerson, C. H. 


Ford, Jared H 
Haines, W. J. 
Hiuman, Jack W, 
Hunter, J. H. 
Kolloff, Harold G 


Loach, Byron K. 
L(‘vin, Robert II. 
Nathan, Alan H. 
Rolfson, Stanley T. 
Tenenhauni, Leon E 


Thomas, Donald G. 
Wallace, Stuart M, 
Wesner, Mildred M, 
Wick, A. N. 




Date received 

Report No. 

Date of report 



By O.S.RI). (N. V.) 

liy Medical Research Council 



V 1 

30 Dec. U)43 

3 Jan. 1944 

7 Jul. 1944 

2 

14 Jan 1!)44 

17 Jan. 1944 

(not circulated) 

S 

8 Fob l'.)44 

17 Feb 1944 

1 7 Jul. 1944 

4 

15 Mar. 1!)44 

17 Mar. 1944 

7 Jul. 1944 

6 

13 Apr. 15»41 

17 Apr. 1944 

15 Sep. 1944 

6 

!) May 1«44 

If) May 1944 

1 7 Jul. 1944 

7 

8 Jun. 194» 

17 Jun 1944 

29 Jun. 1044 

S 

5 Jul. 1944 

8Jul 1944 

1 26 Jul. 1944 

9 

30 Jim, l‘W4 

8 Jul. 1944 

26 Jul. 1944 

10 

10 Jul. 1944 

17 Jul. 1944 

26 Jul. 1944 

11 

10 Auk. 

17 Auk. H>44 

8 S(>p. 1944 

12 

10 Sep. 1944 

18 Sep. 1941 

3 Oct. 1944 

13a 

16 Oct. 1944 

20 Oct. 1944 

8 Nov. 1944 

ISh 

16 Oct. 1944 

20 Oct. 1944 

8 Nov. 1944 

14 

7 Nov. 1944 

11 Nov. 1944 

23 Nov. 1944 

16 

16 Nov. 1944 

22 Nov. 1944 

2 Dec. 1944 

16 

leOcc. 1944 

30 Dec. 1944 

17 Jan. 1945 

17 

15 Jan. 1945 

22 Jan. 1945 

7 Feb. 1945 

18 

19 Feb. 1945 

1 Mar. 1945 

25 Mar. 1945 

19 

15 Mar. 1945 

24 Mar. 1945 

7 Apr. 1945 

20 

15 Apr. 1945 

19 Apr. 1945 

11 May 1945 

21 

15 May 1945 

24 May 1945 

7 Jun.1945 

22 

16 Jun. 1945 

25 Jun. 1945 

20 Jul. 1945 

23 

15 Jul. 1945 

23 Jul. 1945 

‘ 10 Auk BJ45 

u 

22 Aug. 1945 

31 Aug. 1945 

11 Sep. 1945 

24 a 

24 Sep. 1945 

15 Nov. 1945 

20 Nov. 1946 

26 

15 Sep. 1945 

24 Sep. 1945 

4 Get. 1945 

26 

1 Nov. 1945 

15 Nov. 1945 

28 Nov. 1945 

27 

30 Nov., 1945 

3 Dec. 1945 


28 


14 Dec. 1945 


29 


14 Doc 1945 


30 


14 Dee. 1946 


31 


14 Dec. 1945 


32 

10 Deo. 1945 

14 Doc. 1945 


S3 

3 Jan. 1946 

14 Jan. 1946 


34 

5 Jan. 1946 

14 Jan. 1946 



** Canaultftnt. 
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Winthrop Chemical Company, Inc. 

Albertson, Noel F. Ewing, G. W. Kirchner, Froderick McMillan, Freeman II. 

Archer, Sydney Haskell, Theodore I.iawson, E. J. Pratt, Margaret G. 

Buck) J. S. King, John A. McCormack, Jerry U, D. Sutor, C. M. 

Cavallito, C: J. 




l)^Jt^' received 

Report No. 

Date of report 

-- 

— 



By O.R R.l). (N. V.) 

By Medical Research Council 

W.l 

2U Mar. 1944 

4 Apr 1914 

15 Sep. 1944 

f 

15 Jan. 1944 

4 Apr. 1944 

(not circulated) 

s 

15 Apr. 1944 

21 Apr. 1944 

7 .lul. 1944 

4 \ 

15 May 1944 

25 May 1944 

20 Jun. 1944 

6 \ 

19 Jnn. 1944 

3Jul 11H4 

20 Jul. 1944 

6 

1!) Jill. 1944 

25 Jul. 1944 

5 Aug. 1944 

7 

20 Aur. 1944 

5 Rpp. 1944 

20 Sep. 1944 

8 

25 S('p. 1944 

29 Spp. 1944 

13 Oct. 1944 

0 

18 Oct 1941 

27 Oct. 1944 

8 Nov. li)44 

10 

15 Nov 1944 

7 J)pc. 1944 

20 Dec. 1944 

11 

15 Dcfi. 1944 

27 Doc. 1944 

11 Jan. 1945 

12 

15.Ian. 1945 

25 Jan. 1945 

15 Feh. 1945 

IS 

15Fcl) 1945 

I Mar. 1945 

25 Mar. 1945 

14 

15 Mar. 1945 

24 Mar 1945 

7 Apr. 1945 

16 

15 May 1945 

2.3 May 1945 

2 Jun. 1945 

W 

15 .lun. 1945 

27 Jun. 1945 

26 Jul 1945 

17 

G Nov. 1945 

17 Nov. 1945 

28 Nov. 1945 



SUBJECT INDEX 


INTRODUCTION AND KEY 

The listing of organic comi)oiinds in this index 
has been rendered diflScnlt by the inherent com¬ 
plexity of the subject matter and by the circum¬ 
stance that the authors of the various cha]:)ters have 
not used a uniform system of nomenclature. To 
aid in locating specific subjects and compounds 
each chapter has been provided with a detailed 
table of consults and numerous cross references 
have been furnished. 

In assigning systematic names the general 
principles and methods used in Chemical Abslrarts 
have been adopted, with a few exceptions, but the 
entries have been made without inverting the 
names of the substituents. The principal func¬ 
tional group is included in the name of the parent 
compound (see Chem. Ahs., 39, 5875 (1945)) and 
prefixes designating substituent groups are placed 
in alphabetical order before the name of the parent 
compound; thus, a-Caproylamino-4-carboxy-5,5- 
dimethyl-3-cthyl-2-thiazolidineacetic acid, 4-Carb- 
oxy-a-phenylacctamido-2-thiazolinepropionic 
acid, etc. 

Generally accepted trivial or common nanu's 
(e.g., glycine, penicillamine, phenaccturic acid, 
etc.) are used in preference to systematic names for 
specific compounds, and simple derivatives thereof, 
but homologs and complex substitution products 
are usually entered under systematic names. Mew 
and convenient trivial names devised in the course 
of the chemical studies of penicillin are listed 
below, together with type formulas and systematic 
names for the more important ones. 

Functional derivatives of organic acids, alde¬ 
hydes, etc., acyl and alkyl derivatives of amines, 
and salts of organic a(*ids and bases arc treated in 
various ways. Where the importance of a specific 
derivative or simplification of indexing appeared to 
warrant it, a derivative has been entered separately 
by its own specific name; e.g., a-Methyl benzyl- 
penicilloate, Benzylpenicilloic o?-benzylamide, etc. 
In other instances the functional derivative may be 
listed as a sub-entry under the name of the parent 
compound; e.g., 4-Thiazolidinccarboxylic acid, 
methyl ester. Where there is a small number of 
references to the parent compound and/or its func¬ 
tional derivatives, all of the references are given 
under the name of the parent compound without 
indication of the particular derivative involved; 
thus, references to various derivatives are included 
under the single entry, Heptylpenilloaldehyde. 

An attempt has been made to list all of the refer¬ 
ences to a particular compound in one place in the 


index, witliout regard to the names used in different 
places in the text by authors of individual chapters. 
Often the comitlexity of the compounds is such that 
one has <lifficulty in recognizing that two or mon* 
different names pertain to the same compound and 
some instan(‘es of tfiis will have escaped attention 
in the preparation of the index. An unfortunate 
result of the indexing system is that, not infre¬ 
quently, names used in the text will not be found 
in their original form in the index; conversely, the 
names appearing in the index may not occur in 
precisely the same form in the text. It is lioped 
that the advantage of having all references und<T one 
entry will outweigh the attendant disadvantages. 

Trivial Names of Penicillin Derivatives 

Desdimethyl- : prefix used to indicate cysteine 
analogs of penicillin derivatives, in which the two 
methyl groups of the penicillamine residue are 
lacking. 

Desdimethylpenicilloic acids: example, iJesdi- 
methylbcnzylpcfnctlloic ac'id: systematic name, 4- 
Garboxy - a - phenylacetamido - 2 - thiazolidineacetic 
acid. 

Desdimethylpenillic acids : example, Desdi-^ 
methylbenzylpcnilloic acid, systematic name, 5-benz- 
yl-2,3,7,7a-tetrahydroimidazo|5,l -/>]thiazole-3,7- 
dicarVjoxylic acid. 

Desdimethylpenilloic acids : example, Desdi-^ 
methylbenzylpenilloic acid, systematic name, 
2-phenylacetamidomethyl-4-thiazolidinecarboxylic 
acid. 

Desthiopenicillins : example, Desthiobenzylpeni- 
cillin; systematic name, a-Isopropyl-2-oxo-3- 
phenylacetamid o-1 -azetidineaceti c acid. 

CHa—N—OH—riI(CH3)2 

I I I 

CJIsCHsCONH CH —CO COjH 

Desthiopenicillenic acids: example, Desthiobenz^ 
ylpenicillmic acid; systematic name, iNr-(2-benzyl- 
5-oxo-4(5)-oxazolyHdenemethyl)valine. 

Desthiopenicilloic acids: example, DeathiobemyU 
penicilloic acid; Ar-(2-Carboxy-2-phenylacetamido- 
ethyl) valine. 

Desthiopenillamines : example, Dcsthiobenzylpen^ 
illamine; systematic name, 2-benzyl-a-isopropyl-l- 
imidazoleacetic acid. 
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Desthiopenillonic acids: example, DesihiohenzyU 
'penUlomc acid: systematic name, a-Isopropyl-5- 
oxo-3-phenylacclyl-l-imidazoleacetic acid. 

Homopenicilloic acids: example, Benzylhomopent’- 
cilloic and; systematic name, 4-Carboxy-5,5- 
dimethyl -a- ])henylacetamido- 2-thiazolidinepropi- 
onic acid. 


S 

K—coNii—(ir—(1I2—c'H ^c{cn,h 


CihU 


Nil - f^l COall 


Isopenillic acids: <*Mun})le, 2-Pent(nyhhopemlhc 
acid; syht<‘rnatic name, 4-Carboxy-a-(l-mercapto- 
isopro))yl)**l -imidazoleacetic acid. 


CO,U<> 


CU 


N N~CTI-r(CITa)2 

\ / I I 

C (X)2ll SH 


R 


derivativeKS of a parent open-chain skeleton of the 
^W-(penaldo)penicillaminetype: 


(8) (7) (0) (5) (4) (3) (2) (1) 

R—CO—NH—C--CH—Nil—CH—C(Cn,)2—SH 


(a)C02H 


WCOaH 


The individual penicillins differ from one another 
merely by having different organic groups as the 
substituent radicals of the acylamino group (R- 
of the general formula shown above). The general¬ 
ized open-chain form of the penicillin skeleton 
affords a possible basis for a universal numbering 
syslern that may be used in connection with any 
of the trivial names. 

Penicillinates: examples, Jiuhidium henzylpeni- 
nlliNaiCj Methyl 2-petilenylperiinlhnatc, This name 
is used to designate salts and esters of the pen¬ 
icillins. The terms benzylpenicillin, 2-pentenyl- 
penicillin, etc., as used in the index refer generally 
to the sodium salt of the penicillin, which is the 
form in \\ hich the penicillins are available normally 
from the culture media. 


Norpenaldic acid: specific name for the a-formyl 
derivative of N-formylglycine; systematic name, 
a-Formumidomalonaldehydic acid. 

CH--0 

/ 

IICONH-CTI 

\ 

COjH 

Penillamines: example, AmylpenUldmine; sys¬ 
tematic name, 2-Amyl-a-(l-mercaptoisopropyl)-l- 
imidazoleacetic acid. 

Penaldic acids: example, Phenylpcnaldic and; 
systematic name, Benzamidomalonaldehydic acid. 
Acetals of the unacylated amino-acid may be 
named as 0,|(3-dialkoxy derivatives of alanine; e.g., 
/i,^-I)iethox 3 ^alaninc. 

Penicillamine: specific name for i0,|3-dimethyl- 
cysieine; systematic name, a-amino-/?-mercapto- 
isovaleric acid. 

Penicillaminic acid: specific name for /3,/3-di- 
methylcysteic acid; systematic name, a-amino-j3- 
sulfoisovaleric acid. 

Penicillenic acids: example, Benzylpenicillenic 
acid: systematic name, Ar-(2-Benzyl-5-oxo-4(5)-ox- 
azolylidenemethyOpenicillamine. 

Penicillins: example, 2-Pentenylpenicillm, The 
individual penicillins are named by adding prefixes 
designating the radical attached to the carbonyl 
function of the acylamino group present in the 
penaldic moiety of the molecule. All of the 
penicillins may be regarded essentially as cyclized 


Penicilloic acids: example, Benzylpenicilloic acid; 
systematic name, 4-Carboxy-r),5-dimcthyl-a- 
phenylacetamido-2-thiazolidineacetic acid. The 
derivatives of the carboxyl functions of the pen¬ 
icilloic acids are indicated by using the designation 
a- for the carboxyl of the penaldic moiety and j0- 
for that of the penicillamine residue. 

Penillic acids: example, Amylpenillic acid: sys¬ 
tematic name, 5-Amyl-2,3,7,7a-tctrahydro-2,2-di- 
methylimidazo[5, l-5]thiazole-3,7-dicarboxyIic acid. 

Penilloaldehydes: example, 2-Pentenylpcnillo- 
aldehyde; systematic name, 3-hexonoylaminoacet- 
aldehyde or N-(formylmethyl)-3-hcxenoic amide. 

Penilloic Acids: example, Benzylpenilloic acid; 
systematic name, 5,5-I)imetliyl-a-phenylacetamido- 
methyl-4-thiazolidinccarboxylic acid. 

Penillonic acids: example, Benzylpenillonic add; 
systematic name, 2,3,5,6,7,7a-''Jetrahydro-2,2-di- 
methyl-5-oxoimidazo[2,l-6]thiazole-3-carboxylic 
acid. 


R—CON- 


S 

/ \ 

-CH C(CH8)2 


CH 2 N- 

\ / 

CO 


-CHCO 2 H 


Pseudopenicillinates: example, Methyl pseudo- 
penicillinate. This name has been assigned to the 
antibiotically inactive compound obtained by 
treating methyl benzylpenicillinate with hydrogen 
chloride, followed by dehydrohalogenation with 
diazomethane or silver oxide (see Chapter XXIV). 
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A 

Absorption spectra, see Infrared spec¬ 
troscopy and Ultraviolet spectroscopy^ 
and also sub-entrios spectrum, 
infrared, and spectrum, ultraviolet, 
under names of individual com¬ 
pounds. 

4-Ac6tamidinomethylene-2-phenyl- 

5- oxazolone, 829 

3 - Acetainido-*2,4-(liketopyrrolidin e, 
847 

3- AcetamidO'-2,4-diketO’'l-acety]- 
pyrrolidine, 847 

a-Acetamido~/!:j,^-dimethylacrylic 
acid, azlactonization of, 457 
conversion to sn oxazolone, 405 
from penicillamine, 53 
from thiazolidine sulfoxides, 3 57 
prepn. of, 405, 733 
x-ray crystallography of, 318 
N -Acetamidoethylvaline, 135 
a-Acetamido*d*niercaptoisovaleric 
acid, 842 

4- Acetamidomet]iylene-2-phenyl-'6- 
oxazolone, 817 

4 -Acethydra 2 inomethylene- 2 -phenyl- 

6 - oxazolone, 829 

2 - Acetonyl-2 -methyl-4-thiazolidine - 
carboxylic acid, 901 

2-Acetonyl-4-thiazolidmecarboxylic 
acid, 959 

2-(r-Acetoxyamyl)-4-styryl-6-eth- 
oxyoxazole, 098 

2-p-Acetoxybenzyl-4-ethoxymeth- 
ylene-5-oxazolone, 523, 812 
2 -p-Acetoxy benzyl -4-hy droxymeth- 
ylene- 6 -oxazolone, 941 
p-Acetoxybenzylpenaldic acid, 515, 
812 

4-Acetoxymethylene-2-benzyl-6- 
oxazolone, reaction with penicill¬ 
amine, 898 

4-Ace toxyme thylene *2 -phenyl -6 - 
oxazolone, 822 

p-Acetoxyphenylacetamidoacetal, 

121, 139 

tt-p-Acetoxyphenylacetamido-4-carb- 
oxy - 2 -thiazolidineacetic acid, 941 
a-p-Acetoxyphenylacetamido-d-eth- 
oxyacrylic acid, 812 

2- p-Acetoxyphenylacetamidomethyl- 
5, 6 -dimethyl-4-thiazolidin e-car b- 
oxylic acid, 140 

p-Acetoxyphenylacetic acid, 139, 812 
p-Acetoxyphenylacetonitrile, 812 
p-Acetoxyphenylacetyl chloride, 139, 
491, 812 

Acetylamino-, sec Acetamido-. 

4-(N-Acetylanilmomethylene) -2- 
phenyl- 6 **oxazolone, 898 
N-Acetyl-N-benzylalanine, 944 
N-Acetyl-a-benzylpenicilloic acid, 
234 

8-Acetyl-4-carbomethoxy-6,5-di- 
methylthiazolidine, 922, 939, 958 

3- Acetyl-4-carbomethoxy-6,6-di- 
methyithiazolidineacetonitrile, 905 

8-Acetyl-4-carbomethoxy-2,2,3,6- 
tetramethylthiazolidine, 900 
8-Acetyl*4<<arboxy-6,6-dimethyl-2- 
N -metb^lbenzamido-carbethoxy- 
methylthiazolidine, 937 
8<*Acetyi-4««carboxy*6,6*dimethyl- 
a«N ^methylbenzainido- 2 -thiazol - 
idinencetk acid, 937 
8*Acet^-6|6«dijnethyi*2«pheny]-4- 
thiazolidiaecarboxyiic acid, 
reactions of, 187 
anlfone* 157, 928. 929. 947 
sulfoxide, 157, 9^, 91^, 947 


8-Acetyl-6,.5-dimethyl-4-thiazol- 
idinecarboxylic acid, methyl ester, 
922, 939, 958 
prepn. of, 958 

l-Acetyl-6-isobutyl-2-thiohydantoin, 
prepn. of. 287, 800 
reactions of, 289, 295 
Acetylmandelyl chloride, 798 

1 - Acetyl-6-niethyl-2 -thiohy dantoin, 

dissociation constant, 288 
prepn. of, 287 

N-Acetylpenicillamine, from an oxaz¬ 
olone and hydrog(*n sulfidi’, 737 
hydrolysis of, 400 
prepn. of, 470 
spectrum, infrared, 408 

3-Acetyl-2-phenyl-4-thiazolidme- 
carboxylic acid, 901 

3-Acetyl-2,2,6,6-tetramethyl-4-thi- 
azolidinecarboxylic acid, 900 
3-Acetyl-4-thiazolidinecarboxylic 
acid, 417 

1-Acetyl-2-thiohydantoin, 288 

2 - Acetyl -2,6,6-trimethyl-4 -thiazol- 

idinecarboxylic acid, 901 
Active hydrogen, see also, Dcnternim^ 
and ZcrrwithioJJ delcrminatum, 
in N-a(‘yl alanylvahne ester, 189 
in benzyl])cnicillm, 88 
in bciizvlpcnillonic derivatives, 158, 
189 ‘ 

in methyl bcnzylpenicillinat(‘, 93, 
154 

in methyl bcnzylpenillatc, 114 
in methyl benzyipenillonate, 158 
in N-inethyl phenylacetaniide, 189 
in methyl phenaceturate, 189 
in oxazolones, 738 
in penicillin derivatives, 179 
in penillic acids, 132 
in sulfoncH, 153, 178 
Acylaminoacetals, reaction with peni¬ 
cillamine, 480 

a-Acylamino acids, constitution of 
acid halides, 740 
conversion to oxazolones, 730 
reaction with acetic anhydride, 742 
reaction with formamidines, 740 
reaction wdtli phospliorus trihro- 
rmde, 731 

<x-Acylaniino-/?-hydroxyacrylic acids, 
504 

Acylaminomalonic semialdehyde, 480 
a-Acylamino-2-thiazolidineacetic 
acids, 805 

Acylpenicilloates, 854 
Acylthiazolidines, oxidation by perio¬ 
date, 928 

theoretical considerations, 451 

3- Acyl-2-thiazolidineacetic acids, 990 
1 -Acyl-2-thiohydantoins, 432 
Alanine, N-benzoyl derivatives, 708, 

788 

N-cai)royl derivative, 502, 708, 838 
cyclohexylacetyl derivative, 01 , 72, 
589 

/3-methoxy derivative, 875 
reaction w’ith acetylmandelyl chlo¬ 
ride, 798 

with an alkoxymethylcneoxazol- 
one, 163, 198 
with oxazolones, 198, 821 

4- Alkoxymethylene-5-oxazoIone8, 

prepn, of, 743 
reactions of, 755 
reaction with amines, 748 
with cysteine, 769 
with penicillamine, 759, 893, 898 
replacement reactions, 749 
O-Alkoxyoxazoles, 695 
prepn, of, 696, 708 
nydrogenation of, 096 
hydre^sis of, 696 


4-Alkylidene-5-oxazolones, 411 
6 -Alkylpenicilloic acids, 852 

4- Alkylthiomethylene-5-oxazolones, 

755 

Allylhippuric acid, 1009 
Allylphenaceturic acid, 1009 
N-Aliylphenylacetamide, 658 
Amides, deuterized, 388, 404 
modification by steric effects, 444 
spectrum, infrared, 388, 389, 401 
Aminoacetal, acyl derivatives of, 479 
carbobenzyloxy derivative, 563 
ri'action wulh penicillamine, 480 
6 - Amino -2 -amyl -4 -car bethoxy oxaz - 
ole, 727 

5- Amino-2~amyl-4-cyano-oxazole. 

702, 729 

6- Amiao-2-amyl-4-oxazolecarboni- 
trile, 729 

2-Amino-6-benzamido-4-hydroxy- 
pyrimidine, S29 
p-Aminobenzylpenicillin, 072 
Amino-ZcrZ-butyl mercaptan, 400, 409 
a'-Amino-4-carbethoxy-5,5-di- 
methyl- 2 -thiazolidineacetic acid, 020 
2-Aminocarbethoxymethyl-4-carb- 
ethoxy-5,6-dimethylthiazolidine, 
909 

2-Aminocarbethoxymethyl-4-carb- 

omethoxy- 6 , 6 -dimethylthia 2 oline, 

885 

2-Ammocarbethoxymethyl-3- 
methylthiazolidine, 529, 718 
2 - Aminocarbomethoxymethy] - 4 - 
carbomethoxy- 6 , 6 -dimethyIthiaz- 
olidine, 142, 968 

ar-Amino-4-carbomethoxy-5,6-di- 
m ethyl- 2 -thiazolidineacetic acid, 

027, 859, 891 

nr-Amino- 4 -carboxy- 5 , 6 -dimethyl- 2 - 
thiazolidineacetic acid, acyl deriva¬ 
tives, see the corresponding penicil- 
loic acids. 

a-Amino-4-carboxy-5,6-dimethyl-2- 
thiazolidineacetic acid, esters. 
142, 020, 885, 969 
from penicilloic esters, 553 
a-Ammo-4-carbomethoxy-5,5-di- 
methyl- 2 -thiazolmeacetic acid, 885 
880 

a-Amino-4-carboxy-6,6-dimethyl-2- 
thiazolineacetic acid, 880 
Of-Amino- 7 - (1 -carboxy ethylamino) - 
butyric acid, 1015 
5-Ammo-4-cyano-2-phenyloxazole, 
702, 729 

a-Amino-/:^,/!i-dibutoxypropionic acid, 
517 

a-Amino-/^,/;i-diethoxypropionic acid, 
se(» lijd-’Di ethoxy alanine. 
a-Amino-/ei,/3-diethoxypropionitrile, 
492, 508 

a-Amino-/^, 7 -dihydroxy-a-methyl- 
butyric acid, 840 

2-Aminoethanethiol, N-methyl deriv¬ 
ative, 528, 718 

reaction wdth cth}^ phenylpenal- 
date, 500 

N-(2-Aminoethyn -p-methoxy- 
phenylacetamide, 009 
N-Aminoethylvaline, from penicillin 
derivatives, 203 
prepn. of, 135 

»-Amino-/t-formylpropionic acid, 1006 
a-Amino-/i-mercaptovaleric acid, 460, 
408 

2-Aminomethyl-6,5-dlmethyl-4- 
thiazolidinecarboxylic acid, ethyl 
ester 907 

methyl ester, 140, 949, 906 
prepn. of 137, 529, 949, 966 
reaction with phenyidithioacetic 
acid, 568 
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4-Ammom©thylene-2-benzyl-6- 
oxazolone, 756, 82J, \H0 
4-Amlnomethylene-6-oxazolones, 
I’hromoiaoinenHin of, 757 
pH*pn. of, 748 
r(*actioiia of, 756 
sppctnuu, ultraviolet, 825 

4- Ainiiiomethylene-2-phenyl-5- 
oxazolone, 758, 817 

<*-Ainmo-3-methyl-2-thiazolidine- 
acetic acid, 718 

2 -Aniinomethyl-4-thia2olidinecarb- 
oxylic acid, metlul ester, l)6t‘» 
5~Aminooxazoles, 700 
p-Aminophenylacetic acid, (>72 
2-Amino-4-phenyl«3-butenoic acid, 
sec* Styrylijlifcmv. 

6-Amino-2-phenyl-4-oxazolealde- 
hyde, 701, 720 

5- Amino-2 -phenyl-4-oxazolecarb- 
oxylic acid, 701 

2 - Am in o-4,6 - (2'-phenyloxazolo-4', 6)- 
pyrimidine, 820 

a-Amino-6-phenylvaleric acid, 7t)5 
2-,t-Aminopropyl-6,6-dimethyl-4- 
thiazolidinecarboxylic acid, 068 
a-Amino-/^-thiolisobutane, 460, 4fi0 
cr-Amino-/t-thiolvaleric acid, 460, 468 
Ammonium benzylpenicillinate, pow¬ 
der dilTraction pattern, 371 
prepn. of, 4, 80 

Ammonium «-heptylpenicillinate, 
powder diffract ion pattern, 371 
prepn. of, 1(K) 

Ammonium 2-pentenylpenicillinate, 
371 

Ammonium thiocyanate, non-reaction 
with acylanuno esters, 302 
reaction with oxas'olones, 800 
reaction with penicillin, 200 

2-Amyl-4-anilinomethylene-6-oxaz- 
olone, 606 

2-Amyl-4-benzyl-6-oxazolone, 730, 
744 

2-Amyl-4-butyl-4-diethoxymethyl- 
5-oxazolone, 840 
2-Amyl-4-butyl-4-(/a,d"diethoxy- 
methyl)-6-oxazolone, 808 
2-Amyl-4-carbethoxy-6-ethoxyoxaz- 
ole, 713 

2-Amyl-4-carbethoxy-6-imidazolone, 

728 

2-Amyl-4-carbethoxy-5-oxazolone, 

730, 776, 884 

2-Amyl-4-carboxyimidazole-l- 
acetic acid, 603, 705 
2-Amyl-6-chloro-4-cyano-oxazole, 

690, 721 

2-Ainyl-6-chloro-4-oxazolealdehyde, 

699, 721 

2-Amyl-6-chloro-4-oxazolecarb- 
oxylic acid, 600, 721 
2-(2'-Amyl-5'-chloro-4'-oxazolyl)- 
6,5-dimethyl-4-thiazolidinecarb- 
oxylic acid, 722 

2-Amyl-4-cinnamylidene-6-oxazol- 
one, 838 

2-Amyl-4-cyano-5-ethoxy-oxazole, 

700, 726 

2-Amyl-4-diethoxymethyl-4-methyl- 
5 -oxazolone, 838 

2-AmyI-4-ethoxymethylene-6-oxaz- 
olone, 744, 804, 823 
2-Amyl-6-ethoxy-4-methyloxazoIe, 
708 

2-Amyl-6-ethoxyoxazole, 695, 696, 
710 

2-Amyl-6«ethoxy-4-ozazolecarbox- 
ylic acid, 699, 720, 721 
nitrile, 700, 726 

2-Amyl-6-ethoxyozaz6line, 119, 136 
2 *-Aiiiyl-6-ethoi7-4-8tyryloxazole, 

698, 712, 719, 720 


2-Amyl-4-fonnyl-6-ozazolone, see 2- 

AmyUJ^-hydroxymethylene’S'Oxazol- 

one, 

2-Amyl-4-hydroxymethylene-6- 

oxazolone, pn»pn of, 522, 743, 
805, 808, 821 

reaction with pemeilJainine, 612, 
831, 908 

ri'arrangement of, 604, 705 
2-Amylimidazole, picrolonate, 705 
prepn. of, 44, 50, 601, 705 
spectrum, ultraviolet, 15 
2-Amyl-4-imidazolecarboxylic acid 
603, 701 

2-Amyl-4,6-imidazoledicarboxylic 
acid, 44, 50 

2-Amyl-4-isopropylidene-6-oxazol- 
one, 733, 781 

2-Amyl-4-methoxy methyl ene-6-ox- 
azolone, prepn of 821 
i( action witli peincillainine, 161, 
833, 008 

2 -Amyl-6-methoxyoxa2ole, 710, 877 
2-Amyl-l-methyl-4-imidazolecarb- 
oxylic acid, 603, 704 
2-Amyloxazoie, (503. 703 
2-Amyl-4-oxazolealdehyde, j>repn. of, 
600, 721 

reaction with penieillaniine, 601, 
707 

2-Amyl-4-oxazolecarboxvUc acid, 
acid chloridi', 707 
amide, 604, 701, 703. 720 
piepn of, 603, 703, 728 
reaction with ammonia, 691, 705 
riMluction of acid chloride, (504 
2 - Amyl-5-oxazolon e -4-carboxylic 
acid, 770, 884 

2 - (2' - Amyl -4' -oxazolyl) -6,6-dime th- 
yl-4-thiazolidmecarboxylic acid, 071 
Amylpenaldamide, 514 
Amylpenaldic acid, derivatives of, 401 
diethyl acetal, 514, 808 
prepn. of, 401 

reaction of esters with penicill- 
aiuirie, 490 

Amylpenaldonitrile, 101 
Amylpenicillin, degradation of, 42 
early studies of, 38, (51, (580 
oxidation by iodine, 48 
precursors, 650 
prepn. of, 40 
reaction with iodine, 48 
Amylpenicilloic acid, 572; see also 
Methyl amylperunfloaU\ etc. 
Amylpenillamine, from the penillic 
acid, 42 

from gigantic acid, 42 
from the penillic acid, 108 
hydrochloride, 113 
prepn. of, 48, 117, 119, 120, 136, 138 
structure of, 44 
x-ray crystallography of, 316 
Amylpeniliic acid, formation of, 108 
hydrolysis of, 48, 476 
isolation of, 42 
prepn, of, 48 
profK^rties of, 113 
reactions of, 44 

Amylpenilloaldehyde, derivatives of 
43, 44, 48, 476 

dinitrophcnylbydrazone, 29, 50, 481 * 
hydrolysis of, 49 
identimsation of, 28, 44, 476 
isolation of, 476 
prepn. of, 48, 479 

Amylpenilloic acid, N-acetyl deriva¬ 
tive, 562 

dissociation constant of, 419 
from the penicilloate, 562 
hydrochloride, 562 
prepn. of, 141, 562, 759, 831 
2«Amyl-l-phenylimidazole, 694, 705 


/^-Anilino-a-benzamidopropionic acid, 

/9-lactam, 992 

4-Anilinomethylene-2-benzyl-5- 
oxazolone, 746, 773 
4-AnDmomethylene-2-benzyl-6-thi- 
azolone, 848 

4-Anilinomethylene-2- (1 -heptenyl) - 

6 -oxazolone, 821 

4-Anilmomethylene-2-p-nitrophenyl- 
5-oxazolone, 820 

4-Anilinomethylene-2-(l-pentenyl)- 
5-oxazolone, 815 
4-Anilinomethylene-2-phenyl-5- 
oxazolone, (508, 746, 756, 814, 817, 
818, SiO, 827 

/^-Anilino-a-phenylacetamidopropi- 
onic acid, p-Jactam, 17(5, 255, 265, 
781, 003 

d-Anilino-/?-phenylpropionic acid, 

ethyl esf(»r, 436 
/Mactam, 43(5, 001 

Antibiotic activity, attempts to acti¬ 
vate penicilloic denvative.M. 850 
from iiictiivl benzvlpenicillenate, 
876 

of 2“bcnzv l-l,4-dimethyl-5-oxazo- 
Joni', 803 

of ben/\lpcnicilliii sulfone. 183 
of benzylpenicjllm sulfoxiue, 187 
of benzylt}iiazolini‘carboxyli(; acid, 
S<)3 

of glycolfihh'hyde, 803 
of oxazolones, 803 
of oxazolylthiazolidines, 600 
of pimicillaniiiK* condensation prod¬ 
ucts, 760, 892 

of synthetic materials, 854, 892 
An tibiotically-active con d ensation 

product, bacterial spirtrum, 899 
chemical and physical tests, 907 
containing raclioactive sulfur, 901 
counter-current distriliution of, 904 
effect of penicillinase on, 894 
hrst d(‘.scnption of, 8, 803, 895 
from a-amino-^(-mercapto acids, 
805. 008 

from 4-(‘t}ioxymethylene-2-6tyryl-5- 
oxazoloni', 803 
from oxazolones, 802, 908 
infrar(*d measurements on, 894 
prepn. of, 805, 807, 908 
Aspergillic acid, 103 
Aspergillus flavus, 103, 478 
Assay of penicillins, 428, 1025 
2-Azetidinone8, see also fi-Laclams 
and sub-entries under names of 
mdividiial /i-ammo acids (e.g., 
d-Anilino-^-phenylpropionic acid, 
/3-lactam). 

methods of prepn., 977, 991 
tabular survey of, 977 
2-Azetidones, 975 

Azides, use in attempted penicillin 
syntheses, 854 
conversion to oxazolones, 731 

Azide-iodine reagent, 927 
4-Azidomethylene-2-phenyl-6-oxaz- 
olone, 829 

Azlactone formula, for penicillins, 
232, 442 

Azlactones, see also Oxazolones^ and 
names of speciffc compounds, 
determination, in mixtures, 841 
prepn. of, 782 

reaction with ammonium thio- 
evanate, 270 

with hydrogen chloride, 910 
with Giignard reagents^ 171 
Azlactonization, of acylamino acids, 
915 

of benzylpenaldic acid, 495,521,841 
of optically active pen^dic acid, 501 
reagents for, 851 



Azo-imidazolidine, 943 
AzopenicUlins, 682^ 685, 686 
Azothiazolidines, 923, 941 


B 

Bacterial spectrum, of benzylptiiiicil- 
lin, 893, 898 

of bonzyltliiazolidine carboxylic 
acid, 898 

of synthetic products, 899 
Barium beuzylpenicillinate, 89 
Barium 2-pentenylpeniciUinate, 23 
3 *-Ben2amido-l-benzoyl-2,4-di- 
ketopyrrolidine, 770 
a-Benzamido-/^-benzylmercapto- 
acrylic acid, 826 

a-Benzamido-/:i-carbethoxymethyl- 
aminopropionic acid, 844 

2-Benzamidocarbethoxymethyl-3- 
methylthiazolidine, 718 
2 -Benzarn i docarb ethoxym ethyl - 
thiazolidine, 907 

2>Benzamidocarbethoxym ethyl-4- 
thiazoUdinecarboxylic acid, 428 
rt-Ben2amido-4-carbomethoxy-6,5- 
dimethyl-2*thiazoUdinepropionic 
acid, 653, J006 

2-Benzamidocarbomethoxymethyl- 
5,5-dimethyl-4-thiazolidiiiecarb- 
oxylic acid, 940 

2- Benzamidocarbomethoxymethyl-4- 
thiazolidinecarboxylic acid, 910 

«-Beiizamido-4-carboxy-6,6-di- 
methyl-2-thiazoUdmeacetic acid, 
see PhenylpeniciUoir acid. 
a-Benzamido-4-'Carboxy-6,6-di- 
methyl-2-thiazolidiiiepropionic 
acid, ^-iHctaiu, 157, 188, 1004 
ar-Beuzamido -4-carboxy -3 -f orm yl -2 - 
thiazolidineacetic acid, 644 
a-Benzamido-/il-carboxymethyl- 
amino-propionic acid, 845 
2 -Benzamidocar boxym ethyl -3 -iso - 
butyryl-thiazolidine, 967 
a-Benzamido-4-carboxy-2-thiazol¬ 
idineacetic acid, see DcMiimeihyl- 
vfmiylpcnicilloir acid. 
<x-Benzamido-4-carboxy-2-thiazol- 
idinepropionic acid, 1011 
a-Benzamidocinnamic acid, 731, 782 
<x-Benzamidocinnamoyl azide, pn'jui. 
of, 780 

Benzamidocyclohexane, j)repn. of, 775 
a-Ben zamido- 7 , T-diethoxy butyric 
acid, 1011 

cr-Benzamido-/^,/i-diethoxy propionic 
acid, 911 

6-Benzamido-4,6-dihydroxypyrim- 
idine, 829 

3- Benzamido-2,4-diketopyrrolidine, 
770 

a-Benzamido-^,/i-dimethylacryl- 
amide, 790 

a-Benzamido-ifi,^-dimethylacryl- 
anUide, 871 

a-Benzamido-z^i, /^-dimethylacrylic 

acid, conversion to oxazolon<;, 
731 

from amylpeniciliin, 612 
from peniciUamiuc, 53 
methyl ester, see Methyl a-hem- 
methylacrylate 

4 - Benzamido-3,S-dimethyi-5-pyra- 
zolidone, 736, 788 

2-Beiizamldo-l,l-diphenylpropanol, 
149, 171 

a-Benzamido-jS-ethylmercaptoacrylic 
acid, 826, 874 

a-Bonzamido^iS-formylpropionic acid, 
167, 1010 


SUBJECT INDEX 

6-Benzamido-4-hydroxy-2-methyl- 
pyrimidine, 757, 829 
5-Benzamido-4-keto-2,3-divinylene- 
dihydropyrimidine, 829 
Benzamidomalonamide, 702, 726 
Benzamidomalonic acid, azlactono, 
884 

esters, 884 

a-(a'-Benzamido-jfi'-4-methoxy- 
phenyl)ethyl-/<-phenylurea, 781 
«-Benzamido-/3-methylcrotonhy- 
drazide, 780 

a-Benzamido-/!i-methylcrotonic azide, 
780 

Benzamidomethylmaleic anhydride, 
772, 847 

3- Benzamido-a-methyl-2-oxo-l- 
pyrrolidineacetic acid, 1014 

2-Benzamidomethyl-4-thiazolidine- 
carboxylic acid, 572, 641, 759, 831; 
see also DesdimcAhylphenylp< nilloic 
aetd, and its derivatives. 
a-Benzamido-3-methyI-2-thiazol- 
idineacetic acid, ethyl ester, 528,(097 
d-Benzamido-a-phenylacetamido- 
propionic acid, 129, St 1 
a-Benzamidophenylacetic acid, 776, 
911 

4- Benzamido-3-phenyl-6-pyrazol- 
idone, 788 

4 -Benzamido-l-phenyl-6-pyra2olone, 

757 

2- Benzamido-3-pyrazolone, 873 
4-Benzamido-3-pyrazolone, 757, 828, 

873 

a-Benzamido-2-thiazolidineacetic 
acid, 3-iso})utyryl d(‘nvativc, 907 
prejin. of, 500 

Benzhydryl benzylpenicillinate, 4, 680 
Benzhydrylpenaldic acid, derivatives 
of, 493, 519 

Benzhydrylpenaldonitrile, 493, 519 
4 -Ben20xymethylene-2-benzyi-6- 
oxazolone, 823, 828 
^-Benzoxy-«-phenylacetamidoacryUc 
acid, 534 

Benzoylalanine, <4hyl ester, 70S 
hydrazidc’, 788 

Benzoylamino-, st'e Hvnznmido-. 

N - (N-Benzoyl-a-carbethoxyglycyl) - 
penicillamine, 884 
N- (N -Benzoyl-«-carboraethoxygly- 
cyl)peniciUamme, 884 

3- BenzoyI-4-carbomethoxy-2,2,6,6- 
tetram ethy 1 thiazolidin e, 961 

Benzoyl chloride, action on penicillin 
derivatives, 150 

N-Benzoyl-i8,^-diethoxyalanine, 873 
N -Benzoyl-/3,fl-diethoxyalanylhy- 
drazide, 873 

N'-(N-Benzoyl-^,/Jl-diethoxyalanyl j- 

g enicillamine, 873 
enzoyl-6,6-dimethylthiazolidine- 

4-carboxylic acid, methvl caster, 
958 

propn. of, 958 

N-Benzoyl-^-formylalanine, ethyl 
ester, 502 

1 -Benzoyl -5-isobutyl -2 -thiohy dan - 
toin, 287, 800, 803 

Benzoylleucine, reaction with acetic 
anhydride, 800 

reaction with ammonium thio¬ 
cyanate, 302, 800 

Benzoylleucyl-cysteine, 787 
Benzoyl-4-methoxyphenylalaiiine, 
799, 802 

Benzoylpenicillamine, S-benzyl deriv¬ 
ative, 456, 462, 790 
Benzoylphenylalanine, conversion to 
oxazolonc, 731 
a-phenyletbylamide, 787 
Benzoylphenylalanyl-cyateiiiey 220 
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3-Benzoyl-2-phenyl-4-thiazolidine- 
carboxylic acid, 962 

3- Benzoyl-2,2,6,6-tetramethyl-4- 

thiazolidinecarboxylic acid, 

prepu. of, 46, 51 
iiu'thyl ester, 961 

Benzoyivaline, from benzyklesthio- 
piMjillonic acid, 159 

4- N -Benzylacctamidomethylene-2- 
phenyl-6-oxazolone, 714, 815 

2-Benzyl-4-acetoxymethylene-6- 
oxazolone, reaction with perucill- 
Jiiriine, 898 

2-Benzyl-4- (N -acetyl -2',4'-dichIoro- 
anilinomethylene)-6-oxazoione, re- 
aetion with penicillamine, 898 

5- Benzyl-N-acetylpenicillamine, 
sfx'ctruin, infrared, 408 

N-Benzylalanine, acetvl clenvativt' 
911 

Benzylamides, see huti-entries under 
names of specific aeids. 
Benzylamine, reaefion with benzyl- 
|>emeillin, 59, 70, 90 
reacti(»n with Ikmiz’s IpenilJonic esfiT, 
159, 190 

with desthiopeniJlonic ester, 159 
with heptyi])enicdlin, 101 
with Hoffmann’s compound, 772 
with an hydroxymethyleiieoxazol- 
onc, 825 

with oxazolones, 714, 735, 754, 
756, 803, 825 

witli oxazolonc denvativ(\s, 756 
with pemcillenatevs, 164, 555 
with penicillin esters, 555 
with penicillin sulfom*, 154 
W'lth jxmicillin sulfoxide, 157 
witli plienylpenicilleine ester, 832 
Benzylaminoacetal, 479 
Benzyl amiuocyanoacetate, 728 
/^-Benzylamino-a,a-dimethyl-/:f- 
phenylpropionic acid, /t-lactam, 259 
a-Benzylamino-/^-hydroxyacrylic 
acid, 953 

2-Benzyl-4-aminoethylene-6-ox- 
azolone, 756, 821, 910 

4-Benzylaminomethylene-2-p-nitro- 
phenyl-5-oxazolone, 821 
4-Benzylaminomethylene-2-phenyl- 

6 -oxazolone, 491, 521, 696, 714, 815, 
817 

/3-Benzylamino-a-methyl-/^-phenyl- 
propionic acid, ;l-la(‘tam, 265 
2-Benzylaminomethyl-4-thiazolidine- 
carboxylic acid, 644, 9f>6 
^-Benzylamino-a-phenylacetamido- 
acrylic acid, benzvlamidc, 154, 
157, 179, 180, 505,’827 
from ethyl benzylpenaldatc, 504 
/^-Benzylamino-a-phenylacetamido- 
propionic acid, r(‘action with thio¬ 
cyanate, 294 

Benzyl 6-amino-2-phenyl-4-oxazole- 
carboxylate, 701 

^-Benzylamino-jt^-phenylpropionic 
acid, ^-lactam, 992 
a,^-Bis-benzylaminopropionic acid, 
924, 943 

Benzylammonium benzylpenicillinate, 
59, 70, 90 

2 -B enzyl -4 -anilinom e thylene -5-ox- 
azolone, 746, 773 

2-Benzyl-4-anilinomethylene-6-thi- 
azolone, 848 

a-N -Benzyl benzam ido-4-carboxy- 
6 ,6-dimethyl-2-thiazolidmeacetic 
acid, 935 

Benzyl benzamidocyanoacetate, 701, 
728 

Benzyl a-benzamido-^,/3-diethozy- 
propionate, 697, 715 
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Benzyl «-benzamido-irf-ethoxyacry- 
late, (i97, 7ir> 

Benzyl benzamidomalonate, 776 
Benzyl a-benzainido-/i^-phenylpropi- 
onate, 711 

Benzyl «-benzamidopropionate, 711 
2 -Benzyl -4-ben zoyloxymethylene -6- 
oxazolone, 823, 898 
S-Benzyl-N-benzoylpenicillamine, 
402, 790 

Benzyl /f?-benzylamino-a-4-methoxy- 
phenylacetamidoacrylate, 812 
Benzyl a-benzylaminomethylenehip- 
purate, 710 

2- Benzyl-4-benzylaminomethylene- 

5-oxazolone, prcpii. of, 522, 690, 
714 

rea^'lion with poiii cilia mine, 895, 
898 

3- Benzyl-2-benzyUdene-oxazolidine- 
2,4-dione, 240 

4- Benzvl-5-benzyloxy-2-phenyloxaz- 

ole, 711 

Benzyl benzylpenaldate, b<*nzylatninc 
(Wivativc, 821 
derivatives of, 488 
dinitrophenvlhydrazoiie, 824 
prepn of, 488,‘508, 824 
r(*aetion with pcTucillamiii<\ 520 
N-Benzyl benzylpenaldic acid, prepn, 
of, 935 

apeetnim, infrared, 408 
Benzyl benzylpenicillinate, 93, 94, OSl 
a-Benzyl benzylpenicilloate, aeetvl 
derivative, 598 
henzylainmoniuin salt, 590 
carbophenoxy derivative, 598 
livdrolysis, 574 
N-methyl derivative, 598 
prepn. of, 596, 597, 941 
stereoisomers, 597 

2-Benzyl-4-(/^-benzylthio-/i,^i-dimeth- 
yl-«-carboxyethyiamino-methyl- 
ene)-6-oxazolone, 822 
Benzyl benzylthiopenaldate, 509, 825 
N-Benzyl-3-(l-butenyl)-2,4-pyrroli- 
dione, 935, 955 

2-Benzyl-4-n-butoxymethylene-6- 
oxazolone, 807 

2-Benzyl-4-butyl-4-diethoxymethyl- 

5-oxazolone, 766, 839 
2-Benzyl-4-butyl-4-(d,3-diethoxy- 
ethyl)-6-oxazolone, 898 
2-Benzyl-4-,srr-butyl-6-oxa2olone, 

775 

2-Benzyl-4-carbethoxy-6-chloro-ox- 
azole, 724 

2-Benzyl-4-carbethozy-5-ethoxyox- 
azole, 724 

2 -Benzyl -4-carbethoxy-6-imidazol - 
one, 727 

2-Benzyl-4-carbetboxymethylmethyl- 
ene-6-oxazolone, 898 

2- Ben2yl-4-carbetboxy-6-oxazolone, 

prepn. of, 882 

reaction with penicillamine, 857 

3- Benzamido-8-carbethoxypropion- 
aldebyde, 530 

2-Benzyl-3-carbetboxy-4-thiazoli- 
dinecarboxylic acid, 962 
2-Benzyl-4-carbomethoxythiazole, 

522 

2 -Benzyl -4- (2' -carboxy-2' -carbo- 
benzyloxy-ethyltbiomethylene) -5- 
oxazoione, 822 

2 -Benzyl -4- (a-carboxy-/9, ^-dimethyl - 
etbylaminometbylene) -6-oxazol- 
one, 821 

2-Benzyl-4-(a-carboxyethylammo- 
nietbylene)-6-oxazolone, 821 
2-Benzyl-4-carbozyimidazole-l - 
acetic acid, 693 


2-Benzyl-4-carboxy-a-isopropyl- 
idene-l-imidazoleacetic acid, 140 
2 -Benzyl -4-carboxy-a -isopropyl -1 - 
imidazoleacetic acid, 141 

1- Benzyl-4-imidazolinecarboxylic 
acid, .spectrum, ultraviolet, 425 

2- Benzyl-4-imidazolinecarboxylic 
acid, speetrum, ultraviolet, 425 

N -Benzyl-N -caproylglycine, ethyl 
ester, 954 

formylatioii of, 534, 935 
prepn. of, 534 

2-Benzyl-5-cbloro-4-cyano-oxazole, 

725 

2-Benzyl-6-cbloro-oxazole-4-alde- 
hyde. 725 

2 -Benzyl -6-chloro -4-oxazolecarb - 
oxylic acid, acid chloride, 725 
nitrile, 725 
prepn. of, 724 

2-(2'-Benzyl-6'-chloro-4'-oxazolylj- • 

6,6-dimetbyl-4-tbiazolidinecar- 
boxylic acid, 725 

2-Ben2yl-4-cinnamylidene-5-oxa2oI- 
one, 837 

Benzyl cyanoacetate, 880 
2-Benzyl-4-cyano-5-ethoxyoxazole, 
700 

2-BenZyl-4-cyano-5-oxazo]one, 700 
a-Benzyl “dehydrobenzylpenicillo- 
ate.” 858 

“Benzyldehydropenicillin,” 889 
a-Benzyl desdimethylbenzylpenicil - 
loate, N-methyl derivative, t>47 
prepn. of, 047, 940 

N -Benzyldestbiobenzylpenicillin, 254, 
203 

Benzyldesthiodibydropenillamine, 

135 

Benzyldesthiopenicillin, see Death 
benzyl penicillin. 

N -Benzyl-/^,/3-d iethoxyalanine, 533, 

953 

2-Benzyl-4-diethoxymetbyl-4- 
metbyl-6-oxazolone, 765, 838 

1- Benzyl-6,6-dibydrotbiouracil, 
spectrum, ultraviol(‘t, 433 

N-Benzyl-/3,/3-dimetboxyalanine, 533 

2- Benzyl-4,4-dimetbyl-d-oxazolone, 
antibiotic activity of, 893 

‘ prepn. of, 730, 731, 774, 781, 916 
reaction with mercuric acetate^ 793 
2-Benzyl-6,6-dim etbyl-4-thiazol- 
idinecarboxylic acid, 903 
2-Benzyl-6,6-dimethyl-4-thiazoline- 
carboxylic acid, 879 
Benzyldidiiopenaldic acid, 493 
2-Benzyl-4-ethoxymethylene-6- 
oxazolone, hydrobromidc, prepn. 
of, 807, 911, 915 
2-Benzyl-4-ethoz3rmetbylene-6- 

oxazolone, hydrobromide, reac¬ 
tion with benzylamine, 154, 179, 
504. 827 

hydrooromide, reaction with water, 
826 

prepn. of, 495, 745, 807 
reaction with hydrogen bromide, 
813, 911, 915 

with penicillamine, 163, 203, 557, 
638, 834, 898 

2-Benzyl-6-etboxy-4-methyloxazole, 

708 

2-Benzyl-6-etboxyoxazole, 695, 708, 

709 

2-Benzyl-6-etboxy-4-oxazolecarb- 
oxylic acid, amide, 701, 728 
chloride, 724 
ethyl ester, 724 
prepn. of, 724 
nitrile, 700 

4-Benzyl-6-ethoxy-2-phenyloxazole, 

712 


2-Benzyl-6-ethoxythiazoiine, 138 

2- Benzyl-4-ethylmercaptometbylene- 

6-oxazolone, prepn. of, 813, 816 
reaction with benzylamine, 755 
with iienicillamine, 898 
a- (N -Benzylformamido) -/3-hydroxy- 
acrylic acid, 934 

N -Benzyl -N -formylglycine, ethyl 
ester, 953 

Benzyl formylhippurate, 716 

3- Benzyl-6-formylhydantoin, 764, 

837 

2-Benzy]-4-formyl-6-oxazoione, sec' 
2-Ben z yl~4^h ipl roxym ethyl e?ie-S-()X- 
azolone. 

N-Benzylglycine, derivatives of, 934, 
953 

N-Benzyl-N-2-hexenoylglycine, 
ethyl ester, 935, 955 
N -Benzyl-N -3-hexenoylglycine, 
ethyl ester, 935, 955 
Benzyl hippurate, 516 
N-Benzylnippuric acid, hydrazide, 
956 

prepn. of, 954 

Benzylhomopenicilloic acid, 7 4 act- 
anu 1004 

derivatives of, 1006 
2-Benzyl-4-hydroxymethylene-6- 
oxazolone, alcoholysis of, 824 
bromi rial ion of, 836 
frenn l)enzylpenaldie acid, 495 
from benzvlpcnicillin derivatives, 
201 

from methvl benzylpenicillenate, 
165, 201 

from nu'thyl bonzylpenicillniati*, 
201, 913 

hydrobromide, 488, 814, 836 
hydrochloride, 814 
prepn. of, 521, 807, 822 
reactions of, 824 
reaction w'ith benzylamine, 825 
w4th hydrogen chloride, 910 
with penicillamine, 196, 431, 

557, 584, 638, 831, 898, 940 
rearrangement of, 694 
2-Benzyl-4-bydroxymethylene-6(4)- 
oxazolone, sodium salt, 202 
spi'ctrum ultraviolet, 429 
2-Benzyl-4-hydroxymethylene-6- 
thiazolone, 773, 848 

5-Benzyl-6-hydroxy-3-phenyl-l,2,- 

4-triazine, 736, 788 
2-Benzylidene-3-benzyloxazolidine- 
2,4-dione, 240 

2 -Benzylidene -4- (/J-carboxy ethyl) - 
pseudoxazolone, 799 
2-Benzylidene-4-(diethoxymetbyl)- 
pseudoxazolone, 795 
4-Benzylidene-2-furyl-6-oxazolone, 

733 

4-Benzylidenehydrazinometbylene- 
«2-phenyl-6-oxazolone, 828 
4-Benzylidene-2-keto-6«pbenyl-3,4- 
dihydro-l,3,6-oxadiazine, 788 
4-Benzyliden6-2-keto-6-pbenyl-l,- 

3.6- oxadiazine, 735 
2-Benzylidene-8-metbyloxazolidine- 

4.6- dione, 240 

2-Benzylidene-4-methyl-6(2} -oxazol- 
one, sec 8-‘BemyUdene-4>-ineikyD 
paeudoxazolone. 

4-Benzyiidene-2-m6tbyl-6-oxazol- 
one, 784 

2-Benzylidene-4-metb^lp8eudoxazol- 
one, from desthiobenzylpenicil- 
lin, 253, 264, 741 

fropn a-halophenylacetylalanines, 
254, 739, 793, 794 
from a /3-lactam, 264 
from mandelylalanine, 798 
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from a-phcnylacetamidoacryhc 
acid, 254, 268 
ozoijolysis, 889 
reaction with aniline, 799 
with int'thanol, 799 
2 -«Benzylideneoxazolidine-4,6-diones, 
239 

2*Benzylidene»6(2) --oxazolone, so(‘ 
S-Benzylidencpseudoxazolone. 

4-Benzylideiie-2-phenyl-5-oxazol- 
one, 732, 782, 791 

2-Benzylidenepseudoxazolone, 739, 
793 

2-Benzylimidazole, rnethylation, 131 
spectrum, ultraviolet, 45 
2-Benzylimidazolidme-4,5-dioxie, 237, 
239 

2-Benzyl-4-imidazolinecarboxylic 
acid, 131 

2-Benzylimidazoline-4,6-dione, 237, 
238 

a-(2-Benzyl-l-imidazolinyl)isovaleric 
acid, 116, 135 

a-(2-Benzyl-l-imidazolyl)isovaleric 
acid, 116 

2«Benzyl-4-isobutyl-5-oxazo]one, 

730, 743, 803 
Benzyl isocyanate, 56() 

Benzyl isonitrosocyanoacetate, 728 
Benzylisopenillic acid, see also Di¬ 
methyl hrnzylimyenillttte. 
formation of, 115 
prepii. of, 134 
proijerties of, 113 

2-Benzyl-a-isopropyI-l-imida2oline- 
carboxylic acid, 116, 135 
2-Benzyl-4-isopropyl-6-oxazolone, 
730, 773 

Benzyl 2 -isopropyl -3,4-thiazoli din edi - 
carboxylate, 959 

Benzyl mercaptan, phenylacet yl de¬ 
rivative, 778 

reaction with hippuryl azide, 880 
with oxazolones, 465, 735, 737, 
786, 790, 825, 827 
with ph(»nvlpenicilleni<; <‘st(‘r, 
833 

Benzylmercaptoacetic acid, 669 
/^-Benzylmercapto-a-nitrobenzamido- 
acrylic acid, 826 

4-Benzylmercapto-2-nitrophenyl-6- 
oxazolone, 821 

4-Benzylmercaptom ethylene-2 - 
phenyl-6-oxazolone, 755, 819, 898 
2-Benzyl-4-(p-methoxybenzyl)-6- 
oxazolone, 730, 803 
2-Benzyl -4-methoxymethylene-6- 
oxazolone, hromination of, 836 
prepn. of, 495, 745, 806, 916 
reaction with alanine, 163, 198 
with S-bcnzyliMjnieillamine, 163, 
198 

with hydroaen ehloride, 910 
with peniciflamine, 162, 196, 638, 
832, 834, 884. 895. 1019 
with valine, 166, 202 
spectrum, ultraviolet, 163, 429 
synthetic penicillin from, 1019 
2-Benzyl-5-methoxyoxazole, 708 
Benzyl a-4-methoxyphenylacetam- 
ido-jS-banzylaxninoacrylate, 812 
a-Benzyl jd-methyl benzylpenicilloate, 
acetyl derivative, 625 
dehydro derivative, 858 
desdunethyl analog, 651 
prepn. of, 499, 624 
stereoisomers, 625 

a-Benzyl /9-meihyl dehydrobenzyl- 
penidlloate, 858 

«c-Benzyl /3-methyl deadimethylbenz- 
ylpenicilloate, 651 
2-B^zyl-l*methylimidazole, 131 


2-Benzyl-4-methyl-5-oxazolone, 
prepn. of, 286. 730, 773 
reaction witli valine, 248, 260 

4- Benzyl-2-methyl-6-oxazolone, 795 
a-Benzyl /1-methyl 1-pentenylpeni- 

cilloate, 627 

a-Benzyl ^-methyl phenylpenicilloate, 
cyclization, attempted, 697 
prepn of, 628, 716 
reaction with phosphorus ])enta- 
chloride, 717 

2-Benzyl-4-inethyl-4-styryl-6-ox- 
azolone, 730, 705, 775 
2-Benzyloxazole, 705 
2 -Benzyl -4 -oxazolecar boxylic ac i d, 

acid chloride, 694 , 707, 877 
henzylarriidc, 6‘.)4, 707 
from rearran|!,errient of an oxnzol- 
one, 6!>4 

liydrazide, 694, 707 
prepn. of, 6!)4, 705, 706 
projierties of, 165 
leaetion with penirillairiine, 877 
2-Benzyl-6-oxazolone, hydrohrornide, 
931 

prejm. of, 730, 731, 781, 911 
reaction with thiazoliiie derivatives, 
160, 877 

Benzyl oximinocyanoacetate, 728 
p-Benzyloxybenzylpenilloic acid, d(‘- 
ri\ atives of, 568 
jirepn. of, 568 

6-Benzyloxy-4-methyl-2-phenylox- 
azole, 711 

5- Benzyloxyoxazoles, 709, 711, 713 
Benzyloxypenaldamide, 518 
Benzyloxypenaldic acid, ethyl ester, 

492 

Benzyloxypenicilloic a-amide, 639 
Benzyloxypenilloic acid, 563 

6- Benzyloxy-2-phenyloxazole, 695, 

696, 709, 713 

6-Benzyloxy-2-styryloxazole, 711 
Benzylpenaldamide, benzoyl deriva- 
ti\e, 488 

diethyl acetal. 488, 608, 511 
(linitfophcnylnydrazone, 488 
from oxidation of penicillin, 238 
piepn. of, 488, 508 
reaction with cysteine, 525 
with penicillamine, 527 
Benzylpenaldic acid, acetals, 507 
action of dehydrating agents, 842 
arnidt*, see lienzylpenaldamide. 
anilide, 508, 842 
azide, 872 

azlaetonization of, 495, 521, 841 
N-benzyl, 954 

benzylamide. see Benzylpemildic 
bemylamiae. 

conversion to an oxazolone, 916 
to serine derivatives, 60, 71, 520 
to thiazolidines, 498, 521 
degradation of, 504 
derivatives of, 60, 70, 71, 486, 494, 
504 

dibutyl acetal, 487, 507, 807 
diethyl acetal, 141, 490, 506, 512, 
911 

diethyl mercaptal, 487, 508, 813 
dimethyl acetal, 72, 241, 431, 489, 
607, 511, 803, 806, 842. 872, 911 
early studies of, 58, 60, 70 
homologs of, 502, 1^9 
liydrazide, 609, 872 
hydrogenation of, 69, 71, 520 
nitrile, see BemylpenaLdmitrile. 
prepn. of, 486, 504, 706 
reactions of, 494, 620 
reaction with cysteine, 498, 521, 524 
with oxalyl chloride, 241 
with ponicillamine, 498, 621, 525 


with phosphorus tnbromide, 811, 
842 

w i1 h thiothreoiiin(‘b, 525 
witii valine, 203, 267 
resolution of dimethyl acetal, 489, 
511 

sctiiicarbazone, 510 
spectrum, infrared, 408 
structure of, 486), 504 
Benzylpenaldic azide, 872 
Benzylpenaldic benzylamide, diuitro- 
plKnudlivdrazone, 71, 179, 504, 
827 ' 

ftf)m benzyipernciJlin, 70, 505 
Irom ))enzyli)etjicjlhn sulfone, 154 
iroin th(‘ oxa/oloiie hvdrobromnle, 
151,827 

Benzylpenaldic hydrazide, 509, 872 
Benzylpenaldonitrile, f)re})n. of, 488, 
508 

tetu'tion with penicillamine, 525, 
527 

N-{Benzylpenaldyl)cysteine, 521, 872 
N - (Benzvlpenaldyl )penicillamine, 

521, 872, 873 

S-Benzylpenicillamine, N-acetyl de- 
Tivative, 464, 790 

i\-bcTizovJ derivative, 456, 462, 

464, 790 

N-cajiroyl derivative, 50 
N-U)rm>l denvatue, 457, 163 
liydrogenolysiH of, 247, 45() 
N-methyl derivative, 4()7 
i\-])henylacet>l derivative, 50 
prepn. of, 159, 462, 467 
raceinization of, 463 
react ion with beiizvlpenaldic estiu, 
520 

with oxazolones, 163, 198 
resolution of, 459, 462 
vstereoisoniers, 247, 459, 462 
Benzylpenicillenic acid, S-benzyl de¬ 
rivative, 163, 198, 895 
mechanism of formation, 446, 454 
oxazolone structure, 161 
prepn. of, 197 
spectrum, ultraviolet, ]t‘)3 
.svnthesis ol, 163 

tlu'oretical considerations, 446, 454 
Benzylpenicillin, see also M < ihyl benz¬ 
yl pe7iic ill mate and Sodiij^i henz- 
ylpeninlUnate. 
active hydrogen, 87 
acylthiazolidine character of, 451 
p-araino-, 672 
ammonium salt, 89, 371 
3-aryla zo-4-hvdroxy derivatives, 

865 

attempted syntheses, 851, 861 
azlactone formula, 442 
bacterial spectrum, 893, 899 
beuzhydryl ester, 4, 680 
benzoylation, 172 

benzylamine derivative of, 59, 70, 
90, 377, 633 

benzylamine salt, 59, 70, 90 
benzyl ester, 93, 94, 681 
biosynthe.sis, 82, 377, 657 
o-bromo-, 672 
p-bromo-, 672 

p-bromobenzyl derivative, 172 
calcium salt, 89 
p-chloro-j 672 
constitution of^ 440 
containing radioactive sulfur, 901 
conversion to benzylpenilloic acid, 
563 

crystallization of, 4, 54, 87 
d(‘gradation to penicilloate, 542 
degradation studies, 3, 53, 66, 144, 
151. 440 

dehyaro compound, 859 
dinitrophenylhydrazone from, 69 
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dipolc-ion /3-lactani Ktrurture, 406, 
460 

dissociation constant of, 422 
early studies of, S, 52, 03 
esters, 4, 92, 080 
ethanolysis, 92, 588 
N-ethylmorphoIine salt, 91 
N-othylpipcridine salt, 90, 1031 
evidence for amide group, 401 
w-fluoro-, 672 
o-fluoro-, 072 
p-fluoro-, 672 
frcjc acid, 91 
history, 81 

hydrogcnolysiH products, 244, 250 
hydrolysis liy acids, 07 
hydrolysis by alkalu's, 07 
p-hydroxy derivative, sec 
p-// ydroxijbensyl p cri i ci 11 in. 
inactivation by a,/3“aininothiols, 210 
by cysteine, 208, 215 
by ethanol, 92, 588 
by p-hydroxyphcnylacetic acid, 
87 

by metal cations, 148, 169 
by methanol, 00, 92, 582, 012 
by sodium sulfite, 221 
inactivation products, 211 
p-iodo-, 672 

lodobenzyl ester, 93, 081 
isolation of, 83 
isoxazoline structure, 404 
/i^-lactam structure, set* d-Lactam 
form ula. 

mechanism of penieillenate forma¬ 
tion, 446, 454 

mechanism of penillic acid forma¬ 
tion, 111, 445, 453 
methanolysis, 00, 72, 92, 107, 544, 
582, 612 
p-methoxy-, 072 

methyl esti'.r, see Methyl benzyl 
penicillinate. 

N-mcihyl piperidine salt, 91 
naphthalene analog, 672 
p-nitro-, 609, 672 
optical rotation, 86, 1034 
oxazolone-enol structure, 406 
oxazolone-thiazolidine structure, see 
Orazolone^thtazolidine formula. 
oxidation by silver oxide, 63, 236 
potassium salt, 89 
precursors, 81, 060 
production by molds, 81 
projwsed formulas, 442 
purification, 84 
pyrolysis of a salt, 169 
qualitative tests, 00 
reactions, survey of, 144, 440 
theoretical aspects of, 443, 449 
reaction with acetic acid, 228 
with acetic anhvdride, 69, 168 
with 2-aminoethanethioI, 217 
with berizylamine, 59, 69, 90, 633 
with bromine. 169 
with p-brornoDenzyl bromide, 149 
with cysteine. 216 
with dinitropnenylhydrazine, 69 
with ethanol, 92, 588 
with Grignard reagents, 171, 448 
with hydrogen chloride, 614 
with mercuric acetate, 222, 227 
with mercuric chloride, 74, 196, 
431, 654 

with methanol, 60, 72, 92, 167, 
544, 582, 612 
with Haney nickel, 244 
with sodium sulfite, 221 
rearrangement to henzylpenillonic 
derivatives, 158, 160 
salts with organic bases, 89 
selenium dehydrogenation of, 67, 67 


spectrum, infrared, 385, 396, 398 
spectrum, ultraviolet, 86, 194, 422, 
1034 

stabilization by oxazolones, 899 
stereochemical configuration, from 
x-ray analysis, 349 
structural units of, 442 
sulfoiie, see lienzylpenicillin hulfone. 
sulfoxide', see Be nzyl penicillin sulf¬ 
oxide. 

survey of aitempi(*d syntheses, 851 
synthetic, 894, 1018 
purification of, 1022 
theoretical aspects of reactions, 443, 
449 

thiazoli(line-/^-lactam structure, s(h* 
ti-Lactam formula. 

thiazolidine-oxazolom* structure, s(*c 
()xazolo7ie-thiazolidine for mula 
thiocyanate derivative, 20th 372, 
412, 432, 447 
thud ester structun*, 404 
thiophene analog, 072 
thiouraeil derivative* from, 280 
tri(‘yelie structure, s<‘e Tricyclic 
formula. 

tri(*thylamine salt, 90, tiOl, 1018, 
1022 

x-ray pattern, 1034 
Benzylpen icillin -2 -am inoe than e thiol, 
217 

Benzylpenicillin-cysteine, 210 
Benzylpenicillin sulfone, biological 
te‘Sts, 150, 087 
degradation e>f, 486 
hydrog(»imtion of, 153 
methyl ester, 152 
reactions of, 154 

reaction with honzylamine, 154, 504 
with oxalyl chloride, 150 
spi'ctrum, infrared, 411 
Benzylpenicillin sulfoxide, methyl 
ester, 150, 187 
stability of, 157 
Benzylpenicillinic acid, 91 
Benzylpenicilloic acid, see also euitries 
under individual derivatives such 
as Thmethyl benzylpenicilloate, 
a-Methyl benzylpenicilloate, 
a-Ethyl fi-methyl benzylpeniciHo- 
ate, etc. 

acetyl derivatives, 574, 570 
action of adsorbents on, 808 
acylation of diesters of, 553 
N-acyl derivatives, 411 
a-amide, sec Benzylpenicilloic ot- 
amide. 

analogs of, 1006 

attempted conversion to the peni¬ 
cillin, 851, 861 
azide, 854 

azlactonization, attempted, 867 
benzoyl derivative, 570, 871 
o-benzylamide, see BenzylpcnidU 
loic a-bemylamide. 
carbobenzyloxy derivative, 576, 864 
a-<*hloro derivative, 579 
cupric salt, 542, 550, 577 
decarboxylation of, 58 
dehydro derivatives, 858, 885 
a- and /3-derivatives, 537 
dibenzylamide, 639, 833 
dihydrazidc, 556, 632 
diketopiperazine, 639 
dissociation constant of, 419 
early studies of, 58 
electrometric titration, 654 
epimerization, 543 
from benzylpenicillin, 212, 573 
from the penicillenic acid, 162 
cx-hydrazide, 666, 631, 870 
hydrobromide, 169 
N-hydroxyethyl derivative, 951 


lead salt, 574 

mechanism of formation, 445 
methoxalyl derivative, 854 
N-methyl derivatives, 551 
5-raethyl derivative, 578 
a-methylamide, 237, 633 
a-nitrile, 527, 558, 642 
nomenclature, 537 
phenylacetyl derivative, 576 
power diffraction pattern of esters, 
374 

properties of, 543 
reactions of, 233, 543, 573, 860 
salts of, 573 

stereoisomers, 537, 574, 570 
sodium salt, 75, 573 
sulfoxide, 157 
synthesis of, 542 
theoretical considerations, 446 

Benzylpenicilloic a-amide, ^-methyl 
ester, 148, 629, 030, 039, 833 
nitroso derivative, 029, 869 
oxidation by silver oxide, 237 
phenylphenacyl (‘ster, 631 
prepn of, 629 
stcTeoisorriers, 031 

Benzylpenicilloic a-benzylamide, acet¬ 
yl derivative, 030 
benzoyl derivative, 030 
electrometric titration, 655 
from penicillin, 033 
l»ydrogenol> MS, 035 
identih(‘ation of natural and syn¬ 
thetic, 037 

d-methvl ester, 148, 108, 200, 554, 
030, 833 

/t-methvl ester, acetyl derivative, 
037 ‘ 

/^-m(»thyl (*st('r, stereoisomers, 637 
oxidation by peroxide, 71 
phen>learbamyl derivative, 630 
pri'pn of, 555, 033 
stereoisomers, 034, 030 

Benzylpenicilloic-/^-benzylamide, 
a-metlivl ester, 73 

Benzylpenicilloic dihydrazide, prepn. 
of, 032 

Benzylpenicilloic a-hydrazide, 550, 
031,870 

Benzylpenicilloic a-methylamide, 237, 

633 

Benzylpenicillo-a-nitrile, 527, 558, 

642 

N-a-Benzylpenicilloylpenicillamine, 

638 

Benzylpenillamine, derivatives of, 62 
desulfurization. 110 
early studies or, 02 
from benzylpenicillin, 230 
from henzylpenillic acid, 74, 115 
hydrochloriae, 113 
picratc, 113, 128 
prepn. of, 118, 136 
reactions of, 128 
spectrum, ultraviolet, 426 
x-ray crystallography of, 316 

BenzylpeniUic acid, active hydrogen 
in, 113 

attempted conversion to penicillin, 
876 

containing radioactive sulfur, 902 
conversion to benzylpenillamine, 74 
conversion to isopenillic acid, 134 
crystallographic data, 378 
decarboxylation of, 65, 76 
deuterium exchange, 113 
early studies of, 54, 62 
from benzylpenicillin, 64, 73 
hydrogenolysis of, 258 
hydrolysis of, 65 
isolation of, 108, 126 
mechanism of formation, 111, 446, 
453 
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methanolysis, 133 
power di if Faction f)attern, 376 
prepn. of, 123, 126 
properties of, 113, 132 
reactions of, 114 

reaction with mercuric chloride, 74, 
115 

structural studies, 110 
spectrum, ultraviolet, 425 
theoretical considerations, 445, 453 
x-ray crystallography of, 318 
Benzylpenilloaldehyde, see also Phen- 
ylacetamidoacetaldehyde. 
characterization of, 477 
a-chloro derivative, 579 
dibutyl acetal, 68 
diethyl acetal, 136 
dinitrophenylhydrazoiic, 06, 69 
from benzylpciiilloic acid, 57 
isolation of, 477 
prepn. of, 479 
reactions of, 480 

Benzylpenilloic acid, benzylureide, 

567 

desulfurization, 568 
diketopiperazine, 568 
dissociation cons! ant of, 419, 651 
early studies of, 57 
hydrochloride, 567 
hydrogenolvsis, 541 
phenylureidc, 566 
polarograplijc data, 504 
potcntiometnc titration, 564 
prepn of, 121, 139, 141, 563, 578 
racemic form, 568 
reaction with benzyl isocyanate, 560 
with sodium, 541, 567 
spectrum, infrared, 408 
8p<*ctrum, ultraviolet, 561 
stereoisomers, 565, 568 
Benzylpenillonic acid, dissociat ion 
constant of, 419 
formation from penicillin, 158 
hemihydrate, 192 
hydrogeuolysis of, 192 
mechanism of formation, 447 
prepn. of, 158, 189, 191 
properties of, 158 
sodium salt, 189 
spectrum, infrared, 413 
theoretical considerations, 417 
Banzylpeooic acid, see iJtsdmethyl- 
benzylpemcillotc and. 

4- Benzyl -2 - (2 -pen teny 1) -6 -oxazol - 
one, 730, 774 

Benzyl 1-pentenylpenaldate, prepn. 
of, 513 

reaction with penicillamine, 627 

5- Benzyl-2-pentenylpenillamine, 
prepn. of. 30 

a-N -Benzylphenylacetamido-4- 
carboxy-6,5-dimethyl-2-thiazol- 
idineacetic acid, 936 

l-B6nzyl-6-phenylacetamido-5,6- 
dihydrouracilf 297, 433 
Benzyl oc-phenylacetamido-a-methyl- 
malonafdehydate, 530 

l-Benzyl-5-phenylacetamido-2- 
thio-6,6-dlhydrotinicil, 274, 280, 

294, 297 

l-Be]izyl-6-phenylac6tamido-2- 

2-thiouracil, 275, 297 
Benzyl 2-phenyl-6-aniino-ozazole- 
4-carboi^late, 701 

Benzyl 2-(2'-phenyl-6'-benzylozy-4'- 
ozazolyl) 6,6-din»ethyl-4-thiazol - 
idinecarbozylate, 697, 717 
l-Benzyl-2-phenyl-S,4,3',2'-(4'- 
carboxy-tniazolidino) -imidazol - 
idine, 970 

S-Benzyl-jd-phenylcysteine, 791 
Benzyl 2-phenyf-4-ozazole-4-carb- 
oxylate, 697, 716 


4- Benzyl-2-phenyl-5-ozazolone, 731, 
781, 782, 71)2 

Benzyl phenylpenaldate, 516 
Benzyl phenylpenicillenate, 833 
a-Benzyl phenylpenicilloate, 604 
Benzyl phenylthiopenaldate, 516, 825, 
827 

2 -Benzyl -4-pipendinomethyl ene -6 - 
oxazolone, 822 

Benzylpseudopenicillin, 413, 909 
Benzylpyruvic acid, 712 

2-Benzyl-4-thiazolecarboxylic acid, 

methyl ester, 142, 196, 596 
prejin. of, 497, 524 
2-Benzyl-4-thiazolidinecarboxyli€ 
acid, antibiohc activity of, 893 
bacterial spectrum, 899 
pn^pn. of, 962 

3,4,3',4'-(2^-6enzylthiazolidmo)-l- 
phenylhydantoin, 970 

2- Benzyl-4-thiazolyl-5-ethozyoxaz- 
ole, ()98 

1 -Benzyl -2 -thio-6,6-dihy drouracil, 

274 , 293, 294 

Benzyl thiolhippurate, 786, 880 
Benzylthiopenaldic acid, 489, 496, 510 
Benzylthiopenilloic acid, 120 

5- Benzylthiosulfate, 464 
Bergmann synthesis, of o\azoloiic*s, 

747 

Biochemical assay methods, 1025 
Biological activity, effect of x-ravs on, 
358 

Biosynthesis, of new penicillins, 9, 
668 

of penicillins, 82, 377, 657 
Biosynthetic penicillins, powder dif¬ 
fraction patterns, 377 
1,2-Bis-benzylaminoethane, 943 
Blood, assay of penicillin in, 1035 
Bromine, action on jieniciihn, 169 
p-Bromobenzyi bromide, reaction 
with benzylpenieillm, 119 
o-Bromobenzylpenicillin, 672 
p-Bromobenzylpenicillin, 378, 672 
N -of-Bromocaproyl-O-ethylserine, 

815 

4-6romo-5-ethozy-2-phenyloxazole, 

698, 719 

a-Bromoisobutyraldebyde, 459, 467 
p-Bromophenacyl 7?-caproato, from 
n-amylp(*nieilliii, 43 
p-Bromophenacyl n-caproate, prepn 
of, 49 

a-Bromophenylacetamidoacetalde- 
hyde, 795 

N-(a-Bromophenylacetyl)alanme, 

793 

or-Bromophenylacetyl bromide, 793 
N-Bromophenylacetyl-O-ethyl- 
serine, 816 

3- 7i-Bromophenylazo-4-hydroxy- 
benzylpenicUlin, 685 

Bromophenylbutyrylvaline, 672 
Brucine, for resolution of penicill¬ 
amine, 462 

tcr/-Butyl a-N-benzyiformamido-^- 
hydroxyacrylate, 533 
Butylglyoxal, 839 

4- sec-Butylidene-2-methyl-6-ozaz- 
olone, 733 

4-8ec-Butyl-2-phenyl-6-oxazolone, 

730 

r/-Butyrylaminoacetaldehyde, 821 


c 

Calcium benzylpenicillinate, 89 
2- (a-Camphor) -5,6-dimethyl-4- 
thUzolidinecarboxylic acid, 963 


Caproamido-, see Caproylamina-. 
Caproic acid, from amylpenicillm, 44 
from am 3 dpenilloald('hyde, 28 
Caproylalanine, 502, 708, 838 
Caproylaminoacetal, 49, 477, 479, 481 
Caproylamiuoacetaldehyde, see 
A mylpenilloaldehyde. 
Caproylaminoacetanilide, 710 
Caproylaminoacetonitrile, 701, 729 
/;^-Caproylaminobutyraldehyde, 968 
tt-Caproylaminocaproic acid, 839 
2-Caproylaminocarbethoxymethyl-4- 
carbomethoxy-6,5-dimethylthiaz- 
oline, 886 

2-Caproylaminocarbethoxymethyl- 
6,6-dimethyl-3-hydroxy ethyl-4- 
thiazolidinecarboxylic acid, 950 
2-Caproylaminocarbobenzyloxymeth- 
yl-4-carbomethoxy-6,6-dimethyl- 
thiazoline, 887 

2- «-Caproylamino-4-carboxy-6,6-di- 
methyl-2-thiazolineacetic acid, see 

Amylpen-icilloic and, and its deriva¬ 
tives. 

tt-Caproylamino-4-carboxy-2-thiazo- 
lidineacetic acid, metliyl tester, 645 
a-Caproylaminocinnamic acid, 733, 
781 

Caproylaminocyanoacetic acid, 884 
a-Caproylamino-a-diethoxymethyl- 
caproic acid, 840 

or-Caproylamino-of-diethoxymethyl- 
propionic acid, 838 

3- Caproylammo-2,4-diketopyrrol- 
idine, 770, 846 

a-Caproylammo-/3,/i-dimethylacrylic 
acid, 50, 733, 784 

a-Caproylammo-/i^-ethoxyacrylic acid, 
825 

2-(^i-Caproylaminoethyn-6,6-di- 
methyl-4-thiazolidinecarboxylic 
acid, 9tiS 

Caproylaminoformylacetic acid, 122, 
754, 805 

Caproylaminomalonamide, 702, 729 
Caproylaminomalonic acid, 884 
Caproylaminomalonylpenicillamine, 
882, 881 

a-Caproylamiuo-^-methoxyacrylic 
acid, 824 

2 -Caproy la minom ethyl -6,6 -dim e thyl - 

4-thiazolidinecarboxylic acid, 49, 
50, 119, 140 

a-Caproylamino-a-methylmalonalde- 
hydic acid, 530 

a-Caproylamino- 7 -phenylisocrotonic 
acid, 698 

2-Caproylamino-6-phenyl-2,4-pen ta- 
dienoic acid, 765, 837 
2 -Caproylamino-6-phenyl-4-penten - 
oic acid, 765, 838 

2-Caproylamino-6-phenylvaleric acid, 

838 

^^-Caproylaminopropionacetal, 968 
Caproylaminotetramic acid, 846 
N - (N '-Caproyl-a-carboxyglycyl)peni- 
cUlamine, 882 

N -(N'-Caproyl-a-carbethoxyglycyl) - 
penicillamine, 884 
Caproyl-/:),/SI-diethoxyalanine, 141 
N-Caproyl-of-formylglycine, 581 
Caproylglycine, ISi-benzyl derivative, 
534, 935, 954 
ethyl estor^ 808 
formyl derivative, 522, 581 
from amylpenilloaldehyde, 28, 477 
prepn of, 28, 477 
reaction with einnamaldehyde, 837 
Caproylnorleucine, 839 
N-Caproylpenicillamine, 702 
Caproylphenylalanine, 774 
Caprylic acid, from ncptylpemcillin 
102 
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?>-toluidido, 103 

Caprylylaminoacetaldehyde, ere Hep- 
tylpenilloaldehyde, 
Carbethoxyaminoacetal, 569 
2 (Carbethoxyaminocarbomethoxy- 
methyl) «5,5>dimethyl~4-thiazol- 
idiaecarboxylic acid, 529 
a>Carbethoxyamino~4-carboxy-6,6- 
dimethyl -2 -thiazolidin eacetic acid, 
529, 1K>6 

2 -Car bethoxyaminom ethyl -6,5-di- 
methyl-4-thiazolidinecarboxylic 
acid, 967 

2 -Carbethoxy aminom ethyl -3 -phenyl - 
acetyl -4-thiazolidinecar boxy lie 
acid, 960 

2-Carbethoxyaminomethyl-4-thiazo- 
lidinecarboxylic acid, 96ti 
4-Carbethoxy-6,6-dimethyI-«-phen- 
ylacetamido-2-thiazolineacetic 
acid, H80 

2-Carbethoxychloromethyl-6,6-di- 
methyi-4-thiazolidinecarboxylic 
acid, 905 

4-Carbethoxy -«-f ormam ido -2 -th i - 
azoUdineacetic acid, 90S 
a-Carbethoxyhippuramide, 727 
a-Carbethoxyhippuric acid, 727, 881 

2- Carbethoxymethyl-4-carbethoxy- 
thiazolidine, 964 

3- Carbethoxymethylcarboxyamido- 

4-carbomethoxy-6,6-dimethylthi- 
azolidine, 970 

2-Carbethoxymethyl-S,4-dicarbo- 

methoxy-6,5-dimethylthiazolldine, 

965 

2-Carbethoxymethyl-6,6-dimethyl-4- 
thiazolidinecarboxylic acid, 948 
l,6,3',4'-(2'-Carbethoxymethyl-6',6'- 
dimethylthiazolido) -3-phenyl-2- 
thiohydantoin, 948 
Carbethoxymethyl isocyanate, 970 
2-Carbethoxymethyl-4-thiazolidine- 
carboxylic acid, 968 
2-Carbethoxymelhyl-2,6,6-trimethyl- 
4-thiazolidinecarboxylic acid, 965 
a-Carbethoxyphenaceturylaniline, 777 
a-Carhethoxyphenaceturylcysteine, 
777 

a-Carbethoxyphenaceturylpenicillam- 
lue, 777 

8-a-Carbethoxyphenaceturyl-2,2,6,6- 
tetramethyI-4-thiazolidinecarb- 
oxylic acid, 777 

4- Carbethoxy-2-phenyl-6-imidazo- 
lone, 727 

4-Carbethoxy-2-phenyl-6-oxazolone, 
203, 696, 730, 775, 884 
4-Carbethoxy-2-phenyl-2-thiazol- 
idineacetonitriie, 966 
4-Carbethoxy-2-phenyl-2-thiazol- 
idineacetic acid, ethyl ester, 966 
4-Carbethoxy-2,2,6,6-Tetramethyl- 
thiazolidine, 960 

Carbobenzoxy-, see also Carhohenzyl- 
oxy-, 

Carbobenzyloxyacetimino ether, 858, 
886 

Carbobenzyloxyaminoacetal, 563 
Carbobenzyloxyaminoacetaldehyde, 

563 

2- (Carbobenzyloxyaminocarbamido- 
methyl) -6,6-dimethyl-4-thlazol- 
idinecarboxylic acid, 529 
2-Carbobenzyloxyaniinomethyl-6,6- 
dimethyl-4-thiazolidinecarboxylic 
acid, 563 

$-Carbobenzyloxy-2,2-dimethyl-4- 
thiazoUdinecarboxylic acid, 958 
Carbobenzyloxyglycine, 493 
2-Carbobenzyloxymethyl-4-carbo* 
methoxy-6,5*dimethylthiazoline, 
886 
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/^i-Carbobenzyloxy-£r-phenylacetam- 
idoacrvlic acid, 844 
4-CarboDenzyloxy-2-pbenyl-6-oxaz- 
olone, 777 

2-Car bobutoxy-6,6-dimethyl-4-tbi- 
azolidinecarboxylic acid, 904 
4-Carbomethoxy-2-carboxyisopropyl- 

3-isobutyryl-6,6-dimethylthiazoli- 
dine, 939 

4-Carbomethoxy-6,6-dimethyl-a-N- 
methylbenzamido-2-tbiazolidine- 
F acetic acid, 936 

4-Car bomethoxy-6,6-dimethyl-2-/y- 
nitrobenzamidocarbetboxy-meth- 
ylthiazoline, KH5 

4-Carbomethoxy-6,6-dimethyl-a-p- 
nitrobenzamido-2-tbiazolineacetic 
acid, 885, 887 

4-Carbomethoxy-6,6-dimethyl-2- 
pbenylacetamidocarbobenzoxy- 
methyltbiazoline, 887 
4-Carbomethoxy-6,6-dimethyl-2- 
pbenylacetamidomethvlthiazoline, 
922, 938 

4-Carbomethoxy-6,6-dimetbyl-a- 
phenylacetamido-3-pbenylacetyl- 
2-tbiazolidineacetic acid, 887 
Carbomethoxy-6,5-dimethyl-<v-phen- 
ylacetamido-2-tbiazolidinepropi- 
onic acid, see fi-Metinjl htnmh- 
henzyf pr h i n I Ionic . 
4-Carbomethoxy-2,2-diraethyltbi- 
azolidine, 958 

4-Carbometboxy-6,6-dimetbyl-2- 
tbiazolidineacetic acid, 306, 797,885 
4-Carbomethoxy-6,6-dimethyl -2 - 
thiazolidineacetonitrile, 959 
4-Carbometboxy-6,6-dimetbyl-2- 
tbiazolidinecarboxylic acid, 004 
4,3,2'3'-(4'-Carbometboxy-6',6'-di- 
methyltbiazoUdino) -6-carbometh- 
oxy-2-imidazolidone, 970 
4,3,2',3'-(4'-Carbometboxy-6',6'-di- 
metbylthiazolidino) -2-imidazoli- 
done, 970 

6,l,2',3'-(4'-Carbomethoxy-6',6'-di- 
methyltbiazolidino) -6-phenyl- 

3.3.6.6- tetrametbyl-2,4-piperidine- 
dione, 939 

§,l,2',3'-(4'-Carbomethoxy-6',6'-di- 
methyltbiazolidino) -2,4-piperid- 
inedione, 939 

4,3,8',2'-(4'-Carbomethoxy-6',6'-di- 

methylthiazolido)-2-miidazolidone, 

949 

3,4,8',2'-f4'-Carbomethoxy-6',6'- 
dimethylthiazolido) -2-imino-6- 
carbomethoxythiazolidine, 949 
3,4,8',2'-(4'-Carbomethoxy-6',6'- 
dimethylthiazolido) -2-iminotbi- 
azolidine, 949 

4-Carbometboxy-6,5-dimethyl-2- 
thiazolineacetic acid, 797 
4-2'-(4'-Carbomethoxy-6',6'-dimcth- 
yltbiazolinyl j-6-ethoxy-2-p- 
nitropbenyloxazole, 886 
4-Carbomethoxy-3-formyl-2,2,6,6- 
tetrametbylthiazolidme, 960 
Carbomethoxybippuric acid, see 
Bemamidomalonir acid. 
4-Carbomethoxy-8-^-hydroxycthyl- 

2.2.6.6- tetrametbyltbiazolidme, 

932, 951 

4-Carbomethoxy-8-i8obutyry!-2-N - 
methylbenzmido-carbetboxy- 
metbylthiazolidine, 937 
4-Carbomethoxy-8-i8obutyryl- 
a,ei«-6,6-tetramethyl-2-tbiazol- 
iaine-acetic acid, 939 
4-Carbometboxy-2-phenylacet- 
amido-carbomethoxymethylthiazol- 
idine, see Dimethyl deadimethyl- 
benzylpenidllaate. 


4-Carbomethoxy-2-phenyl-6-oxazol- 
one, 776, 884 

4-Carbomethoxy-2-pbeny]-2-tbiazol- 
idineacetic acid, ethyl ester, 966 
4-Carbometboxy-2,2,6,6-tetramethyl- 
thiazolidine, 900 

Carbon disulfide, reaction with ethyl 
a-amino-jS, /ii>djmethy)acrylat<‘, 
400 

with penicillamine, 458, 466 
with fhiazolidines, 929, 948 

2-Carboxamidometbyl-2,6,6-tri- 
metbyl -4-tbiazolidinecarboxylic 
acid, 965 

N-(d-Carboxy-;3-benzamidoetbyl)- 
glycine, 112, 130 

CY- (4-Carboxy-2-benzylimidazolyl) - 
d,/i/-dimethylacrylic acid, 140 
4-Carboxy-2-carboxymethylthiazol- 
idine, see 4-Carboxy-2-thiazolidinc- 
(iretfc acid, etc. 

4-Carboxy-a-cbloro-6,6-dimethyl-2- 
thiazolidineacetic acid, 140 
4-Carboxy-«-p-chloropbenylazo-6,6- 
dimetbyl-2-thiazolidineacetic acid, 

925, 941, 944 

4-Carboxy-cr-cyclohexylacetamido- 
5,5-dimetbyl-2-thiazolidineacetic 
acid, 940 

4-Carboxy-6,6-dimethyl-cr-p-metb- 
oxypbenylacetamido-2-thiazol- 
idineacetic acid, methyl est('r, 600, 
941 

4-Carboxy-6,6-dimethyl-a-metbyl- 
amino-2-tbiazolidineacetic acid, 
meth>l eslfM*, 934 
4- Carboxy -6,6-dimethyl -a-N - 
metbylbenzamido-2-thiazoline- 
acetic acid, esters of, 936 
4-Carboxy-6,6-dimethyl-a-phenyl- 
acetamido -2 -tbiazoli d ineacetic 
acid, sc*c‘ Hcnzylpenicdloic and and 
its denvfitives. 

4-Carboxyl-6,6-dimethyl-af-phenyl- 
acetamido-2-thiazolidineaceto- 
nitrile, s(‘e Hcnzylpemcillo-a-niirile. 
4-Carboxy-6,6-dimetbyl-cr-phenyl- 
acetamido-2-thiazolidinepropionic 
acid, see IfomobenzylpenicUioic acid 
and derivatives. 

4-Carboxy-6,6-diroethyl-2-thiazol- 
idineacetic acid, ot-ehloro deriva¬ 
tive, 140 

ethyl ester^ 930, 948 
reaction with thiocyanate, 283 

4-Carboxy-6,6-dimetbyl-2-thiazol- 
idineacetonitrile, 959 
4-Carboxy-6,6-dimethyI-2-thiazol- 
idinesuccinic acid, 1008, 1017 
4-Carboxy-6,6-dimethyl-2-thio- 
tbiazolidone, 458, 466 
4-Carboxy-8-formyl-2,2,6,6-tetra- 
metbylthiazolidine, 960 
4(6)-Carboxyimidazole8, 426 
4 (6)-Carboxyimidazolines, 426 
6,l,2',8'-(4'-Carboxy-6',6'-dimetb- 
yltbiazolido)-3-pbenyl-6,0- 
debydro-2-tbiouracil, 949 
4-Carboxy-3-i8obutyryl-2-N - 
metbylbenzamidocarbethoxy- 
metbylthiazcdidine, 937 
4-Carboxy-3-isobutyTyl-«-N - 
metbylbenzaxnido-2-thiazolidine- 
acetic acid, 937 

2-o-Carboxyisopropyl-3-isobutyryl- 
thiazolidine, 938 

4-Carboxy-<k-p-methoxypbenyUcet- 
amido-2-thiazolidineacetic acid, 
methyl ester, 941 

4-Carboxymethylami]iomethylejie-2- 
p-nitrophenyl-6-oxazolone, 820 
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4-Carboxy»3-methyl-o(-phenyl- 
acetamido-2*thiazoUdineacetic 
acid, a-benzyl faster, 945 
4-Carboxy-a-phenylacetamido-2- 
thiazolidineacetic acid, s('(' /Msdi- 
methijUicnzylpenicilloiv acid, and its 
derivative's. 

4-Carboxy-2~phenyl-2-thiazol- 
idineacetic acid, preim. of, 
4>Carboxy-2-phenyl-2-thiazolidine- 
acetic acid, etliyl ester, 9()5 
4-Carboxy-2-phenyl-2-tliiazoUdine- 
acetonitrile, 966 

4-Carboxy-2 -thiazolidineacetic acid, 

964, 968 

4-Carboxy-2,6,6-trimethyl-2-thiazol- 
idineacetic acid, 965 
a-Chloroacetamido-^/i-ethoxypro- 
pionic acid, 816 

or-Chloroacetamidoisovaleric acid, 

457, U'A 

3-Chloroacetyl-6,6-dimethyl-4-thi- 
azolidinecarboxylic acid, 958 
N-Chloroacetyl-O-ethylserine, 816 

3- Chloroacetvl-2,2,6,6-tetramethyl- 
4-thiazolidinecarboxylic acid, 961 

Chloroacetylvaline, 4“>7, 4(M 
2-(6'-Chloro-2'-aniyl-4-oxazolyl)- 

5.6- dimethyI-4-thiazolidinecarb- 
oxylic acid, 971 

Chlorobenzeneazo-, mm' (Idorophcnyl- 
azo- 

2-Chlorocarbethoxymethyl-6,6- 
dimethyl-4-thiazolidinecarboxylic 
acid, 110 

2-(6'-Chloro-2'-benzyl-4'-oxazolyl)- 

6.6- dimethyI-4-thiazolidinecarb- 
oxylic acid, 971 

of-Chlorobeuzylpenaldic acid, 520 
p-Chlorobenzylpenicillin, biosN ntlu*- 
vis of, 672 

pemd(‘r diffraction pattt'in, {J7S 
rt-Chlorobenzylpenicilloic acid, 579, 
796, 859, 889 

6-Chloro-4-cyano-2-phenyloxazole, 

722 

6-Chloro-9-fN,-ethylene dianiine)- 
2-methoxy-acridine, 1030 
2-Chloroinethyl-6,6-dimethyl-4- 
thiazolidinecarboxylic acid, 1 U) 

4- Chloromethylene-2-phenyl-5- 
oxazolone, 747, 816, 823 

a-Chlorophenylacetamidoacetal, 889 
a-Chlorophenylacetamidoacetalde- 
hyde, 796 

N - (nr-Chlorophenylacetyl) alanine, 

793 

ex-Chlorophenylacetyl chloride, 793 
2-(p-Chlorophenylazocarbethoxy- 
methyl)-l,3-dibenzylimidazolidine- 
4-carboxylic acid, 924 
2- (p-Chlorophenylazocarbethoxy- 
methyl ) -l,3,dibenzylimidazolidine, 
924 

2 -p-Chlorophenylazocarbethoxy- 
methyl-6,5-dimethyl-4-thiazol- 
idinecarboxylic acid, 925, 941, 944 
2-(p-Chlorophenylazo-carbethoxy- 
methyDoxazolidine, 944 
2-(p-CUorophenylazo-carbozy- 
roethyl) -8,6,6-trimethylthlazol- 
idine-4-carboxyllc acid, 942 
p-Chlorophenylazoformylacetic acid, 
942 

3*p-Chlorophenylazo*4-h3rdroxy- 
benzylpenicillin, 685 
2*p-Chloro]^henyM"7-diethylamino- 
propylaxnmoinethyleiie-5«-ozazol« 
one, 821 

2*-(n-Chiorophenyl)-6,5-dimethyl«4-‘ 
thiazolidinecarboxylic acid, 963 


2-p-Chlorophenyl-4-ethoxymethyl- 
ene-6-oxazolone, prepn evf, 804 

5- Chloro-2-phenyl-4-oxazolealde- 
hyde, 699. 723, 876 

6- Chloro-2-phenyl-4-oxazolecarb- 
oxylic acid, 722 

2-(6-Chloro-2-phenyl-4-oxa2olyh- 

6.6- dimethylthiazolidine, 723 
2-(6-Chloro-2-phenyl-4-oxazolyb- 

6.6- diinethyl-4-thiazolidinecarb- 
oxylic acid, 723, 876, 971 

Chromatography, JVlartiu-Svnjre 
method, 37, 78. 84, 96 ‘ 
of }M*nz\ Jpeniedliii, .S3, S93 
of pe'mciliins, 78 
of 2-i)enten\lp<‘nu*ilhn, 37, 38 
of fivnthetie benzyl])enKMilin, 893 
on niumina, 41 
on sili(‘a 10 

Chromoisomerism, in anunoineth- 
ylenooxHZolones, 757 
Cinnamaldehyde, 837 
Cinnamimino ethyl ether, 704 
«-Cinnamoylamino-/:l-methylinaIeic 
anhydride, 847 

Cinnainoylglycine, 711, 814, 817 
Cinnamylideneacetylglycine, 8(K; 
Colorimetric assay, 1029 
Corn steep liquor, 83, 658 
Counter-current distribution, 901 
Crotonoylglycine, 805 
Crystal structure, see \-rav rrysljxb 
lography. 

Crystallographic investigations, 310, 
367 

4-Cyanamidomethylene-2-phenyl-6- 
oxazolone, 829 

N-fa-Cyanobenzylidene )glycine, 846 
4-Cyano-6-ethoxy-2-phenyloxazole, 
726 

2-Cyanomethyl-5,6-dimethyl-4-thi- 
azolidinecarboxylic acid, 959, 965 
Cyclohexylacetamidoacetaldehyde, 

811 

2-Cyclohexylacetamidocarbethoxy- 
methyl-5,5-dimethyl-4-thiazolid- 
inecarboxylic acid, 910 
a-Cy clohexylacetamido -/l-cyclohexyl - 
aminopropionic acid, -acetyl 
(h'riviitive, 307 
^i-lactam, 255, 265, 284, 306 
ri'action with thiocyanate, 307 
Cyclohexylacetylalanine, prepn. of, 72 
from beiizylpenaldic acid, 61, 71 
from beiizyliienicilloic ester, 589 
Cyclohexylacetyl-r-alanyl-i)-valine, 
24t;, 2(n 

Cyclohexylacetylserine, eyelohexyl- 
inethylamide, 70, 71 
from beiizylpenaldic acid, 60, 61 
from bcnzylpcnicilloic acid, 505 
prepn. of, 72 

i8-Cyclohexyl-/i-cyclohexylmethyl- 
amino-cr-methylpropionic acid, 265 
2-CyclohexylmethyI-4-hydroxymeth- 
ylene-6-oxazolone, 810, 910 
Cyclohexylmethylpenaldic acid, 518, 
810 

Cysteine, N-alkyl dcrivative.s, 460 
N-carbcl hoxvphcnaccturvl deriva¬ 
tive, 777 ‘ 

conversion to thiazolidines, 922 
N-isopropyl, 460, 468, 945 
N-metliyl, see N-Methylcysicine. 
oxidation bv periodate, 187, 928, 
947 

reaction with aeetylaretone, 961 
with aldehydes, 927, 961, 968 
with alkoxyraethyleneoxazolones, 
166, 205, 759, 008 
with amylpenaldie ester, 527, 645 
with an azide, 874 


with 2-benzyl-4-met boxy met livb 
eiie-5 (4 )-oxazolone, 908 
with bciizylpenaldainKle, 525 
with bi*nzvlp(‘naldie c'ster, 524, 
645 

with bcn/vlpenilloaldehyde, 480, 
572 

with tormiiIdc‘hvd<', 937 
with form\IhippiUK^ jieid, 572 
wit h hyd^)\^ methvh'iieoxayol- 
oiies, 572, 831, 910‘ 

WMtll p metho\yt)enzyl)>enahin‘ 
estei, 528 

With j)('iia]<lic esters, 499, 521, 
527, 560, t;i5 
wMth i)f'nicijlin, 209 
with ])(‘mcil!in (*sters, 211 
with ph(‘n\lp(‘naldic estiT, 528 
w’lth ScMturaied ovazoloinvs, 21 I, 
735, 7S7, 883 


D 

Decarboxybenzylpenillic acid, 1 IS, 
137; si‘(' also /{(n^i/f/K tnUatmne 
“Dehydrobenzylpenicilloic acid,^* 858, 
878 

‘‘Dehydrobenzylpenicillin,*’ 740, 795, 
S5S, 859, S89 

Desaminopenicillaminic acid, 27 
Desdimethylbenzylpenicilloic acid, <»- 
amide, 5()1, 562 

Desdimethylbenzylpenicilloic acid, at- 
tem()tt(l corut'rsion to penicillin 
analog, S(»5 

l>enz()\ I (l(‘ti\ atn e, 613 
a-benz> lamide, 652 
conversion to the pi'inlloK* acid, 571 
CvSters, see Kthyl d(adnuiihylbciizyU 
prnicilloute, etc. 
p-metlio\\ derivative, 652 
N-rnetlivl d(‘rivativ(', 915 
prepn ot, 559, (>13 
Desdimethylbenzylpenilloic acid, 
carbomethoxy denv^ativ(‘, 571 
eJeetroriK'tric titration, 651 
prepn. of, 180, 571 
stereoisomers, 571 
Desmethylpenicilloates, 559, 642 
Desdimethylpenicilloic acids, a midi s 
of, 561, 652 
d(‘nvativi‘s of, 498 
diest(‘rs. 560 
a-s'sters, 559 
|[i“est(‘rs, 5()0 
prepn. of, 559 

Desdimethylphenylpenicilloic acid, at¬ 
tempted conversion to ptuiicillin 
analog, 866 
hydrochloride*, 644 
methyl ost(*r, 166, 527, 572, 652 
Desdimethylphenylpenilloic acid, 572, 
644, 645 

Desthiobenzyldihydropenillamine, 
prepn. of, 110, 135 
Desthiobenzylpenicillenic acid, 821 
Desthiobenzylpenicillin, attempted 
syiith(*ses, 256 

N-benzyl derivative, 254, 263 
biological tests of, 256 
containing dent(*rnim, 267 
conversion to an oxazolone, 253 
dissociation constant, 419, 421, 422 
ethanoly.sis, 589 
hexabydro derivative, 245, 259 
hj-drogi'iiation of, 245, 259 
hydrolysis, 255, 265 
methyl ester, 249, 258, 261, 264, 411 
nitroso derivative, 152, 255, 264, 
434 

prepn. of, 256 
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roticlions i>l', 250, 2^15 
roactioii willi OmzylaTniut*, 01^5 
with hydrogen chloridt*, 202 
with ihtr(»K>l clilondc', 255 
n'arnini^c'TiK'nt of, attt‘in]>t(‘d, 203 
si> 2 ;jiilicanc(> iii structiir(‘ studies, K 
spcciruin, infranal, 2^10, 257. -HI 
thoor(‘ticrd cousidciat ions, 447 
titration of, 257 

Desthiobenzylpenicilloic acid, «-ain- 
idc. 55S, 030 
«-l)(*n/v'lanii<h\ 2()0, (>35 
derivative's <4', 250 
fnuu (ie'stliiohcnzv Jpcnicillin, 251 
ddactain, 177 

prepn. of, 201, 203, 570, 580 
Desthiobenzylpenicilloic rt-amide, 030 
Desthiobenzylpenicilloic a-benzylam- 
ide, 2ti2, 035 

Desthiobenzylpenicilloic /il-lactam, 177 
Desthiobenzylpenillamine, dihydro 
compound, 135 

Desthiobenzylpenillic acid, 110, 251 
Desthiobenzylpenilloic acid, 203, 507 
Desthiobenzylpenillonic acid, hydro¬ 
lysis of, 102 
pn'pii. of, 150, 101 
reactions of, 150 
Dcsthiobiotin, 217 
Desthiohexahydrobenzylpenicillin, 
245, 250 

Desthiohexahydrobenzylpenicllloic 
iieiel, 2(i0 

Desthiopenillamines, 110 
DesthiopenilHc acids, 110 
Desulfurization, hv hydroRcn ))erox- 
ide, 208 

by methyl iodide, 300 
hy Kaiu'y nickel, 214 
of 7 -lactaiiis, 1014 
of penicillin and denvati\e's, 244 
of a 2-thiohydantom, 200 
Deuteriomethanol, 583 
Deuteriophenylacetic acid, 207 
Deuteriophenylacetylvaline, 050 
Deuterium, introduction into desthio- 
penicillin. 200 

use in liiosynthesis of penie’iilin, 050 
us(‘ ill di'termmation of active 
hydroj?<'n, S<S, 113, 280, 583 
use in hvdroj^e'iiolvsis reactions, 247, 
266 ‘ 

Deuterization, of ainuh's, 404 ' 

of lienzylpe'iiicillin, 583 
of henzylpenicilloie* csti'r, 583 
of heiizyJpenillic acid, 113 
of desihiobenzylpcincillin, 206 
of inetluinoJ, 583 

2.2- Dialkylthiazolidines, reaction with 
aldehydes, 946 

Diazomethane, reaction with 5-alk- 
oxyoxazolones, 6t)5 
reai'tion with amine salts of peni¬ 
cillin, 93 

with desdiiiK'thylpenieilloic es¬ 
ters, 500 

with di'sthiopenieillin, 261 
with Nil of thiazolidines, 551 
with oxMZoIones. 090, 730, 789 
with oxazolone hydrohalides, 731 
with penicilloie derivatives, 551 
with 2-pentenylnenicillin, 14 

1.4- Dibenzoyl-3,6-d{phenyU2,5-di- 
ketopiperazine, 708 

2.4- Dibenzyl-5-ethoxyoxazole, 708 
N,N'-Dibenzylformamidine, 815 

1.3- Dibenzylimidazolidme, 942 

2.4- Dibenzyl>6-oxazolone, 730, 774 
Dibenzyl phenylpenicilloate, cycliza- 

tion, 097 

prepn. of, 628, 716 
reaction wdth jihosphorus penta- 
chloride, 710, 717 
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1.3- Dibe]izyl-2-propenyl-imidazol- 
idine, 925 

1.3- Dibe]]zyl-2~styryUmidazolidine, 
925, 943 

d,/t-Dibutoxyalanine, 517 
l,4>Dicaproyl-2,6**diketopiperazine, 
708, 845 

2,2-Dicarbethoxy-6,6-dimethyl-4- 
thiazolidinecarboxylic acid, 970 
3,4 -Dicarbom ethoxy-6,6 -dime thy I -2 - 
thiazolidine-2-acetic acid, tK)5 

3.4- Dicarboxy-6,6-dimethyl-2-thiaz- 
olidineacetic acid, 905 

^^4-Dicarboxy-6,6-dimethyl-2-thiaz- 
olidinepropionic acid, 1017 
Dicyclohexylene sulfone, 179 

2,6-Di(«,d-dihydroxyethyl)-2,6-di- 
methyi-3,6-diketopiperazine, S11 
d,/v~Diethoxyalanine, \'-/ca<‘eloxy- 
j)h(‘nylacetyl deriv.aiivc, 515 
N-benz\ 1 lienV n1 1 vc, 503 
N-caproyi derivative, 513 
('sters of, 492, 517 
N-h(‘xenovl derivativi *, 513 
N-methyl derivative, 531. 934 
N-phcnylthioacctyl derivative, 1 )1 
prepn of, 492, 517 
reaction with acid chloruh’^, 493, 
513 

with plienylacctiinidic cstci, 524 
with phenyldithioaccta* acid, 1 11. 
524 

4- (p, rt-Di ethoxy ethyl )aminometh- 
ylen e -2 -phenyl-6-oxazolon e, reac- 
tion with penicillamine, 844, 8tlS 

3- /:l,^-Diethoxyethyl-6-isopropylid- 
ene-2-thiohydantoin, 930. 9 hs 

/j,d-Diethoxyethyl isothiocyanate, 930, 
948 

ft,/:<-Diethoxy-«-methylaminopropi- 
onic acid, 934 

4- Diethoxymethyl-2-benzyUdene- 
pseudoxazolone, 739 

4-Diethoxymethyl-4-methyl-2- 
phenyl-6-oxazolone, 705, 839 
«-Diethoxymethyl-«-phenylacetam- 
idocaproic acid, 839 
«-DiethoxymethyI-a-phenylacetam- 
idopropionic acid, 705, 838 
2-Diethoxymethyl-4-thiazolidinecarb- 
' oxylxc acid, 903 
7 , -> -Diethoxy-o-phenylacetam ido - 
butyric acid, 1011 

/:t,^:^-Diethoxy-a-phenylacetamidopro- 
pionanilide, 842 

dJi-Diethoxy-a-phenylacetamidopro- 
pionic acid, sc'c Bnizylpemi^dir acid, 
diethyl acetal. 

^:t,;^-Diethoxy-N-phenylacetylalanine, 

see Benzyl pvnaldiv acid, diethyl 
ai'etal. 

/tt, ^-Diethoxy-a- (phenyl bromoacet- 
amido/propionic acid, 795 
(i, d-Diethoxy-N -phenylthioacetyl - 
alanine, 141, 590 
Diethyl allylbenzamidomalonate, 

1005, 1009 

Diethyl allylphenylacetamidomalon- 
ate, 1009 

4-7-DiethyIaminopropylaminometh- 
ylene-2-phenyl-6-oxazolone, 817 
Diethyl desdimethyl-p-acetoxybenz- 
ylpenicilloate, 049 

Diemyl desdimethylbenzylpenicill- 
oate, 051 

Diethyl desdimethylpenicUloate, 500, 
052 

Diethyl 3,6-dixiitrophenylpenicilloate, 
626 

N,N'*Diethylfonnainidiiie, 815 
Diethyl phenylacetaznidomalonate, 
880, 1000 

Diethyl phenylpeniclUoate, 628 


Differential assays, 069, 08J, 1041 
Diffusion assay methods, 1037 
Dihydropenicillin-I, see Amylpenicil'' 
I in, 

6.6- DihydrothiouracilB, 274, 433 
2-(a,(t^-Dihydroxyethyl)-6,6-di- 

methyl -4 -thiazoli din ecarboxylic 
acid, 180, 929, 900 
Di-p-iodobenzalazine, 91 
Diiodo-p-hydroxybenzylpenicUIin, 

081 

2.6- Diketopiperazine, 1,4-diacyl de- 
rivatives, 70S 

Diketopiperazine, see also (*n tries 
under naim's of individual ainino- 
aeids, 

Diketopiperazines, of penilloic acids, 
511, .5t)8 

2.4- Diketopyrrolidine, acyl deriva¬ 
tives, 847 

N,N'-Di-(4-methinyl-2-phenyl-6- 
oxazolone)hydrazine, 828 
it,/^-Dimethoxyalanine, N-metliyl, 531 
/1,/^-Dimethoxyalanine, N-phenyl- 
aeetvl, se<' lit nzy/pcrtaldir acidy di¬ 
methyl acetal 

/:f,^l-Dimethoxy-«-methyl-a-phenyl- 
acetamidopropionic acid, 839 
/t/^z-Dimethoxy-a-phenylacetamido- 
propionanilide, 842 
/:i,/f-Dimethoxy-rt-phenylacetamido- 
propionic acid, sea* Benzylpcnaldic 
(truly diiiH'thyl acetal, 

3.4- Dimethoxyphenylethylamine, 204 
/^,3-Diinethylacrylic acid, w-acylainino 

derivative's, 157 

conversion (o ponicillamine, 458 
2-Dimethylaminoethanethiol, 218, 210 
Dimethyl amylpenicilloate, acetyl 
<lcnvative, 552, 01 1 
acylation of, 150, 172, 552, 611 
benzovl derivative, 172, 011 
picpii of, 499, 611 
r(*ac| lon.s of, 552 

reaction with bi'iizoyl <'hlorid(', 150 
fif-tliiol den vat iv(‘, till 
Dimethyl N -benzoyl-benzylpenicill- 
oate, o.\id<ition of, 153 
reaction with oxah 1 clilori<l(', 155 
suItoiK', 153 

Dimethyl benzylisopenillate, from the 
pciiillatf', 110 
hydroj^cnolvsis of, 258 
prejm ol, 123, 127, 133, 134, 142 
pro])cili(‘s of, 113 

Dimethyl benzylmethoxypenicilloate, 
224 

Dimethyl benzyloxypenicilloate, 626 
Dimethyl benzylpenicilloate, acetyl 
derivativt', 618 
acylation of, 553 

attempted eon version to penicillin, 
804, 872 

benzovl derivative, 150, 174, 616, 
018 

N~bcnzyl derivative, 621 
carbophenoxy derivative, 619, 872 
a-chloro derivative, 527, 026, 797 
crystallographic data, 378 
epimerization, 552, 613, 617 
formyl derivative^ 618 
from bonzylpenicdlin, 549, 612 
from the pseudopenicillinate, 916 
heat of combustion, 617 
hydrogcnolyms, 553, 613, 616 
hydrolysis, 020 
isobutyryl derivative, 618, 871 
rax^thoxalyl derivative, 606, 618 
N-mothyl derivative, 551, 620 
6-methyl derivative, 621 
nitroso derivative, 151, 175, 616 
oxidation to sulfone, 553 
perchlorate, 613 
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phenylaccilyl dorivative, 619 
prepii. of, 526, 612, 619, 620 
reaction with niorcuric chloride, 204 
with thicxiyanatt*, 281, 303 
Bpectrum, infrared, 393, 410 
stert'ocherriical stability, 613 
st('reoisonierH, 552, 613, 615, 617, 
619 

Hulfone, 153, 177, 181, 618 
thermochcmical data, 617 
tohieiKisulfonatc, 614 

Dimethyl benzylpenillate, hydro- 
Kcnolysis of, 258 
isolation of, 108 
prepn. of, 65, 123, 127, 142 
pro pearlies of, 113 

redaction with acetic anhydride, 135 
spectrum, infrared, 41J 
spectrum, ultraviolet, 425 

Dimethyl a-chlorobenzylpenicilloate, 
527, 626, 797 

d,/l~Dimethylcysteic acid, see Pemrill- 
oviinic acid, 

^l,/?-Dimethylcysteine, see Perncill- 
iiviine. 

Dimethyl desdimethylbenzylpeni- 
cilloate, 650, 652, 922, 939 

Dimethyl desdimethyl-//-methoxy- 
benzylpenicilloate, 652 

Dimethyl desthiobenzylpenicilloate, 
263, 617 

<>£,«-Dimethyl-/i-ethylamino-<t- 

phenylpropionic /t-lactam, 259, 992 

6.6- Dimethyl-2-furyl-4-thiazolidine- 
carboxylic acid, 970 

6.6- Dimethyl-2-hexyl-4-thiazol- 
idinecarboxylic acid, 962 

6,6 -D imethy 1 -3 -by droxy e thy 1-2- 
phenyl-4-thiazolidinecarboxylic 
acid, 950 

6.6- Diniethyl-2-(4-hydroxy*-3- 
methoxyphenyl) -4-thiazolidine- 
carboxylic acid, 942 

6.6- Dimethyl-2-(o-hy droxyphenyl )- 
4-thiazolidinecarboxylic acid, 
a»*etyl derivative, 18<i 

prepn. of, 942, 963 

6.6- Dimethyl-2-isobutyl-4-thiazol- 
idinecarboxylic acid, 9(*2 

6.6- DimethyI-3-isobutyryl-2-phenyl- 
2-thiazoiidineacetic acid, 939 

а, «-«DimethyI-3-isobutyryl-2-thiazol- 
ineacetic acid, 922, 93S 

6.6- DimethyI-2-isopropyl-4-thiazol- 
idinecarboxylic acid, 961, 971 

6.6- Dimethyl-2-propyl-4-thia2oI- 
idinecarboxylic acid, 961 

Dimethylketene, 922, 938, 990 

6.6- Dimethyl-2-keto-6-thiazancarb- 
oxylic acid, ti38 

6.6- Dimethyl-3-keto-6-thiazancarb- 
oxylic acid, 938 

6.6- Dimethyl-2-keto-4-tbiazolidine- 
carboxylic acid, S58 

6.6- Dimetbyl-2-methylaminomethyi- 
4-tbiazolidinecar boxy lie acid, 931, 
949 

Dimethyl 6-metbylbenzylpenicilloate> 
621 

6.6- Dimethyl-2-p-nitrobenzamido- 
carbethoxymethyl-4-tbiazoliiiecarb- 
oxylic acid, 886 

б, 5-Dimethyl-2-p<-nitrobenzamido- 
methyM-thiazolmecarboxylic acid, 
886 

2,4-Dimethyl-6-ozazoloiie, 429 

Dimethyl penicilloate, lH‘at of forma¬ 
tion. 436 

phenylacetyl derivative, 627 
prepn. of, 626 
aaponification, <127 


6.6- pimetbyl-2,2-pentamethylene-4- 
tbiazolidixiecarboxylic acid, 1S5, 
962, 963 

-Dimethyl -or-pbenylacetamido- 
acrylic acid, 733 

6.6- Dimetbyl-2-phenylacetamido- 
carbethoxymethyl-4-tbiazolinecarb- 
oxylic acid, 886 

6.6- Dimetbyl-2-phenylacetamido- 
metbyl-4-thia2olidmecarboxylic 
acid, 118, 136 

6.6- Dimethyl-2-pbenylacetamido- 
methyl-4-thiazolinecarboxylic 

acid, methyl c‘ster, 938 
prepn. of, 857, 878, 879 

6,6 - Dimethyl -S-pheny lacetyl -2 - 
phenylacetamidocarbethoxym ethyl- 
4-tbiazoHdinecarboxylic acid, 859 

6,6 -Dime thyl -1 -phenylac etyl -2 -th io - 
hydantoin, 287, 800 
Dimethyl phenylpenicilloate, N - 
methyl derivativi*, 628, 955 
prepn. of, 627, 628, 717 
reaction with phosphorus ptuita- 
chlt>ride, 717 
stereoisi»inerK, 628 

а, <:^-Dimethyl-2-phenyI-2-thiazol- 
idineacetic acid, ^-laefam, 2.59, 981, 
985 

6.6- Dimethyl-2-phenyl-4-thiazol¬ 
idinecarboxylic acid, (h rivalivtis 
of, 962 

oxidation bv perit)dn1(‘, 186, 947 
prepn. ol, 926, 93S, <U4, 962 
reaction witli ('tb\h*n(' o\id<% t)32 

6.6- Dimethyl-2-phenyl-4-thiazoline- 
carbox54ic acid, prej)n. of, 472, 
737, 791, 946 

6.6- Dimethyl-2,2-spirocyclobexyl-4- 
thiazolidinecarboxylic acid, 185, 
‘162, 963 

2,2-Dimethyl-4-thiazolidinecarbox- 
ylic acid, 915, 958 

6.6- Dimethyl-4-thiazolidinecarbox- 
ylic acid, 3-acyl deri^ ativ(*s, 9.58 

2- animocarbo\ymethyl derivatives, 
940 

2“jiiri> loxa/olvl derivative, 694, 699 
2“itni>ltliia/io]vl deriv.ative, 707 

3- earbol>eiizyloxy deii\’ative, 958 
3-carboxy;inilide, 959 
dis.sociation constant, 417 
N-forniyl derivative, 468 

3 - 0 vo derivative, 858 

plu'nvl isocyanate derivative, 959 

2-])heiiyloxazolyl derivatives, 699 

б, 6 - Di m ethy 1 -4-thiazolin ecarb oxyl ic 

acid, 472, 958 
pn*|)n, of, 472 

6.6- DimethyI-2,4-thiazolidinedicarb- 
oxylic acid, 964 

«,a-I)imethyl-2-tbiazolineacetic acid, 

939 

6.6- Dimethyl-2-thiazolme-4-carb- 
oxylic acid, reaction with acyl- 
ammoketene, S5<i 

reaction with oxhzoIoth's, 843, 877 
Dimethyl a-tbiolbeuzylpenicilloate, 
550, 621 

Dimethyl thionbenzylpenicilloate, 618 

6.6- DimethyI-2-thiothiazolidone-4- 
car boxy lie acid, 45S, 466 

6.6- Dimetbyl-2-p-toluenesulfonam- 
idom ethyl -4-tbiazolid in ecarboxylic 
acid, 967 

a, a-Di (phenylacetamido) propionic 
acid, 794 

1,4-Di (phenylacetyl) -2,6-diketopiper- 
azine, 490, 769, 845 
N-Diphenylacetylglycine, 5t)9, 811 
2,2'-DiphenyI-4,4'-dibenzyl-4,4'-bis- 
oxazolone, 792 


2,2'-Diphenyl-4,4'-di-sec-butyl-4,4'- 
bisoxazolone, 792 

2.4- Dipbenyl-6-etboxyoxazole, 711 
N,N'-Dipbenylforniamidine, 746, 811 
Dipbenylketene, 991 
2-Diphenylmethyl-4-etboxymetb- 

ylene-b-oxazolone, HI I 
Diphenyinietbylpenaldic acid, 811 
DiphenylmethylpeniciUoic acid, 579 

2.4- Diphenyl-6-oxazolone, 731, 776, 
911, 916 

Dipolar ions, of ammo-acids, 418 
Dipole-ion /J-lactam structure, for 
petu(*illjns, 406 

Dissociation constants, of d(‘Mhio- 
piuiicillin, 419, 422 
elbu't of teiujieniture on, 419 
interpretation of, 420 
of p<*iiicillin aiKi d(*rivative8, 115, 
419, 122 

of jieriicilloie jicids, 419 
of jieuilloic acids, 419 
of penillonic ;n‘ids, U9 
theoretical fleiivalion of, 421 
of thijizolidine derivatives, 417 
Ditbiobenzylpenaldic acid, 493 
N-Dithiocarbethoyyglycine, 4f)6 
Dithiophenylacetic acid, 779 
p,iit-Dithio-bis-valine, 4t)0 


E 

Ethyl amylpcnaldate, rea<’(ioii with 
penieillaiiiine, 499 

a-Ethyl amylpenicilloate, a<'(‘tyl de- 
nvalne, .581 
aeid-lmse jU’opi'rties, 31 
N-b(‘nz>I derivative*. 581, 955 
eonve-rsioii to tlie jienillojte, 562 
lodiiH* til ration, 581 
prepn. (/f, 50, 581 
n'aetion with ethylene o\i<i(‘, 932 
with plieisplninis owchlonde, .5<i2 
Ethyl 2-amyl-4-0 xazolecarboxylate, 
491, 693. (i91, 703 

Ethyl 2-ainyl-l-phenyl-4-imidazole- 
carboxylate, 696 

Ethyl ^:^-anilino-£y-benzamidoacrylate, 

523 

Ethyl d-anilino-rt-caproylaminoacryl- 
ate, 696 

Ethyl ty-benzamidoacetoacetate, 694 
Ethyl /y-benzamido-a-carbethoxy-/i- 
formy I propionate, 1009 
Ethyl o-benzamido-d-carbethoxy- 
methylamino-acrylate, 815 
Ethyl 3-benzamido-3-carbethoxypro- 
pionaldebyde, 530 

Ethyl rt-benzamido-4-carboxy-2-tbi- 
azolidinepropionate, 653, 1006 
Ethyl a-benzamido- 7 , 7 -dietboxybu- 
tyrate, 1006 

Ethyl tt-benzamidociunamate, 732, 
782 

Ethyl rt-benzamidocrotonate, 699, 712 
Ethyl benzamidocyanoacetate, 700, 
72<) 

Ethyl o-benzamido-/^,d-diethoxypro- 
pionate, 696, 715. 952 
Ethyl cy-benzamido-/5^-formylpro- 
pionate, 1005, 1010 
Ethyl benzamidomalonamate, 700, 
775 

Ethyl 2-benzamido-4-pentenoate, 
1009 

Ethyl a-benzamido-2-thiazolidine- 
acetate, 528 

Ethyl benzhydrylpenaldate, 519, 530 
Ethyl /y-benzylaminomethylenehip- 
purate, 714 
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Ethyl /^^-henzylamino-a-phenylacet- 
amidoacrylate, 696 

Ethyl /3-benzylainino-cK-phenylacet- 
amidopropionate, 301 
Ethyl «-(N-benzyIbenzaraido)-/:^- 
carboxymetfaylamiiioacrylate, 935, 
964 

Ethyl «-(N-benzylcaproylammo)-/i^- 
benzylaminoacrylate, 954 
Ethyl 2-beiizyl-4-carbethoxy-l-imid- 
azoleacetate, 131, 093, 705 
Ethyl a-N-benzylformamido-iS-hy- 
droxyacrylate, 953 
Ethyl N-benzylhippurate, 954 
Ethyl benzylhomopenaldate, 499 
a-£thyl benzylhomopenicilloate. 653, 
1000 

Ethyl 2>*benzyliniidazole-4«carboxyl* 
ate-1-acetate, 131, 093, 705 
Ethyl 2-bcnzy]-5-imidazolone-4- 
carboxylate, 701 
Ethyl benzyloxypenaldate, 51S 
Ethyl benzylpenaldate, aoetyl deriva¬ 
tive, 509 
anil, 609 

derjv tttives of, 487 
diethyl aerial, 500 
hydro^onalion of, 494 
mrthylatK>n of, 840 
phenylh 3 alrazone, 510 
prepn. of, 480, 50<), 511 
purification of, 4<S9 
reaction with S-benzylpeiueill- 
amine, 520 
with cysteine, 524 
with peiiieillamine, 524 
with /:t-thiothrconine, 498 
with valine, 250, 207, 520 
semiearbazone, 510 
spectrum, ultraviolet, 427, 601 
tautomeiism of, 501 
Ethyl benzylpenicillinate, 93 
<x-£thyl benzylpenicilloate, acetyl de¬ 
rivative, 592 
amine salts, 592 

attempti'd conversion to pi*nicilUn, 
864 

benzoyl derivatives, 590 
benzylammoniuiu salt, 589 
carbethoxy diTivative, 592 
carbobeiizyloxy derivative, 593 
carboinetboxy'diTivative, 592 
a-chloro denvativi*, 599 
crystallographic data, 378 
dissociation constant, 288 
electrometic titration, 654 
ephedrine salt, 592 
formyl doiivativo, 595 
homogeneity of synthetic material, 
592 

hydrate, 595 

hydrogenolysis, 250, 645, 589 
hydrolysis, 574 

N-j^l-hydroxv(‘thyl derivative, 932, 
950 

5-methyl derivative, 593 
N-methyl derivative, 945 
mutarotation, 575 
phencthyJammonium salt, 589 
phenylacetyl derivative, 593 
prepn. of, 545, 590, 595, 941 
reaction with (‘thylene oxide, 932 
with hydrazine, 548, 592 
with pnenyl isocyanate, 693 
w ith phenyl isotfuocyanate, 593 
with sodium, 593 
with thiocyanate, 278, 283, 300, 
304 

saponification, 578 
spectrum, infrared, 410 
stiTeoiaomers, 589, 593 
synthesis of, 545 
thiohydantoin from, 593 


Ethyl benzylpenilloate, 498 
Ethyl K-benzylphenylpenaldate, 935, 
954 

Ethyl o-bromo-a-formylpropionate, 
841 

Ethyl or-bromo-a-methyl-jL^j/i-dieth- 
oxypropionate, 700, 841 
Ethyl carbobenzyloxyacetimidate, 888 
Ethyl 4-carboxy-5,6-diniethyl-2-thi- 
azolidineacetate, 305 
Ethyl 4-carboxy-a-phenylacetainido- 
2-thiazoUdinepropionate, 1012 
Ethyl 4-carboxy-ck-phenylacetamido- 
2-thiazolidinepropionate, 053, 1012 
4-Ethylcaproylammoacetaldehyde, 

102 

Ethyl caproylaminoacetate, 770 
Electrometric titration, experimental 
methods, 055 

of penicillin derivatives, 562, 055 
of pemcjlloates, 502 
ot pt'incillou* dernatives, 055 
of pendloates, 5f»2 
of thiazolKlineearhoxyhe acids, 055 
Electron density projections, 337 
Epimerization, ol benz\ip(*nicilloate8, 
552, 013, 017 

Erlenmeyer synthesis, oxazolones, 
732, 733, 740 
Kschenchin (ohy 899 
4-(/J-Ethoxyethyl u6-ethoxy-2- 
phenyloxazole, 099 
4-Etboxyme thylene-2 -furyl -6- 
oxazolone, 804 

4-£thoxym e thyl en e -2 -isopropyl - 
5-oxazolone, 813 
4 -Ethoxym e thy len e -2 -m e thyl -6 - 
oxazolone, 813, 908 
4-£thoxymethylene-6-oxazolone, 813 
4-Ethoxymethylene-2-naphthyl-6- 
oxazolone, 805 

4 -Eth oxy m ethy len e -2 -p -nitrob enzy 1 - 
5-oxazolone, 524, 908 
4-Ethoxymethylene-2-p-nitrophenyl- 
5-oxazolone, 804, 811 
4-Eth oxy methylene -2 -p -nitro sty ry 1 - 
5-oxazolone, S05, 908 
4-Ethoxymethylene-2- (1,3-penta- 
dienyl)-5-oxazolone, 497, 521, 810 
4-Ethoxy inethylene-2-(4-phenyl- 
' butadienyl)-5-oxazolone, 800 
4-Ethoxymethylene-2-phenyl-6-ox- 
azolone, prepn. of, 497, 523, 097, 
744, 803^ 807, 911 
reaction with amines, 817 
w'lth cvsteine, 100 
with ethanol, 491, 510, 755 
with hydrogen chloride, 910 
with penicillamine, 102, 195, 509, 
833,834,835,897,908,940,1019 
with phenylhydrazine, 757 
synthetu* penicillin from, 1019 
4-£thoxymethylene-2- (1 -propenyl) - 
5-oxazolone, 805 

4-Ethoxymethylene-2-styryl-5-ox¬ 
azolone, phvfiiological eOecta of, 
804 

prepn. of, 744, 804, 811 
reaction wdth penicillamine, 132, 
107, 205, 832, 908 

4- £thoxymethyiene-2-o-tolyl-5-ox- 
azolone, 804 

5- Ethoxy -4-m ethyl-2-phenyloxazole, 
708, 711,719 

5-Ethoxyoxazoles, 708 
Ethoxypenaldic acid, 493 
Ethoxypenilloic acid, 569 
5-£thoxy-2-(l-p6ntenyl}oxazole, 708, 
711 

5-Ethoxy-2-(l»peiitenyl)-4-oxazole- 
carboxylic acid, 708 
5-Ethoxy-2«-(l -pentenyl) -d-styrylox- 
azole, 698, 720' 


/9-Ethoxy -cv-phenylacetamidoacrylic 
acid, 820 

5-Ethoxy-2-phenyloxazole, 707, 708 
5-Ethoxy-2-phenyl-4-oxazolecarbox- 
ylic acid, acid chloride, 099, 702 
amide, 720 
ethyl I'ster, 712 
prepn. of, 712, 722 
r(*aetion with ammonia, 726 
rearrangi'inent of amide, 700, 725 
5-Ethoxy-2-styryloxazole, 709 
5-£thoxy-4-styryl-2-oxazolealde- 
hyde, 098, 720 

Ethyl acetamido-methylmalonate, 840 
Ethyl acetimidate, 888 
Ethyl allylhippurate, 502, 1005, 1009 
Ethyl allylphenaceturate, 502, 1006 
Ethyl 5-amlno-2-amyl-4-oxazolecarb- 
oxylate, 701, 728 

Ethyl 5-amino-2-benzy]-4-oxazole- 
carboxylate, 701, 702, 727 
Ethyl aminocyanoacetate, 725 
Ethyl a-amino-/-f,/f-dimethylacrylate, 
4 Of) 

4-Ethylaminomethylene-2-phenyl-6- 
oxazolone, 815 

Ethyl 6-ammo-2-phenyl-4-oxazole- 
carboxylate, 700, 725 
Ethyl 2-amyl-6-cliloro-4-oxazole- 
carboxylate, 09t), 721 
Ethyl 2-amyl-5-ethoxyoxazole-4- 
carboxylate, 713 

Ethyl 2-amylimidazole-4-carboxyl- 
ate-l-acetate, 093, 704 
Ethyl 2-amyl-1 -methyl-4-imidazole- 
carboxylate, f)93, 704 
Ethyl amylpenaldate, anil, 514, 713 
beuzyliimine deri\fitive, 514 
-benzyl derivative, 581 
diethyl acetal, 808 
dinitrophenvlhydrazone, 514 
pri'pn. ol, 514, 808 
Ethyl a-caproylaminoacetoacetate, 

700 

Ethyl caproylaminocyanoacetate, 701, 
725, 728 

Ethyl «-caproylamino-^-ethoxyacryl- 
ate, 522, 825 

Ethyl caproylaminoformylacetate, 50, 

094 

Ethyl caproylaminomalonate, 776 
Ethyl caproylaminomalonamate, 701, 
728 

Ethyl caproylamino-a-styryl-acetate, 
712 

Ethyl caproyliminoether, 142 
Ethyl 4-carbethoxy-«-formamido-2- 
thiazolidineacetate, 968 
Ethyl a-p-chlorophenylazo-^,/9-dieth- 
oxypropionate, 923, 942 
Ethyl p-chlorophenylazoformylacet- 
ate, 923 

Ethyl a-chlorobenzylpenaldate, 520 
a-£thyl chlorobenzylpenicilloate, 699 
Ethyl a-chlorophenylacetamidoaceto- 
acetate, 890 

Ethyl ot-chlorophenylacetamidomal*- 
onate, 890 

Ethyl 5-chloro-2-phenyl-4-oxazole- 
carboxylate, 699, 722 
Ethyl cyciohexylmethylpenaldate, 529, 
810 

a-Ethyl cyclohcxylmethylpenicilloate, 
590 

oc-Ethyl desdimcthylbenzylpenicillo- 
ate, benzoyl derivative, 047 
electrometric titration, 664 
prepn. of, 645, 940 
stereoisomers, 647 

a-Ethyl desdimathylisopropylpanicill- 
Gate, 648 

a-Ethyl deBdimethylpenicilloate, 498, 
646 
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p>HydroxybenzylpeniUoaldehyde, dc- 
rivalivoH of, 479 
from the ponicillin, 98, 478 
propxi. of, 98, 189, 470 
poHydroxybenzylpenilloic acid, dcTiv- 
ntives of, 508 

4>i6f-Hydroxyethylaminoinethylene-> 

2-phenyl-6>oxazolone, 817 
N-Hydroxyethyl~benzylpenicilloic 
acid, 951 

N -2 -Hy dro xy ethyl -p -ch 1 oro p heny 1 
acetamide, 072 

N -2-Hydro xyethyl-p“hydroxyphen- 
ylacetamide, (>65 

4-a“HydroxyethyIidene-2-«phenyl- 
6 -oxazolone, hy<in>l\ sis of, 830 

4-nf-Hydroxyethylidene-2-phenyl“ 

5-oxazolone, propn. of, 758, 830 
4a-Hydroxy ethylidene-2 -phenyl - 

5- oxazolone, roactioos of, 758, 830 
4 -<« -Hydro xy ethyli d en e -2 -p h enyl - 

6 - oxazolone, pyrol\sis of, (>94 , 705 
4-or-Hydroxyethylidene-2-styryl-6- 

oxazolone, 758, 830 
N-2-Hydroxyethyl-/i-methoxypheii- 
ylacetamide, ()()9 

N -2 -Hydro xy ethyl - p -ni tropheny 1 - 
acetamide, ()(')9 

N-p-Hydroxyethylpenicillamine, 932, 
919 

N-2-Hydroxyethyl-phenylacetamide, 

()5S 

N-2-Hydroxyethyl-*> -phenylbutyr- 
amlde, 059 

3- /^-Hydroxyethyl-2,2,6,6-tetra- 

methyl-4-thiazoUdmecarboxylic 
acid, la<‘ 1 oiio, 919 
inotlivl ester, 932, 950 
-Hydroxyethyl-thiazolidines, 931 
Hydroxylamine, 
for |)(‘nieilliii assay, 1029 
r<*aetion with jxeiiieilliiis. 128 
/ 1 -Hydroxy -o-N-methylacetamido- 
acrylic acid, 935 

4- Hydroxymethylene-2-//-methoxy- 
benzyl- 6 -oxazolone, 491, 523, 048, 
812, '911 

4 -H y dr oxym ethyl ene -2 - p -nitro - 
phenyl- 6 -oxazolone, 821, 908 
4-Hydroxymethylene-2-(l-octenyll- 

6 -oxazolone, 800 

4-Hydroxymethylene-6-oxazolones, 

rojietioiis of, 718, 822 

4-Hydroxymethylene-2-(l,3-penta- 
dienyl)- 6 -oxazolone, 810 
4 -Hydro xymethylene -2 - (1 -penteny I) - 
6 -oxa 2 olone, ]»r<‘pn, of, 490, 805,809 
4-Hydroxymethylene-2-(l-pentenyl)- 
6 -oxazolone, react ion with benzyl 
alcohol, 513 
rearran|yceinen 1 of, 705 
4 -Hydroxym ethylene -2- (2 -pentenyl) - 
6 -oxazolone, 809 

4-Hydroxymethylene-2-(3-pentenyl)- 
6 -oxazolone, 49t>, 522, 810 
4-Hydroxymethylene-2-(4-pentenyl)- 
6 -oxazolone, 810 

4-Hydroxymethylene-2-(4-phenyl- 
butadienyl)- 6 -oxazolone, 820 
4 -Hydroxymethyl ene -2 -phenyl -6 - 
oxazolone, from methyl phenylpi^ni- 
cillonate, 105 

^-Hydroxymethylene-2-phenyl-6- 
oxazolone, hydroehlorido, 915 
l>repn. of, 202, 497, 819 
reaction with )>enzyl alcohol, 510 
with benzylniercaptan, 492, 516 
with bromine, 836 
with cysteine, 572, 831 
with penicillamine, 195, 580, 831, 
940 

with phcnylothylamine, 517 
stability to acid, 748 


4-Hydroxymetbylene -2 -propenyl - 
6-oxazolone, 821 

4-Hydroxymethylene-2-propyl-6- 
oxazolone, 821, 908 

4-Hydroxymethylene-2-styryl-6- 
oxazolone, 820 

2-a-(/:/-Hydroxynaphthyl)-6,6-di- 
methyl-4-thiazolidinecarboxylic 
acid, 912 

p-Hydroxyphenylacetamidoacetal, 

121 

p-Hydroxyphenylacetamidoacetalde- 
hyde, sc^e p-Hydrojrt/bf nz ijlpt rnlln- 
<il(i( }nj(U . 

p-Hydroxyphenylacetic acid, (h^rivn' 
lives ol, 139, 491, 515, 812 
Irom p-hy(lro\vbcii7vlponiri]lin, 95 
iiiac'tivation ol penicillin bv, 87 
pnu'ursor studies, 005 
I)r(‘pn. of, 139, 812 

N-p-Hydroxyphenylacetylvaline, (Wio 

2- (o-Hydroxyphenyl-4-thiazoIidin e- 
carboxylic acid, 902 

4 -a - Hy droxy propylid en e -2 -p h enyl - 
6-oxazolone, 758 


I 

Imidazole, spcelniin, ultraviolet, 15 
Imidazoles, projiii of, 131 

sp(‘ctra, ultraviolet, 15, 110, 120 
Imidazolidines, coa\(*rsi()u to llna/- 
ohdmes, attcanpted, 921 
2-lmidazolidone, thia/ohdiii«‘ (h^riva- 
tives of, 970 

Imidazolines, spirtra, ultraviolet, 420 
Inactivation of penicillin, 207 
Infrared spectroscopy, >sce also sjiec- 
tnim, inliared, under names of 
s| K‘ci lie (•(im{lounds. 
absorption of solvents, 390 
l>earinj»; on penicillin structure, 391, 
391, 397, 104 

comparison of solid and solution 
speidra, 395 

experinH'nlMl methods, 384, 395 
jjeneral principles, 383 
of alkvlidene oxazohmes, 411 
oi amides, 388, 401 
of benzylpenaldic derivatives, 408 
of benzylpenicdlui, 385, 390 
of I>en7vll>enicillin aulfone, 150, 111 
of Ixmzvlpemeilhnic aeiil, 398 
of benzvlpemeilloic deriv%u1 ives, 393, 

no ‘ 

of lienzylpenilhc ester, 409, 411 
of beiizyJpenilloic acid, 408 
of benzylpenilloiuc derivatives, 113 
of desthioben/vlpenicillin, 209, 411 
of deutiTized ainnles, 389, 101 
of dimethvl benzv IpeiiiciJloate, 393, 
411 

of dimethyl benzylpenillatc, 411 
of h(*ptylpenicjlliti, 398 
of />-hydroxybenzylpenicillin, 398 
of /i-lactaiiis, 390, 405 
of 7 -lactams, 391 
of lactones, 380 

of methyl amvlpenicdlenate, 393, 
411 

of methyl benzylpenicilleimte, 411 
of metlivl benzvlpenieillinate, 385, 
398 

of niethvl ben/ylpenicilloate, 393, 
410 ‘ ‘ 

of methyl benzylpenillonate, 393 
of methyl desthiobenzylpenicillin- 
ato, 411 

of methyl p-hydroxybenzylpenicill- 
inate, 398 

of oxazolones, 380, 398 


I0S5 

of penaldic acid dtunativ<‘s, 501 
of penicillamine deriv’atives, 408 
of penicjllcuiic derivatives, 411 
ol jieiucillin thiocvaiiate derivative, 
412 

ol penicillins, 385, 390 
of 2-per.tenyJpeincilhn, 398 
ot ps(‘udopenicilhns, 413 
ol Hodiuin benzylpenicilhnat(‘, 398 
ot 1 luazolidin(‘amides, 390 
of thjazolidjne-/'t~laetams, 105 
of thiazolidines, 3S<i, 401 
International penicillin standard, 1033 
lodimetric assay methods, 1020 
/i-Iodobenzaldehyde, tM 
a/-Iodobenzalhydrazine, 94 
/^-lodobenzalhydrazine, 94 
/>-IodohenzyIpenicillin, 009 
p-Iodoben/yl benzylpenicillinatc, 93, 
91 

/i-Iodohenzylurea, 95 
p-Iodophcnylacetic acid, 009 
?>-Iodophenyldiazomethane, jnejm. of, 
95 

reaction with }><*n/vlpenicilhn, 93 
Iso-benzylpenillic acid, i-eo I<( 

pt m id. 

4- Isobutyl-2-phenyl-6-oxazolone, op- 

Ijcfdlv-aciiv e. 712, S02 
prepn ot, 730, 775* 
leactioii wftli nn'rcuric acf‘tate, 792 
re.'o'tion with tlnocviinalo, 800, 803 

2- IsobutYl“4-thiazolidinecarboxylic 
acid, 900 

5- lsobutyl-2-thiohydantoin, 288 
Isobiityraldehyde, from lien/ylpem 

('illin, 210, 210 

Isobutyrylaminoacetaldehyde, S13 
Isohutyrvlplycine, 533 
N-Isohutyrylbenzylpenicilloic esters, 
871 

3- Isohutyryl-rt-isopropyl-2-methyl-2- 
thiazolineacetic acid, 939 

Isoleucine, /Mmscapto-, b»(k l(>9, 961 
IsopeniUic acid, 111, 131 see also 
2-/5 nlryiulli^opi )iilhc n< id, and Hi Jiz~ 
l/lifiopi fulhc and 

Isopenilloaldehyde, 470. see 1 my/- 
pnidlooldt ht/df 

2-Isopropyl-3-henzoyl-6,5-diiiiethyl- 
thiazolidine-4-carhoxylic acid, 9tn 
N-Isopropylcysteine, ItiO, lOS, 915 
^^-N-Isopropylidenecarbomethoxy- 
methylamino-ry-N -mcthylbenz- 
amidoacrylic acid, elhvi ester, 010 
Isopropylidene groups, determination 
of, 290 

6- Isopropylidenehydantoin, 402 

4- Isopropylidene-2-keto-6-phenyI- 

3.4- dihydro-l,3,6-oxadiazine, 788 
4-Isopropylidene-2-methyl-6-oxazol¬ 
one, conviM'sion to penicillamine, 
457 

]>ropn of, 1.57, 401, 733 
relictions of, 404, 791 
Isopropylidenepenicillamine, scs' r?,?,- 

5.5- 7V // a fm th if I- 'rtfi uiznlidi mrarb- 
nxiflir and. 

4-Isopropvlidene-2-phenyl-6-oxazol- 
one, liv drobromide 915 
iiydrochlonde, 915 
])repn ol, 1()2, 783 
naiction with bim/vl m(*rciiptan, 
455, 102 

witlivS-henzvithiosulfatc, 464 
witli hvdrogen liaiiiles, 910, 915 
with hydrogen siillide, 404 
4-l8opropyiidene-2-phenyl-6-thiazol- 
one, 737, 791 

6-Isopropylidene-3-phenyl-2-thiohy- 
dantoin, 930 

6-IsopropyUdene -2-thiohy dantoin, 

462 
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4-Isopropyl-2-methyl-6-oxazolone, 

730, 773 

M-Isopropyl-2-methyU2-thiazolidine- 
acetic acid, N-isobutyryl deriva¬ 
tive, 939 

a-l8opropyl-2-oxo-8-phenylacetam- 
ido-l-pyrroHdineacetic acid, 1016 
Isopropylpenaldic acid, .*>03, 813 
2-Isopropyl-4-thiazoUdmecarboxylic 
acid, 959 

2-lsopropyl-3,4-thiazolidinedicarb- 
oxylic acid, t‘sti‘r.s of, 959 
Isopropylthiazolido-2-thiohydantoiii, 
970 

Isotopes, of nitrogen, ji» pivcurHor 
ftludies, 82, 659 

radiosiilfur, ni syntlu'tic perucilliti 
studu’s, 893, 903 

Isotopic tracers, N*'“-valine di'nva- 
tiv(‘a, 659 


K 

K-penicilltn, see Ih'pti/lprtiic/lhn. 

Ketene, a(‘tioii on jK'niedloie ester, 852 
reaetion with thia/olines, 022, 987 

Ketenes, see ulao l>nyuthylk(‘tcvt\ 
l)iph(nyl/xi'tt nf , Ph( nylticetamHUt- 
kvU m , etc, 
aeylainino-, 85(), 878 
addition to C —N group, 856 
reaetion vMth iminea, 975 
willi thiazolines, 856, 922, 938, 
987, 990, 991 


L 

/^-Lactam formula, atteinpt(‘d syn¬ 
theses, 851 

development of, 63, 248, 450 
evidence for, 7, 309, 322, 391, 396, 
420, 438, 443, 450 
first proposal of, 5, 21 
protonoiner of, 450 
theoretical dissociation constant, 
421 

variants of, 450 

/^-Lactams, see also entrit's under indi¬ 
vidual ^-amino aeids. 
attempted syntheses of, 983, 991 
bicyelic, 984 
chemistry of, 974 
conversion to oxazoloiu's, 983 
electronic displa<‘emeiits in, 438 
from ketenes, 856 
hydrogenation of, 994 
hydrogenolvsis of, 246, 983 
hydrolysis of, 255, 265, 978, 994 
monoeyelie, 975 
of thiazolidineaeetie aeids, 984 
propn. of, 856, 975, 977, 991 
pyrolysis of, 983 

rates of hydrolysis, 255, 265, 978, 
994 

reactions of, 978, 975, 994 
reaction with hydrogen chloride, 
983 

with nitrfigeii bases, 979 
with thiocyanate, 284, 983 
spectrum, infrared, 390, 406 
strain in, 438 
tabular survey of, 977 
with fused thiazolidiiie ring, 084 

/9-Lactam-thiazolidine formula, see 
(i^Laciam formula, 

7 -Lactam, of benzylhomopenicilloic 
acid, 1004 

7 -LactaznBy biological properties, 1007 


of thiazolidinepropionic acids, 1004 
physico-chemical properties of, 1008 
l>owder diffraction patterns, 375 
reactions of, 1008 
sp(‘etrimi, infrared, 390 
spectrum, ultraviolet, 1016 
Lactobacillus arahmosus 17-5^ 899 
Lactobacdlus casei e, 899 
7 -Lactones, speetruin, infrared, 386 
wdth fused thiazolidine ring, 931 
Leucine, se(‘ also derivatives such as 
liemoylleuanCf etc. 

^i-mereapto-, 460, 469, 908 
reaction with 2-benzyl-4-mothoxy- 
inethyIene-5-oxazoloiie, 821 
stimulation of penicillin production 
by, 667 

thioh,ydantoins from, 800 
Leucyicysteine, N-benzovl derivative, 
787 


M 

Mandelylalanine, 798 
Martin-Synge method, of partition 
chromatography, 37, 78, 84, 96, 
1031 

Mercaptans, action of penicillins, 209 
^-Mercaptoisoleucine, 460, 469, 961 
/::)-Mercaptoleucine, prepn. of, 460, 
469 

r(*aeturn with an ovazolone, 908 

4-Mercaptom ethylene-2-phenyl-6- 
oxazolone, 819, 898 
Mercuric acetate, action on Ixmzyl- 
penicillin, 222 
on model compounds, 225 
on oxazolones, 792 
on thioevanate derivativ(» of peni¬ 
cillin, 274 , 295 
on thiouracils, 297 
desulfurization of ihiohydantoins 
by, 295 

Mercuric chloride, action on 2-pent(‘n- 
ylpenicillin, 32 

reaction with benzvlpenicillin, 74, 
195, 431, 054 

with beiizvlpenillic acid, 74, 115 
with d-lactams, 999 
with methyl benzyl penicillin ate, 
75 

with p(*nieillin derivatives, 204 
With thiocyanate derivative of 
penicillin, 290 
Mercurous isocyanate, 877 
Mesitoyl chloride, 860 
Metabolic activity assays, 1040 
Methanol, action on free benzylpeni- 
cillinie acid, 92 
dcaiterization of, 683 
reaction with benzylpenicillin, 60, 
92, 582, 612 

with heptylpenicillin, 544 
with 2-pentenylpenicillin, 20 
with p-hydroxyb(‘nzylpenicillin, 
98 

Methanol-inactivation product, 31, 

60; see also a-Methyl bemylpenicilt- 
oatCf etc. 

4,4'-Methinyl-bi8-(2-benzyl-6-thiaz- 
olone), 847 

p-Methoxybenzylpenaldic acid, 491, 

515, 812 

p-Methoxybenzylpenicillin, 378, 672 
4 (p-Methoxybenzyl) -2-phenyl*»5-ox- 
azolone, 730 

4-o(-Methoxyethylidene*2-phenyl-5«* 
oxazolone, 830 

4-Methoxymethyleiie-2-(l-p6n- 
t6nyl)-5-oxazolone, 824 


4-Methoxymethylene-2-(/^-phenyl- 
ethyl)-6-oxazolone, 908 
4-Methoxymethylene-2-phenyI-5- 
oxazolone, 523, 744, 804, 819 

4- Methoxymethylene-2-propyi-6-ox- 
azolone, 823 

/3-Methoxy-a-octoylaminoacrylic 
acid, 824 

5- Methoxyoxazoles, 708 

5- Methoxy-2-(l-pentenyl)oxazolp, 
708, 711 

/i-Methoxy-a-phenylacetamidoacrylic 
acid, from methyl benzylpenicill- 
eiiate, 161, 504, 534 
from an oxazolone, 807, 825 
iiK'thyl <'Kt(*r, 825 
reaction with penicillamine, 896 
/S-Methoxy-a-phenylacetamidopropi- 
onic acid, 875 

^^-Methoxy-N -phenylacetylalanyl- 
valine, 875 

p-Methoxyphenylacetylvaline, 669 
p -Methoxyphenylalanine, N-phen y 1 - 
acetyl derivative, 802 

4- Methoxyphenylalanine, N-phonyl- 
thioacetyl derivative, 800 

^-p-Methoxyphenylethylamine, 669 

6- Methoxy-2-phenyloxazole, 708 

6-Methoxy-2-phenyl-4-oxazolecarb- 

oxylic acid, prepn. of, 713 
eth\r chtiT, 713, 883 

5- Methoxy-2-phenyl-4-oxazolecarb- 
oxylic acid, iiK'thyi (»ster, 713 

2-p-Methoxyphenylthiazolidine, 
prepn. of, 957 
/:t-Methoxyvalme, 457, 465 
Methyl p -acetoxybenzylpenaldate, 
515, 812 

Methyl 3-acetyl-5,6-dimethyl-4-thi- 
azolidinecarboxylate, 922 
Methyl a-amino-4-carbomethoxy-6, 

5-dimethyl-2-thiazolidineacetate, 
529 

2-Methylaminoethanethiol, 528, 718 
Methyl aminomalonate, 776 
Methyl 2-amyl-4-carbomethoxy-l- 
imidazoleacetate, 693, 704 
Methyl 2-amyl-l-methyl-4-iraidaz- 
olecarboxylate, 693, 704 
Methyl amylpenaldate, prepn. of, 514 
nwtioD with cysteine, 527 
with penicillamine, 499, 527, 581 
Methyl amylpenicillenate, attempt (m 1 
conversion to jtf-lactam, 875 
conversion to the penillonate, 194 
propn. of, 164, 200, 612, 761, 767, 
831, 833, 843 
reactions of, 194 

reaction with ethyl mercaptan, 612, 
831 

with methyl mercaptan, 205 
rearrangement to the penillonate, 
161 

spectrum, infrared, 393, 411 
synthesis of, 164 
a-Methyi amylpenicilloate, 581 
/3-Methyl amylpenicilloate, benzyl- 
amide, 201, 833 
prepn. of, 604 

reaction with acetic anhydride, 860 
with benzoyl chloride, 767, ^3 
Methyl amylpenilloate, 562 
Methyl amylpenillonate, 161, 194 # 

Methyl anilinomethylene -nitroacet- 
ate, 923 

4-N-Methylanilinometliylene-2- 
phenyl-5-oxazolonei 719, 816 
Methyl a-benzamido-/3./3-dimethyl- 
acrylate, from amylpenicilloate, 
152. 663 

from benzylpenicillinate, 173 
from bensylpenicilloates, 553 



prcpn, of, 785, 790 
reaction with phosphorus penta- 
sulfide, 466 

Methyl benzamidomalonate, 776, 884 
Methyl a-benzamido-i^>methoxyac- 
rylate, 835 

4-N-Methylbenzamidopyrazolone, 
604, 936, 956 

Methyl i£^-benzoxy-a-phenylacetam- 
idoacrylate, 181, 522, 584 
Methyl 2-benzyl-4-carbomethory-tt- 
isopropylidene-l-imidazoleacetate, 
140 

Methyl 2-benzyl-4-carbomethoxy-a- 
isopropyl-l -imidazolineacetate, 141 
Methyl 2-(2-benzyl-5-chloro-4-oxaz- 
olyl)-fli,6-dimethyl-4-thiazolidine- 
carboxvlate, 725 

/^-Methyl benzylhomopenocUloate, 
1006, 1012 

Methyl 2-benzyl-4-ixmdazolecarbox- 
ylate, 131 

Methyl benzylisopenillate, 113, 134 
Methyl benzyl-or-methoxypenaldate, 
223 

Methyl N-benzyl-norpenaldate, 533 
a-Methyl benzyloxypenicilloate, liy- 
(1 roly sis of, 553 

S ropii of, 508, 609 
lethyl benzyloxypenicilloate, «- 
ami do, 639 

Methyl benzylpenaldate, srovl doriva- 
tivi‘s, 509 

benzoyl derivative, 509 
derivatives of, 72, 489 
dilmtvl HOi'tal, 807 
diethyl acetal, 506, 530 
dimethyl acetal, 72 
d ] n i tro] )heny 1 h yd razon (‘, 73 
from benzylpenieillin, 61, 71 
from penieilloates, 620 
j)repn. of, 530, 698, 800 
reaetion with N-methvleystein(‘, 
527 

with oxalvl chloride, 155, 181 
with penieillamine, 587 
spc'ctrum, infrared, 408 
stereochemistry, 547 
Methyl benzylpenicillenate, action of 
heat on, 504, 534 
alkaline hydrolysis of, 913 
att(*mpte(i conversion to /i^-la<dam, 
875 

attempted conversion to penicillin, 
876 

benzylamide, 201 
cleavage by alkali, 165 
comparison of natural and syn¬ 
thetic, 201, 203 

conversion to penieilloic a-amides, 
555 

conversion to the penillonate, 160, 
190 

from the penicillonte, 164 
from the pseudopenicillinate, 913, 
917 

hydrogenolysis of, 165 
mechanism of formation, 454 
prepn. of, 163, 164, 762, 833 
properties of, 164 
pyrolysis of, 504, 534 
reaction with ammonia, 630 
with benzylamine, 164, 555, 637 
with dimethoxyphenylcthyl- 
amine, 204 
with hydrazine, 204 
with hydrogen bromide, 203 
with mercuric acetate, 227 
with thiocyanate, 284, 306 
spectrum, infrared, 411 
suldnic derivative, 182 
synthesis of, 163 
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Methyl benzylpenieillin, see Mdhyl 
benzylpe n icilU nate. 

Methyl ben^lpenicillinate, active hy¬ 
drogen in, 93 
antibiotic activity, 93 
azlartonization, attempted, 860 
henzoylation, 172 

conversion to /^-penieilloic esters, 
548 

to the penillic ester, 128 
to penillonic estt‘r, 188 
to pseiidopenicillinate, 909 
crystallographic data, 378 
h<‘at of formation, 436 
hydrogenolysis of, 258 
mechanism of rearrangement. 193 
lutrosation of, 151, 174 
ovulation by periodate, 156 
oxidation bv permanganate, 152, 
177 

powder dilTraetion patt(*rn, 372 
prepn. of, 93, 147, 167 
properties of, 93, 167 
reaetions of, 167 
reactions, survey of, 147 
reaction with acetic acid, 234 
witli acetic anhy<lride, 168 
with ammonia, 630 
with benzoyl chloride, 150 
with benzylamine, H8, 554 
I with liromine, 148, 160 
with cysteine. 214, 219 
w'itb Cirignard reagents, 7, 148, 
170, 171 

with hydrazine, 632 
with liydrogen chloride, 909, 912 
with inercnric acetate, 226 
WMih mercuric chloride, 75, 162, 
105, 198, 204 

with methanol, 147, 107, 180, 612 
with methyl mercaptan, 550, 621 
with oxalyl chloride, 239, 242 
with oxules of nitrogen, 174 
With si'lenium dioxide, 167 
with tliiocyanate, 286 
rearrangement to penillonate, 158, 
160 

resonance stabilization, 438 
saponiheation of, 94, 147, 167 
spectrum, infrared, 380, 398 
sulfone, 8(*(» Methyl henzytpcninUin- 
atc sulfone, 

sulfoxide, see Methyl benzyl pent- 
nllinate sulfoxide. 
thiocyanate (lerivative, 269, 302 
Methyl benzylpenicillinate sulfone, 
antibiotic activity, 183 
hexahydro derivative, 178, 183 
jihysical properties, 182 
powder (fiffraction pattern, 377 
prepn. of, 177 
reactions of, 180 

reaction with benzylamine, 179, 505 
with oxalyl chloride, 240, 242 
spectrum, ultraviolet, 435 
Methyl benzylpenicillinate sulfoxide, 
156, 187 

a-Methyl benzyipenicilloate, acetyl 
d(*rivative, 586 
acyl derivatives, 586, 870 
attemptcul conversion to penicillin, 
864 

benzoyl derivative, 583, 586 
N-benzyl derivative, 587, 936, 955 
/S-benzylamide, 73 
benzylammonium salt, 575, 581, 682 
bromobenzyl derivative, 149 
carbobenzyloxy derivative, 686 
carbopbenoxy derivative, 686 
a-(ddoro derivative, 599 
crystallographic data, 378 
deuterium exchange in, 683 
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diketopip(*razine derivative, 557, 
639 

electrometric titration, 651 
formyl derivativf*, 585, 870, 941 
from the penicillin, 581, 605 
hydrogenolysis, 579 
isobutyryl derivative, 586, 870, 871 
isomerization of, 545 
niethoXalyl derivative, 58(> 

6-niethyl derivative, 587 
N-inethyl fl^rivative, 915 
niutarotalion, 547, 585 
riitroso flerivativi*, 175, 585 
pierolonate, 588 
phenyhicetyl denviUive, 586 
prepn. of. 72, 584 , 938, 911 
prop(*rties of, 582 
pyrohsLs of, 140, 548, 585 
reaciirm with (‘tlunalyl chloride, 583 
with nuTciine acetate, 22(» 
witli niorcnrie (‘hloride, 204, 654 
with sodium, 548, 585 
wdlh thiocyanate, 279, 283, 301 
spectruin, ininired, 393, 410 
stereoisomers, 528, 588 
/3-Methyl benzyipenicilloate, acety 
derivative, 606. 608, 637 
action of dehydrating agents on, 767 
a-nniuie, 148, ()29, 630, 639, 833 
attempted conviTsion to penicillin, 
801 

azlactonization, 200, S I 3 
azlactonizalion, atb'mpted, 867 
benzovl derivative, 600 
a-bcnyylamide, 148, 168, 200, 554, 
636), 833 

benz.\ifimmoninm salt, 605 
carbobeiizylow derivative*, 006 
eonv(*rsion to the pe‘nicili('nato, 164, 
200 

formyl derivative, 606 
a-hvdrazide, 632 
hvdrofuoinide, 916 
hydrochloride*, 012, 916 
ise>butyrvl elerivative*, 606, 871 
nitroso dt‘rivativ(*, 869 
oxaKl elerivative, 006 
a-(/3-pl i enet hvl)a rn a 1 e, 638 
prepn. of, 549, 605, 607 
re*action with acetie* anhydride, 860 
with ix'nzoyl chle>ride, 767, 860 
wdifi hydreigen bromide, 608 
witli ketene, 852 
with mercuric chloride, 608 
with inesitoyl eliloride, 860 
with oxalyl chloride, 853 
with pheisphorus tribromiele, 200, 
608, 852, 859, 910, 914 
wdth thiocyanate, 278, 281, 301 
enponification, 605 
spectrum, infrared, 410 
stereoisomers, 605, 607 
synthesis of, 549 

6-Methyl benzyl penieilloic acid, 578 
/3-Methyl benzylpenicilloyl chloride, 
912 

Methyl benzylpenillate, 122, 142, 409, 
526 

Methyl benzylpenilloate, 857 
Methyl benzylpenillonate, active^ hy¬ 
drogen in, 158, 189 
from the penicilleiiate, 190 
from the penicillin ester, 188 
hydrogenolysis of, 159, 191 
hydrolysis of, 189 
prepn.of, 158, 160, 188, 190 
properties of, 158 

reaction wMth benzylamine, 159, 190 
saponification, 189 
spi'ctrum, infrared, 158, 393 
sp(*ctrura, ultraviolet, 158, 189 
svmthesis of, 160 
thermal decomposition, 189 
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Methyl benzylpseudopenicillinate, 
448, 909 

Methyl 2-beiizyl-4~thiazolecarboxyl«> 
ate, 396 

Methyl Of-caproylamino-/:i-niethoxy- 
acrylate, 826 

Methyl 4-carbo3cy«6,5-dimethyl-rr- 
methylamino-2-thiazolidineacetate, 

932 

Methyl 4-carboxy-5,6**diniethyl-«- 
(N -methylbenzamido) -2-thiazol- 
idineacetate, 332 
Methyl ^-chlorobenzylpenaldate, 
pn‘))i) ol, 796, tSSS 
reaction witli hLs-henzylamiinx^lh- 
un(\ 321 

vvitli priiinliannn(‘, 327, 740, 79r» 
<ir-Methvl fv-chlorobenzylpenicilloate, 
599, 7 to, SK9 

N-Methylcyclohexylacetamide, ni- 
troso Ot'iivalue, 132 
N -M ethylcyclohexylacetamide, prepn 
ol, I7S 

speetniiii, jiifranal, 1S3 
sp(‘etnnn, iiltrav lolet, I7S 
Methyl cyclohexylpenaldate, 318 
N-Methylcysteine, action on poni- 
ojllm, 211, 219 
prcjin of, 460, 16tS, 643, 913 
reai'tion with IxaizvlpenaMie est(‘i‘, 
327 

a-Methyl desdimethylamylpenicillo** 
ate, 645 

Methyl desdimethylbenzylpenicillen- 
ate, 166 

Methyl desdimethylbenzylpenicillo- 
ate, 203 
prepn. of, 203 

«-Methyl desdimethylbenzylpenicill- 
oate, l)enz(\\l derivative, 643 
earliobenzyloxv denv'^ativT, 643 
7 ^-in(dlu>xy d<*nvative, 941 
N-nielhvl di'rnative, 613 
prepn. of, 643 

reaidion with plaaiyl i^othioeyan- 
ate, 360, 643 
t hiohvilantoin from, 645 
d-Methyl desdimethylbenzylpenicill- 
oate, 649, 650 

«-Methyl desdimethylmethoxybenz- 
ylpenicilloate, 6 hS 
a-Methyl desdimethylpenicilloate, 
327, 631 

^ -Methyl desdimethylphenylpenicill - 
oate, 166, 630 

Methyl desdimethylphenylpenilloate, 
372 

M ethyl desthiobenzylpenicillenate, 
160, 202 

Methyl desthiobenzylpenicillinate, iii- 
troso deri^^•itlve, 264, 431 
pr(‘pn. of, 258, 2t»l 
reaetions of, 264, 265, 266 
apedruni, infrared, 240, 2(U, 411 
svnthesiH, attenipl(‘d, 268 
^^-Methyl desthiobenzylpenicilloate, 
609, 010 

Methyl desthiobenzylpenilloate, 203 
Methyl desthiobenzylpenillonate, 139, 
191, 192 

Methyl /l,^-diethoxy-a-methyl>-<y- 
phenylacetamidopropionate, 621 
Methyl ^,/?-diethoxy-a-phenylthio- 
acetamidopropionate, 698 
Methyl /^,/^-dimethoxy-a-pheDylacet- 
amidopropionate, 384, 806 
Methyl 5,5-dimethyl -2 -isopropyl -4- 
thiazolidinecarboxylate, 302 
Methyl 5,5-dimethyl-4-thiazolinecarb- 
oxylate, 160 

Methyl dithiocaproate, 119, 136 
.^^^-Methyl ethoxybenzylpenicilloate, 
600 
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Methyl ethoxymethylene-nitroacet- 
ate, 923, 942 

Methyl ethoxypenaldate, diethyl ae- 
etal, 318 

a-Methyl ethoxypenicilloate, 600 
Methyl forraylglyoxylate, 223 
a-Methyl heptylpenicilloate, 101, 600 
N-Methylhippuric acid, 953 
d-Methyl homobenzylpenicilloate, 
053, 1006, 1012 

^/-Methyl homophenylpenicilloate, 653 
M ethyl />-hydroxybenzylpenaldate, 
514 

M ethyl />-hydroxybenzylpenicillinate, 
398 

Methyl 2-Lsopropyl-4-thiazolidine- 
carboxylate, 302 

Methyl 2-isoprophyl-3,4-thiazolidine- 
dicarboxylate, 959 

Methylmagnesium iodide, see itJsn 
Z(H Wilinofl <lrtf I nnhaffi>n. 
r(‘a<*ta)ii with benzv Ipenicillin (‘ster, 

1 18, 170 

with jin o\a/oh‘Tntiil(% 700, 726 
Methyl mercaptan, action on anul- 
penieillenie c‘stf‘r. 205 
action on b(‘n7ylpenieillin ester, 621 
Methyl ;>-methoxybenzylpenaldate, 
528 

of-Metlivl //-methoxybenzylpenicillo- 
ate, 600, 941 

Methyl o'-methoxycaprylideneamino- 
acetat?, 693 

Methyl /»-methoxy-«-phenylacetami- 
doacrylate, leaetioii with oxalyl 
elilofid{‘, ISI 

Methyl 6-methoxy-2-phenyl-4-oxa2- 
olecarboxylate, 696 
/t-M ethyl 6-raethylbenzylpenicilloate, 
621 

Methyl N-methyInorpenaldate, 502, 

531, 532 

Methyl N-methyl-phenylpenaldate, 

532, 935, tl52 

Methyl «-nitro-/t-phenyliminopropi- 
onate, 923 

/t-Methyl N-nitrosobenzylpenicilloic- 
a-amide, 870 

Methyl norpenaldate, N nuthyl de¬ 
rivative, 502, 531, 532 
Methylpenaldic acid, derivatives of, 
493, 502 

diethyl acetal, 813 
prepn of, 502, 519 
Methyl penicillaminate, 34, 470 
N-Methylponicillamine, 160, 168, 944 
«-Methyl penicilloate, X-intdbyl de¬ 
rivative, 601 

^-Methyl penicilloate, 852 
Methyl 2-pent6nylpenaldate, 486, 505, 
003 

Methyl 2-pentenylpenicillinate, 34 
a-Methyl 2-pentenylpenicilloate, 602, 
003 

Methyl phenaceturate, from benzyl- 
pt'nillonie ester, 190 
reaction with oxalvl chloride, 155, 
181,239 

N-Methyl-phenylacetamide, 132, 176 
Methyl a-phenylacetamidoacrylate, 
142 

Methyl a-phenylacetamidoisobutyr- 
ate, 785 

2-Methyl-3-phenylacetamidopropa- 
nol, 149, 170 

Methyl a-phenylacetamidopropionate, 
795 

Methyl a-phenylacetamido-2-thiazol- 
idineacetate, 967 
5-M ethyl -1 -phenylacety] -2-thio- 
hydantoin, 286 

jS-M ethyl phenylhomopenicilloate, 
1006 


5- Methyl-2-phenyloxazole, 694, 705, 
706 

6- M ethyl -2-phenyl -4-oxazolecarb- 
oxylic acid, 706 

4- M ethyl-2-phenyl-5-oxazolone, 149, 

429, 845 

2- Methyl-4,6- (2-phenyloxazolo-4,5) - 
pyrimidine, 829 

Methyl phenylpenaldate, N-mothyl 
derivative', 332, 935, 932 
reaction with jienieillamiiie, 528 
Methyl phenylpenicillenate, cleavage 
by alkali, J65 

from the peiiieiiloate, 166, 558, 767, 
843 

prepn. of, 162, 195, 641, 761, 767, 
832, 870 

reaction v\ith benzylaniine, 195, 832 
with l(‘ad acetate, 19() 
witli inereune chloride, 196 
saponiliention, 202 
a-Methyl phenylpenicilloate, 

N-in(‘tliy! deiu alive*, 603, 936, 955 
/j-Methyl phenylpenicilloate, azlact- 
omzation of, 205, Ht3 
a-}>en/.\ lainide, (ill, 7(‘»1, 832 
eonveision to the ]H‘nieilienate, 166, 
55S, 7(>7, 843 
hvdnuide, 6J1, 870 
N-inethyl dejuative, 610, 956 
prepn ol, ()10 

rt'aetion VMth ai'ctie anhydride, 203 
with benzovl chloride, 204 
with phosphorus tribrornide, 203 
/j-Methyl phenylpenicilloic <»-benzyl- 
amide, (>41, 761, 832 
Methyl phenylpenilloate, 570, 939 
Methyl 2-phenyl-4-thiazolidinecarb- 
oxylate, 9(>1 

3- M ethyl-«-phenylthioacetamido- 
2-thiazolidineacetic acid, ethyl es¬ 
ter, 718 

IV-Methylpiperidinium benzylpenicill- 
inate, 91 

Methyl pseudopenicillin, 448, 909 
Methyl styrylpenicillenate, 167, 206, 
833 

Methyl 2,2,6,6-tetramethyl-4-thiazol- 
idinecarboxylate, 34, 960 
Methyl 4-thiazolidinecarboxylate, 

288, 417 

2- M ethyl-4-thiazolidinecarboxylic 
acid, 957 

3- M ethyl -4-thiazolidinecarboxylic 
acid, 915 

5- M ethyl -4-thiazolidin ecarboxylic 
acid, 937 

2-Methyl-2,4-thiazolidinedicarb- 
oxylic acid, 961 

Methyl thiobenzylpenaldate, 596, 706 
5-Methyl-2-thiohydantoin, 274, 288 
Methylene-oxazolones, reactions of, 
232 

Methyl oximinomalonate, 776 
Microbiological assay, 893, 1031 

4- Morpholinom ethylene -2 -phenyl - 

5-oxazolone, 944 


N 

compounds, 82, 659 
N - (1 -naphthyl-4-azobenzen e) - 
ethylenediamine, for penicillin as¬ 
say, 1029 

Napnthylazopenicillin, 684 
os-Napthylmethylpenaldic acid, 520 
a-Naphthylmethylpenicillin, 672 
Ninhydrin, 23, 292 
Nitrobenzyl benzylpenicilloate, 598 
p-Nitrobenzylpenieillin, 669 
p-Nitrocinnamoylglycine, 804 
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Nitrogen^ isotope, 82, 659 
NitrosatioHy by nitrosyl chloride, 152 
of benzylpeniciJIin, 151 
of henzylpeiiicillin sulfono, 152 
of desthiobenzylpeiiicilliii, 152 
of a /iJ-lactam, 152 
of model amides^ 176 
of iDodol thiazolidines, 170 
of poniciilin derivatives, 151, 174 
of tliiazolidirieearboxylie acids, 152 
Kitrosoamides, spectrum, infrared, 
170 

spectrum, ultraviolet, 177, 435 
N-Nitrosopiperidine, spectrum, ultrs- 
violet, 435 

Nitrosyl chloride, 152, 170 
N-(2-Nonenoyl)glycine, 800 
Norleucine, N-phenyJa cetyl dt'riva- 
live, 830 

Norpenaldic acid, definition of, 186 
derivatives of, 492 


O 

n-Octanoic p-toluidide, from a-he]j- 
tylpenicillin, 371 

Octanoylaminoacetaldehyde, se(' 1ft p- 
tylpeniUoaUlehude. 

N-(2-Octenoyl)glycine, 805 
Optical rotation, of international p< n- 
icilliii standard, 1034 
Orthofonnate synthesis, of irndhyl- 
eneoxMzrjloiH's, 743 
Oxadiazines, pn'pn. of, 730 
Oxalyl chloride, action on f»-acyl- 
amiiiocHtcTs, 181 
reaction with aiindcs, 155 

with benzylpcnicillin ester, 239 
with nu'tlivl i)h(‘naccturatt\ 151, 
181, 239 

with model compounds, 239 
Oxazoles, eh(‘inistry of, (592 
preiim of, 090 
rearrangermuit of, 700 
4~Oxazolecarboxylic acids, pr<»p('rti(*s 
of, 094 

j)yrol>sis of esters, 701 
rearrangement of, 700 
Oxazole-thiazolidines, 850 
Oxazolidinedione, from penicillin sul- 
fon(‘, 553 

Oxazolidine^,6~diones, prepii. of, 
155, 240 

spectrum, ultraviolet, 155 
Oxazoline-thiazolidine formula, 909 
Oxazolone formula, for pc'iiieillin, sec 
(Ixitzolovc’^th iazolidi nc form ula. 
Oxazolones, see also AzlncUnum, and 
names of siieeilic oxazolones, 
alcoholysis of, 734 , 785 
4-alk(>xyTnethylen(' derivatives, 743 
aminolysis of, 735 
4-nminomf'thyh'ne derivatives, 748, 
817 

4-aiulinornethyleno derivatives, 740 
chemistry of, 730 
determination, in mixture's, 735 
2,4-(H8ubstituted, 894, 898, 908 
electronic basis of reactions, 452 
enolic forms, 738 
4-formyl derivatives, 748, 704 
from benzylpcnaldi(' acid, 495 
hydrobroinides, 746, 813, 909 
hydrochlorides, 746, 813, 909 
hydrogenation of, 732 
hydrolysis of, 734 

4-hydroxymothylene derivatives, 
748 

mechanism of Erlenmeyer syn¬ 
thesis, 732 

optically-active, 742, 781, 799, 802 


physiological effects of, 804 
prepn. of, 730 
properti('s of, 452 
ps(3udo- types, 739 
racemizatiem of, 446 
reactions of, 252, 452 
reaction with alcohols, 03, 731, 737, 
785 

with amines, 03, 735, 787 
with ammonia, 737, 789 
with bcnzylaniine, 735 
W'ith Ix'nzyl mercaptan, 791 
with carbonvl compounds, 732, 
783 

with cysteine, 214, 220, 735, 787 
with eliazomcthanc, 73(5, 789 
with (Irignard r(*ag<‘nts, 1 19, 738, 
792, 845 

w'ith hydrazine, 735 
with hydrogen Immiidc, 813, 910 
vNith hydr<»gcn chloride, 74(5, 813, 
910 ‘ 

with hydrogen cyanide, 738 
with hydrogen suKidc, 737, 791 
with niercaptans, 735, 737, 791 
w'itli mercuric acetate, 225, 792 
with penicillamine, S31, 892, 908, 
040 

W'ith potassium cyanate, 730 
with thiazolidines, 939 
with thuM'vanatc, 800 
relations of ofli- and 5(25-jsomers, 
73S 

ring-optaiing reactions of, 734, 784 
silver percliUiratc cnmpl(‘x**s, 792 
spectrum, infrared, 3S7, 308 
s]K‘ctrunj, ultraxiolet, 129. 758 
stabilizing (‘llVcl on piaiicillin solu¬ 
tions, S99 

6(2)-OxazoloneK, se<‘ Pt^tudoxnzoioncs. 
Oxazolone-4-aldehydos, 748, 704 
Oxazolone-thiazolidine formula, at- 
t(‘mpted .synthe,ses, 739, 851, 892 
evidence from infrared s])(‘ctros- 
co])y, 397 

(‘vidcnce from thiocvanatc reaction, 
209 

relation to pcnirillenic acids, 101 
suggestion of, 5, 21, (53 
theoretical coiiMderatioiis, 448, 452 
tlu'orctii'al dissociation constant, 
421 

therinochemical considerations, 439 
Oxazolone-thiazolines, a tl ompted 
syntheses, 857 
prepn. of, 880 
spectrum, ultraviolet, 888 
Oxazolopyrazoles, 757 
Oxazolopyrimidines, 757 
Oxford unit, 1032 

«-Oximmo-4-carbomethoxy-6,5-di- 
methyl-2-thiazoUneacetic acid, 885 
6 -Oxo -2 -phenyl -4-oxazolin ecarbox- 
ylic acid, ethyl ester, see 
eth nxy-2-ph en yl-O-omzolone. 


P 

Partition chromatography, 37, 78, 84, 
9(5, 1031 

Patterson electron density projec¬ 
tions, 32() 

Penaldate synthesis, of mcthylcneox- 
azoloncs, 743 

Penaldic acid, diethyl acetal, 813 

Penaldic acids, N-alkyJated, 502 
conversion to thiazolidines, 499 
early studies of, 6 
general survey of, 485 


isolation of, 485 
prepn, of, 493 
prool of struct lire, 480 
relation to acrylic derivatives, 503 
N-Penaldylpenicillamine, 872 
attcmpt(‘d synthi'ses of penicillin 
from, 855 

Penamaldic acids, 427 
Penicillamine, ucid-basi* propertic^s, 2(5 
N-alkyl derivatives, 4(50 
Miuiiogs of, 455 
attempted syntheses, 401 
N-biMizvI})emiI(lyI diTivative, 521, 
S73 

\- «-bcn7A'lpcniciliovl deriva < i\ c, 
557, (538 

< apro\lammomalonvl derivative, 
882, SSI 

\ 'r^-carbetlioxyjihenaceturyl <h*riv- 
.itive, 777 
color reactions, 2(5 
configuration of, 4, 15 
coiitaining ladioactive sulfur, 893, 
901 

coincision to benzylpcnicillin, UHS 
con\i'r.siou to bornopenicilloic de- 
nvativc.s, 1012 
o and I forms, 403 
desaniino d('rivati\c, 27 
dctcrmimitioTi of amino nitrogiui in. 
23 

dikclopijM'razine d<‘rivativ(', 831 
disulplijtlc, s(‘<’ VrniriUavune (//- 
rndfidt 

early .•>tudics of, 3, 12, 55, 455 
electromidric titration of, 15 
formylatiori of, 470 
N-forni>l dmivative, 459 
fnuu ben/A Ipenicillin, 07 
from iKMizylpi'nillonic ester, 158 
from heptylpenicillin, 103 
homologs of, 455 
hydroclilr)rid(‘, 2(5 
h>drogenol\SIS of, (58 
fro7u /^-hvdrowlu'nzylpenicillin, 98 
i>sopr()pyIidf‘ne dinivati^e, .si^e 
5 , fy-Tvtra ni vth yh ^ ~fh i nzol iditi ecarh- 
oxiih'r avid, 

Tn(‘1h> i estei, 34, 470 
oxidation f)} air, 31, 4(59 
by bromine, 2(5 
liy iodim*, 31 
by ijeriodatc*, 928 
to tlisuUidt‘, 31, 4(50, 409 
to stdfonic acid, 400 
to th(‘ .sulfonic acid, 2(5, 120, 400, 
4(54 

N-i)eni<‘i1loyl derivative, 7(51 
from 2-p('n1enylt)ei)illic acid, 25 
from 2-pejjtenyIpenieillin, 25 
prepn of, 10, 455 
purification of, 2(5 
raemnization of, 457, 4(53 
reactions of, 15, 455 
reaction with ni'ctiinido ethers, 857, 
879, 938 

with acetoacctic ester, 965, 
with acetone, 2(5, 456 
w'it h 2-a cet oxyl »cn7yl-4-hydroxy- 
meth\ leiif‘-5-oxazoIone, 941 
with aeylaminoacetnls, 121, 5l53 
with aeylaniinoa<*rylateH, 584, 896 
with aldehydes, 938, 958, 961, 
970 

w'ith alkoxymelhvh»ncoxazolones, 
759. 892, 899 

wdth alkoxvpenaklic derivatives, 
529 

with ami noacetals. 137, 140, 480 
with 2-amyl-4-hydroxymeth- 
vlen(‘-5-oxazolone, 612, 831, 

b08 
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with 2-aniyl-4-methoxymoth- 
ylene-5-oxazolone, 1(54, 833, 
908 

with aiiiylpenaldif* ontor, 627, 681 
with arylajKoformylacctates, 924 
with arid azides, 857, 872, 878 
with an azido-oxazoloiie, 829 
with biMizaldchyde, 938 
with l)(*uzanudoacctaI, 5G9 
with Ijerizhydrvlpcimldic ester, 
630 

with 2-l>ei)zyl-1-carl)etlioxy-«6-ox- 
azoloiit‘, 883 

wil h 2-benzyl-4-(‘lhi)xymothyl- 
ene-5-oxaz<>J<)ne, J(53, 203, 567, 
638, 834, 898 

with 2-I)onzyl-4-hydroxymeth- 
vlene-5-oxaz<)ione, 190, 431, 

557, 584, ()38, 831, 898, 940 
with 2-bcnzyl-4-nietho\yiiu't h- 
ylene-5-oxazol()n(*, 102, 196, 
038, 832, 833, 834, 871, 895, 
940, 1019 

w^itli beiizylpenaldnniide, 527 
with benzylpeiialdie azidt‘, 872 
with benzylpenaldie ester, 525, 
684, 587, ()25, 938 
with benzylpenaldonitrile, 525, 
627 

with benzylpenilloaldeliyde, 480 
with bonzylthiopenaldate, 142 
with biacetyl, 901 
with bromine, 2(5 
with butyraldchydi*, 901 
with eaproylaniinoaeetal, 45, 50 
with carbethoxyaminoacotal, 569 
with 4-carboalkoxy“2-phcnyl-5- 
oxazoloiies, 203. 884 
with carbon disul/ide, 468, 406 
with ehloroacctal, 140 
W'ith chloroacetyl eiiloride, 938 
witii a-chiorobenzylpenald i c 
ester, 627, 740, 790, 889 
wdth 2-cy clohoxylmethyl-4-liy- 
droxyniethyiene-oxazolones, 

940 ' 

with cyelohexylmethylpenaldio 
ester, 529 

wdth diethoxyalaninc. 569 
with a,N-diformylKlycine ester, 
142 

wdth dihydroxytartaric acid, 938 
with 1,2-diketoneH, 901, 963 
with 4-<'thoxyniethyle?ie-2- 
phenyl-5-oxazoloiie, 162, 195, 
569, 833, 834, 835, 897, 940, 
1019 

with 4-ethoxyniethylene-2-8tyiyl- 
5-oxazolone, 132, 167, 205, 832, 
833 

with ethyl chloroforraylacetate, 
140 

with ethyl formylacetate, 930 
with formaldehyde, 958 
with formyl-N-caproylKlycine, 

581 

with formyihippuric ester, 628, 
716 

writh furfural, 970 
with glyr.eraldehyde, 960 
wdth 2-heptyl-4-hydroxymethyl- 
cne-5-oxazolone, 940 
with 4-heteromethylene-5-oxazol- 
ones, 760, 832, 892, 899 
with 2,3>hexanedione, 963 
with homopenaldic derivatives, 
653 

with 4-hydroxy in ethyl ene-2- 
methoxybenzy 1-5-oxazolone, 

941 

with hydroxymethyleneoxazol- 
ones, 759, 892, 899 


with 4-hydroxymethyleno-2- 

M -5-oxazolone, 195, 680, 

to 

with ketones, 26, 466, 961, 965 
with niaionic ester, 858 
with ^-methoxy-a-phenylacetain- 
idoacrylic acid, 896 
with methyl ethyl ketone, 961 
wdth nitrous acid, 26 
with norpenaldic derivatives, 529, 
632 

with an oxazole acid chloride, 694, 
877 

with an oxazolcaldohyde, 707, 720 
with oxazole derivatives. (>94, 
707, 720, 876, 877 
with oxazolidines, 925 
with oxazokmos, 892 
wdth penaldamide derivatives, 
629 

wdth penaldic dcrivativch, 581, 
042 

with peiialdie esters, 499, 545 
w’ith ponaldonitriI(‘S, 559 
with ponilloaldehydcs, 539 
wit h phonylacetam i doaceta 1, 121, 
139 

with phenylacetaraidosuccinic 
semialdeliyde, 527 
w'ith phena(*eturyl azide, 857 
w'ith phenyl isocyanate^, 56, 08 
reaction witli phenyl iso thiocy¬ 
anate, 930, 948 

with plnmylpcnaldic derivatives. 
041 

w ith plumylpenaldii* ester, 528 
witii phenylthiopenaldic ester, 
528, 569 

with sarcosine derivative, 603 
with thioacotamide, 938 
with thiobenzylpenaldic ester, 
690 

resolution of, 466, 459, 462 
spectrum, infrared, 408 
stereoi.somers, 463 
structuH' of, 16 
sulfinic acid from, 63, 460 
sulfonic acid from, see Penicillarni- 
nic acid. 

synthesis of, 16, 455 
thiazolidines from, 968 
x-ray crystallography of, 312 
Penicillamine disulfide, dibenzoyl de¬ 
rivative, 51 
formyl derivative, 469 
prepn, of, 31, 469 

reaction with 2-l)enz3d-4-niethoxy- 
methylcne-S-oxazoJone, 896 
Penicillamine sulfinic acid, 63, 460 
Penicillaminic acid, early studies of, 
4,15 

from benzylpenicilloic amide, 470 
from penicillamine, 26, 460, 464 
from penicillin concentrates, 65 
from 2-pentenylpenillamine, 30 
from pentenylpenillic acid, 107 
from thiazolidines, 948, 961 
I>repn. of, 26, 126, 460, 464 
x-ray crystallography of, 314 
Penicillenic acids, see individual en¬ 
tries such as AmylpeniciUenic 
addf Benzylpenicillenic acid, etc. 
synthesis of esters of, 851 
reaction with alcohols, 162 
with amines, 162 
theoretical considerations, 446 
Penicillin-I, see B^PentenylpenidUin. 
Penicillin-n, see BenzylpenidUin. 
Penicillin-m, see p-Hydroxyhenzyl* 
penidllin. 

Peniclllin*IV, 81 


PeniciUin-F, see B^FentenylpenidUin, 

Penicillin-G, see Bemylpenidllin. 

Penicillin-K, see Heptylpenidllin. 

Penicillin-X, sec p^Hydroxybenzylpeni^ 

cillin. 

Penicillins, acylthiazolidinc character 
of, 451 

assay of, 428, 1025 
attempted syntheses, 851 
azo derivatives of, 682 
biosynthesis of, 657 
biosynthesis of new types of, 668 
characterization of, 75 
chemical modifications of, 680 
constitution of, 391, 397, 440; see 
also (i-Lactam formula^ Oxazolone- 
thiazoUdine formula, Tricyclic for^ 
mula. 

degradation reactions, survey of, 
440 

differential assays of, 1041 
differentiation of, 1031 
discovery of sulfur in, 4 
dissociation constants of, 419 
esters of, 4, 080 
estimation of, 1026 
halogiuiatcd, 081 
history of chemical studies of, 3 
hydroxamic derivatives, 428 
interniitional unit, 1033 
isolation of, 75 
labile liydrogen in, 7 
precursors of, 668, 660 
purilieation of, 75 
purity of early preparations, 22 
reaction with hydroxylamines, 428 
w^ith mercuric chloride, 428 
redactions of, theoretical aspects, 
443, 449 

spectroscopic studies, 382 
spectrum, ultravioletj 423 
structure of, discussion, 391, 397, 
440 

Burvt'v of attempted syntheses, 861 
theoretical aspects of reactions, 443 
ultraviolet spectroscopy, 422 
x-ray crystallography of, 310 
Peniciilinase, action on 2-pentenyl- 
pcnicilliu, 3, 20, 31, 680 
destrut‘tion oi s^’nthetic antibiotic 
activity by, 894, 897 
isolation of, 3 

use in penicillin assay, 1026 
“Penicillinic acid,” 18, 107, 113, 124 
Penicillium chryftogenum, 669 
Penicilhum notatum, 658, 669 
Penicilloates, analogs of, 537 
a- and /S-derivatives, 537 
homologs of, 537 
nomenclature, 537 
reactions of diesters, 562 
of or-csters, 647 
of i8-esiers, 649 
with mercuric chloride, 562 
spectrum, infrared, 389, 410 
stereochemistry, 538, 552 
Penicilloic acids, amides, 554 
attempts to induce antibiotic activ¬ 
ity, 859 

cK-bcnzylamides, 564 
diesters, 649, 662, 611 
dissociation constants of, 419 
early studies of, 6 
di-esters, 544, 581 
/S-esters, 548, 604 
a-hydrazides, 556 
nomenclature, 537 
spectra, ultraviolet, 426 
survey of, 537, 542 
theoretical considerations, 445 
Penicilloic amides, 554, 629 
PenicJUonitriles, 558, 642 
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Penillamines, 106, 115 
Penilllc acids, early studies of, 3, 106 
mechanism of formation, 111, 445, 
453 

powder diffra(jtion pattern, 376 
reactions of, 426 
dilation to penicillins, 109 
survey of, 106 

theoretical considerations, 453 
“Penillic-IV” acid, 109, 113, 129 
Penilloaldehydes, 476 
Penilloic acids, dLssociatujn constants 
of, 419 

nomenclature, 537 
survey of, 537 
spc'ctrum, ultraviolet, 426 
synthesis of, 141, 539 
Penillonic acids, see Bcnzylpmilloun 
and, etc. 

1.3- Pentadienylpenaldic acid, 497, 
518, 810 

4.4- Pentamethyl en e -2 -phenyl -6 -ox- 
azolone, 730, 775 

2,2,3,6,6-Pentamethyl-4-thiazolidine- 
carboxylie acid, N -a 1 kylat ion, 911 

2-Pentenylisopenillic acid, tonnalion 
of, 111 

from th(* pciiillic acid, 30 
prepn of, 134 
propiTties of, 113 
structure of, 19 
x-rav crystalloRraphy of, 320 
2 - (1 -Pentenyl) -4-oxazolecarboxy lie 
acid, 694, 705 

1- Pentenylpenaldic acid, l)(‘n//vl ester, 

490 

derivatives of, 490 
diethyl acetal, 513, 809 
ethyl ester, 490^ 

2- Pentenylpenaldic acid, derivatives 

of, 490 

diethyl acetal, 512 
prepn. of, 490, 513 

3 *Pentenylpenaldic acid, deri^atlv(*s 
of, 490 

dietnyl acetal, 496, 511, 809, 810 
prepn. of, 514 

4-Pentenylp6naldic acid, derivatives 
of, 491 

diethyl acetal, 513 
prepn. of, 513 

2-Pentenylpenicillin, acid-has(* prop¬ 
erties of, 14, 24 
barium salt, 23 
bonzylamine derivative, 78 
conversion to the penillh* acid, 125 
degradation studies, 15, 22, 32 
dissociation (‘onstant of, 422 
early studies of, 10, 64 
esters of, 14, 680 
extraction of, 36 
hydrogem a tion of, 14, 39, 47 
inactivation by acids, 14 
by alkalies, 13, 19 
by methanol, 20, 33, 544, 602 
by penicillinase, 20, 31, 580 
isomerization of, 17 
latent carboxyl grorip in, 15, 23 
methanol-inactivation product, see 
a-Methyl 2^penienylpenicilloate, 
optical activity of, 14 
physico-chemical properties, 80 
precursors, 659 
production of, 34, 658 
puriheation of, 36, 125 
purification by chromatography, 
37, 38 

reaction with mercuric chlchide, 32 
with methanol, 20, 33, 544, 602 
reduction by aluminum amalgam, 
38 

nibidium salt, 80 
sodium salt, 14 


solubility of, 14 
spectrum, infrared, 398 
spectrum, ultraviolet, 14, 422 
stabiiil> of, 14 

3-PentenylpenicilIin, proba})Ie iden¬ 
tity wuth llavicidin, KM 
2-Pehtenylpenicilloic acid, a-lienzyJ- 
aiuidc, 633 

from the penicillin, 580 
2-Pentenylpenillamine, acid-l mse 
pioperties, 29 
S-benzyl derivative, 30 
earij studies of, 4, 13 
hydrochJoiide, 113 
nonionclatuie, 107 
optical rotation, 18 
oxidation b\ bromim*, 30, 126 
from tlu* pemllic acid, 18, 29 
prepn ot, 107, 126 
properti(‘S of, 126 
reactions ot, 29 
stability toward acids, 29 
structuie of, 18 
x-ray crystallogniiiliy of, 316 
2-Pentenyipenillic acid, by acid-in- 
aclnation of peiiicjllin, 17 
conversion t(> isojiemllic acid, 134 
(lecniboxylation ot, 25 
early studies of, 4, 13, 106, 125 
eiectiometnc titration ol, 18 
hydrolysis ot, 476 
nomenclature, 107 
oxidaticui of, 29, 126 
piejm of. 24, 107, 125 
projMMties of, 18, 24, 112, 125 
reacti(»ns of, 114 
speetruin, ultraviolet, 18, 124 
structure of, 18 
>-ray erystallography of, 316 

2- Pentenylpenilloaldehyde, deriva¬ 

tives of, 476 
dime done dern ative, 27 
dinitrophenylhydrazone, 34, 78 
early studie.s of, 12, 10 
from the penieilhn, 27 
from the jMUullic acid, 27 
isolation of, 476 
oxidation of, 27, 477 
position of unsaturation of, 28 
prepn. of, 27, 479 
st<*reo(‘}iemi<‘al coiiliguratioii, 316 
x-ray crystallography of, 315 

3- PentenylpeniUoaldehyde, from fla- 
vicidin, 478 

2-Pentenylpenilloic acid, 569 
2-(l-Pentenyl )4-piperidinom eth¬ 
ylene-5-oxazolone, 821 
Periodate oxidation, of cysteine, 187 
of methvl benzylpenieillinate, 156, 
187 

of thiazolidiiie derivatives, 66, 156, 
185, 928, 946 
in acid medium, 66 
titration procedure, 185, 946 
Phenaceturic acid, anilide, 730, 778 
azide, 857, 878, 879 
benzylaniide, 190 
conversion to azlactone, 911 
from benzylpenicillin, 56, 67, 188, 
477 

from benzyliienillonic ester, 158 
reaction with acetic anhydride, 266, 
845 

with cinnamaldehyde, 837 
Phenaceturic anilide, 730, 778 
Phenaceturic benzylamide, 190 
Phenacetnryl azide, 857, 878, 879 
N-Phenaceturylcysteine, 879 
Phenacetorylglycine, 879 
Phenaceturylhydrazide, 470, 878 
N-Phenaceturylpenicillamine, 857, 

878 

Phenaceturylvaline, 241 


Phenoxymethylpenicillin, (i72 
Phenylacetaldehyde, 487 
Phenylacetamide, as adjuvant for 
pcmicillin production, 658, 660 
from )>(*nzvlp(*nicillui, 56, 67, 238 
from l)enz\lj>cni(‘illoic esf(‘r, 585 
Phenyiacctamidoacetaldehyde, sec* 
lUnzylf)etuUoul<i(‘hjf(ic, and its do- 
rivatncs. 

Phenylacetainidoacetimino ethers, 
pn^pn. of, 879 

rc'action with pemcillaniine. 857 
Phenylacetamidoacetone, from benz- 
\ Ipenicillin, 148, 170 
prepn ol, 170 

PhenylacetamidoacetonitriJe, foi ni} 1- 
ation ol. 188 
prejin of, 878 
reaction with alcohols, 857 
a»-Phenylacetamidoacetophenone, 
from beiizvlpenicilhn, 149, 170 
o-Phenylacetamidoacrylic acid, 254, 
791 

o-Phenylacetamido-^-alanine, 112, 
129. 844 

,^-Phenylacetamidobutyraldehyde, 

96S 


Phenjlacetamidocyanoacethydrazide, 


a-Phenylacetamidocyanoacetic acid, 
129 

N-Phenylacetamidoethylvaline, 135 
Phenylacetamidoformylacetic acid, 
see Benzylpnialdic acid 
2-Phenylacetamidohexaldehyde, S39 
«r-Phenylacetamidoisobutyric acid, 
774, 786, 793 

N - (of-Phenylacetamidoisobu tyryl) - 
cysteine, 220 

Phenylacetamidoketene, attemiit ed 
piepn. of, 856, 878 

Phenylacetamidomalonic dihydrazide, 
881 

Phenylacetamidomalonic ester, 777, 
S57, 881 

Phenylacetamidomalonyl diazide, 882 
tt-Phenylacetamido-methylmalonic 
acid, 810 

a-Phenylacetamido-^:i-phenyIamino- 
propionic acid, ^-lactam, 259 
2-Phenylacetamido-4-pentenoic acid, 
1009 

a-Phenylacetamidopropionanilide, 

259 


4- Phenylacetamido-6-pyrazolone, 

548, 556, 587, <)31, 632 

5- Phenylacetamido-2 -thiouracil, de- 

sulfurization, 298 
prepn ol, 297, 496, 522 
sped rum, ultraviolet, 275, 433 

6 - Phenylacetamidouracil, 298 
Pheuylacetic acid, as adjuvant for 

penicillin jiroduction, 82, 658, 660 
benzylamide, 159, 192 
containing deuterium, 659 
from benzylpenillonic ester, 190 
from de&thiobeuzylpenicillin, 261 
from desthiobenzylpcnillonio acid, 
192 

from penicillin cohe entrates, 64 
spectrum, ultraviolet, 423 
Phenylacetic benzylamide, 159, 192 
Phenylacetonitrile, 058 
N-Phenylacetylalanine, amide, 795 
anilid(‘, 795 
benzylamide, 779 

from liydrogenolysis of penicillin, 
217 

a-halo derivative, 793 
hydrogt*nation of, 72 
isobutylamide, 244, 247, 256, 260 
prepn. of, 72 
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roactioii with eihvl orthofonnate, 
8:^8 

Phenylacetyl-alanyl-valine, froin hy- 
drogeiiolvsis of jicnifillin, 244, 
247, 250' 

hoxiihydro dorivnlivc*, 201 
propn. of, 247, 200, 201 
Phenylacetylamino-, sim* Phniylacd-- 
arnido-. 

Phenylacetylcarbamyl chloride, H50, 
877 

N-(N-Phenylacetyl-«-carbethoxy- 
glycyl) cysteine, 8S5 
N - (N '-Phenylacetylcarbethoxygly- 
cyl )penicillamine, 85S. 883 
N-(Phenylacety I carboxyglycyl) cys¬ 
teine, 881 

N-(Phenyl acetyl carboxyglycyl) peni¬ 
cillamine, 857, 881 

N-Phenylacetyl-/V-chloroalanine, 112 
Phenylacetylglutamic acid, 780 
Phenylacetylglycine, ser Phvuacrhu k 
acid. 

Phenylacetyl isocyanate, 850, 877 
Phenylacetylisoleucine, ainlido, 787 
Phenylacetylleucine, 786, 803 
Phenylacetylnorleucine, 830 
Phenylacetyloxamide, 237, 23i) 
Phenylacetylphenylalanine, 774 
Phenylacetylsarcosine, 503 
Phenylacetylserine, 71, 400 
N-Phenylacetyl-«-styrylalanine, 775 

3-Phenylacetyl-2,2,5,5-tetramethyl- 

4-thiazolidinecarboxylic acid, 001 

1- Phenylacetyl-2-thiohydantom, 288, 
434 

N-Phenylacetyl tyrosine, nu*th.yl other, 
802 

Phenylacetyhirea, 877 
Phenylacetylurethane, 877 
Phenylacety 1 -N ^valin e, i i5<) 
Phenylacetylvaline, 058, 050, 773 
Phenylalanine, jicvl derivatives of, 774 
as adjuvant for biosyntliesis of 
penieillins, 058 
eaproyl donvativo, 774 
hexcnoyl derivatives, 774 
/^-Phenylaminopropionic acid, d- 
laetatu, 250 

5-PhenylbutyIamine, 059 
7 -Phenylbutyrylvaline, 050 
Phenylchloroacetamidoacetaldehyde, 
570 

N -Phenylchloroacetyl-S-ethylcys- 
teine, 810 

N-Phenylchloroacetyl-O-ethylserine, 

815 

p-Phenylenediamino-bis-(4-meth- 
inyl- 2 -phenyl- 6 -oxa 2 olone), 822 
/9-Phenylethylamine, S3, 058 
Phenylethylpenaldic acid, 403, 510 
a-Phenylhippuranilide, 770 
a-Phenylhipptiric acid, till 
Phenylhomopenicilloic acid, /ildaetarti, 
1005, 1014 

2- Phenyl-4-hydroxymethylene-5-ox- 
azolone, see Jrf!Ifdroxinmdhyhnc-Ji- 
phen yl-d -oxazolone. 

Phenyl isocyanate, reaetioii with 
henzylpenilloie -acid, 500 
Phenyl isothiocyanate, reaetion with 
ponieillaniine, 030, 048 
with thiazolidines, 030 
Phenylketene, dimethyl aeotal, 850 
Phenylmagnesiuin bromide, reaetion 
with Ixjiizylpenicillin e8t<T, 140 
with an oxazolone, 140 
2-Phenyloxazole, 704 
2-Phenvl -4-ox^azolecarboxylic acid, 
acid ehlonde, 009 
amide, 523, 715 
ethyl ester, 693, 703 
pro'pn. of, 093, 703, 715 


2-Phenyl-6-oxazolone, d(*rivatives of, 
778 

from hipjnirvl chloride, 911 
prepn. of, 171, 713, 730, 778, 781, 
915 

reactions of, 783 
reaction with a<‘etonc, 402 

with a Orignard n'agent, 140, 
171, 840 

witli hydrogen cyanide, 840 
with a thia/olidon(‘, 858 
2-Phenyl-5-oxazolone-4-carboxylic 
acid, benzyl ester, 777 
2-Phenyl-6-oxazolone-4-carboxylic 
acid, lOlivl ester, 203, (iOO, 730, 775, 
881 

(2-Phenyl-4,6-oxa2olo) -4,6-pyrazole, 
828 

Phenylpenaldamide, diclhvl nc(‘tal, 
102 

Phenylpenaldic acid, derivatives of, 

(Iiben/\1 mercaptal, 833 
dietlul aeetal, 515. 808 
diethyl rnercaplal, 813 
hydra/ide, 510 
prepn. of, 401, 515 
Phenylpenaldonitrile, 102, 500, 51(’) 
N-Phenylpenaldylpenicillamine, 523, 
521 

Phenylpenicillenic acid, 807; s<‘(‘ also 

Metiud phi nylpcturilli nafr 
Phenylpenicillo-rv-nitrile, 5,50, 012 
Phenylpenicilloic acid, acetyl dt'riva- 
tne, 052 

X-acetyl-X-mef hyl denvative. 851 
<lernatives of, 031, 035, 053 
a-liydrazide, 010 
N-inethyl derivative, 030 
/ir-nitnle, 550, 012 
pri'pn of, 580, 052 
Phenylpenicilloic a-amide, 011, 800 
Phenylpenicilloic a-hydrazide, 040, 
870 

Phenylpenilloic acid, acetyl dcriva- 
tive, 570 

d<Tivativ<‘s of, 034 
dissociation constant of, 410 
prepn. of, 500, 835 

Phenylpenoic acid, see Jhsdimtlhyl- 
phniylpcnicdlotc acid. 

5- Fhenyl-2-phenylacetamido-2,4- 
pentadienoic acid, 705, 837 

6 -Phenyl -2 -phenylace tarn idopente - 
noic acid, 838 

1- Phenyl-4-phenylacetamido-6- 

pyrazolone, 71, 400 
prepn. of, 400 

6- Phenyl-2-phenylacetamidovaleric 
acid, 838 

2- Phenyl-3-phenylacetyl-4-thiazol- 
idinecarboxylic acid, 002 

jS -Phenyl -/t -ph eny laminopr opionic 
acid, ddactain, 250 
/^-Phenylpropionanilide, 250 
2-Phenyl-4-propoxymethyIene-6- 
oxazolone, 804 

2-Phenyl-4-propylidene-6-oxazolone, 
783 

2 -Phenyl -4-a-py ridylaminomethyl - 
ene-6-oxazolone, 820 
2 -Phenyl -4,4-spiropentamethylene - 
6-oxazolone, 730, 775 
2-PhenylthiazoIidiiie, 057 
2-Phenyl-4-thiazolidin6carboxylic 
acid, 940, 002 

Phenylthioacetamidoacetal, 118, 137, 
479 

N-(2-Phenylthioacetimidoethyl)- 
valine, 117, 135 

Phenylthioacetylalanine, 141, 730, 779 
Phenylthioacetylglutamic acid, 780 
Phenylthioacetylc^ycine, 730, 778, 848 


N-Phenylthioacetyl-4-methoxyphen- 
ylalanine, 800 

6-Phenyl-2-thio-6,6-dihydrouracil, 

274, 292 

2-Phenyl-4-thiolmethylene-6- 
oxazolone, 819, 820, 898 
d-Phenyl-/t-thioureidopropionic acid, 
274, 293 

2-Phenyl-4-ureidomethy]ene-6- 
oxazolone, 820 

N-6-Phenylvalerylarainoacet- 
aldehyde, 820 

Phosgene, action on thiazolidinc‘s, 030 
Phosphorus oxychloride, action on 
penicilioates, 56)2 

Phosphorus tribromide, action on 
acylaniiru) acids, 731 
action on pem(‘illoic (‘sters, 850, 010 
Piperazine, thiazolidine derivatives of, 
071 

2,4-Piperidinedione, thiazolidine do- 
rivatives ol, 030 

4-Piperidinomethyleiie-2-styryl-5- 
oxazolone, 820 

Polarographic methods, for poniciliin 
assay, 1028 

Polarographic studies, of thiohydan- 
toins, 2tM 

Potassium benzylpenicillinate, (Tys* 
tallograpliic data, 378 
ixjwdor diiVraction pattern, 372 
prep. of. 80 

.K-rav <*r>stallographv of, 321, 325 
Potassium cyanate, action on oxazol- 
ones, 730 

Potassium thiocyanate, radioactive, 
200 

Potentiometric titration, of benzyl- 
pi'iiilloic acid, 501 
of (hia/.olidine derivatives, 288, 
1010 

Powder diffraction patterns, 307 
Precursors, 6)58, 000 
Propionaldehyde, from 2-pent(‘iiyl- 
penicilhn deiivalive^s, 28, 477 
Protonomer, of the /t-lactam formula, 
450 

Pseudopenicillins, 413, 000 
Pseudoxazolones, color reactiein, 700 
constitution of, 738 
from desthiopenicilliii derivatives, 
741 

hydrogenation of, 730, 705 
prepn. of, 703 
reactions of, 703 

reaction with hydrox> laiiiini*, 742 
PyrazoUdones, from hydrazides, 730 
Pyrimidines, from oxazolope deriva- 
tiv(‘s, 757, 829 

2-Pyrrolinones, from freniJloalde- 
liydes, 480 


R 

Radioactive sulfur, 277, 290, 299, 903 
Radioactivity, determination of, 299, 
903 

methods used, 902 
Raney nickel, doutorization of, 266 
for desulfurization of penicillin de- 
rivativ(»s, 244 

for desulfurization for y-lactarns, 
1014 

Reformatsky reaction, for prepn. of 
^l-lactams, 970 

Resonance-damping effects, in 
lactam link of penicillin, 444 
Rosenmnnd reduction, of oxazoleoarb- 
oxylic chlorides, 699, 707, 721 
Rubidium benzylpenicillinate, 88, 321, 
327 
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Rubidium 2-pentenyipenicillinate, 80 
Rugheimer's compound, 769 


s 

Senecioic acid, seo 

acrylic acid, 458. 

Sarcosine, derivatives of, 503 
Selenium, doKradation of penicillin 
by, 57, 67 

Serine, cyclohexvlacetvl derivative, 
GO, 70, 72 

derivatives of, GO, 70, 72, 81G 
Shaffer>Hartman method, for r(‘duc- 
ing proptM ties, GG 

Silver oxide, oxidation of benzylpc*ni- 
cillin Viy, G3, 23G 

Sodium benzylpenicillinate, netive 
liydrogen, 88 
crystallization of, 85, 87 
crystallographic data, 378 
early studies of, 54 
exchange with deuterium oxiilc, 88 
optical rotation, 8G 
pnysi(‘o-cheinical pro]><*rtieK, S(> 
powder dilTraction pattern, 3GS 
reaction with mercuric c.hlorid(», 198 
sped rum, ultraviolet, 8G 
x-ray crystallogra})hy of, 321, 325 
Sodium benzylpenillonate, 189 
Sodium heptylpenicillinate, 99, 370 
Sodium p-%droxybenzylpenicillinate, 
97, 371 

Sodium 2-pentenylpenicillinate, anti¬ 
biotic activity, 80 
(crystallization of, 14, 37 
crystallographhc data, 378 
hydrates, 79 
polymorphism of, 3G8 
powder dilTraction pattcin, 368 
purilication, 7G 
x-ray crystallography of, 321 
Sodium periodate, see Pi nodatc oxida¬ 
tion. 

Sodium sulfite, action on lauizylpeni- 
ciJlin, 221 

Spectrophotometric assay, 1027 
2-Spiro~cyclohexylthiazolidine, 957 
Sliiphylnrocvus aureus //, 899 
Stereochemical configuration, in rt'Ia- 
tion to penicillin syntheses, 355 
Stereochemistry, of peiialdic deriva¬ 
tives, 547 

of p(‘nicilloie derivatives, 517 
of penitulloie diesters, 552 
Stimulation tests, G58 
Strecker reaction, for synthesis of 
penicillamine, 459 
for synthesis of valine, 4G4 
A^treplococrus faecalis, 899 
OT-Styrylaceturic acid, 712 
a-^Styrylalanine, plienylacetvl d(‘riva- 
tivp, 775 

pr(‘pii. of, 7G5, 775 

Styrylglycine, N-acetyl derivative, 712 
prepn. of, 764, 837 
6-Styrylhydantoin, prepn. of, 837 
Styrylpenaldic acid, 493, 519 
2-Substituted oxazoles, properti<*s of, 
694 

Sulfanilamide, oxazolone derivatives 
of, 820 

Sulfones, active hydrogen in, 153 
of thiazolidines, 947 
reaction with Grignard reagents, 
153 

Sulfoxides, of homopenicilloi(‘ deriva¬ 
tives, 1016 
of thiazolidinea, 947 
prepn. of, 157, 185 


reae.tions of, 157 

Sulfur, radioactive isotop(% 29G, 893, 
903 

Sulfur metabolism, GG7 
Synthetic penicillins, 1018 


T 

2,2,5,6~Tetramethyl>4-thiazolidme- 
carboxylic acid, 3-aeyl deriva¬ 
tives, 9G0 

containing radioactive sulfur, 901, 
902 

dik('topiperazinc d<‘nvativc, 967 
(‘h‘etrometrie titration, G54 
ethyl (‘ster, 9G0 

formyl derivative, 1G7, 4t»8, ‘)60 
from i)eiiicillamin(‘, 2G, 45(>, 4G3 
higher esters, 9G0 
m(‘thyl ester, 31, ‘.)G0 
N-{)henaceturvl derivatne, 777 
ntc('inization, 459, 408 
reaction with aldchyd(‘s, 946 
resolution, 463, 467 

Thebaine, for resolution of penicill¬ 
amine, 463 

Thermochemistry, of penicillin, 436 

Thiazolidines, N-alkylation, tM4 

ch'iivage hy sodium, 41)0, 468, 944 
d<*suIfunzation, 944 
dissociation constants of, 417 
formation from carbonvl com¬ 
pounds, 922 
from (’vsteiin', 57 
general survey of, <122 
N-d-hydroxy(*t!iyl d(jrivalives, 031 
with fused imidazoh* ring, t)31 
oxidation hy ix'riodate, 156, <146 
oxidation .stinlies, 927, 946 
pre])!i. from acetals, 527 

from benzylpenaldic acids, 4<18 
from dimeihylket(‘ne, <122 
from oxazolones, 922 
from penaldic aciids, 49tl 
from thiayolinc‘s, 922 
proper! i(*.s of, 926 
reactions of, 926 

reaction with carbon disu!6d(‘, 929, 
948 

with ethylene oxide, 932 
with hydrogen peroxide*, 961 
with mercuric acetate, 225 
with oxazolon(‘s, 939 
with phosgene, 929 
siiectrum, infrared, 387, 390, 401 
stability of, tl26, t)45 
synihetie inc'thods, 922 
with fused 7-Iactone ring, 931 

2-Thiazolidiiieacetic acid, (ierivativ(*s 
of, 939 

2-Thiazolidmeacetic acids, prepn. of, 
50*1 

4-Thiazolidinecarboxylic acid, dissoci¬ 
ation eon.stant, 288, 417 
electrorrn*trie titration, 654 
etliyl ester, 937 
reaction with sodium, 645 

4-ThiazoUdinecarboxylic acids, divss(»- 
ciatioii constants of, 417 
oxidation of, 929 
prepn. of, 140, 142, 480 
reaction with periodate, 18G 
sulfoiK's, 947 

• sulfoxides, 917 

2,4-Thiazolidinedicarboxylic acid, 
prepn. of, 964 

Thiazolidine-^-iactam formula, s(‘e 
d-Lacfam formula. 

Thiazolidine-^-iactams, general siir- 
v(*y of, 984 

spectrum, infrannl, 405 


Thiazolidiue-oxazolones, sta* Oxnro/- 
onc-ih iazolidi n es. 

Thiazolidine-oxazolone formula, see 
Oxazolonv-thiazolidi ne form ala 
2-Thiazolidiiiepropionic acid, di ri va- 
tiv(*K of, lOOG 

Thiazcline-pseudoxazolone, prc})n. of, 
atti‘mpl(*d, 797 
Thiazolidine sulfones, 928 
Thiazolidine sulfoxides, 928 
Thiazolidinetricarboxylic acids, 970 
Thiazolidine-thiohydantoins, 930, 

970, 971 

Thiazolidine-thiouracils, 930 
Thiazolines, reaction with kef one, 987 
with kctcuics, 856, 877, 987, 990 
wuth oxazoles, 856, 877 
with oxazoione.s, 856, 877 
Thiazolones, prepn. of, 773 
Thiobenzylpenaldic acid, diethyl ac¬ 
etal, 706 

Thiobenzylpenicilloic acid, azlactoni- 
zalloii, att(‘nip1ed, 77!) 
pn'pn. of, 57!) 

Thiobenzylpenilloic acid, 120, 13!), 
5()7, 568 

Thio-bis-(4-methinyl-2-phenyl- 
6-oxazolone, 748, 822 
Thiocaproylglycine, 710 
Thiocyanate derivatives, of hi'n/yl- 
penicillin, 26)9 

powder difTriu'iion paft<*rn, 372 
spcefruin, infrared, 412 
spectrum, ultraviolet, 432 
structural signifi(*an(*c, 2S4 
Ili('(n'ctica] considerations, 447 
2-Thio-6,6-dihydrouracil, spectrum, 
ultraviolet, 274 
d(‘.sulfunzation of, 297 
pr(‘]m of, 292 

Thiodihydrouracils, as model rom- 
])ounds, 274 
prepu. of, 2!)3 
spectrum, ultraviolet, 293 
2-Thiohydantoin, disso(*iation con¬ 
stant, 288 

2-Thiohydantoins, as mod(*l (‘om- 
pounds, 287 

from Icucinc d(‘rivalivc^, 800 
from oxazolones and thiocvanat<*, 
286 

from thiazolidinccarhoxylic esters, 
302. 970, 971 

Thiols, action on penaullin, 210 
detection l>v azidc-iodinc reagimt, 
!)27 

2-Thiophenemethylpenicillin, 378, 672 
Thiothreonine, reaction with an alU- 
oxyrnethvh*n('oxaz(>lon(‘, 908 

with benzylpenaldic cst(‘r, 498, 
525, GI2' 

Titrimetric methods of assay, 1025 
Tollens^ reagent, action on benzyl- 
penicillin, 63, 236 
on thiazolidines, 929 
«-Toluenethiol, s(‘(* Jintzyl mneaptau. 
«-Toluic acid, s(‘(* Phenylanitc avid 
//-Tolylmercaptopenicillin, 66!) 

Tracer elements, s(*e also DcuUrium 
j\<’* isotope, 82, 65!. 
radio.sulfur, 277, 2!)6, 299, !)03 
Transacylation, (d «-acvlanuno acids, 
733 

Tricyclic formula, for penicillin, 232, 
398, 442 

suggi'stion of, 7, 22 
synth(‘si8, altemjitcd, 85t), 8!)1 
thi'orctical (*oiisid(*rations, 4 48 
Triethylammonium benzylpenicillin¬ 
ate, !)0, !)0J, 1018, 1022 
2,a,a'-Trimethyl-2-thiazolidmeacetic 
acid, /^lactam, 984, !)86 
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2.5.6- Trimethyl-4-thiazoiidine- 
carboxylic acid, ethyl ester, 922, 
938 

prepn. of, 959 

8.5.6- Tninethyl~4-thiazolidine- 
carboxylic acid, 944 

2,5,5*Trimethyl-2,4-thiazolidine-' 
dicarboxylic acid, prepn. of, 904 

2.6.6- TriinethyK4-thiazoliiie- 
carboxylic acid, ethyl ester, 93S 
methyl ('wter, 791 

prepn. of, 458, 470, 737 
2,a,»-Triphenyl>2-thiazolidmeacetic 
acid, #3“lac*tam, 984 
Turbidimetric assay methods, 1036 
Tyramine, (558, (5(50 
Tyrosine, 058, 006 

N-phcnyIneetyl derivative*, 802 
N-phonylthioacetyl derivative, 800 


U 

Ultraviolet spectroscopy, of l-aoyl-2- 
thiohydantoins, 4.32 
of aminoaorylie derivatives, 504 
of arninomethvlent'oxazolones, S23 
of benzylpenicillamine, 420 
of benzylpenicillin, 80, 194, 422, 
1034 ‘ 

of benzylpenicillin sulfone, 150 
of beiizylpenillii! e.stcr, 425 
of dibvdrothionraeil.s, 275, 293, 433 
of imidazoles, 45, 110, 420 
of imidazolines, 420 
of 'v-laetams, 101(5 
of nitrosoamides, 177 
of IS'-nitroso coinponnda, 435 
of oxazolidine-4,5-di()nes, 155, 239 
of oxazole derivatives, 705, 708 
of oxazolones, 429, 758, 814, 831 
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of penaldin acid derivatives, 601 
of penicilicnic acids. 163 
of penicillins and derivatives, 194, 
422 

of penioilloie acids, 426 
of penilloic acids, 426 
of 2-pcntenylpenieillin, 14 
of 2-pentenyli>enillic acid, 18 
of thiazole derivatives, 888 
of tliiazoUne-oxazolonca, 888 
of thiocyanate derivative of peni¬ 
cillin, 432 
Urease, 1025 


V 

Valine, N-aminoethvl derivalive, 135, 
203 

N -bromophei) v 1 bnt y ry 1 dor i vati ve, 
672 

N-cbloroacetvl <h‘rivative, 457 
containing N*‘\ (559 
conversion to penieillaTniiie, 458 
from desthiobcnzvlpenillonic acid, 
192 

/51-meihoxy derivative*, 405 
p-methoxvj)heiivlacet \ I derivative, 
009 

prepn. of, 4.58, 404 
reaction with henzvlpenaldie ester, 
203, 250. 207 

with oxazolones, 100,202,200,773 


W 

Weissenberg x-ray patterns, of p(*ni- 
cillin derivatives, .379 
Wright slide-cell technique, 1035 


X 

X-penicillin, sec p-IIydroxybenzylpenu 
cillin. 

X-ray crystallography, of acetamidodi- 
methylacrylic acid, 318 
of caproylaminoacctaldehyde, 315 
of D and i>L- forms, 314, 310 
of penicillamine, 312 
of penicillarninic acid, 314 
of penicillin salts, 310, 324, 367 
of penicillins and derivatives, 367 
of penillamines, 316 
of penillic aeids, 316 
of peiiilloaldehydes, 314 
of pentenylpenilloaldehyde, 315 
relation between n and i>i.- forms, 
314, 316 


Z 

Zerewitinoff determination, sec also 
Active hydrogeUj and Deuttriurn 
on N-acyl-alanylvaline (*ster, 189 
on niethvl benzylpcnicillinate, 93, 
154 

on methyl henzylpenillate, 114 
on methyl henzyIpi‘iiilIoriatc, 358 
on N-metliylphenylacetnmide, J89 
on methyl phenacetiirate, 189 
on oxazolones, 738 
on penicillin derivatives, 179 
on penicillin sulfoncs, 153 
on p(*nillonic derivatives, 189 
on sulfoncB, 179 

Zwitterions, of amino-acids, 418 
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